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= The types of optical fber dependS OO the
Yefvactue inded, fatewlals used, and mode ©OF propagat-
|

—lon oF light-
% TFe classiication based on the refractite (ndet 5 as

{ollows, ) "
¥ Step indext Liber

¥ Givaded ihded £iber ’I

% Step indet £iber :-
Hh a covc OF

= The optical fber in Qencal,
Conctant Yefyactive ndex 0 and @ cladding of Sightly

o 14 o
locwer vefvactiue ndex D, S Kown as “Step hdcx

fber Because fts  relractivc
at the corxc - cladding foter¥ace

= The Qencval vefractiue indeX profic fora Step

indeL ftbey can be quen GS,

n, Yea (cove)

N{y) =
0, ¥=a (cladding)

= ¢ohich tlustrates +wo types of Step indext LbesS.

They Qa7e, )
% Single mode Step Indext Fbed

¥ muttimode Step indedl Hbew
¥ Grraded fodex Hbe7 o-
= Gooded  hdet £bewS do not hate a Constant

vefvactiUe (ndex n the cowe but Q dcc-rcasfng
cove Index n(¥) ewith Yadial distaace 470M Q tatimum

idet mares a Step change f'

|

|

Ualug- of n, at the as to a constant Ualuc 0y
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Uarlatlion Can be Qiuen GS,

ol 5]
n(w) = n'("‘m(%J] rv<a (cor)

!
n (1-20)"20,  ¥5q (cladding)
eohere,

A — {5 the 7velative dedxt dicference

“ Yetractive indea pyofile of the {ber Corc

(s,
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cohee,

A — TInde profile
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K —> frec space propagation conStant = S

0, —> Refractiue indedl of core

A > pefyactiue {nded dicrevence - NNz
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beyond the cove adius i the cladding - s nd

=> TRe number of modes o Q qfradcd-—i’ndc:x +Cber

> Racal distance
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I.i
|

|

O | 9 34




[

% Light propagation:-

=> (ohen the wauclenglb of light S much Smaller

thap the objcct ohich Cncountcs  the waue 7o0tS

Qppcar as Stwaight lines to this object (or) Opening-

> Th +thic case, the light <an -be  Yeprescentcd AS a

Mane cdaue and (kS divection ©oF tyauel <an be

indicated by @ (lght »ay ¢hich o dvawn pevpendiculay

to the phasc L¥ont:
= Hence, the (@7ge Scale cbfectS like wcftection Qnd

the Yefraction Can be analyzed by vay tracing- TS
appyoach OfF OPHCS S nown QS Tay Optics:

= The light vay propagation fn a fiber can be
analysed by -two methods,

* Tay theovy appyoach
¥ mode theory Qgpyoach.

¥ ay theory Lransmigsion -
= T®ay theory {6 the onc dimensional  approach
and Mdicates the dacction O+ propagation - The way
theowy (S applicable ooty {ov Murimode -(tbexs-
= T has the Qccuvate Ualue hen the
the cove vacdiug 1o the coatetength & lavge

= e vay theovy (S Otheveoloe st ¥ay kKoown Qs
tracing approach (o7) Geometrical optics  thethod-

- The analys’s using Ty approach (s Ucry €asy
tohen coe Compare (& coith the clcctvomagnetic iaue
Qnalysie (o) modal analysis
Yoy types :-

The Wght way cohich & passing through +he
Lfiber IS classified (nto two types,

Yatio bctcacco’
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.| ¥ tneridional Yays - ;
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They ave,
¥ Mevidional vays
% Skeco Yays:

Me7ridional Yays CongistS of corve ais cohich :
(S also known aS the fiber Symmetyy aMs - mcrt’df'om)'
YOy passges thvough the fiber QNS mevidional Yays
Qre of +two types Namely bounded YayS Ond Gn-
— bounded Yays .

Bounded vays awzc the mevidional ways that ax
tapped in the covc which propagate along the fiber
@S and  unbounded Yays Qe the Ifght vQys Yefracted
Out of +the -fitbey Cove-

\i, Anahjsfs oL Mcvridional YGHS n_

Meyidional Yays ham"nq the ﬁollow(nq
Pavameters,

—> RKebractive index [

— Total teynal Yebtlecton

> Acceptance arngle
Mumerical apevture.

