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Troubleshooting Fiber

e Optimize a FTTH network by keeping connectors and ports clean

e Activity: Use a recommended practices for cleaning

e Acitivity: Use an optical scope to verify a connector is clean

e Recognize the value of an optical visual fault locator (VFL)

e Activity: Use an VFL

e Recognize the value passive optical network (PON) optical power meters

e Describe the testing options for Ethernet and Wi-Fi testing equipment

e Discover the fundamentals for an optical spectrum analyzer (OSA) and optical time

domain reflectometer (OTDR)
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Optimize a fiber
network by scoping
and cleaning
connectors
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Raise Your Hands....

What is the biggest issue in
fiber networks?

Fiber connectors!!

How does a technician verify
connectors are optimized?

Use a fiber scope and a fiber cleaning
process.




Types of Contamination:
Dirt, oil, pits, scratches




LC/UPC bulkhead
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Fiber Cleaning

A
B
C
= D
. | 1 L T " L
Single-rrade Fiker [T Fibser
ZONE NAME SCRATCHES DEFECTS
A. CORE (0-25um) MNone MNone
B. CLADDING Mo limit <= 3um Mo limit < 2pm
(25-120um) Maone = 3um & from 2-5 um
Mone = aum
C. ADHESIVE Mo lirmit Ma limit
(120-130pm)
D. CONTACT Mo limit Mone == 10um

(130-250um)

d The IEC 61300-3-35
sets the requirements
for connector quality.

d The table shows four
zones called A, B, C,
and D.

(J Each zone has a limit
for scratches and a
zone limit for defects.






Ribbon Fiber Cleaning

1. Inspect

2. Clean
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3. Inspect Again

4. Connect



Real Life Examples

Before Cleaning
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* Level and MER okay

* Notice Bit Errors both pre and
post

e Also shows errored seconds

After Cleaning
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* MER and Level improvement

e  Pre and Post Bit Error issue is
corrected

e Errored Seconds corrected
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10Gb SFP Transmitter

Sent back for repair was just
cleaned and shipped as
defective



Raise Your Hands....

True or False: New Fiber
Jumpers do not have to be
cleaned if they are new in the
plastic bag and have a dust
cap from the manufacture.

FALSE!!




Raise Your Hands....

When do you clean?

* [Installing new
equipment and fiber
connections

» Before using a new jumper

When troubleshooting
performance issues

* Anytime you touch an
optical connector or port!!




Inspection Tools

1.

oloem B e

inspection
microscope

200x magnification

focus wheel
2.5 mm (FC/SC/ST)
1.25mm (LC)
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Clean connector F‘ Connector with dust Connector with scratches
o -

4

Ihl.

Connector with alcohol
Connector with oil Connector with hguid residee contamination




Cleaning Tools

= _ __ Fcc-120
@) JONARD TOOLS" i Mo connscrors
with o

var 500 cleanings




Cleaning the Fiber, Use the Proper One Click!










Cleaning Really Dirty Connectors
“Wet to Dry” Method

Fibe

r y

Fiber Optic e Start by wetting a portion of /
Cleaning Cube the cleaning cube or

cleaning tape.
* Place the connector in the

/ | wet part.

* Slide to the dry section.



Digital Scopes

| @ Auto focus
‘ Auto capture
i ’ Auto analygs

Max: 10.00 dBm

|
dBm IL_R_eference

! * J\ 1530anL store |

MaxTester

Mo

Simgle-made Filees

IEC 61300-3-35




Simygle-made Files -~

IEC 61300-3-35



Fiber Scoping, Here is the Fiber is Dirty!!




