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Training Class 1

3 Sections
e Section 1. BASICS « Section 2. CONNECTIONS

— Optical glass — Connectorization

e glass performance — Splicing

e dimensions « Section 3: LINKS

e glass protection — Link Design
— Fundamentals of — Testing

optical communication _ Installation basics

— Cable design
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Section 4
*"BASICS*

Consider thefiber a
drinking straw
— The“core’ isthe hole

The“ cladding” isthe
outside plastic of the
Straw




Question: How can water flow from one drinking
straw to another?

Answer: Push theendstogether to ‘connect’ them!

Water - an analogy for light
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Optical Fiber Basics

Note: Optical glass is not a
tube with a hole in the
cenl:er. It is solid glass with
two inseparable sections: the
core & the cladding

Cladding - glass through which light
cannot easily propagate

Core-“ clear” glassthrough which light propagates easily
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ElRer Sizes
e Multimode Glass
— 62.5/125Is standard
(TIA 5683, 1SO 11801)
— 50/125 is growing @
worldwide

— 100/140 & 85/125
obsolete

e Singlemode Glass
— 8.3~10/125 is standard
— Telephony & CATV std.

62.5_,

— 125microns _,
(size example)



125 pm

0.125mm 89 um
0.00492 in. 0.0889 mm

0.0035 in.

Optical Fiber Human Hair 1 Micron
0.001 mm
1 m




multimode

singlemode

Note that the core of the
multimode fiber iIs5X to 7X
bigger than the singlemode core




Multimode has Sir_lglem_ode has
alarge fiber core atiny fiber core

A singlemode system requires a LASER with afocused light ‘ beam’
..... higher costs because the ‘am’ has to be more accurate



N UmeCalbAPERURENINAS)
(tERIggEr tNEINAT ThE EaSiEF o atncruiiigniinte)

Ray outside

7\ acceptance cone

P out

Acceptance

Cone

f

ay absorbed in cladding

NA =SIN @ Examp|es

(9 = Cone Half Angle) 62.5/125 - 0.275 NA
~9/125 - 0.13 NA
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SingIEViiede Vs, IVIUITIBEE = SURMMIEARY.

SiNgIE-VIeue
8.3~10 um Core
125 um Cladding
.13 Numerical Aperture

Vidltimoeae

62.5 um Core

125 um Cladding

275 Numerical Aperture

S0 um Core
125 um Cladding
20 Numerical Aperture

8.3~10

t
125 pm
|

62.5
core

125 pym
clf\dding

o0
core

125 pym
clladding
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What 1s a mode?

“When light is contained in awaveguide , it will propagate only in a
limited number of ways (modes)...... like rubber balls bouncing in a
tube”

*Singlemode light transmission occurs when the core is so small, only
one ray (mode) of light can propagate down the tubg’

=
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Singleviode Fioer

UW

Mode field diameter is between 8.3~10 um...... an exact number not required
Single M ode Fiber

L aser
Sour ce

A Laser producesatight beam of light rays, all with the

same propagation mode, resulting in longer distances &
higher data speedsthrough the ~ 10 micron glasscore
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REEX 0l Rélal

.H\

Theindex of refraction (n) Is
theratio of the speed of light
In avacuum (cinv) toits
velocity in a material (cin m)

Light slows (and bends) asit

(examples: air to water).

clien
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passes through
different mediums

Cln vacuum

cin material

Vacuum
Water
Glass
Diamond

1.0
1.33
1.5
2.0

300,000
225,000
200,000
150,000
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Sunlight refracted as it passes through droplets of water results
In arainbow...the simplest example of the chromatic nature of light

The bent light has different speeds, hence its location in the rainbow.
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Index of refraction profile of multimode
gradient index glass

\\ =0 “ Gradient | ndex Glass dows

down the faster light modes

r/ and speeds up the slower ones’

Glassfiber with gradient index of refraction
——

Fonrecore o are e o



fadlentiNEeExaVs SIEPHINUEX GIASS

Step Index Fiber
r=0
AA _—— |
>~ :
<_ |

G
Qb

N
!
|

|

L ED Source Light Rays r=0
Graded or Gradient Index Fiber

*Theindex of refraction of gradient glassischanging from the
center of the coreto the edge of the core, constantly “ bending” the
light rays and focusing the beam.
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5V (1)

0.7V (0)
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| mpact of “ dispersed light energy”
arrival on data waveform

Glass fiber with varying degrees of dispersed light energy

e o e s
1 2 3 4

A AN AN

System cannot distinguish a“0” from a“1”



e Examples:

DISPersion

* There are several dispersive factors: modal, chromatic,

material, waveguide & profile

= > = -

Chromatic dispersion



Viltlitlmoece Dispersion
LREZ Primaly/ CalSes*

WieelzllelisgsgsiggfiS due to the path that the modestravel in
the glass.

Chirornztic dizpersionisdueto the various wavelengths of light
traveling in thefiber.

Dispersion isthe reason why multimode fiber haslimited bandwidth!



L

EREf Paformance Attiinures

Attenuation
Bandwidth } These arethekey attributesto specify
Fiber Geometry

Numerical Aperture (NA)

PIFO01 IfESt

But first, an explanation of the

optical windows............
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Wavelength

| l@'
This distance 1cycle
would be called

awavelength (1)

Definitions; Examples:
A= Co(lznloiteel=Ho-d-=copom Typical SHORTWAVE optical fiber
wavelength is 850 nanometers.

