The Fiber Formula — Fact, Fiction & Fantasy
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Agenda A

First Half — 80 minutes

e FOTC Introduction — Rodney Casteel

e |EEE Standards Update — Paul Neveux

e TIA Standards Update — Cindy Montstream

e Fiber Trends Update —John Kamino
e MPO Technology — Robert Reid
e MPO Connectivity — Rodney Casteel

* Fiber Testing & Inspection — Test Manufacturers

Break — 15 minutes

Second Half — 80 minutes

e Hands-on stations

—
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Fiber Optics Tech Consortium

www.tiafotc.orq

= Part of the Telecommunications Industry Association

(www.tiaonline.orq) e A I eBH Webinar:

W ~Begt Practices for

-{!Hl a-qilelling Basic/Tier 1

= Formed 24 years ago as the Fiber Optics LAN Section. " A ,m wﬁberCemflcatlon

Apnil 11,2017
L Tyler VanderPIoeg
- i h Miavi Solutions

= Mission: To provide current, reliable, and vendor neutral
information about fiber optics and related technologies Forc s ek At oo
for advancing new and better communications solutions. - i

= Webinars posted on website www.tiafotc.org or FOTC
channel on Bright Talk

= Webinars are eligible for CEC credit for up to two years
after they are first broadcast. Email liz@goldsmithpr.com to
receive your CEC.
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Fiber Optics Technology Consortium

Current Members Current Members

* AFL e Legrand

e CommScope e Panduit

* Corning e Sumitomo Electric Lightwave
* EXFO * Superior Essex

* Fluke Networks e The Siemon Company

e General Cable e Viavi

* OFS
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Fiber Optics Technology Consortium

* Recent Webinars Available on Demand

* LAN Standards, News & Trends: 2018 Update

* Field Teé;ting Single Mode Fiber to support 100G and Beyond for Campus and Data Centers — Available on
Deman

* Key Considerations for Choosing a Fiber Termination Method — Available on Demand

* Visit www.tiafotc.org or our channel on BrightTalk
* TIA's BrightTalk Channel: www.brighttalk.com/channel/727

e Webinars are eligible for CEC credit for up to two years after they are first
broadcast. Email liz@goldsmithpr.com if you have completed a webinar
and want to receive your CEC.
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Important Notice

Any product(s) identified or identifiable via a trade name or
otherwise in this presentation as a product(s) supplied by a
particular supplier(s) is provided for the convenience of users of
this presentation and does not constitute an endorsement of any
kind by TIA of the product(s) named. This information may be
provided as an example of suitable product(s) available
commercially. Equivalent product(s) may be used if they can be
shown to lead to the same results.
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Optical Fiber Ethernet Update
|IEEE Standards

Paul Neveux, Jr., Ph.D.
Superior Essex International, LP

SUPERIOR
ESSEX
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|IEEE Optical Fiber Standards in Development

e P802.3ca — 25G/50G EPON
* P802.3cd —50/100/200 Gb/s Ethernet
* P802.3cm — 400 Gb/s over MMF
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Review: 10, 40 and 100 Gb Ethernet on MMF

Ethernet IEEE Task Fiber Number of | Maximum Link [ Maximum Channel
Speed Force Designation Type Fibers Length (m) Insertion Loss (dB)

10 Gb 802.3ae 10GBASE-SR

40 Gb 802.3ba 40GBASE-SR4 OoM3 8 100 1.9
40 Gb 802.3ba 40GBASE-SR4 OoM4 8 150 1.5
100 Gb 802.3ba 100GBASE-SR10 oM3 20 100 1.9
100 Gb 802.3ba 100GBASE-SR10 omM4 20 150 1.5
100 Gb 802.3bm 100GBASE-SR4 omM4 8 100 1.9
400 Gb 802.3bs 400GBASE-SR16 OoM3/4/5 32 80/100/100 1.9
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Review: 40/100/200/400 Gb Ethernet on SMF

40GBASE-IR4 2 km
40 Gb 802.3ba 40GBASE-LR4 4 2 10 km 6.7
100 Gb 802.3ba 100GBASE-LR4 4\ 2 10 km 6.3
200GBASE-DR4 4 500 m 3.0
200 Gb 802.3bs 200GBASE-FR4 4\ 2 2 km 4.0
200GBASE-LR4 2 10 km 6.3
400GBASE-DR4 4\ 4 500 m 3.0
400 Gb 802.3bs 400GBASE-FR8 8A 2 2 km 4.0
400GBASE-LR8 8A 2 10 km 6.3
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IEEE 802.3bs — 200/400 Gb/s Ethernet

]

1 DGR T TG X T TR TX 1eiX T TXTx X

MMFMPO: ONCHONONONONOCHORONONONONONONONC)

OCO0O0O0O0O0O0O0OO0O0OO0OOOOOO
Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx Rx

Tx Tx Tx Tx Rx Rx Rx Rx
SMF MPO:
ONONONONONONONONONONONS

—
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|IEEE Standards in Development
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IEEE 802.3cd 50/100/200 Gb/s Ethernet

* 50 Gb/s Ethernet PHYs
 MMF with lengths up to at least 100 m (OM4/5; 50GBASE-SR)
 SMF with lengths up to at least 2 km and lengths up to at least 10 km

e 100 Gb/s Ethernet PHYs
 MMF with lengths up to at least 100 m (OM4/5; 100GBASE-SR2)
e Duplex SMF with lengths up to at least 500 m

* 200 Gb/s Ethernet PHYs
 MMF with lengths up to at least 100 m (OM4/5; 200GBASE-SR4)

‘5% 2018 BICSI Fall Conference & Exhibition

nldy B




P802.3cm 400 Gb Ethernet over MMF

* Fiber types: OM3/4/5 Fiber

* Two implementations
 400GBASE-SR8 using a 16 or 24 fiber MPO
 400GBASE-SR4.2 using 12 fiber MPO

e Wavelengths resolved: Nominal 850 nm and 910 nm
* MPO lane assignment not yet decided
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400GBASE-SR4.2 Implementation Approved

e FEC supported 26.5625 GBd using PAM4 modulation
e OM3 and OM4 lengths at least 100 meters
e OM5 length at least 150 meters
e Bi-directional Transmission
» Allows easier VCSEL launch design

e Larger eye safety margin, relative to a co-directional approach
e 100G Bi-Di provides a path to support breakout applications
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o-di vs. Bi-di: Board Routing

76 GND
75 TX5n
74 THsp

BiDi

Legacy Tx 850nm
Additional Rx A2

69 Reserved
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Additional Tx Az B A e R 63 RXED
o _°>< 24 R¥dn — LINRKEN
SLGhD N 61 GND
22 RXZp — G0 RXGp
21 fxzn . 59 RX6n
2060 N 55 GND

A

1 Top side viewed from top T
Legacy QSFP28 Additional

!