Digital Scopes
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SGOPE TO INSPELT
RY GLEANING METHOD



Cleaning Fiber https://broadbandlibrary.com/
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mﬂx:?- oy m[’;‘:“:;o“.""m“:’;ﬁm“ i defiects ot each zome. that 2 connection has been properly to handle theee connectians properly and

Steve Flayris is the semicr dirvcter
of aduanced noreor txdmology
and instriction &t SCTE-ISBE

prograems and certifations for
over 10,00 talecommunications
profemionals. He is also
partnership ira the SCTE-ISRE
Carporate Alliance Prograes for
cable operator arad vendors.

ckaning, Enowing debrz and
panr metrize

Figura 2 — VALl nspestion ot
opical eonnecier bekore deaning,  optical connestoe ater claaning

showing r2sidus fram pae
wiphy fechriques

networks that include sophisticated
optic connections, squipment, and cabling, New
architecrures like distributed] access, fiber deep
(nde +0), and fiber to the x (FTTx) all mke
advantge of new fiber comnectiviy in the core,
aggregation, access, and premises networks.
Many of these fiber networks use single mode

visually inspect both sides of n connection,
mmeaning the fiber optic connector and any other
perts that will be wilized. Visnally inepecting
bath sides of an op tical connection with an
approptiate retrument will lead to improved
optical health and reducticn in damaged
connections in out networks. Fot example,

fber (SMF) with 8

ar micron (jim) cote, whete a dust partick in an

SMF cote is like a clog in » premiacs water

drain. These clogs muy block o single optical
X

wisuaally inspecting and cleaning fibes
connections improves many of cur customes
affecting metsics ike optical powet levels, end
ofline RF power levels, attenuation (=g,

Y el .

wvelenggth or where dep

many wavelengths at once. Remember that the
dust, scratches, and defects we are referring to
here cannot be seen with the human eye. Far

reducing refl
(MER}, pre-forward eror correction (FEC) bit
ermor ratic (BER), and post- FEC BER.

In addition, proper cleaning of connectors
will seduce connector to port mating damage, as

eample, in o fiber deep archi o single dust
particle may be able to take out a mother node
{see my previous article on fiber deep) and all
fiber deep nodes that are fed from the mother
nade. All of cur new deployments in fiber optics
will introduce new com competencics required
by cable aperatons for their morkforce o deploy,
operute and troubleshoot fiber nerworks.
Whenever an optical connection occuts,

there i a chance that contaminan s may enter
our netwarks. There i also vendor dat 1o show
that optical dust caps andfor new cptical
jumpers cut of the box may ke inmoduce
contarminants, It i ahways important o mspect
before you conmect, never assume the optical

sons, hub bulkhe ads, equi ports,

hard inants may lead tn scratches on the
silicn glass With all cleaning mentioned, it is
Emportant to visually re-inspect to make sure
proper cleaning was compleesd.

What & the recommended method that
shoald be used by cable operators to magntain
their optic connections? The answer is an
1 snal EL hnical C.

(1EC) standard known s 61300-3-35, which
sty the requitements for connector quality
Another standard & known as IPC or mferred
o today as the Amcciation Connecting
Elecrronics Industries (ACET), however our focus
will be the IEC stundard for this article as many
of our cable vendors support the IEC method.
“The IEC standasd was developed to guide the

pluggable optics and test equip ports ane
clean! Contaminants may be intmoduced by
pecple that mishandle optical connections.
Mishardlling thess connections inroduces cils
(g, Erom touching with fingers), dust, residue
fram post wiping rechniques, Lint, condensmtion

3— Wt nspectio of

with debris remaved and
mpraved metrics

industry in r'e
the types of issaes that may occur in mulriple

dinmieter zomes of an optical mnnection. In the
Fypure bl an optical end face is segrrented inm
fout omes for vieal inspection known us the core
{A), cladding (B), adbesive (C) and contact (D).