* Wavelength = linear distance :
iz V(= coNoaen Ve tevel=y Typical LONGWAYVE wavelength is 1300
nanometers
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- Attenuation equates to signal loss over distance
- Bandwidth measures the data volume & clarity vs distance
- 2 radio stations eguates with two transmission “ windows’

listen t0 2 “- SERHHERRRNERSEE

o =0
) o

0 km 0.5 km 2.0 km 10 km
| =Esynm Are both stations equally clear vs distance?




Wiy are 650/ &

Attenuation
(dB/Km)

(Signal Loss
over distance)

1500 nmruSed as tesiandard multimoedewavelengins?

Attenuation vs Wavelength - Silica glass
|

/ The lowest

- signa 0ss

In silica

glass
occurs at

—-
r'd
&

these two
850 nm 4 1300 points

rrerreyrrrrerrrerrrrrerrerrerrerrrrr e T

700 825 950 1075 1200 1325 1450 1575
Wavelength of Light (nm)

OO L N W b~ Oor O N
/
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Gllass Windews (Wavelengu)

Simplex Fiber Cable

Discussing the attenuation and bandwidth of

@ this optical fiber is meaningless unless we
know what wavelength of light we are using

EXAMPLES
Fiber Type  Wavelength Min.Bandwidth Attenuation
(core/clad)  (nanometers) (MHz-Km) (dB/Km)
50/ 125 850/ 1300 400 / 400 3.0/1.3
62.5/ 125 850 /1300 160/ 500 3.75/ 15

8.3/ 125 1300/ 1550 n/a 0.55/0.45



Fiber Pertormance Attripbutes

o Attenuation
— The loss of signal magnitude with respect to distance.

— Conventional Wavelengths:  850nm & 1300nm, Multimode
1300nm & 1550nm, Single-M ode
— For any datarate, loss remains constant at a given wavelength.

— Attenuation is measured in dB/Km at a specified wavelength
(example: 3.0 dB/Km @ 850 nm wavelength)

The optical signal weakens as it
propagates down the fiber;

therefore, the received signal is
less than the transmitted.




(1’

Fiber Pertormance Attripbutes

o Attenuation
— Low attenuation values are desired for any wavelength; i.e., thelower the
attenuation value, the more signal isreceived.
— Typical attenuation valuesfor network cables exceed standard

requirements by a significant margin. Thesevaluesarefor FDDI grade,
62.5/125um fiber.

Wardenath TIA /EIA-568A IBM ACS IBM ACS
aveieny (maximum) (typical) (~ 50% of product)

850nm 3.75dB / km 3.5dB/km 2.9dB / km

1300nm 1.5dB / km 1.0 dB / km 0.9dB / km

IBM ACSfiber typically offers 33% better attenuation than TIA/EIA
or SO requirements.
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Eloer Performance Atiriputes

= An actual OTDR trace on an IBM
style cable.

= The slant of the line shows the loss
of signal magnitude.

The loss over the entire length is
taken (in this case, 2162.8m) and
expressed in the familiar dB/Km
unit.

This particular fiber measured 0.55
dB/Km loss (1.2 /2.16=0.55 dB/km)

INDEX: 1. 4908
}\: 1300 mm

PW: 40 ms
AdAB/ km LUSS: 0. 55 dB 44
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Attenuation (Eess)

Fibersinherently lose light
- At the connection or splice points (connection |0ss)
- Throughout the length of the glass (cable attenuation)

Examples of loss & impact on transmission of light

-3dB = 50% Light Transmission (50% power [0ss)
-10dB = 10% Light Transmission (90% power 10ss)
-20dB = 1% Light Transmission (99% power |0ss)

NN 1L

Output light

Input Light
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Fliloer Perfermance Attriputes

e Bandwidth * Length Product (called Bandwidth)

— The carrying capacity of fiber is defined in terms of the
bandwidth* length product (MHz-Km).

— Conventional Wavelengths: 850nm & 1300nm, Multimode

— Dispersion, the major factor limiting capacity, increases with
frequency (the higher the frequency, the smaller the wavelength).

Thereis alimit to how much

information can be carried on
multimode fiber




\ i
L
|-‘". u
Wiy BT

F] PEr Parormance Attrputes

, Bandwidth (normalized) - Anactua bandwidth trace on

| an IBM style cable showing
SKWEPT | ?4,_ J.J{.[\;k Y 13|,_‘||___r 1 m Length: 2.252kn thedeCIInlng pOWEI'VS
il R O increasing frequency.
© \ i o i % The -3dB power level falls at
-6 e ‘““‘“"""‘\M - - 361 MHz. The length of this
B -a L. | g Lo cableis 2252m.
S I W A o T W O O A NALY = Bandwidth is calculated:
=185 1 2 3|3 S ‘ 7 B 9 18111213 1415161718 (2252/1000)* 361:813 MHZ-
1@ MHz - Km
-3dB at IBE]l .8 MH=

Note: Bandwidth is calculated as the point

where power drops by 50% (-3 dB), normalized
to 1 Km (1000 m)
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=leer Perfiermance Attiiinles
e Bandwidth

— A higher bandwidth valueisdesired for any wavelength; i.e., higher
bandwidth means increased carrying capacity and higher possible data

rates.

— IBM’s listed bandwidth values meet all standard requirements, but
typical values are significantly higher. Thesevaluesarefor FDDI grade,

62.5/125um fiber.