!
I s cno (N <
i ] T

CoDi 75 TX5n g
c
73 GND —
— 72 ™7n 2
Legacy Tx 850nm o
Additional Tx A2 = B ] a3
o 31 InitMode [N 69 Reserved m
S 0 Vel e 68 Vee2 o
) 29 VecTx ] 67 VeeTxl o
@_ 28 IntL _ b6 Reserved —
. MlodP I 5 NC -
Legacy Rx 850nm Err— . O 2
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400GBASE-SR4.2 Link Power Budget
| Paameter | OM3 | OM4 | OM5 | Unt _

Effective modal bandwidth at 850 nma 2000 4700 4700 MHz-km
Effective modal bandwidth at 918 nm 1210b 1850b 28902 MHz-km
Power budget (for max TDECQ) 6.6 dB
Operating distance 70 100 150 m
Channel insertion loss¢ 1.8 1.9 2 dB
Allocation for penaltiesd (for max TDECQ) 4.6 dB
Additional insertion loss allowed 0.2 0.1 0 dB

—
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TIA Standards Update

Cindy Montstream, RCDD, NTS, EE, CPLP

Director of Technology Support & Training
Data Communications Division, Legrand

Chair, TIATR-42.3
FOTC Standards Chair

1 legrand
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TIA Standards Update

TR-42 | TELECOMMUNICATIONS CABLING SYSTEMS

e Develops standards for telecommunications cabling
Infrastructure

o Standards are grouped into 3 categories: Common, Premises
and Cabling & Components

e Standards cover many different premises, i.e. data center,
commercial building, residential, healthcare facility, education
facility, etc.
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New Media Types & Connector
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OM5: Wide Band Multimode Fiber

ANSI/TIA-492AAAE Total Bandwidth Comparison
Wide Band Multimode (WBMMF) . ——

= 50u Laser Optimized Multimode Fiber
= Use cost effective MM VCSEL technology

= Optimized to support at least 4
wavelengths

Bandwidth Equavalent
\

910

= OMS5 designation 540

Wavelength (nm)

= Backwards compatible
= Continue to support legacy 850nm OM4

wavelength-division multiplexing (WDM)

applications
- . . . Tansponders Transponders
= No additional field testing required 1 k1
. . link 2 link 2
» Field polished the same way as any other nka ink 3
MMF link 4 link 4
L] PUb“Shed 06/2016 WDM operating principle o &
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ANSI/TIA-604-18 (FOCIS 18)

= 1x16 and 2x16 Multifiber Push-On connector
= Has offset key q n

= 1x16 is similar to 12-fiber MPO & 2x16 similar
to 24-fiber MPO (FOCIS 5)

» Requires new FOCIS document because
connector requires different distance

between guide holes
= Supports 1st generation of 400 GbE over MMF - '

16 Fibers 32 Fibers

2 x 16 Ferrule Standard Ferrule

- e

AOOOOOOOOOOOOOOGO/\
vOOOOOOOOGOOOOOOOJ
Single Row Plug Fiber Locations, - Dual Row Plug Fiber Locations

00000 0000060000-06
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Standards Integrating New Media Types
= ANSI/TIA-568.0-D Addendum 1 Structured

(Generic Telecommunication Cabling) Cabling
Subsystems

= Recognized fiber now stated as --multimode optical fiber cabling
(ANSI/TIA-568.3-D) 2-fiber (or higher fiber count); (updated
reference & recommendation of OM3 or higher

= OMS5 added to application MM fiber table

= ANSI/TIA-568.1-D Addendum 1

(Commercial Building Telecommunication Cabling)

= ANSI/TIA-1179-A (Healthcare)

= OM4 is minimum MMF recommended é e ~
= Min 2 fiber backbones '
= Array connectors
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Standards Integrating New Media Types

= ANSI/TIA-942-B (Datacenter)
= Cabinets should be at least 48" deep & wider than 24"
= Max length for direct attach cables in EDA — 7m (were 10m)

= Direct attach cabling between rows is not recommended
» Added MPO-16/ 32 & MPO-24

= Recommends pre-terminated cabling

= ANSI/TIA-862-B Addendum 1 (Intelligent Building)

e 2 fiber minimum

= ANSI/TIA-4966 Addendum 1 (Education)
- OM4 or OM5
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Optical Fiber Cabling Components

ANSI/TIA-568.3-D I
= Now components & cabling (testing, polarity, RS iﬁ ! ,_)
etc.)
= Polarity from TIA-568.0 '
= Testing from TIA-568.0 ..  mmes .
= Passive optical network component specs = e, e Ae—
N 5N e ey R
= Splitters are part of budget i "
= Specifies encircle flux launch conditions for | =
testing MMF @ 850 nm o E N, Emee
= Eliminates testing @ 1300 nm P = EEn
= Raises min. return loss of SM connections & o o —
splices from 26 dB to 35 dB P 1o o 1 s i e
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Optical Fiber Cabling Components

ANSI/TIA-568.3-D continued....
= Lowers OM3 & OM4 attenuation @ 850nm to
3.0 dB/km

= Accounts for insertion loss of reference-grade
test conditions

= Demotes OM1, OM2 & OS1 to not-
recommended

= Adds specification for wideband multimode fiber

= Adds specification for OSP microduct cable

= Published 09/2016
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In Process & New Work
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O t i C aI F i b e r S an d Cab I eS ANSI/TIA-PN-598-D-1 (to be ANSI/TIA-598-D-1)
p Table 1 - Individual fiber, unit, and group identification
Position # Base color/tracer per TIA Abbreviation/print legend
1 Blue 1orBLor 1-BL
. . 2 ] 2or OR or 2-OR
Ongoing work: 3 e S GR or 2.0%
4 Brown 4 or BR or 4-BR
5 Slate 5o0r SL or 5-SL
T~ 6 Whit 6 or WH or 6-WH
ReV|S|ng TIA-598D 7 Red 7 or RD or 7-RD
8 Black 8 or BK or 8-BK
» Addendum 1: Specs for colors 13-16 2 vellow SorYhors L
. 11 Rose 11 or RS or 11-RS
= TG formed for round robin on color 12 Aqua 12 or AQ or 12-AQ
. 13 Lime 13 orLMor 13-LM
measurement for colors 13-16; 14 Tan 14 or TN or 14-TN
15 Olive 15 or OL or 15-OL
™ 2nd Industry ba”ot 16 Magenta 16 or MG or 16-MG
17 Blue with Black Tracer 17 or D/BL or 17-D/BLa)
18 Orange with Black Tracer 18 or D/OR or 18-D/OR
= Addendum 2: Jacket color for 19 Greegn with Black Tracer 19 or D/GR or 19-D/GR
20 Brown with Black Tracer 20 or D/BR or 20-D/BR
WB M M F - ;L - Slais with Black;racer 21 or D/SL or 21-D/SL
= Approval of Lime for jacket color for >
OMS5 fiber applications. / &
r-.:/\ % -
- = =
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Optical Fiber Systems

Ongoing work:

TIA-568.3-D Addendum 1

Scope:
= Use of OM5 name

Use of OS1a name

MPO testing

Table 11 - Test cord loss allowance

Multimode

Mated termination combination .
(dB/connection)

Single-mode
(dB/connection)

Reference-grade to standard-grade 05!

.55

Standard-grade to standard-grade 0.75

0.75

Note 1 — This value is taken from ANSI/TIA-526-14, Table F.1.
Note 2 — This value is taken from ANSI/TIA-526-7, Table G.1.

Color for OM5 connecting hardware
Connecting hardware color definitions
Reference-grade to standard-grade loss allocation
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New Work

= ANSI/TIA-570-C (Residential)
= Submitted for 2" industry ballot

= ANSI/TIA-758-B (OSP)

» Project request to start C revision approved
= 1stindustry ballot based on editors schedule

» Places of Assembly Task Group

= Working on potential standard for Airports, Stadiums,
Theaters, etc.