=

SRS i

TWeve etsts  anotber Category ©f Yays called
s GSyee Tays - The Skeeo Yayus tyaycl thyough the
Hoery colthout passing thwough the fber aws
Skeen YayS Qrve UScd to Smoothen, the non-

unform nput- qiven +o the Fber and produce a Moye
uniform Output- ANyways  the Amount oFf Smoothmg

|

cotll depends  on the Numbey OF Yeflections cncountc:rcd
bL:[ the Skeen 'Yags'

]
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¥ Fefractive 0dedl -

———
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fnkeral velleckien ‘
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I\’g = light vays lncident on h\l‘gh +0 tow vefractive
fndex (nterface |

= Pefractiuc Index (s defined as the vatio between
the Speed ©fF light (n Uaccum 1O the Speed OF light l
i mateatal - Te is denoted by M (0¥ 0 |
Speed of ligbt o Uaccum

MoNn =
Speed of light i medium

= ¢ohen the vay S (hadent on the ntevface beteocen
00 dielectrvics ©f differing yelfvactite dices, part of l
the vay (6 veflected nto the {rst Medium and the
Yese ig  weflected {oto the Second  medwm: "

= (et ug take n, (S the {ndex profile of {tst “
medium and n, & the index  profile of Second Medium.
e condition fow the vefrvaction & 0 Must be Qvcatey
thao No-
= e refvactian il Occur at the inter¥aces duc to
the dickerence © the Speed O tght 0 +wo matevrials

= The (eident angle and the Yeflected angle (s 7¢lated

by using Snetl's laww OF Tefwaction - According +O
cnell's law-

unit-5; 5138




nlsi’(nb = ﬂleﬂ (Dz_

Sing,

i

0y
)

Sind,

e,

when +he angle oF Ye{yactiop (6 Qo the Telracted

Y4y Wil become pavallel to the {tevface between
o matermals

Thevefore, cohen b, = Q0 the incident angle = cattical angld

St'n(b,: 02

n] 3 |
Sin =
O = 02y

b Critical Clnqlc ((bc_) = Sfﬁ'(ﬂl[nl) |®

* @_q l"ntCYQ_c_z_l Yefleotion :-

e ———————

TOth t'ntC'YﬂOJ Yellection (g defined as the
complete  weflection of light to the Same medium |
Without any -tyansmicsion OF  light |
= Conditlons fov the -total totevna weflection are,
J; Uight Shoud -vaue “7om  higher efractive

del matertal to  lower YoEvaction  inded matcrial

2, Tncident angle Should be grcatey thon the Cutticy

Gnglc- ; |
(0 (ndea |
Mediom :
|
I’ |
|
|
7\
|
! .’
s | Totally ‘
High index Yeflected Ray |
me dium .|
— |I
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Qs

Fiq :- Twansmission oF alight 7oy n a perfect
optical Fbe7

® ¥ Tn a Fber, when the Wght vay s (ncident at the

“ corc cladding [ntew¥ace, total nteTNal  TEflection

will Occuy. Since the angle of the tnc’dent at the
S éladdt'ng boundawy 6 q¥eate” than the C¥itcal

angle, the light Qets  +otally aeflected back tO -the come

¥ Acceptance angle :-

—> Acceptance angle & the maolimum angle to
the fiber Qu's at  cohich \fght -May cntc? the Fber
axis in ovder to be propagatcd:

> ek US  conSider tw0 Yays ase launched {nto
the fiber: e ~fiwst Yay Named 0S A" which, makes
an angle b, cithin the Cove cladding Tntewface. Thes
MWy making Qn andle @, tO the ftber adis and 6 Qets
Tetvacted at the Qv coye OECTacce and this Y&factd
Yay {6 Qetting pTopagated (nto Abe?:

e Second 7oy ‘B" eohich (S launched to Hlber

at angle §veatev than & . This Yay B getc edracted
into the cladding and Gets (ost by  Yadiation. O,

Must be less than the critlcd angle at the fiber
Cove-

Uﬂi%“g t q‘, B



According to Snells law of Yefvaction Qe the core
| QY linterface

= n,Sh g, =nsne, —>O
N, —> gty Yebractive hdex =

G, —> Pcceptance angle at air cowe hicrface ncident
gle ae a¥ Corc tevlace

N —> Refactive ndent of cove

6, = FRefvacted angle at aivr cove dHtertace

At cowe cladding lokewface, total fatcrnal
YeClection +tayes Place. e angle OF fncident at e
Cove clodding SurFace S denoted by -

Np SnG,, =0 SO (Qo- )
N, SiNE,, =0y COS b6 — @

Singy =0, 2050 [ng=1]

S0, =0, ) (-sin’y (- %0 + cose =1 )

¢ =Cbc, then &=

506, = 0, .) l*Si'ﬂiCbc
S;ﬂg A 2z
a=10N ) _Na
T (¢ =si0 ( J)
SO, = n, 3 N -0
T ar

i
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Sin Gy = O, (ﬂ, (j"n'|1_nz-)
| %=Si’ﬁ’jn"'—n,’_‘