Wave TIA / EIA-568A |BM IBM
length (minimum) Standard (typical)
(minimum)
850nm 160 MHZz*km 160 MHz*km 200 MHZz*km
1300nm 500 MHZz* km 500 MHz*km 800 MHz*km

Bandwidth istypically not measured in thefield but by glass supplier
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o Einer Geomety (Cored, cladding telerances
— Tight tolerances assure uniformity and the ability to mate different
components in a system.

— Most optical lossin atypical system link is due to connector losses from
mismatched fiber sections.

Note that these 2
fibers are not exactly
the samesize. The
result isthat light is
lost in the cladding.

Core #2 @

Core#l



2500

Fre

u
N 000

cy

1500

1000

500

= 62.5um isthe core size
diameter for most standard
premises networks.

< This chart demonstrates the
consistency of the core diameter
In atypical FDDI grade IBM
fiber.

- Cladding diameter is held to
125um +/- 2um. The FDDI-
PMD standard only requires
125um +/- 3um.

- All optical glassis not equal!

;
il

Core Diameter (microns)

64.5 65.5
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Fiber Proof (Strength) Testing "

* Proof testing Is a measure of the strength of the glass
while under strain PR

e Optical glass may have microscopic bubbles or flaws
which may result in faillure over time, especially when
exposed to moisture

e Ensurethat glassis purchased from areputable glass

supplier with 100% proof testing




* Buying optical glassis similar to buying a diamond
— Optical Glass is sorted & sold by grade (performance)
 low quality glassis very inexpensive

o |f afiber cableis very inexpensive, verify that the optical
glass quality meets industry standards

— Assembly / cable users must select the grade of glassto
be used

* Most customers don’t realize that there is more than just
altenuation & bandwidth to specify
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1ONVITRle Break
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Optiical Communication Ferminology: Basics

LASER
WARNING

OFFICIAL LASER WARNING
A Laser may bore a holethrough your eye but thetheory will boreyou totears
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Communication Fundamentals

Electrical Light to
to Light MM' Electrical

Conversion Conversion

Electrical Pulse In = Electrical Pulse Out



Lransmitier sprime airectiv

et light into the acceptance cone of the glass

Acceptance Cone
N.A. (Numeric Aperture)




VCSELs
— Light Emitting Diodes (LEDS) are new!!

— Conventional Lasers
— VCSELSs (Vertical Cavity Surface Emitting Lasers)

) . LEDs = wide light spread, many wavelengths
\

> 3 LASER = tightly focused beam, few wavelengths
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Transmitters
* Light source characteristics
— Center wavelength -
. _ Laser
 May have nominal value of: (note narrow
— 850 nm spectral
— 1300 nm e
— 1550 nm *§>; |
— Spectral width 5 =D
+ Wide spectral width = \
leads to broadening
of light pulses Wavelength

(Dispersion) (nanometers)



Transmitters

e LED
: «—
— Low cost, low power, distances < 2 Km C

— Unfocused beam, many light modes

— 850 & 1300 nm wavelengths - multimode
o “Telco” Laser

— High cost, medium to high power, distances >5Km

— Focused beam, very few or one mode

— 1300 nm common, 1550 nm increasing
 VCSELSs (Vertical cavity surface emitting laser)

— Can be used for single and multimode -very new...

— Currently 850 nm wavelength

— Much lower cost to manufacture & test than std. lasers




Transmitters

» Reflection & laser sources

— Réflections of laser “light” can
Impact the communication link

— Reflectionsin Laser links are the ’
result of poor connectorization &
polishing of the end face

Most Lasers require excellent
connector surface finishes for
proper light launch




* Higher datarates

* Longer distances

62.5/125 50/125 or ~9/125
LEDs Lasers




9~10 micrometer singlemode fiber

100 MB/s up to 10 km 1062.5 Mbaud
50 MB/s up to 10 km 531.25 Mbaud
25 MB/s up to 10 km 265.6 Mbaud

50 micrometer multimode fiber

100 MB/s upto05km  1062.5 Mbaud
50 MB/s up to 1 km 531.25 Mbaud
25 MB/s up to 2 km 265.6 Mbaud

12.5 MB/s up to 10 km 132.8 Mbaud

62.5 micrometer multimode fiber
50 MB/s up to 600 m 531.2 Mbaud
25 MB/s up to 1 km 265.6 Mbaud

12.5 MB/s up to 2 km 132.8 Mbaud

Note: these are examplesonly

1300 nm laser
1300 nm laser
1300 nm laser

850 nm laser
850 nm laser
850 nm laser
1300 nm LED

850 nm laser
1300 nm LED
1300 nm LED

Single-
Mode

~10/125

Multimode

50/125

Multimode
62.5/125

...not every option is shown



50/ 125 glass
— more difficult launch

— high bandwidth available at 850 or 1300 nm
e >500 MHz-Km is common

— new VCSEL laser technology operates at the
850 nm window...not 1300 nm

* seenext 2 dides
62.5/ 125 glass

— most popular multimode glass supported by
many standards (1SO 11801 etc.)