Additional Information Available

——
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FOTC Website

sSumm
ary of current TIA standard | |
S

GENERIC 1\:LI:UUM'MUN\L}AI IOND CABLING FOR
ANSUT\A—SGS 0-D CUSTOMER PREM\SES 09)‘14115

COMMERCML BUILDING TELECOMMUN\CAT\ONS

y . W560.1-0 INFRASTRUCTURE STANDARD ogons |
3. BALANCED TWISTED-PAR \
ANSUTIA-568-C.2 TELECOMMUN\CAT!ONS GABLING AND 0412010 \
‘ T APONENTS STANDARDS \
‘2 CE! ‘
; ECO ‘
?, “;f:g;fy Zsiéifr";u - T MPONENTS STANDARD ADDENDUM 1 06130116 \I
‘. S PECIFICATIONS FOR 1000 CATEGORY 8 \
L CABLING ".
| ansima56830 gmﬁ;&a“ oo 09116 \
‘ \
a SROADBAND COAXIAL CABLING AND .
.‘ ANSUTIA-568-C 4 B TS STANDARD 7111 \
http . //WWW . | ansITA-569-D 1111915 \
- |

i . t I afO t C O r q " [CATIONS PATHWAYS AND \

: | ansUmA-569-D-1 REVISED TEMPERATURE 1011116

et \

\ \
t ~ESIDENTIAL TELECOMMY |CATION !

. * ANSITIA-570-C eSDENTIAL TC . e " 08/16/12

lNF'R.P\STRUCTURE STANDARD

FOCIS 18 Fiber Optic connector In\ermaieabnhty

| ANSITIA-604-18 standard- Type MPO- 16

1112312015 l\

ADM\N\STRAT\ON STANDARD FOR
TELECOMMUN'ICATIONS INFRASTRUCTURE

* \NSITIA-606-B 6122112 \

ADM!N\STRATION STANDARD FOR
TELECOMMUNICATlONS '-NFRASTRUCTURE 1212312015 ‘
ADDENDUM 1- AUTOMATED 1NFRASTRUCTURE

\ NA-606-8-1
\ Addendum to TIA-606-B)

201

o
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FOTC Website
LAN Standards, News & Trends 2017

http://www.tiafotc.org

Library >Webconferences

TW FOTC

TA Fiber Oiptics Tech Conser NEWS

LIBRARY

Webconferences

ITC holds educational webinars throughout the year w
wekinars — either live or on demand. The Webinars below ar:

FOTC webinars are hosted on the TIA Talk Channel

BEST PRACTICES

TSI S EaT T e

ARCHITECTURES

STANDARDS TECHNOLOGY

-

Recorded on 7
Best Practices for achieving Basic/Tier 1 Fiber C...
Tyler VanderPloeg, Viavi

Recorded on Apr 10 2017
TIA Media Webcast Prep Call
Limer

Recorded on Apr 04 2017
LAN Standards, News & Trends: 2017 Update
Cindy Monistream, Legrand

Get the |atest information about Cabling Standards fiy

Recordad on Mar 00 2017
Mobile World Congress 2017: 5 Trends to Watch
TIA, Devid Heard. John Jacobs, Susan Schramm, da B

Sights and Insights from TIA @ MWC1T O

» Recorded on Feb 15 2017

" LPWAN - How LPWAN networks int for Smart Co...
‘Yann Gabay - COMMNIT; Brian Ra! ink Labs, Tiana MchMe:
LPWWAN (low power wide area

Fiber standsrds and infrastructure for enterprise and dats c=..

Frdrdedede

91m 20s

kkkkk

5@m &0s

*ekekkd

23m 21s

ki

56m 51s




Fiber Industry Trends

John Kamino, RCDD
OFS

jkamino@ofsoptics.com

——
ofs

I

6 3*{ 2018 BICSI Fall Conference & Exhibition




A\’

ofs Network IP Traffic Growth
Global IP Traffic 2016-2021 * Global IP traffic will reach 3.3
300,000 zettabytes (10%!) per yearin 2021. By
_ _ 2020, global IP traffic will reach 2.3 ZB
250,000 M Latin America per year
500,000 ® Middle East and Africa * Global IP traffic will have increased by
s ’ 127X from 2005 to 2021
5 M Central and Eastern Europe .
s 150,000 e By 2021, PCs will only account for 25%
g = Western Europe of traffic, while smartphones will
@ 10,000 account for 33% of traffic.
50,000 WorhAmerica * Wireless and mobile devices will
B Asia Pacific account for 63% of traffic in 2021, up
0 - — from 51% in 2016.
2016 2017 2018 2019 2020 2021

“Cisco Visual Networking Index :
Forecast and Methodology, 2016-2021"
6/6/2017

{ : ’ i " YowgOpgicakFiber Solutions Pariger®-at www.ofsoptiossgem 35
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A\’

ofs Data Center Traffic

A Furukawa Company

D;axtt':;e!SSeg:er 25000 | Lo enter to user * Global data center
14.9% W Data center to data center traffIC will reaCh
20,000 o )
Data conter Within data center 206 Zet-ta bytes Ta
t:e:i‘;? § 15,000 2021, from 6.8
Within data 13.6% g oon Zettabytes in 2016
center 2 1 i
71.5% Y . e Total East-West
>000 traffic will be 85%
o  Traffic is growing at
2016 2017 2018 2019 2020 2021
a 25% CAGR

Source: Cisco Global Cloud Index:
Forecast and Methodology, 2016-2021

January 2018

—

jper®-at www.ofsoptios-gem 36
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A\’

ofs Global Data Center Traffic Growth

A Furukawa Company

Global Private vs. Public vs. Non-Cloud
Enterprise Application Workloads and Compute Instances

Cisco

4 i . ' YowtsOpgicakFiber Sqution_;__Pa_r_;t___{-}_er"‘__atwww.ofsoptics.com 37
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A\’

ofs Worldwide Multimode Cable Demand by Region

A Furukawa Company

World Demand for Multimode Cable by Region, 2014-2022
CRU Telecom Cables Market Outlook, Sept. 2017

7,000
6,000
5 000 I I I = ROW
All this demand L66 I I I I B Other A-P
combines to create | | 10 m I I China + HK
. ! m =
multimode volume oo Bl R EmEmE =R E W E. Europe
growth | 4 56 W. Europe
' B N. America
cannnnnnnniiil

0 5 o A & O -
PPN TN N BTN TN BN PN O SR 7
A7 AT ADT AR ADT ADT ADT ADT ADT AT ADY ADY AD

A ~ YowzOpgicakFibe rSqutlonsPartner atwwwofsoptlcscom
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A Furukawa Company

Burroughs North America Multimode Fiber Shipments
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e I I I
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Source: Burroughs Multimode Fiber Reports
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‘\’

ofs The hyperscale cloud market will continue to deploy multimode fiber!
A Furukawa Company - . t "
s interconnects j Alibaba Network & Optics: Future
| » Serverto TOR |
| o <5m
o 25G-100G C.opper Metwork speed »O1ET?
* Google ¢ TOR joiedgehosragy vsw 18792
« Deploying 100GBASE-SR4 i e TR Opios ( aSFP224-D0??