Figure 4 —Wsual Inapaction of iber: Zones & B, © and D

XX
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Motice in Table 1 that scratches and

defects in the core are not

cleaned or polished. Many of the vendoms

allowed, replacement will be
needed for jumpers and other
optical equipment when a zone
uirernent cannot be achieved.
Alsc, note in Table 1 that the
cladding should not have
scratches greater than 3 pm nor
defects greater than or equal to 5
Hm. In practice, fiber imspection
beyond the contact zome I is
recomemended, making sure to
evahuare overall cleanliness
beyond the contact zone to
muintain good craftmanship.
The IEC standurd aleo defines
an MMF end face. Table 2 shows
the visul requirements for MMF
scrntches and defeces for each
zone.
It is virtually impossible to
qualify a connector against
standard such as IEC with a
manual inspection prcess. Many

m IEC 61300-3-35
Inspection Procedure Flow
soratohes
and defeots
("
I
Mect wo
- TALE
o Ok
scraches
‘and defacts
*
Lol .
defochs?

Table 1 — Single Mode Fiber Zones and Visual Requirements

with the utmost of care. Today's network

must operate with the highest
reliability passible, providing the
best quality of experience (QoE)
for cur subscribers, Many of the
vendars in the cable community
have shated how contmination
can be the number cne source of
e in our aptical netwarks. Be
sum to proactively inspect the
optical connections using an
automated scope that is alsgned
o standard like [EC. Smee
mest of the contaminations ap:
not visible to the human eye, this
will be a crucial step to determine
f 1 connection s clean. Finally,
after cle aning abwrays re-inspect
thie connection. To leam meore
about fiber optics o to pursue a
carees n this growing Geld be
sute to check cut SCTEISEEY
new cettified broadband fber
tnstalleg

[ ———

IONE HAMETER ZOHE NAME SCRATCHES DEFECTS
(Requirsments refsr to their width) {Requirements rafer to their width)
(9., pits and chips) {e.9., pits and chips)
A Dto 23 pm Care Moms is acoaptabls Nons Is accaptabla
B 2510120 pm Cladding Mome = 3 pum Hone = 5 pm
Mo limit <=3 pm S datacts from 2 pm to 5 yrn
Nolimit < 2 pm
C 1200 130 pm Adhesive Mo limit Ho fimit
4] 130 t0 250 pm Contact Nolimit Neng == 10pm

Table 2 — Multi-mode Fiber Zones and Visual Requirements

ZONE DIAMETER IONE NAME SCRATCHES DEFECTS
(Requiraments refer to their width) (Requirameants refer to their width)
A 0 o 65 pm Cors Mone = 5 pm Mane = 5 ym
No limit == 5 pm A defects <=5 pm
B 5 to 120 pm Cladding Mana = 5 pm Mona = 5 pm
Ho limit <= 5 ym 5 defects from 2 pm o 5 pm
Mo limit < 2 um
c 120 o 130 pm- Adhesive HNo limit Mo limit
i} 130 o 250 pm- Contet N fimit Mone == 10um
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Recognize the value
of an optical visual
fault locator (VFL).
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CLADDING

Extrinsic Loss

|

| macrobends




What is a VFL or visual fault locator?

* |dentify fiber breaks, macrobends /
stress points, leaks, bad splices

* |dentify a fiber.

* Uses 650 nanometers (nm) laser
pulse

* Light that does not exit properly
shows an issue.

 Weakened pulse or light exiting out
the middle of the jumper (stress
point).




Testing with a
Visual Fault
Locator (VFL)
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Recognize the value

passive optical
network (PON)
optical power meters®
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Raise Your Hands....

Why is optical power
important?



What is a PPM or PON power meter?

e Quickly identify the decibel referenced to a milliwatt (dBm)
or milliwatt (mW) optical power level

 Measurements at specific wavelengths (e.g., 1490 nm)

* Designed to test multiple wavelengths (e.g., 1577 nm, 1490 nm). N
e Uses wave division multiplexing (WDM)
* Maintain optical power budgets

* New designs offer pass-through, allows ONx to transmit to OLT while
measuring - out of band (OOB).

» “Attenuation by substitution” test, laser generates a signal instead of
the fiber equipment.

Used before activating equipment in our networks.