— good 1300 nm bandwidth..>500 MHz-Km
— poor performance @ 850 nm
» seenext 2 dlides




GlassType (Bandwidth @ Bandwidth @
850 nm 1300 nm

50/125 500 MHz-Km 500 MHz-Km

62.5/125 500 MHz-Km

hisis the problem....the new VCSELSs (low cost lasers) only operat
at the 850 nm window...this B/WW
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Oprical e & SPeed

 Industry standards prefer 62.5/125 glass

— technical pressures are making 50/125 or
singlemode look like better choices H

— there is no easy answer

o stay with 62.5/125 for standardization...but
sacrifice distance NO easy

* go with 50/125 for performance and cost but decisions
sacrifice standardization

 go for ~9/125 singlemode for speed and distance but
sacrifice cost

e When Lasers$= LED $, problem solved
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SDER PErfermance ALtiures
« Attenuation (decibels per Kilometer...dB/Km)

— Low attenuation values are desired for any wavelength;
I.e., the lower the attenuation value, the more signal is

received.
Glass Type attenuation | attenuation
(market available) @ 850 nm @ 1300nm
Singlemode 9/125 n/a 0.7
Multimode 50/125 35 1.50&
Multimode 62.5/125 3.75 1.50

Very little difference in attenuation between 50 & 62.5




Tihe real technical
guestion:




s Decision #1 o |)ECcIiSIoN #35

— What optical glass size? — What isthe transmission

e This usually means 62.5/ system?
125 multimode or 8.3/ 125 e LED or Laser?
singlemode o -

* However, 50/125 is a strong > [DECISION =2
contender for 1 Gb/s +, — What cablefeaturesare
Fibrechannel needed for this application?

» Decision #2  Rodent protection, aerial

messenger wire, duct or direct
burial, indoor, flammability etc.

e |nthenext section, we will
examine decision #4

— What attenuation &
bandwidth is needed?






NooakrwbdrE

Glass Type & Performance
Environmental

Flammability

Number of Fibers

Mixture of Fiber Types

Strength / Durability / Penetration
Active Devices - present & future
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S

5 Stylesion CanleDUete Environment
— Jumper or patch cable
— Indoor cable
— Qutdoor cable

» Used for office outlet or patch panel to device cabling
e Light duty (fibers with overall Kevlar) iscommon

| oose tube is most common style .’.
» Rodent protected, non-metallic styles available ‘I?}’

o Simplex (1 fiber) or duplex (2 fiber) styles
e Heavy duty (individual Kevlar for each fiber) is rare

» Designed for flex life, robustness, flexibility
o . . ce2
* Flammability ratings available: Riser, Plenum, LSZH &




= Advanced Connectivity System B

* Protecting the glass from outside

el

e T

fi

ements & stress Is important

— glass cannot stretch
— glassisflexible but cracks when

bent too far

— optical glass degrades in the

presence of moisture

— It can chip or crack with direct

Impact
ne next discussion topic:
How do we protect the glass

ner?”’
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MECeaungiés SUiieETIEayers

Core & cladding are inseparable
layers of glass

coating

buffer
50/125 fiber example

buffer
BUFFER coating 4
COATING
CLADDING
CORE - Q I 50 I125 250[ 900 microns

v




Cr o
B it

e Uines it ayern

Note: A cable manufacturer will buy coated fiber
and buffer it (If necessary) to meet the application requirements

BUFFER
COATING
(©) GLASS
(core & cladding)

900 microns 250 microns 125 microns

* Buffer: Protectsfiber from user & installation stress- applied by cable mfr
e Coating: Protectsfiber from moisture & user stress- applied by glass supplier

» Glass: Core & Cladding....Transmitslight signal



POLECHING gIaSSInican)iE
Tight Buffered versus Loose Tube

e o 95% of all

g SIE! / Indoor
Coat

Buffered ~ 2°™ (\ <7 fiber cables

Cladding are buffered

designs

Buffer Tube

L oose Tube Water Block Gel . oose Tube
coating commonly
Core
Cladding used for outdoor

applications



COATING - ACRYLATE -
applied by glass manufacturer
* prevents cracking

BUFFER flexible plastic
*used for flex protection
*applied by cable supplier
* color coding

Note: core & cladding
are both glass and cannot
be separated




Common Buffered Cable Designs
“Zipcord” Duplex Round Duplex

Simplex

Thisisthe
buffered fiber
surrounded by yellow
Kevlar material

Plastic Jacketing

An aramid fiber
(Kevlar™), used In
bullet-proof vests,
protects the fiber because
It does not stretch



Advanced Connectivity System R

O 1996 IBM Corporation

Cable design vs glass type - Your choice

Simplex “Zipcord” Duplex Round Duplex
Fiber Type  Wavelength Min.Bandwidth Attenuation
(core/clad)  (nanometers) (MHz-Km) (dB/Km)
50/ 125 850/ 1300 400 / 400 3.0/1.3
62.5/ 125 850/ 1300 160/ 500 3.75/ 15
8.3/ 125 1300/ 1550 n/a 0.55/0.45

Typically these designs are not used for longer than 100 meters



fplelele)f e

e Light duty designs
— Used for installations

with low - medium
stress on cable

— Low cost

 Heavy duty designs
— Used for industrial
environments or
where crush

protection / tensile
strength is needed

Multiple fibers
surrounded by
Kevlar

Multiple simplex
cables under
common
jacket

®
0a®
0'0
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[NOoor Canles
SIdMimcNiy s SMeKE

e Riser (UL)
— OFNR means Optical Fiber with Non-Conducting
Members, passes UL Riser flame test

 Plenum (UL)

— OFNP means Optical Fiber with Non-Conducting
Members, passes UL Plenum flame test

* Low Smoke, Zero Halogen
— LSZH designs meeting OFNR are now available
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Buffer Tube
Gel

Coating
Glass
Cladding

QI [ie[ejo)f Zlolef @clo)|ei=

Polyethylene
Jacket
*x % BIaCk *x % )