100G VCSEL/MMF

* Roadmap to 400GBASE-SR8 e Edge aggregation o Spine |~ [—\ M. - Seener 0807 .
« Z. Shen of Google proposed o <2km ‘LR optics [ [D\J"ﬂ D ] ”D STrezooT
400GBASE-SRS8 for 802.3cm o 100G CWDM/SMF T . Deployment 2018 20237

Server Racks

* Alibaba . : : —
Bandwidth density 40x in 10 years
* Deploying 100GBASE-SR4

- Doubles ~ every 2 years
+ Roadmap to 400GBASE-SR4.2 A % C. Xie, Alibaba OIF Q4 2018 Shanghai
» Baidu

* Deploying 100GBASE-SR4
¢ Roadmap to 400GBASE-SR4.2

Baeer—

S

: 2018 when 12 8Tb/s swilch available

Bx50Gb/s PAM4 VCSEL/MMF SR8 or 4x100G PAM4 PSM4 (DR4) ?
o 400G SR8 meets time to markel requirement
o 400G SRS can ) ge mature 25G P and likely lower cost

o w0 AR

i i = 400G SRS backward compatible with 100G SR4, and can break oul into 8 50Gb/s streams peed - 40 . e
e Other Big Cloud in US o VCSEUMMF systems have much higher MP1 lolerance than DFEB/SMF systems, allowing e, v 2 '
* Growing interest for 400G- . s — O
SR4.2, including breakout - o o - e , LA
I L ' o = A T : "
£ MP telerance tes! S ::: — _ch’!\‘\ :
Goog e =i L T e :.-:'.: .. Y

C. Gang, Baidu, 2018 Optinet, Shanghai

X. Zhou, Google, OFC 2018, San Diego

~ . v YowtzOpgicakFiber Solutio taer®at www.ofsopticssgom
2018 BICSI Fall Conference & Exhibition (/% 7z



Conclusions

* Bandwidth demand continues to grow
e Multimode demand is growing

* Multimode fiber demand is moving to higher grade fiber types
e OM4 fiber has the largest share (by type) in North America

e Hyperscale data centers are looking to deploy multimode fiber in next
generation data centers
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MPO Technology

David Asta, RCDD
Panduit

PaNDUIT

—
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MPO ‘Ferrule’ ™

Anatomy of an MPO

/ Boot

Crimp Ring

%

o
\

i~
“

MT 12 Fiber Ferrule, [Single Mode)

—

<&

Fh

2018 BICSI Fall Co

Inner Housing

Spring Female Retainer (No Pins)

y Male Retainer (Pins)
% Ferrule

/ Outer Housing

Dust Cap
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MT Ferrule Technology

Optical performance is based on:
e  Fiber Alignment (axial & angular based on ferrule & guide pin)
— True Position of fiber-holes in the ferrule relative to alignment pin holes

— Tolerance of the alignment pins
— Diameter tolerance of fiber holes and alignment pin holes

Fiber Tip Contact (endface geometry + connector spring force)

Fiber Tip Cleanliness & Quality

[ ]
[
£0.6993+ 0.0003 2 PLCS
0.1256+ 0.0003 12 PLC
SEE NOTE 2

y 4.600+ 0.003 I

P0.25 X 11=2.75

The fiber alignment is independent of the adapter!




TIA Connectivity Definition for MPOs

The MPO connector family is defined by two existing
standards. Internationally the MPO is defined by IEC-
61754-7. In North America the MPO is defined by TIA-
604-5 (also called FOCIS 5).

FOCIS 18 presents the intermateability standard for
connectors with the commercial designation of MPO-16
that support 16 fibers per row of fibers, and is used as an
addendum to TIA/EIA-604, (2015 Edition, November 23,
2015)
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TIA
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Fiber Optic Connector Intermateability
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TIA-604-5-D

April 2007

Ml owi oGl el Wi e

TELECOMMUNICATIONS INDUSTRY ASSOCIATION

(r@ et oty i4eY ;ﬁ: ‘-u
_ . Elestrasic Indusiries Alliance

4f Through 72f Fiber MPO Standard

Single Row Plug
Optionm=1

0125
—

M @ @ © © &

0.375

055

0.875

1
H 0.125

le—

@® (¢ (@ @ (9 B

O-0-6-0-0-8——

=
0.625

0.875

1125

1.375

Six Raw P
QOption m

L]

025 i
e s

o0

M E

O-0-0

, Wi @

lug
=6

3
i
]

E]
-

=
=

0:0; 1
0:0
=020

=
=
=

™
O;

~0:0:0:05
0:0:0:0

<

O:010:0:05—

0.0
-0
©




What Does the Standard Say About MPO?

Plug designation
The complete designation for a FOCIS 5 connector plug is:
FOCIS 5P-n-k-a-c-t
where:
P designates that it is the plug
n is the number of fibers
k defines the keying configuration

a is the angle of contact

c designates alignment pins or holes
t alignment pin/hole diameter
Number of Fibers
Values have defined for the number of fibers
476,810l 20016,.20:24.....

—
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Singlemode Variant

e Singlemode MTP connectors are polished at a
nominal eight (8) degrees with respect to the
connector key

e Return Loss from the angled interface is
maximized (>55dB)

e Assures that the normal Key Up/Key-Down
adapter sleeve aligns the angled surfaces to
compliment each other

Key (Down) I'|I '

Flat Polish ¢ Precludes the use of Key Up/Key Up adapters

.".-

ll':::. . Angled Polish (multimode) | . . . .
‘\. (singlermode) a=0 s for the single application (unless two different
. e connector polishing orientations are made —

not in the FOCIS document for SM)




Two Different MPO/MTP Adapters

Adapter designation
Designation for a FOCIS 5 connector adapter is:
FOCIS 5A-k-m
where:
A designates that it is the adapter
k defines the keying configuration

m defines the mounting configuration

Adapter Keying Options
Two options are defined for the adapter keying configuration:
k =1 - standard keying configuration for FOCIS 5 adapters

k = 2 - alternative keying configuration

—
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TIA Connectivity Definition for MPOs

The MPO connector family is defined by two existing
standards. Internationally the MPO is defined by IEC-61754-7.
In North America the MPO is defined by TIA-604-5 (also calle
FOCIS 5).

FOCIS 18 presents the intermateability standard for S
connectors with the commercial designation of MPO-16 that A
support 16 fibers per row of fibers, and is used as an

addendum to TIA/EIA-604, (2015 Edition, November 23, 2015)
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FOCIS-5 & FOCIS-18 MPQOs

y

FOCIS-5, 24 fiber position connector FOCIS-18, 32 fiber position connector

onference & Exhibition




TIA Connectivity Definition for FOCIS-18 MPOs

* Published in Q4 2015
« Same MT ferrule footprint & fiber pitch in X & Y axes

32-fiber connector’s offset key

» Different pin/hole diameter & pin pitch
e Limited to two rows maximum
 FOCIS 18 defines a flat polish only

e Flatis the norm for all MPO MM
 APC is the norm for all MPO SM

» Offset key to prevent mating with FOCIS 5 connectors
FOCIS 18 MM connectors available in 1x16 (SR8) and 2x16 formats (SR16
' .'.'-*"“._i 2018 BICSI Fall Conference & Exhibition &/%7
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“Brute Force” - Multiple Lanes MPO

32-fiber connector’s offset key

e Move toward 16 fiber units? 400GBASE-SR16
e 32/16-pin MPO connectors (TR 42.13)

Polarity descriptions that cover n-number of fiber units (TR 42.11)

4 new fiber colors to support 16-fiber ribbons bundles (TR 42.12)

* Likely upgrade paths (MM) results in units of 4 fibers:
e 40G + 10G per fiber = 8 (2x4F) fibers (A0GBASE-SR4)
+ 100G +256 perfiber= 8 (2xdF) fibers (I00GBASESRA) e
e 400G + 25G per fiber = 32 (2x16F) fibers (400GBASE-SR16)
e 400G + 50G per fiber = 16 (2x8F) fibers (400GBASE-SR8)

e 400G =+ 50G per fiber = 8 (2x4F) fibers (2 lambda = 400GBASE-SR4,2)

e 400G + 25G per fiber = 8 (2x4F) fibers (4 lambda = 400GBASE-SR4,4) o 8 FIBER

,,,,, (BASES)