PON Wavelength Chart

10 Gig NG-PON2 DS

10 Gig EPON/XGS

10 Gig NG-PON2 US
DS 1577 -2/+3nm

1524 - 1544 nm

10 Gig EPON/XGS US 1 Gig EPON/GPON Out of Band
1270 + 10 nm DS 1490 + 10 nm OTDR 1625 nm
1 Gig EPON/GPON
US 1310 + 50 nm
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PON power meter with pass-through, allows
ONXx to transmit to OLT while measuring - out
of band (OOB).

oo |« PASS
asenm | ¥ PASS
xeponowt | (%)  FAIL
e/ PASS]

| RF Video
1550 nm

[ —
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Describe the testing
options for Ethernet
and Wi-Fi testing
equipment

Essential Knowledge for Cable Professionals™
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Ethernet & Wi-Fi Testing

Combines active
Ethernet and
WIiFi testing
capabilities with
PON Testing!
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Discover the
fundamentals for an
optical spectrum
analyzer (OSA) and -
optical time domain
reflectometer (OTDR)

ial Knowledge for Cable Professionals™
© SCTE



What is an OSA?

* Not common for technicians
* Used a facility or by field engineers
* Performs comprehensive measurements of the tests we discussed

* An OSA performs measurements of wavelengths (channels),
optical signal power distribution, WDM and noise power
characteristics of light waves.

* |n addition, an OSA can perform the popular optical signal to
noise ratio (OSNR) measurement.




What is an OSA?

2222 EXFOConnect
ExFo 2222 Compatible



(0 FLLGERCEEHT R GLEIREEIS WDM Investigator

A Channel Characteristics

PolMux Signal O0®0O0000®WOOO00O0O0
Carved Noise O ©0O00VWO 0O0LOOY
A Impairments

PMD Pulse Spreading 1 xIVIVIVEN
Interchannel Crosstalk =) J NOOOO
Nonlinear Depolarization T 1
Carrier Leakage JIE - A

1541.360 | @)

1529.550
1534.250
1536.630
1542150
1544.545
1545.345
1546.130
1546.925
1547.720
1551.720
1552.520
1557.375
1560.610

1533475 QOO D

e
Analysis Setup...

Ch. # A (nm) Power (dBm) OSNR (dB) Noise (dBm) BW 3.00dB (=
P

5 1541.361 (i)-16.35 29.13 (INB)-45.48

6 1542.,150 (i)-16.69 29.00 (INB)-45.69

7 | 1544545 | (i)-18.08 | 21.08| (InB nf)-39.16

2 1545,345 (i)-17.27 | 28.98 (INB)-46.25

l 9 1546.131 (i)-17.42 28.87 (1an-46.28
4

GR 40G_1527-1568 ... WDM Investigator o




What is an OTDR?

* Provides time (or distance), as well as the physical
layer transmission characteristics.

* Fresnel reflectance, attenuation (loss), scattering
(Rayleigh) and distance measurements.

* Launch cable is used, often called a pulse width

suppressor, to get accurate measurements (e.g.,
bulkhead).

Overcome blind spots in the testing called
“deadzones”.

i -




What is an OTDR?

e OTDR’s software characterizes the anomalies in
the fiber network as events.

e Set pulse of laser light at a specific wavelength
from the premises or optical tap towards the
facility.

* Decrease or increase the pulse width.
Directly correlated to the optical power of the
pulse.

Large pulse better dynamic range (duration) of the
test, but not able to detect smaller defects

Small pulse better spatial resolution and
distinguishes close events




What is an OTDR?

* Results of the OTDR test depend on the optical distribution network
(ODN) topology the technician is testing.

* Centralized split FTTH topology will result in a large attenuation event at
the optical splitter.

 OTDR is well equipped to report types of splices, connectors and end
reflections (breaks) in the optical cable.

* Final acceptance testing of fiber cable reels at the warehouse.
* CWDM and DWDM OTDR versions for validating wavelength continuity.