¥ Numewical aperturc -

; of \ght
Numerica apevture ques the Meastys 9

the referyed
Jathering  Capacity  of the Hbey - Tt 8

t apertur
0S fiqure OF (meait OF the {iber - Mumevical GP

S giuen by,
A =m NS0 &,

Mest PYobably, the lght IS launched o the {tbey fom
O the air madf‘um
#a r'o-.": ]

MNA - aneo.: inrj__nll

e velative wefractive ndex diefevence (8 Giuan by

————
02
The velative,
A-';‘J—— N -Ny
r-)l

NA = Sing, = Jn2 _ni
NA = sing, - jtn{fﬂz)(ﬂ,*nz)
A = Sing, _ m ("0 20,)
MR = Sing = Jan (na) (A= ”'hn”)
=)anin =024 )

Then the madimum  Gcceptance angle 5 Said to be

A fumcwaical  @pevtuwrt  and (k5. Qluen by

Nﬁ :S?ﬂ@'a = nlm

/
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— ¥ Optical by conkigurations :-

| (90_ ‘-‘-51’61 (nlm)

6, = s (uA)

Quality fepers and fiber fabrication methods:

While  Selecting the fiber Materials {or macing
Optical {ibevs, Q few €SSential  YEQuirementS Cannot
be  ouerloored They ave,

J, The material Setected shoud be ideal 4o rmaking
long  thin, flealble and acliable +ibers:

& For the Hiber to Quide light cericiently the basic

3, he matertal cobich (s Selected fov the core and
dadding Should have different Yotractive thde .

¥ Matevrials edbich are Satslying the aboue
Yequivements (s plastics and glasses. Majority ofF the
fbevs are made of glass consiSting  clther silicon
{Si0,) or @ Silicate. Gilacs fibexe ave used for
the long diskance Communication. Tn contvask to
ANASS  fbers, plastic {Tbevs ave used Hor the short
distance communication - Tn the glass Hibers (ESaf
theye ave q Hfeep Uarictics namclg)

= (ilass fiber |

— Halide glasg {ibers

— fActite glass +ibeas

— chdlgenide qlass {ibexs

—> plastic clad glass €ibers

Material must be tyansparent QS pavrticular Coael cogy,

The mManufacturing p¥oceSS indolued in producing
|

-
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¥ Gilass optfcal Eibess :-

Glass obtained -fvom -fusing mutures ofF

Metal  Omdes  Sulphide tov)  Sclenides (s a vandorly
Comected moleculay nacoott cohen  heated  upto Scval "
l00c glase =wemains @S a haord Solid - ahen the tcmpeva -
~te incyeases Hurthev, Glass Q¥aduaty begins 1O
Soeten uatll at uery bigh tcmperatuie, tt bccomes @

uscous (fqu,“d_ Te term mC('t('ﬂg —tcmpcvf]‘tu?’c (S wuscd ip “
Qass  manufacture. 4

Metting tempevatuwre in @ glass wckess to, On
€xtended  tempevatuve Yange iy eohich the glass becomes
Hluid Coough to 4ree ftSaf apd emerge @S bubble S The
Qass f£ibers ave Made wp of Silica (5i0,) Which has @
YeQctve fded of (-4sg At Bsomm. For achleuing
0 diffexent selvactive indexes depants ave  added to'
the basic Yaw matenials. Tg achicue bigh Yofraceiue
ndeal cove Geo,, Pr05 ave added and to Qchicte (o
Tefvactue (ndex eladd B,0; (5 added. Some OF the “
{ber compositions oF cove ad clagd Q¥ qiuen by,

corc cladding
| Gle 0, - S50, Sios )
P205 — si0, 56,5 r
Sf0,. 8203 -Gi0,
GCOL-B,_O3‘5702_ B,03 - Sio,

A vaw materid £or Silica (s sand. Gdass Composal
o¢ pure Silica (s neferved @S Gilica glass , Fused
Slica (py) Wtreous Silica- propertics oF Silica Qg

J, Resictance to defommation at tempeyature
lboo’c |

2, Hgb vesitance to bicakage {rom thestnal <hock
bccause of itS low thevmal  cdponSion.

onik-5 N ,3%,
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3, Good chemical duvability

) High tvanspavency both (n Wsible gad Tx eqion.
¥ Tts high mcling point s diScduantageous,

(¢ the glass s Prepared 0 mottan State, but

this {c auolded Practically & Uapou7 depoSition tcchniczuc
Methad OF  manufactuving.