—
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SFP/QSFP Fiber ‘Migration’

SWDM or CWDM @
10G/Fiber 25G/Fiber 25G/A - 4\ /Fiber
10G N/A N/A
25G N/A ‘ ©o N/A
40G 000000000000 N/A N/A
00| 523232983838 | eeeescccccece oo
4005 NA otiininiiiiin| eeeeccoceeee




MPO Configurations

Rodney Casteel, RCDD, DCDC, NTS, OSP

CommScope - Sr. Field Application Engineer
Chair TIA Fiber Optic Technology Consortium

COMMSCOPE
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Hyperscale Architectures Adapted for Enterprise Data Centers

= Historically Enterprise has been a 3-tier topology — aggregation and blocking architecture
= Cloud data center networks are 2-tier topology

= Optimized for East-West traffic

= Workloads spread across 10s, 100s, sometimes 1000s of VMs and hosts

= Higher degree (10-20X) of east-west traffic across network (server to server)

Traditional ‘3-tier’ Tree New ‘2-tier’ Leaf-Spine Network

Network

Core Layer
(Routers)

e e

Aggregation
Layer
i (Switches)

Access Layer
(Switches) Servers and
5 L= Lo L= = Lo | Compute (w/
—Servers e iefefe NICs)
and R e L
Compute e e

W/ NTCs)



High Speed Migratioh Challenges

Channel Optical loss
lengths are budgets are
shortening = 'decreasing N
Application More choices Growing Standards
speeds are for media and infrastructure provide
increasing connectivity complexity limited
guidance
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What should your physical infrastructure do...?

Support Optimize Allow for Simplify Provide for Enable

current and channel additional optical media automated flexible
future distances connections selection management topologies
applications

N\5) (Y4 2018 BICSI Fall Conference & Exhibition >/
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Data Center Multimode Speed Roadmap

# lanes

8

- 4 _ 400G-SWDM4? 400G-4.2?
;
y | 2 400G-SWDM4?
1 40GBASE-SWDM4 100G-SWDM4 200G-SWDM4?

Lane rate > 10 Gb/s 25 Gb/s 50 Gb/s 100 Gb/s

—
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Multimode 40G/100G Applications

Maximum reach based on Standards, MSAs and/or vendor specifications

Standard/Spec/MSA | # fibers | maximum distance *NOTE: OM3/OM4 effective modal bandwidth only specified at 850 nm
40GBASE-SR4 (8 Oowm3  100m
~Om4/OM5  150m
40G-BiDi . OomM3  100m*
‘om4  150m*
OM5 200 m
.13]elll 40G-eSR4 @)

40G-SWDM4 (2)

OM5 440 m

"OM3  70m
100GBASE-SR4 (8)  omaoms 100m “In addition to supporting the same 850nm and 1300nm
100GBASE-SR10 (20) [OMSEEI00mEH applications as OM4, OM5 provides advantage in the

Om4/omM5  150m support of future apnplications using WDM in the
100GBASE-SR2 (4) = wavelength range 850nm to 953nm” (ISO/IEC 11801-1)
100G-eSR4 o OMaows ™

100G FITETic -
OM5 150 m

00G-SWOMA  (2) |

100G-eSWDM4 (2)

OM5 400 m

2018 BICSI Fall Conference & Exhibition
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16

14 |-

12

10

Data Center Market: Ethernet Switch Rev. (SB)
Revenue By Port Speed

12 13 14

m10G M40G " SsW
m1G 25/50G m 100G
L -
__________________________ mE B

15 16

_ I Data Center connectivity through 2020+
| | | | woooas likely to be mix of duplex and parallel
Source: Dell‘Oro — Oct 2015 (public webinar)

Parallel

.
h M:'ex
[




Which MPO for High Speed Migration?

MPO-24

y Mg

Future ready
Lowest cost duplex support for
multimode applications
Highest panel density

2018 BICSI Fall C

MPO-12

+

Large installed base
Existing multimode and
singlemode preterm deployments
Familiar interface and trunks

Supports QSFPs

For multimode and singlemode
transceivers and breakouts
Lowest panel density

onference & Exhibition &/




MPQO24 vs. MPO12 vs. MPOS8 for Multimode Trunks

Leaf-Spine Applications LC Duplex LC Duplex LEAF
on multimode ﬁber patchcord 1 x MPO24 Trunk > patchcord

Application DiFibers - -

10GBASE-SR 2 | L 2xMPOI2 Trunk

40G-SR4 8 5 o

40G-BiDi 2 =

40G-SWDM4 ’) i 3 x MPO8 Trunk

100G-SR4 8 s

100G-SR2 4

T P
200G-SR4 8 - N lt l
200G-SR1.2 (?) 2 2’ MPOS 2xMPO12 Trunk -. pa'l/li(c)frd
400G-SR4.2/4.4(?) 8 = Sl —
400G-SR2.4 (?) 4 = 3 x MPOS Trunk

N

400G-SR1.4 (?)



Advantages of MP0O24 for Multimode Trunks

Leaf-Spine Applications
on multimode fiber

Application | #Fibers

LC Duplex LC Duplex LEAF
patchcord 1x MPO24 Trunk patchcord

- gl — ====

10GBASE-SR 2
40G-5Ra 8 Fastest Installation
jgg_E\I,BIDM A ; Best pathway efficiency
100(_5-SR4 3 Lowest cost
100G-SR2 4
- MPO-24-3xMPO8 MPO-24-3xMPO8 LEAF
1882 ;\IAI;D(I\?/I)ZI- ; Break-out 1 x MPO24 Trunk > Break-out
- I\ .
200G-SR4 s |- l’—e Le=mm===
_l 0
iggg'ﬁﬁjﬁ (: )4 , g < Fastest Installation
4OOG:SR2.4/(?.) = 1 & Best pathway efficiency

N

400G-SR1.4 (?) Highest panel density
— Lowest cost
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SFP

SFP

SFP

SFP

SFP

-
-

LC-LC Patchcord

fiee R AT ED
T

LC-LC Patchcord

fiee R AT ED
T

LC-LC Patchcord

fiee R AT ED
T

8f QP-LC Array
= b e
e - | B

8f QX-QX Trunk LC-LC Patchcord
T T O TH - ] E 1 ‘_ ] : )
riﬂﬂg— I-_.lu

8f QX-QX Trunk o

8f QX-LC Array ——
[t — ey
8f QX-QX Trunk o QP_L(; A__.r[iy

8f QP-LC Array o
(& d1mm e i) : :

SFP

SFP

SFP

SFP

SFP




High Speed Configurations

8f QSFP

8f QP-QP Patchcord

LA =

8f QX-QX Trunk

e - BT

8f QP-QP Patchcord

LA = E—Tvew

e T - |

LC-LC Patchcord

8f QP-QP Patchcord
o A

8f QP-QP Patchcord 8f QX-QX Trunk

EE T

azn JTH

—— B > SFP
8f QX-QX Trunk 81 QP-LC Array
| i -gmu i . SFP
8f QX-LC Array ===
g E— SFP

8f QP-QP Patchcord
LA == T |

QSFP




High Speed Configurations

LC-LC Patchcord
SFP e e 1]

12f MX-MX Trunk
- A JF e ws v FFE

LC-LC Patchcord

e e SFP

12f MP-LC Array

LC-LC Patchcord 12f MX-MX Trunk

SFP E R e ek o= SFP
LC-LC Patchcord 12f MX-LC Array ===
SFP BE——CER  rrm Y O I S1