Central Strength «
Member

T eeselee

Outdoor cable uses gel or
tapes to prevent water from
reaching fiber

Multiple fibers can be put in
each buffer tube

Polyethylene jacket is used
with carbon black coloring to
resist ultraviolet rays of sun
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Q)ljiclvof Floer @zlo)) e
OHEFEES NICONSIEEELONS
e Metal armouring is used to
prevent rodents from
puncturing the inner tubes
of cable
 |nregions with high
lightning activity, there are

metal-free (all dielectric)
cable designs

Lightning can puncture a cable
& water will enter
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e To suspend between telephone
poles, fiber cable can be
altached to messenger wire or
have messenger wire built-in a

o |f asite will not see temperature
extremes, indoor cable can be ¥
used in duct or tray system &

11
0
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OleeorEIEFCan|e
OHEFEESIGN CONSIGE LGNS

0
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SEltIfENECH eI SN EICUETIIES
The ATM Forum, Technical Committee,
622.08 M bps Physical Layer Specification,
af-phy-0046.000, January, 1996, specifies
single-mode fiber must be used for links
greater than 500 meters.

* Followingtablewasdeveloped by TIA Fiber Optic Division, Lan Section,
Premise Fiber Technology Recommendations and provides the recommended
fiber typesfor awiderange of standard L ANs. Updated 6/97.
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Application

10 BaseF
Token Ring
100 VG
100Basel
FDDI
FibreChanndl
FibreChanndl
FibreChanndl
FibreChanndl
SONET-ATM
SONET-ATM
SONET-ATM

Mbaud Fiber Type

20
32
120
125
125
133
266
531
1062
o2
155
622

MM
MM
MM
MM
MM
MM
SM
SM
SM
MM
MM
SM

Multimode = 62.5/125
TIA/EIA 568a &
1SO11801 optical glass

Singlemode= 8/125 Standard
Singlemode




No. of Total Fibers Multimode Singlemode

18
24
24
30
36
60

12
18
12
24
24
43

i\

6
6
12
6
12
12
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Additonal FIverCount Plianning

« Campus Backbones should be planned with a
significant growth factor because of expensein
Installing additional cable.

— Heavy machinery [ s
— Qutdoor condulit / pathways { - ot |
 Redundancy. ' :

 Recommend that hybrid cables of singlemode and
multimode fiber be included in the interbuilding
cable plant.



 Remember two key
points about outdoor
fiber

— Plan your fiber
counts for the future

— Put in multimode &
singlemode
e |Indoor fiber

— War iswaged
between 50, 62.5 and
singlemode

Fber Future

Fiber istaking over .....

1l

I

—

Computer Data Cabling (Sales)
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The computer industry is going where no one has gone

beforein low cost, high-speed optical communications.

Under standing optical cabling technology direction is
the key to future-proofing your designs.
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End of Part 1

Optical Fiber Basics



Solutions
for a small planet

Cconnectors &
Termination

Class 2a
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e Thefollowing procedureis
for the ST connector using
standard epoxy cure.

 Although termination
methods vary, all connectors
share optical fiber connection
fundamentals....

 Wewill explore these
fundamentals after the
overview.
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ST Termination
Standard Epoxy Method

Advanced Connectivity System

=2

-
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2. Strip off
approximately
2 - 31nches
(4 - 6 cm) of the
outer jacket.
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3. Twist the
Kevlar strength
member, cut off
excess leaving
a short piece
meeting the
dimensions given
on assembly
chart
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4. Fiber subunit
prepared.




5. Using an assembly
~ template, mark the
buffer at the

appropriate
placefor stripping.

Thissame template
was used to
determine length

of Kevlar.



6. Strip off appropriate
length of buffer
from fiber.
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7. Load connector
body with epoxy.

8. Epoxy will need
to be heat, UV
or air cured
following
glassinsertion
(see step 9)
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9. Immediately fit
the connector
over thefiber
and seat it against

\ the buffer.

Fiber
Exiting
Ferrule




10. Crimp the sleeve
over the back
body of the
connector
capturing the
Kevlar.
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11. Grasp the fiber
with a swab and
pull it off flush
with theferrule,
following scribe
procedure (not
shown).

Scribing isthe process of putting a scratch in the side of a glass
fiber so that it snaps/ cracks off cleanly following cure.



12. Holding a piece of
lapping paper in
your hand, grind
theferrulein a
figure 8, afew
timesto get the
shar p edges off.
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13. Using a polishing
puck, polish each
connector on

lapping paper.

14. I nspect each
connector using
a hand held
Inspection
Mi Cr oscope.



— Once the termination is complete,

— the connector should be visually

— Inspected using a microscope.
 Thisiswhat you don’t want to see!

Chip in glass Chip in glass Crack in core
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Dirt Epoxy on end face

Scratch in core Epoxy on end face
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Good Polish!
Noticethelight In
the core ver sus
no light in the
cladding

Coresizeils 50% of total
(62.5 /125)



Basic Concepts

The glass fiber Is bonded with
epoxy to the ferrule which
protects the glass tip
after it is polished.

Ceramic & glass have similar
temperature expansion
coefficients




Fiber Connectors- Basic Concepts
Conn. #1 Conn. #2

Light
Transmitted

The 2 ferrule tips touch to ensure light passes through

Conm Conn. 2

Typically, the ferrule tips are rounded in a Physical Contact (PC) finish

A\

Optical fiber carrying light
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Floer Joilc Corlrlecior Bes (65

128+ mm
hole |
<—128 —> Glass fiber

—_— The ferrule hole must
be large enough for 125nmm glass fiber
125 .
and the surrounding epoxy.