¥ Halde Gilass optical £ibers :-

¥ Fluovide Qlasses haue  edtmemety (0o
ansmission  (psses or mid TR ¢dalctengths- Eluorde
glasses belongs to @ gencval famly of Halde Glasses
in cohich dhe  anions  are fyom elemeprs’ In Qvoup U
OF the pewiodic table, Namcly Fluowine, Cchlorine, bromine
Qnd (odine . Eluoride glass /s a bheaty metal cobich

USts  ZyFy as major Component and Qlass nNetwork
{ovmer | ' '

=> ZBLAN (S onc of the populay fluoride glass

that foams the Core OF qlass -kiber” and have bigh
Teractiue indeal - ZE(AN ConSists  of ZaFy, Bar,

LaFy and MaF. Tg obtan low cfvactive Ndext clodd
276y S Yeplaced oy Haty,

2vFq —> Zevconium tetrn Fluorde

CLaFz —> Lanthenum 7 fuoride

Ha Fy — Hafnlum tetra fAuorige.

v ¥hese Hbers  hoving  Minimum (0sses ©f o0l to

©-ool dblkm . Fabrics o thege tYpes of fiber S Uery
dFfcuit . mast, Utra pure Mmateriale Must be tsed

o nweach this 0w (0SS leyel - Secondly, fluortde glage
S Prone to diversifies .

—_—




¥ Actiue Glass oOptical FHbers <-

e — — — — .n.

= cohen vave clementS [atomic number 5! to 1\:]
@Y¢ Qdded +o the qlass qives the Material @ new
Optical and maqnetic propertics. Thesc Nced Propertices
Qllocy the mateyal to perorxm AGmpliECation, Gttenuation
and phase 7rctavdation ©On the ght pPassing trough
(t - Doping Can be done both for Sili'ca and bhalide
Glasses Evbium and neodymium are two  Commpnly
used matemals for {ther (agerS:

C ||

~> TRe vate- carts clementS (conic Conccrrt"fa{:lbr)I
(6 loww O Quotd Clusecring cffects - By Studying |
the abSomption and flourescence Spectya OF there
Mateériqls, One can Use optical Source At wbhich emit
an obSofpthn COauC[quJch exte  electrons ({)c%lézf Cﬂcfgy
leuers I the vare - caxth dopants - eohile dvopping this
Creted cElectvons (Ower encrqy lcuels at -((OQTCSCCDCC
Watelength  they  emit Ught 0 8 Na¥vow gptical
Spectyum.

¥ Chalgenide qlass optical -fibevs -

For Somc Qpplications (ke opticar Seoitches
and Libev lagers, Don lincar pPY¥opertes Should be
achicved. This chavacteristic (6 cdploited by  chalgenide
qlass  gibers + Trese typeS of Qlasses  contain Gt teast
One chalcogen element (S,Sc o) Tej and typically onc
Mothey clement  Such o6 P, T, <L, By, cd, i (o) TX. As,s,

=
Oone of the Mostly csed matertal among the Uazioug
Chalgenide Qlasges . Losses

Yange avound (d8(m

Sc —_— St.‘_fé_nt‘um

in these Qlasses “@HD‘CQUS

Te — Tziurium

oniks 1 13/ 3¢
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¥ plastic optical £ibeys -

= plagtic clad qlass 4ibers -
s For long distance communicatlon cohere ucwy

o) tossec awe achicuable, optical ¥ibers conStructed
ith Qlass coves and qlasS  Claddings Qe Ucry
(mportant » For Shovrt diStance Communicaton heve
highey tosses ave tolevable, less expensiue Plastic clad
Sil’ca +tbevs cap be used » These fbcys Q€ Composcd
O Sllica coves caith lower Yefractive index being a
Polymer material - These {thevs are Also  often YCferaed
to pcs fibevs- High purity natuval Quartz (S @ Common
matenial  Sowrce for the Silica cove. Similavly Common
cladding matcral S a gilicone ¥eS0  bauing a
Yelvactive Mdel oF Yos Gt 85pMmm

=> Another  Populay’  plastic cladding Materia is
pextluoronated Cthylene  pyopylene - The low refractive
index (-338 OF these matevial yesats (o fibers axth
poemh‘aug lavge qumerical Gpertwaes. TR (s used o
Oy Step fibers. The . lavge diffevence between the cone

and clad Ye{vaceive fdex cotll Gizid  bigh  Numesical
Aperture.

¥ plastic fibers :-

For Short distance afl plastic muttimode

Step  (nded  fibervs aie Qood  candidatec - The  tougbnegg
and  dutability ©f plastic Qlloey these {ibcys to be
handied easily S an aduantagc eobile they  eahibit
qYceatey optical Signal  attentation - Tois type OF by (o
having  tumevyical Qpertwae 06 and (awge acceptance
anqle of Upto “to- Also mechanical -ﬁtc:tr();lrtg of plastic

oniksr 4] 38
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- Hong ,

Of ¥efroce

¥ Skep ihdet multtimode
% Quaded indead muttimode '!