LC-LC Patchcord
B e SFP

12 f Duplex

8f QP-QP Patchcord 12f MX-MX Trunk
LET s P TH R -] . LG e sy TR
12f MP-LC Array

8f QP-QP Patchcord 12f MX-MX Trunk p—
e o : (BT e R ﬁ e SFP

g 12f MX-LC Array
< [= ) mmptoy
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8f QP-QP Patchcord
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High Speed Configurations

8f QP-QP Patchcord 12f MX-MX Trunk 8f QP-QP Patchcord

LR e z==nu SR LA wrur R L xR QSFP
QSFP

12f MX-MX Trunk ﬁf___l\éli-QP 2X3 Array

FLY  real s

12f MP-QP 2X3 Array 12f MX-MX Trunk 12f MP-QP 2X3 Array
e D e R

12f MX-QP 2X3 Array
Lﬁ ===l QSFP

12f MX-QP 2X3 Array

8f QP-QP Patchcord

LA T —— -

8f QP-QP Patchcord
(0 e T

12f MP-QP 2X3 Array

s S F=m——ur B
fr——m— o= X




High Speed Configurations

LC-LC Patchcord 24f 2X-2X Trunk LC-LC Patchcord
SFP BB S e OB . B SFP
% 24f 2P-LC Array
a SFP | mE—uB oo R = sP
- g S
LC-LC Patchcord 24 2X-LC Array e
SFP Bt B \( =z SFP
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High Speed Configurations

8f QP-QP Patchcord 24f 2X-2X Trunk LC-LC Patchcord
LI == x= ITE1 B == 19 n B —E SFP
* e

24f 2P-LC Array

I ame SR (= i | T REE——— =] ﬁ"mm l_%—"—'_:”._ SFP

8f QP-QP Patchcord g 24 2X-LC Array - srp
P pesea il arw \*—_m i

24f to QSFP Duplex
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High Speed Configurations

24f 2X-2X Trunk
el Tmw— - —ar [

8f QP-QP Patchcord
| BT T b u

8f QP-QP Patchcord

LET s szl SER

8f QP-QP Patchcord

LR = w=w TE

24f 2X-2X Trunk 24f 2P-QP Arra

8f QP-QP Patchcord

LET— T = ez SR

24f 2P-QP Array
T
ﬁDﬂm::‘:‘HEEEIE

24f 2X-2X Trunk

24f 2P-QP Array
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Bottom Line

* There are a multitude of options for migrating to higher speeds
* OM3, OM4, OM5, SM
* MPO 8, MPO 12, MPO 24, MPO 16, MPO 32
e Parallel & Duplex
 SWDM, CWDM
* Proprietary Options

* Need to ensure the strategy includes
e Long term planning
* Most efficient, cost effective and sustainable option
e A solution that can be tested and validated
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Fiber Testing & Inspection

Tyler Vander Ploeg, RCDD - VIAVI Solutions
Jim Davis - Fluke Networks
Romain Tursi - EXFO
Rob Gilberti - AFL

FAFL




Agenda

e Connector Inspection & Cleaning (Guillaume Lavallee — EXFO)

e Tier 1 Testing (Jim Davis — Fluke Networks)

e Tier 2 Testing (Rob Gilberti — AFL)

e Testing MPO Connectivity (Tyler Vander Ploeg — VIAVI Solutions)
e Break (15 minutes)

e Hands On Training
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Fiber Optic Connectors
Inspection and cleaning

Romain Tursi
Product Specialist
EXFO

SONE. ';*{ 2018 BICSI Fall Conference & Exhibition /%7



Connectors Come in Multiple Flavors

* Single fiber connectors e Multifiber connectors

3

e D
— And both can co-exist in same architecture

joccEEE | mem nslEEE B LI woonnl] B - SESsn jocEEEE ) mm
] e GR T 12F OM3 MTP L EemEmm———
Switch Female)-LC Male-Male, Type B ‘_’F i"'!"" 'ﬂ\l L Switch
' Hamess, Type A Yo (Female \—:L. ,,'
PO FAP MPO FAP amess, Type B
%H Cey-up to Key-up [1]1]

oW 1]}
‘ : = NI
i mm

Empty 1RU Chassis E C

Empty 1RU Chassis Location B




cause of network
fallures i1s BAD
connectors

- NTT-Advanced Technology Research

8 O % Network owners report
having connector issues




Why inspecting is important?

Not because it’s nice to have clean connectors!

—am * Directimpact on IL & ORL => BER => System
S\ performance and Network reliability

= Performances - &

| ° Bad connectors may work at low data rate and cause
failure at higher data rate
 Some soils can change over time (freezing, drying, etc.)




Dust/Dirt/Debris Residues Transfer

= A connection is made of 2 I Before mating:
connectors.... SETOY E ey
= They should both be vl

inspected and cleaned if

needs be.
=M1

Connector A - Connector B

Elli——

After matlng

] Sy :

]

E %

= S

] : .

O Eas :
.- ] - &

100 o R | Patch Panel

|_II_I|_I|_II_||_II_I|_I

T
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Cleaning Alone is Not Enough...or too much!

DAMAGED = REPLACE CLEAN = CONNECT DIRTY = CLEAN

You CANNOT clean a NO cleaning required Clean ONLY if needed
damaged connector




Inspection / Cleaning Flow

No

Damaged

Replace the Clean it:
connector if dry, wet
the damages or hybrid

are critical

Is the
connector
endface
clean?

8 BICSI Fall Conference & Exhib
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Connector Inspection Standards

Zones
Standards-based criteria A: Core
EC 61300-3-35 0-25 pm
Fiber-optic interconnecting devices and passive compeonents—basic test and measurement -
procedures B: Cladding
hitp:/fwebstore.ie 25-115 pm
PC o —
Cleaning methods and contamination assessment for optical assemibly C: Adhesive
httos P wwwipe .o 115-135 pm
X - D: Contact
.. . . oge \ / Y 135250 pm
e Connectors are divided in zones with specific tolerances
» Zones & criteria varies depending connector type: el -
A: Core None None

e Singlemode vs Multimode, No limit <2 pm

. No limit €3 pm
B: Cladd 5from2-5
e UPCvs APC, acding None >3 um om Hm

None >5 pm
* Single fiber vs Multifiber C: Adhesive No limit No limit
D: Contact No limit None 210 pm

Example : Singlemode single fiber UPC connector zones
and criteria as per IEC 61300-3-35 Ed.2

—
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Pass/Fail Automated Assessment

Using an analytical software guarantees a uniform level of acceptance
according to industry standards: Bl O Fail

Inspection Result:
FIP Image

Zones Scratches Defects

Criteria (um) Thld  Cnt | Criteria (um) Thld  Cnt
Ozsize<oo 0 0 |[O=zsize<ee 0

A: Core
0-25 pm

0<size<3 Any 0 O=size <2 Any
B: Cladding | 3 < size < co 0 0 2<size<h 5
0

25-120 pm S=size<

C: Adhesive
120-130 pm
0=size<cw Any 0 0= size <10 Any 1
D: Contact I0=ssize<cwo O 0
130-250 pm
Test Configuration Connector Cladding

IEC SM SF UPC ORL = 45 dB

(61300-3-35, 1.0) SF 125 pm

—
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Beware of False Positives

* Focus adjustment and assessment might be user subjective
=> PASS/FAIL results are impacted by a poor focus.