If the hole istoo big, then the fibers
Q may be offset from each other.
Typical hole sizes:
Good Multimode: 126 - 130
Singlemode: 125 - 126.5

‘Ceramic Ferrule
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Floer Quile Coffleciofr Beslcs
In singlemode glass, the core is only about 10 microns in diameter

|f the alignment between the fiber
coresisoff even 1 or 2 microns, it

may reduce launch power by 25%

Singlemode cores with
2 micron offset

:!-25”m glass Remaining area of light
with 10 mm core transmission
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TYPE (FC)
DORC

S

DIAMETER
120.1 um
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RADIUS

. . 21 83 mm

Fiber Height [PaSs]
Theamount the fiber protrudesfrom the it E

PASS |
ferrule surface BEARING

19 dag

ANGLE

Glass protruding 203 nm EET’

| HEIGHT
3066 nm

FAIL

Fg/Fa
13 11 nm

O IAETER
137.8 am

Z (um)
ggsashsess




]| [ ] ks
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0.20

IIIrIII

microns

Glass
protrusion

Ceramic
ferrule

-0.40

TYPE (PC)

Illlllllrlllllllr[llll]]]’TTlllllll

g a O O
RN
l:lll:hlZID

DORC
RADIUS
21.83 mm
[Pass

PASS |

HEIGHT (3

203.8 nmi

Rg/F=
13 11 nm

DIAMETER

137 .8 um
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[llcgu ntrol Options

YWindow Help

TYPE (PC)
DORC

RADIUS
19.88 mm

171.32 deg

ANGLE
0,045 deg

& 3nm

DIAMETER
129.3 um

Perfect apex

Offset apex

distance from
center of glass
to the center
of ferrule
dome
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Not perfect but good Bad



AR

End faces with different
radii of curvature

Consider theinterferometric
ringsof thisferrulelike a
topographic map

Z (um)

onnect
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Type

Connector
Connector
Connector
Connector
Connector

Mechanical Splice
Mechanical Splice
Mechanical Splice

Fusion Splice
Fusion Splice
Fusion Splice

Fiber Core (A)
(microns)

62.5
50

9
62.5
50

62.5
50
9

62.5
50
9

Fiber Core (B)
(microns)

62.5
50

9

50
62.5

62.5
50
9

62.5
50
9

Mean Loss
(dB)

0.40
0.40
0.35
2.10
0.00

0.15
0.15
0.15

0.40
0.40
0.40

e Following successful termination, atypical mated pair
will have the loss values shown above




* For singlemode connectors, a back-reflection
measurement Is important

e Most lasers will not perform well with
connectors exhibiting high back-reflection
Singlemode connector back-reflection could be
grouped in 3 categories: %

— RPCHINISNE=2610/=40/05
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Summary O Connectenization Conc CEPLS

e All connectors sharethese fundamentals

— Tolerances of connector holes
» singlemode needsto be much tighter than multimode

— End-face of fiber must have no defectsin the core after
polishing
— The end-face of fiber must meet certain requirementsfor:
e radius
 fiber protrusion
» apex (offset)
=SineencrestitaitEseropES ConnEctoZation SneulaNIE
JeEENESSIARUENECHoNValUES
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End of Class 2a

Connectors and Termination
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Connectors &
Termination

Class 2b

Solutions
for a small planet



AValanlECeNNECIONr IN9ES

m |BM usesall major

*i::. SHETR S () connector styles
oA, - FDDI

— Duplex SC
— ST Style
— FC
— ESCON
—MT/MTP/MPO
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=I9EN QOJC CONNECLorS
Duplex SC Cennector:

m Duplex SC:

— Recommended by TIA 568
& 1S0 11801 for new wiring

— Specified by Gigabit
Ethernet, FibreChannd,
ATM & Low cost FDDI

— Functionally better than ST
» duplex capable
» PUSH / PULL
m . ““ubscriber Connection”
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S9EFOPLIC CONNECIONS
S| Sty € CeNNECLON

m The ST Connector has been
the favorite of installers for
years

m Pros. Low cost, simple
design, readily available

m Cons: Not available in duplex
form, requires bayonet
rotation to disengage, easy to
damage

m ST " =ubscriber Termination”




S9EFOPLIC CONNECIONS
ESCONMA(CONNECLON

Developed by IBM for use in
high reliability =nterprise
“ystem mainframe
Corinections

The most stringently tested

duplex fiber connector
available

IBM qualified manufacturers:

Computer Crafts, Siemens &
AMP
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=C Syle Connector

The FC Connector has been
widely used by the
telephone and Cable TV
Industries

Used almost exclusively for
singlemode applications

m Uses arotating “screw-in”
attachment method

m =C:“Hber Connector”




12 fiber systems- new vsold

M TP Connector

TheMTP Connector isa
multifiber connector

2,4,8,12 fibersavailable
Developed by NTT in Japan
Licensed to several companies

USConec

Fujikura

Furukawa

Sumitomo

MTP: Multifiber
Terminated Push-on
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Fiber Optlcs IS an all-male world

s

¥




—~C ?.'-T.__—: A — TR e B
' | — _?;ﬁiﬁh:}iifuufrmf‘
A\ W AN

AT U i

spring

|| m— W “N <

Theferruletipsarein contact. Some connector designs use springsto ensure that
the ends touch but do not receive excessive for ce.
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=)
An adapter Isa .
passive device that e
CONNECLOIES
connects two
different styles of e
A dclp[':f
connectors
=DD|

In thisexample, aduplex  conrnector
connector (FDDI)
will adapt to 2 ssmplex ST
connectors
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Fanout tubing &
Fanout shroud

- fibers
&
L oose tube cable

with exposed tubes CABLE
and exposed fibers.