¥ SEnq(c mode- '1

Qllowas these Hfibers to haLfc [m’qc coves cozth tgprc:al ﬂ
diometey Yanging $yom o to (upp Micvons. I
i
|

fber clagsHication -
) |
Optical bey +alls (oto thoee basic C(OSSF{TCO;_

> A mode (s esseéntidlly a path that lWght <Can -Holon I;
dowon the fibevr: ,
>Step— (ndet €ibery has a cove coith onc indeol of I
Tekryaction, and a cladding with G scecond
> A gvaded fodext fiber has a Uarying €O indet

inded.

tion, ard a Constant  Cladding nded

Optical 'bevs are bas eal

oD :|
} | 5
\ | :

matenal [_I’\O*O( nodec cﬂ'octlm'
O ‘ ol profile
Gilasg P‘Cr@“’f Single ut Stepinder. Gaoded
{iber flber Mode Mo e = 5
{bex fiber bex octeX {tbey

> * Losses

~Gtic (S taking major ve o detexmining the Mmadimum
| diStance between the tvansmittey and  Yeceluey edithout

_{n optical Hber Cables -

Attenuation :-

the impovtant chavactexisticG of fiber« s chavacre-

"Tyansmission 0SS (0%) Gttepuation 6 one oF

Uﬂit‘ ~5) 1573%



using vepcatevs: The bagic Qttepuation Mcchaniems

Qye

J

l. Absowptop (0SS
2: Scattering 0SS

3. BPadlative 0oss

= The unlt of atteuation (S €Ipressed  inecvms of
logarthmc Unit of «he decibel - The dccibel (s defined as
the yatlp OF the (nput optical power P to the Oukput
Optical power Py

Numbes of decibels(d8) - (010G, o
0

> hen the light tvauets atong the Hbev, Tts poper
decycages  cdpon eotially colth diStance. (et US tate the
Pocoey at O'n'gfn = Plo): and the Power at the distance
NG P(z) then p(z) (s CAdpressed,

Pl=) = plo) Pz

P - ol g

> olp (S the Fbey attequation Co-effictent, ohich 6 haufng
the un't or m'

—> Sometimes  attepuasion cap  be cdpressed (nteyms of
NCPEY T# p and p, are two Power (cucs, With 0,70,
then Ehe power yadp in Nepevs S Qiuen AS the natural
logarithmic  unie.

ooy TAatia | - Pr . -
= fower 7atio {0 acpers ,Tln_p_(_ s qiuen by

i P
AISHteS ) TJ%

= 28
il il [chtgl l

Cohewe,
4 —> Qttenuation in Nepey

u_‘ﬁ:)cfi l€}£
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Relationship  betwoeen Mepe? and  decibel
oG, X :(Oglol X og,.lo
109, to = 23026

0L = 2-3026 (0g, X

<+ io?.:[%—[ =L x2-3026 (oqb' _Pp:;_{
M= (7 X 2:3026 {oglo/p@/

A = 2306 109, L2 Pll — 0
We khow that,

Attenuation in decibel 0= (0 (og,o\%.]

Pz.{ —@

__Q__ (09,

+om eqhn (),
P 2
(Ogto le_l :_‘2“‘3—6-26 %@

+vom egly @ and ®,

D _ _ad

10 2:3026
D= _lox2

2-3026
[0=8-686u
<+ Attenuation I decibel = 8-486 Y attenuation 0 NCpey
(o7)
Attthuation i alcper _Eﬁs X attenuation in decibe

. A o ' (. ?ﬂ
tor Simplicy  attepuation S CAPpessed always

teyme of  deaipet [km .

Plo)

el dblem) - - togl 2o

< (d8{km) =4 343dpla’

e ——

RS e ——

ks H’J?)Bf
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In optical Communication attcpuation 'S defined teans of
Km length

“{d8)= !0 (og

(i Py

7

” CDhCYCJ
«L(dB) —> Attenuatbo per unit length

L — Fber (ength-

P
- lo"—
t
§ lo 4 HfgcﬂiﬁdOCD
@ Y
= 5 al
8, P crando
9 (ibeX
b
§ 5.0 SC.Cortl
S &
L l'D_._
L D5 1
021 ﬁj’(m\j;/
her |
0-H ] | be
600 ‘3‘00 (('oo (200

Lauclength |, Hen)