XD PASS | [ *e» B

OPTIMIZED FOCUS

Out-of-focus image can hide critical defects Optimized focus will ensure seeing
delivering a « Pass » verdict all defects affecting performances




How to clean a connector?
Dy cleaning __ "8

|

Convenience of : Can leave residue Cleans all soil types
di 1abl Can possibly create Can dissol ihe ferrule wh
readily available oo charges an dissolve on the ferrule when Reduces potential static field
tools compltex s_ons tand too mugh sglver:t IS soil accumulation
. contaminants used and no :
Not effective in TORE AT Automatically dries moisture ~ Requires
Fast and easy removing all - : and solvent used in the multiple
contaminant types EI|m|nate§ the Solvent chplce can cleaning process products
accumulation of be confusing with .
electrostatic issues of Captures soil in wiping
discharge onthe  performance and material as an integrated
T EH&S aspect of cleaning procedure

8 BICSI Fall Conference & Exhibition



Connectors Inspection and Cleaning Conclusion

Leave nothing to chance:
* Inspect against appropriate standard, and clean only as needed

e Use reliable and repeatable processes, with controlled focus and
pass/fail

* Be equipped for dry & wet cleaning

e Be ready to toggle between single and multifiber inspection and
cleaning

=> Don’t plug & pray!
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Tier | Testing of Fiber Optic Links

How much light is coming out of the end of the fiber?
How much should be coming out?

Jim Davis
Regional Marketing Engineer
Fluke Networks
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How Fiber Loss is Measured

Set a reference
Run a test
Find the difference

| 2018 BICSI Fall Conference & Exhibition /%7




First set a reference  Then find the Difference
| |
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Accurate Test Process and Values Will Reduce Uncertainty

* For less uncertainty in our fiber testing, especially of multimode fiber,
there are 4 key ingredients to loss testing
e A one jumper reference
* An LED source
» Reference Grade Connectors
* Encircled Flux compliance

—

3*{ 2018 BICSI Fall Conference & Exhibition




Encircled Flux Compliance

* The light source’s launch condition determines how and where
the light is distributed within the fiber

[ Cladding ]

Source 1 Source 2 Source 3
Over filled Under filled EF Compliant

—

__.‘:ii"l___' 2018 BICSI Fall Conference & Exhibition




Calculating a Loss Budget

Difference between a TIA limit and an application limit

The Loss Budget determines what “Passes” and “Fails”

—

‘ﬁ; 2018 BICSI Fall Conference & Exhibition /%7




Which Limits to use?
Does this link really pass?

* There is no “Cat 6A” for fiber

e There is conflict between what the standard will
support and what the application requires

e Installers should use Custom Limits to certify links

Cabling
Standards:
TIA 568
ISO 11801

Application

Standards:
1000BASE-T

10GBASE-T

—

r Application

Standards:
1000BASE-T
10GBASE-T
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Which Limits to use?
Does this link really pass?

Cabling
Standards:
TIA 568
e There is no “Cat 6A” for fiber EQ LT

e There is conflict between what the standard will
support and what the application requires

e Installers could use Custom Limits to certify links

 Manufacturers may offer a custom link loss

. Aoolicati
calculator for their components pplication

Standards:
10GBaseSX
40GBase-SR4

‘5% 2018 BICSI Fall Conference & Exhibition
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Using a TIA Limit Without Understanding the Application

e Customer wants to run 10GBASE-SR on this multimode link

0.90 dB @ 850 nm

(300 m)

Fiber Type Settings

Reference Method: 1 Jumper

Connector Type: LC

No. of Connections/Splices: 4/0

TIA (tester) Limit =0.75dB +0.75dB + 0.90dB + 0.75 dB + 0.75 dB
=3.90dB @ 850 nm

10GBASE-SR Limit = 2.55 dB @ 850 nm This design will not support 10GBASE-SR

’1’_' 2018 BICSI Fall Conference & Exhibition



Which Limits to use?
Does this link really pass?

Cabling

Standards:
TIA 568

ISO 11801 X

e That 3.90 loss budget falls within the
acceptable values for the cabling standard, but
outside of the acceptable values for the
application

Application

Standards:
10GBaseSX

40GBase-SR4

31{ 2018 BICSI Fall Conference & Exhibition >/ 7



Using a TIA Limit Without Understanding the Application

e Customer wants to run 10GBASE-SR on this multimode link

-
€3 TEST SETUP

Module: CertiFiber Pro - Quad

Fiber Type Settings

Reference Method: 1 Jumper

>
Connector Type: MPO Module >
>

No. of MPO Modules/Splices: 2/0

TIA (tester) Limit =0.75dB +0.90dB + + 0.75 dB
=2.40 dB @ 850 nm

10GBASE-SR Limit = 2.55 dB @ 850 nm This design will support 10GBASE-SR

2018 BICSI Fall Conference & Exhibition




Using a TIA Limit Without Understanding the Application

e Customer wants to run 10GBASE-SR on this multimode link

o 3‘; 2018 BICSI Fall Conference & Exhibition



Tier | Conclusions

* Try to use a One Jumper Reference

* |f testing a connector that you do not have a port for on your power meter,
you may have to set a three jumper reference

e MPO, MTRJ, ‘keyed’ connectors
e Use the right loss budget
e TIA/ISO variable ‘length’ based limit

* |EEE fixed loss, fixed length application limit
e Custom limit that mixes both
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OTDR/Tier2 Testing of Fiber Optic Links

Rob Gilberti
Sr Product Line Manager
AFL
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OTDR Functions
An OTDR uses Reflected Light to measure and characterize an Optical Fiber

Functions

e Measure Loss and Distance

* Locate and Measure Connectors and Splices

* Locate and Characterize Faults — Macrobends, Breaks
e Measure Link Optical Return Loss (ORL)

e Evaluate Connector Reflections

Applications/Uses

e Installation/Commissioning Troubleshooting
* Emergency Restoration

e Fiber/Link Characterization

* Maintenance

e Link/Network Quality Assurance
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The OTDR Trace

Mechanical Connection

0 200 400 600

Attenuation (dB)

Ghost
800 Reflection

v

Distance




OTDR Two-point Insertion Loss Including End Connections

A

Power
(dB)

Insertion loss

Launch and
receive cables
are required
to properly
measure the
loss and |
refection of /\/\/\/\/
first and last >
| connectors Distance
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Using an OTDR to Fault Locate

I (51850 | [ (611300 | g 850 1300 |

[A] B
15,00 dB i
Distance Expected Trace
— | tofault |* .
10,00 4B (z 190 m) i from install
500 4B
Relative ! i
Power aon e S
(dB) 500 dB \
-10.00 dB 1
-15.00 dB ; A “Lmu Captu red Trace
400 0 100 200 =00 400 s00 00 700 &00 shows fault
location

"

Distance (m)

—

<&
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OTDR Bi-Directional Testing

Test from Launch Cord Ta&i:ord
_ . ‘A End
* If backscatter characteristics are different * '
from each fiber, measured loss across the Z'End
event will be exaggerated in one direction Tail Cord Launch Cord Test from

‘B’ End

and reduced in the other direction 0 | |

» Different fiber types (e.g. G.652.D vs. ‘A End Q ‘2’ End
G.657.B2) have different backscatter

* Older fiber typically has higher backscatter N — Ca— —
then newer fiber U

1 b= &
Ioom- Vertloom- Vetloom- Unloom Reloom  Prevlvens MNextlwent  Switch Cursor

e A more accurate measure of an event’s loss
is obtained by testing the network from each
end and averaging the measured event loss
in both directions at each event

—
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How to Determine OTDR Pulse Width

Too Narrow Too Wide About Right
Link Link Link
O0—{1— 0—{1— O0—{1—1
Where is
this event? L’V\av
Trace “disappears” Can't resolve events Events can be seen
into noise floor and trace is smooth

—
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Multi-pulse Acquisition

Combines results of multiple acquisitions using different settings & wavelengths

Narrow pulses for short range event-finding...
* Detects and measures closely spaced connectors within CO or datacenter
e Provides high-resolution before splitter in PONs

Plus wider pulses for medium and long range event analysis...
e Overcomes noise as network loss increases (after splitter or near end of long fibers)

With consolidated 1310, 1550 and/or 1650 nm test results
* Distinguishes between macro-bends and poor splices
e 1650 nm supports live fiber testing (in-service PONs)

—
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Reflectance — It’s important!