 Newer small form-factor pluggable (SFP) transceiver modules offer
integrated micro OTDRs.
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Understanding Optical Time Domain Reflectometry VIAVI

OTDR Trace Analysis

Smart Link Mapper - lcon based fiber link view To learn more, visit via
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Conclusion / oS, A i %"'

i SCTE ¢ SCTE
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o Optimized a FTTH network by keeping

connectors and ports clean

e Recognized the value of an optical VFL
and PON optical power meter.

e Described the testing options for
Ethernet and Wi-Fi testing.

e Discovered the fundamentals for an
OSA and OTDR.




THANK YOU!

Presenter: Steve Harris
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10 Gbps Symmetrical with XGS-PON

Senior Director, Advanced

any North Amefican operators
and other CableLabs members
are working towards
implementing 1 10G mitiative, 3
wited network for the fururel Why is 105
cmential? Video continues o apply pressure oo
the downstream and upstream spectrum of out
nceess neowarks. Growth in shipments of next
gemeration OLED and quantum dot displays
will drive video bandwidth, subscriber
strearming (i.e, OTT) and managed Interner
protocol wlevision (IPTV ) requirements. Ulra
HD (UHD) 4K shipment will continoe m
increase market penstmtion, while THD 8K
displays will ramp up nesc year. In addition,

XGS-PON in a residential, busness, enterprise
or a greenfield network The reason is that
XGE-PON addresses the cost sme of NG-
PON2 optics by utilizing less expensive fized
optics for connectivity, lowering cost of
awnership for an operator, In addition, the
symmetrical optics found in XGS-PON
extends the life and profitability of a PON
while allowing for mass market sdoption over @
GPON infrastnacrure. Below is o mble that

compares the dara rates of the GPON family of

technologies and standards.
Since the physical (PHY ) layer of KGS-
PON s biased on existing specifications, it
S S s

Netwoark Technology and annual TP global traffic will mach zetrabytes ::dm,n-umingwid:o;xlﬁngopﬁcn]
Instruction, Leaming and (ZB) in o few years, while global IP traffic will  splitters exdist from 1260 nanometers (nm) to
Development, SCTE+ISBE incrmase threefold over the next 5 years! 10G is 1650 nm. The PHY compatible rransmissicn
sharris@ecte.org ako essential o the future experiences our (TC) layerall i
Steue Harris is the Enccutive inclusrry has nor created yet! XGE-POMwith the earlier XG-PON and NG-
Diiractor of Technical Education To prepare furure gigabit prmive optical  PONZ tharuases TWDM. XGS-PON operaies
arsd Sales at SCTE-ISBE, He is | networks, or GPON, the family of sandak averad leng;th of 1577 nm and
a i i ing a new 10 Ghps ical ups length of 1270 nm, allowing
tafecommunications subjet matter | option for operators. Nowndays there are tvo furth, P he optical distributs
expert, soughi-affer prsenter; symmetrical choices in the GPON moadmap for  neewark (ODN) with existing GPON thatuses
and principal instracior. He 10 Ghpe: XGS-PON (ITU-T G.9807.1) and difF: lengths. This all =
responsible for the tremuendows | NG-PON2 (ITU-T G.989). In XGS-PON, the ting GPOMN dep
growth of SCTEISBE traivsing | *X nefiers to 10 Ghps while the 5" refers o prog T itk
curpicufum, farming paths and ical, however the *S”is not available i PON. Furthermare, XG5-PON alsc has the
cartifications for 100,000+ KG-PON (ITU-T G987} In fact, there a2 10 shility to operate on GPON wavelengths, 1490
e ication profisisnali. | Ghps ical sandard already, NG-PON2,  nmin the downstoeam and 1310 nm in the
He also bhas responsibility for the | though the technology uses o more costly cptics The XG5-PONPHY als levernges
elienst partmarsbips for the known as time and wavel division tmgdmmmuh—plmng(TDMdem
SCTEISBE Corporate Alliance | multiplesing (TWDM). Using TWDM with le access | TDMA ) methods to
Frogram (CAP), cable gperator | MG-PONZ alkows operators to supply a 40 socommesdate XC-PON compatibility: Using
d wenido ifi TDMA allows coecistence of XGS-PON and