“é\éﬁb Soyption :-

Absonption S caused by three mechanicms,

|t Absorption by atomic  defects in the Fibcr Mmaterials

2. Tngexrinsic  absovption by the basic Congtituent atomg
OF the Lrber matcyTal-

Material -

—> AbSOWpHon by  atomic defects -
Tese type of absorpion is Coused  py

atomic defcces (ke MisSing moleculcs, clusters of Qtomg, ]i
imperfection of the atomic Structuye of the fibey

Mateyial » Tris typc of absoyption halling UCTy Small UG(uc)

wank - 5y L%\_ZQ



the Ualue 8 mostly negligible ahen  Comparing coith
inctyingic and cdltrinsic absowption

* Tnstrnsic absoyption:-

s

The iotrinsic absomption & of two types,
|. Intxingic Qbsowption duc to Clectvbnic absorption bands

[0 ultva wiolet ¥egion-

2. Totringic abSovption duc to atomic Ulbvation bands
(0 infraved ¥egion-

— —

* The optical commaunication Wauclength Yange n tems
OF MHm (S 0-8Mm +o (-T4m - Th Silica £ibevs, Mtvinsic

Absoypton  ¢dill Occuy  aboue (-SHm. e photons of light
Cnevqy Qe Conucvted into Yandocd Mechanical Ulbration

ifrared absoxption. Masimum Tp pcak  Ualue Qt O-8HmM ang
Midimum pear Ualue at 3-2,3-3 and YYHm.
= Ih the Wisible Yeqion (0Sscs At t-SHM Qve lesser |

than ©-5d8lkm- The optical loss (s determined by
Calculating the presence OF oH tons and —the dherent
Inaed abgovpton of the conStituent matczial- The tnhcrent
GbSorption iy Occury because of the btcraction betcoeen
the Ln’bmﬁng bond and the EM fleld o©fF the optical
Sfc_:;nal. "

= The  Empirical capression or the ©faayed Qbsovption
+o¥ Gre o, — Slo, qlass (s giumn bg‘

“rp= T8IV C(“‘i?;%?_)
A

~> Tntrinste  QbSorption alse depends Upon the electronic
absoption bands S the witvatiolct ¥Yeqion UkTatiolet
QbSo7ption dccoys Clponcntia(((j Coith (ncacasing C—'JQUClCﬂgth

at o8 MHm - TThe witra Uiolek Absorption  haue the {alue of
0-3d8{km.

ook Blzx



Extringic absowption by mpunty groms :-

= Etrinsic  absorption (S duc to transition Metal
fons  Such as (von, chiomium, Cobalt, Coppe¥, Mangancse
and nickel-  TRis type OF absovption (& Mmoye (ronounce
0 divect melt mcthodS because © that type OF
fabrication method, the dopants Qe added dircctly to
the crlica.

= In the caSe of Uapowr adial dcPositidd the impuvity
lecuel  vanges From (+to 5 parts per  Million.

§_§gt—tc7('ﬂg {Qisgg .

SCatkering  losses hauing +wo +ypeg,
t. Unear SCGthc’ﬁnq losS

G Rayleigh Scattering

o Mre Scattering.
2. Non - (ihear Scattering loss

J, Stimulated brillouin Scattcving

&, Stimulated Famon ScCrttc-rinq.

% Uncay scattering (0SSES -

= Iinecar Scattering transfers lincarly the optical
Power in one pYopagating mode €0 a diferent Mede-
This tosges ill occuy as a leakly mode ) as
Yadiation Mode. Thic mode does not  Contihuc EO PYOpagate
Within the ftber cove but (& & 7odiated +7om the
fbey. Since +theve & no change fn H72Quency of the
Signal, & f¢ Sald to be lincar Scatbering - SCattcring
lbss ¢oill be move N mMutimode +tbevs due to  bigher
dopand concentration and Qveatey  CompoSitiond

Huctuations .

vaik-57 2038




| !, Rayleigh Scattering -

= This (0SS occuvg In the wtra wolet 7egion.
LES tail  eottends wpto fafvaved ¥eqion- Tt Qwises
t¥om +the MicvoScopic  hhomogceneities present 10 the
Matexial of {iber. Inhomogcnc_(ti'cg may avise {f¥om the
density fluctuations, Yefiective €luctuations and
Compositional  Utaviations.

Fov, Sio, Fibe, Facjldqh loss s qiuen by,

3
I Ex7 e, <
.: Q{Scat T 3)4 0P gk Tem

heve, '

0 —> Recractive fhdea of silico

P - Photoclastic co-efficient ©F Silica

e’c“> T Sothevmal comp'rcssibilftg.