Standards
10Gbase TIA-568.3-D Industry
SMF -26dB -35dB -35 to -50dB (UPC)
MMF -20dB -20dB

High Reflectance can indicate poor quality connections or UPC/APC mismatches

—
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Multi-fiber OTDR Testing with MPO Switch

Connect to MPO Network or use Hydra/Breakout to
connect to individual fibers/connectors

.‘H_‘_\P

OTDR controls switch via USB and Software cycles through
12 fibers automatically testing each fiber

OTDR captures .SOR files for 12 individual fibers for dual
wavelength and consolidates data for single report

—
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Testing MPO Connectors

OLTS for Tier |
OTDR for Tier |l

Tyler Vander Ploeg, RCDD
Fiber Solutions Marketing Manager
VIAVI Solutions
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Which MPO connections will you likely test?
8 Fiber

4 N

12 Fiber

{
\

e Large installed base

* Existing MM & SM deployments
e Familiar interface and trunks

* For plug and play cassettes in

\

datacom environment
0\40 Gig applications /

—

G

-

~
)

Supports QSFPs

For MM & SM transceivers and
breakouts

Lowest panel density

Removes 4 fibers in middle

40 & 100 Gig applications

/

-

24 Fiber

B\
\

Future ready

Lowest cost duplex support for
multimode applications
Highest panel density

For data center & server side

100 Gig applications /
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MPQO Testing Scenarios

4 6 x 1/10Gbps Ethernet Channels (MMF) )
6 x 1/10Gbps Ethernet Channels (SMF)

Tests to perform:
* Inspect all connections
e Test duplex (LC) drops w/duplex OLTS

N
VAN

4 x 10Gbps Ethernet Channels (MMF)

Tests to perform:

* Inspect all connections

e Test from MPO to simplex

* OR use fan-out cable and test MPO-MPO

i

N
AN

40/100Gbps Ethernet Channels (MMF)
. prm— 40/100Gbps Ethernet Channels (SMF — PSM4)
. — Tests to perform:
* Inspect all connections
\_ * Test MPO Links/Channels )

"ff 2018 BICSI Fall Conference & Exhibition
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Inspect ALL Fibers in a Multi-Fiber Connector

Pt S el T 24-FIBER CONNECTOR

‘ S L L Ll A L L L Ll
@ = ; . . sssssssssass
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MPO Tier 1 Certification

Duplex Optical Loss Test Set

e Test MPO Links and Channels

* Loss, length and polarity

e Uses a cable or cassette to breakout MPO into simplex fibers
e Test results for each duplex fiber pair one set at a time

I
-
|
I
|
|
-
I
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MPQO Tier 1 Certification

Dedicated MPO Optical Loss Test Set
e Test MPO Links and Channels
* Loss, length and polarity

e Plug MPO connectors directly into
field test device

e Test results for all fibers in the MPO
connector together

MPO Bulkhead MPO Bulkhead

T~ MPOCables -




MPO/MTP Testing with Duplex OLTS — 3 Jumper Reference

I

=

. = ._-""- -],-]:‘;] I :____

.



Testing with Dedicated MPO OLTS

1. Set Reference with MPO — — — —
test leads on each end

2. Add “Device Under Test” | I
in middle P “

3. View & document results — —
Limit Link Validation ﬂ' ul @ P,(:l

0.82 108
= Length € Polanty

43 A ~ 058 132 0.84 106
- 1310 051 139 058 132

| Margin IL& Loss i
1310 nm 0.50 dB 1.40 d 050 140 106 084
o 097 0.9 112 0.78

J| Margin S Loss l‘iﬂ o =

nm = k 95 X

1550 nov 0.63 dB 1.47 di 095 0O 0.87 1.03

T,
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Main Challenge for Tier 1 Testing of MPO

e One-cord reference

* If test set has pinned ports then unpinned to unpinned test cord must be used to perform
reference

e Receive cord is then added (unpinned to unpinned)
e Can then test a pinned system
e Cannot verify reference without adding a third cord

* There are MPO connectors available that allow pins to be retracted or removed
* Helps solve pinned/unpinned challenges




Selecting Channels

e Can apply to any of the above scenarios

L3 Select fibers
i A”OWS SeleCt|On Of Wh|Ch Of the 12 Channels Please select the fibers for pass/fail testing.
are part of pass/fail analysis : - S —— .
e Eliminates false fails in cases when 8 or fewer
fibers are present in MPO links (e.g. 40GBASE- |
SR4)
e Results reflect topology B Pass/Fail enabled
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Tier 2 Testing of MPO

e Tier 1 testing cannot ensure individual event (splices and connection)
losses are within spec OR the cable attenuation is uniform

e Tier 2 (OTDR) testing adds the characterization of these events to the
certification test

e Tier 2 testing is also the ideal fiber trouble shooting tool to find the
cause AND location of excess loss (incl. breaks) and reflectance

e Requires MPO switch or breakout cables

e Pinned/unpinned systems require different launch and receive cords
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Don’t forget your

OTDR Testing of MPO Connectors Pinned/Unpinned

connections! ©
e |deally you will have at least 30 Meters of Launch and Receive fibers

e Provided that the link under test is short: standards call out 100M and 150M
e Use a fan out cord or cassette to convert from Single fiber Port on OTDR

03mTRC

-..\_L

f |_'_! \_'_l
30 Meters 30 Meters

TR
-] !'. ER AR AR

.--/ \- —
" Launch fan-out cord MPO Link Under Test Receive fan-out cord

o I ,;3:-_:‘& 8 e 3 T
MPO Link Under Test Ty, o [ o




MPO OTDR Testing (External Switch)

Patch Cord
q Launch

E Receiving 1

" Cable .
'E' -
o o

F F

=

Cable

CH1

<] =

USB Cable MPO Switch

Automatic switching driven by the OTDR via USB

—
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Thank You For Your Time

COMMSCOPE

Rodney Casteel, RCDD, DCDC, NTS, OSP
rcasteel@commscope.com

L1 legrand’

Cindy Montstream, RCDD, NTS, EE, CPLP
Cindy.Montstream@legrand.us

SUPERIOR
ESSEX

Paul Neveux, Jr., Ph.D.
Paul.Neveux@spsx.com

—

<&

\—/

ofs

John Kamino
jkamino@ ofsoptics.com

r AFL
Rob Gilberti
Rob.Gilberti@aflglobal.com

|

i

[
iy
il

(]

2
¢

Romain Tursi
romain.tursi@exfo.com

PANDUIT

David J Asta, RCDD
David.Asta@Panduit.com

FLUKE
~ networks.

Jim Davis
im.davis2 @flukenetworks.com

VIAVI
Tyler Vander Ploeg, RCDD
Tyler.VanderPloeg@viavisolutions.com
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