Fan-out Fan-out tubing

shroud ~ with.
fiber insde
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SPIICING

Thereare 2 basic methods of splicing:

fusion

mechanical
Splicing requiresonly a“ cleaved” glassend

minimal stripping toolsand a precision cleaver
Splicing applications:

repairing damaged sections of glass

termination method that requires no polishing
connector pigtails are purchased from assembly factories

1 . =

fioer  splice fiber pigtail with ST connector
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Mechanical Splicing

A mechanical splice with installation tool



Ready to Fuse Onesdewith
Improper cleave

Fiber as seen through
viewer of fusion splicer

Fusion splicer
set up in thefield.

Thisis an older
manual unit.



SpIcing

Splice casein underground
cable vault.

Case will be closed then
filled with a re-enterable
filling compound.

Most splicing isdonein
difficult environments or
whereinstallation timeis
limited (eg. repairs)
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Factory Termination

m Many mainframe computer users
request preterminated fiber
solutions for reliability reasons

m Many installers use factory
assembled cables to avoid
working with the bare fiber

— New ultra-small multifiber
connectors available

— Avalilability of pulling
sleeves

— New furcation / fan-out
designs

Pulling sleeve



Several new designs on the
market

Industry standards groups are
reviewing designs
New connectors are
developed for:

lower cost

size and installation like
an RJ45 connector

The new designs:
VINFRY

—_—

2 fiber connector based on M T

VITIIEIVIRDE:

2 fiber connector based on M T

Voluen VIE=45

UW

=

S

2 fiber connector developed by
3M....with amale & female!

e-DE
2 fiber connector similar to SC

developed by Lucent



Thisisthe end of Class 2b

=ler Oplic
COMNECIONSIG EfINALGR
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VWit IS a decinel (dB)?

A measure of the power entering the fiber versus
the power leaving the fiber.

dB:1oLOG[ -------- ]

dBm = 10 LOG[ -------- ]



S
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e

O 1996 IBM Corporation

Vieastrenients of lLight Pewerversis Pewer BUGEEiS

Power Loss C=RNSN Power Budget Examples:

50 % Application: Budget:
75 %

87.5% ESCON (mm) 8 dB
90 % FDDI 11 dB
99 % ATM (mm) /7 dB
99.9 %



Connector  Coupler

Tx b DESJD/ - miL- N EI

splice

To predict the attenuation (loss) we have from the
transmitter (Tx) tothereceiver (Rx), we add:

cableloss + connector loss + spliceloss = link loss



Assumption:
Attenuation per connector pair: 0.4 dB mean

=ORMUl2F cConneECtorattnNdS)F=MUmMBERPAIIS S CORNECIOMIOSS((EIE)

Connector  Coupler

Tx P DEE‘JD/ DT m EI

Question: What isthe total connector attenuation?
Answer: 3pairs(6conns.) X 0.4 dB lossper pair =1.2dB

Note: sometransceiversassume one pair in power budget
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SOEFOPUC IESHng

Assumption: Loss per M echanical Splice
0.15 dB mean

splice attn (dB) = number splices * splice loss (dB)

Connector  Coupler
J/ splices

\
EI @ o S O—a Tl EI

2 splices X 0.15 dB/splice = 0.3 dB splice loss
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SErOpUcHIESHNE = Cap EVALLENUAGR

Attenuation coefficient 62.5/125 um
3.75 dB/km max. @ 850 nm @
1.5 dB/km max. @ 1300 nm

Attenuation Coefficient singlemode indoor
1.0 dB/km max.@ 1310 nm and 1550 nm

Formula: cable attn (dB)=attn coefficient (dB/km)*length (km)

Example: What iscablelossfor 10 Km of 62.5/125 cable at
1300 nm window?

Answer: 10Km?* 1.5dB/Km =15dB



e D T e
e B0 ESE
Calcuiatetneliink Iessirem:tn
NiemMetien given
Link Loss = Cable Attn + Connector Attn + Splice Attn

12

Connector  Coupler
/ splice
IDd © @ o S O—@ v @ EI

Assuming 62.5 /125 glass attenuation is 3.75 dB/Km
@ 850 nm, what is the total link loss @ 850 nm

wavelength If the cable length is2 Km?
Connector loss is 0.4/pr. & mech. splice is 0.15 dB/splice



HinkeEXxample

Connector  Coupler

J/ splice \
O = O - - O = O EI

Assuming 62.5 /125 glassis 3.75dB / Km @ 850 nm,
what isthetotal link loss @ 850 nm wave ength
If the cablelengthis2 Km?

Answer:
Cable...... 3.75X2=75dB
Connectors 3X .4= 1.2dB
Splices........ 2X.15=.3dB

Total: 9.0dB
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ApplicauoniEXampIE= EDIDI
FDDI has apower budget of 11 dB at 1300 nm.

Connector  Coupler
J splices \
Tx BE O = O S O—@ 7 O EI

For this link, assume 1.5 dB/km cable attenuation @ 1300 nm & acable
length of 2 Km.