Tg — Flctive temperatuve at odbhich Soldicotion

I
OF glags takes place (ov) simply anacaling temperatuye ’

* The transmiscion loss duc +o Raylcigh sco(;tcvi’ngx

ol
™ans-Scatt C’dp(- l"4\C.‘;u:c;1tt’)

Where,
L — (ength of Liber

¥ At high wauclength  Ragyleigh Scottering 0SS it be

Yeduced - T i Qo clastic Scottcvfﬂq becauge there
G no change N +recquency

2, Mie Scattering -

Mie  Scattering arises duc to  imperfect
Stvuctuye OF Waye Quidc, T{v¥equlazitics i the Core-
cladding Intcrface, Corc - cladding Yckvactive ndex

dieference along the fibey and diameter Fluctuations

omk-5> 3%



By Qchicuing high velative vebvactiuc Ndecx. difeerence
Gnd doing Ppefece {Labrication Mic Scattering Qget

Yeduced-

Mon - lineay scattewing 0ss5es -

= Mlon - lincar SCotte7ing (0S5ES coill Occwy at
high pocoer teuels- The tvancFerring OF pocoer (vom
O0¢ mode to apother Mode takes place Eithey 0
forcvard (0y) veueyse divection- s & an inclastic
Scottertng  Aesuiting dac to Shift in  the >cquency - obeo
the ~efractive indext of the maivm depends on the
Optical Fntcnsfﬁj Of +the Signal, then thesc 0on Whear

ScCatterings ave Occuved.
J, Stimulated Brillouin  Scatteing -

Stimmutated  Brillouin Scattering i a loss of
Mechantsm duc to  thevmal Motecular Ulbrationg ERD
the ftber This type OF Scattewing ling contains UPPer
Side band and  teoey Side band along  ith the
(Ncident (lght Hregquency - The threchold optical Powoc?
Yo Bxillpouin  Sc attering (8 proportional to dz)\lo(B
and s Qiven by,

Pg = 4-u X l53)\ld”o<g-zw LWatts
where,
d —> [ber core diametey
A —> Opcvoting Wauclehqgth
Xp —= Billoun Scattering 0SS co- Cficlent

AU —> sSouwrce band codth.

In stmulated Brillouin Scattering an Incident
ght ol produce  Scatteved photon ag  well QS phonon
0% Qcoustic vequency,

= - — —

(D

ks O’ng




2, Gtlimulated Ramanp Scattering -

e Scatteved light  consiSt of a Scatleved
phonon and a high H{vequency optical phonon. ITn
constvack to  Brflloutry)  Scattering Faman Scattering

s bauing thvee ovders OF high magnitude- The threshold
Optical power fov Raman Scattering (6 propovtional to

d*Asp and S Gluen as,

o =5-9x0%d xp WaLS
where, "
d —> covc diomete?

A —> opevating auetength

Zp —> Faman Scattering 0SS Co- cEEic ient

¥ Bending losses (o) Radative (0SS

Wheneyey the bends and  Curues i be © the
Path of optical 7ay vadiatiue (086¢5 wWill Occuv: These
a¥e two types OF bending (0S5,
J, MacroScopic bending losses

2, MicvoScopic bending 055¢S
Macvoscopic binding losses (o¥) (avge Radius 108ses -

These ocecuy Whes the vodius OF  Cuvuatuxe
OF bend IS Qgrveater than the fber diameter. when the

Yadiugs ©OF cCuruature of bend decreaseS (o7) Curliature

@ Critieal Yadius OF curuvature. “

FoY muitinode {thev, the Critical Yadiug of Cuvuatioe
o] bf_ﬂdJ

R. = 302
c =
qr(ﬂll_nllJafl

.4
|

unib5, 23/3g



I

The aQecnuation Co-cefficients by the Macobends

°(b = A CIP (-Bﬁcj
Ho7 Single mode -fibe,

A0\ =g
Re =20 (&-m@ -0-99¢ A
GEREC A )

Wheve,

Ar —> Cutoff atrelength

2 BT
Re —> 2N9nan
- Yog

Re = 21ma(wn)
2409

& {Qddfh9

Pocoerloss fh*rouq)

Yadiation
Coye

+iq ~~Radiaton losses

at  fiber bond. Fietd dliceiburicn

Bept Fibey
% Minimigation of +his type of losscs (s done by,
I, Flbers with  tavge wclative  wefractive  fodex

diFfewence.