Gy ical ervice with other added
benefitn like mobils backhaulfroathaul The
facus here in.on the features and benefits of

XG-PON. XOS-PON supports up o 11128
splitratio in the ODN, aswell 25 1:64, 1:32 and

G-PON X&-PON NGS-PON NG-PON2
Standard ITUTGBE4  MU-TGOET  MU-TGO80T  ITU-T G989
MNumber of wavelengths 1 1 1 Ao 8
per dirsction
‘Dt ratefa) per wavelangth 25 10 10 10,25
dowretream (Gbps)
Datn rate(s) per wavelangth 1.25 25 10 10,25
upatream (Ghps)
Total data rate in the dowrstrsam 25M1.25 w25 10 A0
and upstraam (Gbps) B0/ED

Table 1. Dt rates of PON tachnologies
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1577 nm TOM ,EE
1450 1 TOM L - .
i GPON { HG-PON / KGS-PON | W ﬁ mnmnm nm
o i » —
1270 nm TOMA m _ ="
1310 Am TOMA | ™ =3 -
- D‘;”’m G-POM / XG-PON / ¥GS-PON Fiber Cabinet 1490 nm / 1310 hm
ki ; 1:16,1:32,1:64,1:128 £
{aPOHN) splic options g
1577 nm 1270 am
Figure 1. Co-adstanca of wavalangths
1:16 spli ratics, a Li6 split basis that is overlaid onan coet of ownership, leveraging the
The new XG5-PON standard is ODN with clder GPON operatingara workdirce knowledgebase, and supporting:
available today for production 1:32 split matin, allowing XGS-PON w 10 Gbps services.
deplopment. Itis being ploted by a fow  serving 2 Ghps, 5 Glps or 10 Ghps The ODN, or fiber cptic acces
cable operatom in North A alseady, tbem. XGS-PON maintins netwatk, now has 10 Gbps fied optic
with 2 European cpemtor (Omnge Rexibility for a fature overlay of an architectures for both XGS-PON and
Polska) piloting at 5 Gbpa down and 2 additional fived optics 10 Gbps10Gbps  EPON. 10 Ghps reliable wired nerworks
Cbpsup. XGS-PON allows cpemtor like  business PON andfor multiple TDOWM  will be the platform for the next
these to ckip the non-symmetrical NC-PON2 wavlengths using higher generation consumer services and futare
vetsicns of PON. An cptical kine terminal  capability tunable optics. service possibilities. Believe it or not, work

(OLT) can be equipped with XGS-PON
capatiliies allowing simmlraneous PON
technologies to operate over an ODM. For
examyplk, a fecommended primary aptical
powet budget of 20 dB allows far bath
XGS-PON and NG-PON2 to co-exist
for mazimum fexibility in the future, =
operatom see themselves using more NG-
POMZ in the next few years. In addition,
the split ratia fexibility permits a single
XGS-PON OLT interface to operate
multiple PONa over an ODM. Far
czamgple, XGS-PON may be deplayed on

In addition, as operatom increase their
fiber deep (FD)

has begun on emerging 25 Gbps and 50

XGS-PON isalao a possibility for
meaching the last mile using new hardware
like remote OLTs (R-OLTs). Finally,
DOCSIS provsicning of GPON, o
DPaG, is a scalabl

1 suppart

Ghpa PON ay s welll
As a Society member keep current
with SCTEISBE and the many mscurces

designed o heep you in the know! Did

system interface (OSIJ used by opemtors
o provision GPOM, XG-PON and XGS-
PON. DPo(G additionally leverages the
foundation of a well prmven DOCSIS
back office system while prmoting

ywlmw SCTE-ISBE offers s FON
The certification is known as
broadband fiber mstaller

(SCTE.ong/BFI), which ina
comprehensive exam on RFoG, GPON
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Figure 1. Co-axistence GPON and XG5-PON

ODN = Optical Distribution Network
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