What is the total link loss? 3 dB for cable, 1.2 for connectors, 0.3 for
splices = 4.5 dB total loss + 1 dB “alowance’ = 5.5 dB planned loss

A loss allowance of 1 dB is added for system degradation over life use.
This example shows a cabling margin of 11 dB - 5.5dB =5.5dB



D

iUl

| INK Loss C

|
QL)

B Thereareanumber
of different methods:
— Worst case analysis
— Mean & variance
analysis
— Typical + allowances
for system degradation
B This presentation Is
simply to demonstrate
the concept
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Qp‘t] ZINEIEFIEsHnG

Single Reference Jumper Method
1. Insert one jJumper Reference
of known good quality Jumper

between the light

source and the power 550 —
meter 1300
Besure
_ to set the
2. Note thereading or bandwidth
zero the meter. correctly !
Light Power

Source Meter
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Opltic

3. Disconnect jumper
from power meter.

4. Connect light
source with jumper
to one end of link.

5. Connect power meter
with a second jumper.

6. Activate source and
meter.

7. Record readings.

alF e ESHinG

Closet wall
Pane Installed Fiber | Outlet
Optic Cable Link
2nd Jumper Ref. jumper
850 0.02
1300
Light Power
Source M eter
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Eilber Optic Testing

O 1996 IBM Corporation
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SIDER LIRKIIEUISI ESHOEeHIAG

OTDR (Optical Time Domain Reflectometer)
Results include:

OTDR Testing isdetailed intheEIA/ TIA
Standard FOTP-61 (455-61)

OTDRsareprimarily used for NWWFCU_%
emer gencies/ troubleshooting o .O\J
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OTDR Testing
Spikes are
reflections
dueto
\ connectors
Note diiep after transition or splices.

spike... thisiis connection |ess

Standard OTDR trace showing power l0ss vs
distance with a sharp decline at transition point
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AN ENASHEFOVENIENW O \)JJ Hical
C20lIRC N nSiAll SHORNEECUICES

Cableinstallation
Cabletensile strength
Pulling techniques
Pulling eyes
Minimum Bend Radius
Long Term vs Short Term tensileloads
Enclosures & Outlets
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% Sloer @jile
{ﬂ Astallaen Glide

When pulling cable, the load must be applied
to all parts of the cable.

Some types of indoor cable require specid
Installation procedures
Failure to lock the cable components together
during installation can lead to elongation of the
jacket material or glass failure

Plastic can stretch 200-500% while Kevlar / aramid fiber
and optical glasswill not stretch. Kevlar isthereto pull on
with the jacket to protect the optical glass.



m Which cable hasthe |
highest tensile
pulling strength?
— Unshielded twisted

pair copper, 4 pair,
24 AWG

— Unshielded twisted
pair, 25 pair, 24
AWG

— Fiber optic, 2 fiber
(duplex) round
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pIcal ZTIEr CaleNs
OX SIIONOEF NN Calegon/ s

UTP: 100 - 250 Newtons
2 fiber cable: 900 - 1100 Newtons



SOEFOPUC Canle-PUllIng EYE

H-""Iu ;

1. Strip off 14 to 16 inches 2. Bend the fibers back onto
(35t0 40 cm) of the the cable and tapein place
outer jacket of the cable. using electrician’ stape.
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SOEFOpPUCE Canle=PuUllinaiEyE

-;-_~....,___h '

3. Twist theKevlar to 4. Continuetaping the fibers
facilitate handling then and the Kevlar past the
bring back over the end of the cable jacket.

cable forming a loop.
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PUliing Griprnstallaiion

1. Toinstall a split mesh pulling grip
first strip 6 to 8 inches (15 to 20 cm)
of the outer jacket of the cable.
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PTG Ghiplinsialieon

2. Apply friction tape over 3. Compressthe split mesh grip
6 to 8 inches of the outer and dlip over the cable end.

jacket and continue over squeezethe grip down onto
the stripped portion. thefriction tape.



Advanced Connectivity System ,&

O 1996 IBM Corporation

PTG Ghiplinsialieon

4. Apply electrician’s tape 5. When pulling cable with

over the cable. a split mesh grip install a
swivel between thegrip

and therope.



e Opticinstalliation) - Bend Radils
Minimum Bend Radius:
1. |nstallation Bend Radius
(under high pulling stress or “ loaded” )
2. Long Term Bend Radius
( after installation or “ installed”)

Bending the cable below the minimum

bend radius can:
1. Damage the cable jacket.

2. Shorten thelife of thefiber or break the glass

Note: cable manufacturers have different methods
of calculating loads and radii.



- Don’'t bend a cable sharply when installing

- Easy equations for standard tight buffered cable designs:
Minimum installed bend radius = ~10X dia. of cable
Max. pulling bend radius = ~1.5X installed bend radius
Max. pulling tensile load = ~2.5X to 3X installed load
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| 0ad anal Bend \Values

Maximum tensile load depends on cable series and fiber
count..specified by cable supplier

Example: 12 fiber mmriser cable..7 mm diameter

Short term or “loaded” Long term or “ installed”

Maximum tensile
load

Min. Installation
bend radius
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Outlets

Outlets are available
for fiber to the desk
applications

When thereis
Insufficient room for
fiber storagein the
wall, surface mount

multimedia outlets
are used




End of Class 3

Solutions
for a small world
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Classes 1, 2a / 2b and 3 were intended as an introduction to optical
filber communications. No prior knowledge of optics is assumed.

The time required for presentation of these classes is 6 hours given a
technically oriented audience with interest in optics communication.

This presentation is not intended to be a sales & marketing tool. Itis
a teaching tool. Specific supplier detail has been intentionally
avoided to prevent teaching bias. Although it has been examined by
many industry experts, | can not list them all here for fear of offending
those | forgot. Those with input to this course material will know who
they are.

Questions & Comments should be referred to Joseph lamartino @
worldnet.att.net