2 Opcmating at the Shortect wauelength posgible.
MfC?’_‘Z(?_E_r_‘i“ﬂﬂ Cquc coupling (osses) -

Microbending ntvoduces Fvom the Fher ohen
& (g (ncotporated fnto Cables - TRis type of bmd:‘ng
introduces slight surkace {mperiectiong which can cayge
Mode Coupiing  beteocen adiacent Modes (or) Coupling of
Gy beteocep the quided ™odes and the teaky

Medes In the Liber bieh Ntum Cycotes Q vwadratide
(0ss.

il

U(\kik "g) ?-H) 28




&

Te losses due to non unffovm  pressure during
Cabling g weferved Qs Cablng (o7) packaging (0SScs.
The tosc depends on the Hber deformation, fength of
+her and the optical Power diStribution. Micvdoending
losSes  proportlonal to the nNumbey of ModeS Propagating

through the {iber and inuersely prYoportional <o
CDQUClcngth_

I-_I’Qb_t Souvce :-

= The YeqQuivement of an Semiconductor mateal
+ov the Octive tayey OF  Optical Source must baue
A divect bord gap (pB&) - Both encrgy GNd  Momentum
MUSE be Conscwied For clectron transitiong to (or)
‘rom  the Conduction band gty the QbSorption (o7
Cnission  oF photon. Though photon bas constdcvable
NGy s Momentum  hyle (e terg Smal

Semiconductoyg  ave classified oS divect band (o7]
indivect band gap Matc7ials  depending tpon the Shape or

bondqap as a +Hunctlon Of mMomentum .
conduction bard electyonc

/ electvon tvansition

Divect bard qap

erery o ~———> photon epevgy

' by ~ Edfﬂ'

+ +m
AR Ualence hong

Momentum k —_

419 - Bleceropic YeCombination of direct band Gap

The Stmplese  ang best  possible YCcombination

PY¥ocese  Wll be +har Wheve the  clectyon and hote

bave the same Mometum  alue.

onit%) 2




Photon &ne Yy

Eph \

pPhoton energy

— N
JJ Tndivectband Yap
TGy gy

I

hU '-Erhd -+ Eph

r s o e e Tl daed e
+ 4 4
R Ualance bapd

MoMmentum k. —s

i E‘_Q — Electvonic ¥ ecombination ©F
%>th€ca( Souvces -

> The basice of optical Sources, principles of
lght  propagation and  tarioue types  OF optical

Sources Aovmally Used in -Rber oOptic Communication
SYStems -

Ind@ect band Gap.

> Tn the cfcd-_mmaqncu’c Spectyum, the humap Cye

Can derecr ONly Q@ Uewy Narromd Scgmept of ({ght-
+requencies.

I == CJCWClCﬂqtbS Ot l@ght Souvces muce be chosen iy

they are efpicient for the ﬂ

% Optical power fc Qluen ag,

Power - dlenargy)

d(tim c)
(o)

p= %%Z. (cwatts)
CD('I CYCJ
P — optical power (attc)

dR — Tnstantancouc charge ( joutes)

ont- S 26138




Qq)

dt —> Instantanecus Chanqa in —time (Sccoodsj

# Optical power (5 also called as “adiant Hux[¢]=
Joules (sec. and & the Same pPower McasSured

Clectrically (ov) thevmally O watts

Pyopertles of optical fhevs SOUTCES

R Us) pa'mmf_tcaf ?C(Z(Jh’cmmt Ta'{CjCL'
Sl
J, l Q)auclenqtb ope¥ating wauc(cgqfhh 685,13,
C .
Muse be c‘hoscr) u oy
that T& giuceg (0SS low | p ode
ond loca dispe¥sion 0
Lbers
2, | modulation Divect modutation must

be possible (o) it must
be casy to couple for —_
An edtemnal Modulation

3, | output pocoey and systun deenand Must be
POCOCY C_,’_'_‘_"{‘C"ma:f m(’_{:* It muSt dCPU‘TdCﬂﬁS >’(3‘nc
opevate coith an cleceric | Milicoatt

Pocoer Supply Tequiring
Only a low Power ond 0SS
{lottagqe and the Qmount oF

¢aste ‘heat gencrated > (0.
- MuseE be Small: 2
g, H](lbbi’(t‘tg (ong l¥e, good Stability life OF

Of opevation and Good WS muse
Yeproducibility of output  |be minimo
are ﬂCCCQSa‘fg

5, | Focusing cfect | Tt Should be possible to
focus the .Output @ntc?
the {tbey ard to obtain

1 ' higher Coupling f',ﬂIC|°cnc8

vk -5 B %



6 | Sige and

Cocight

T+ must be small 0
Size and light 0 Coeight

Cogst

destraple.

Mass production i
Sige and (0w cost aoe

LEDS (Ught cmitting diodes)

diode, usually

A HQh’C Cmitting dlode {g a p-n functfon

made

Sy Q

Semiconductory Matexial

Such as Qluminium - Qallium  QrSenide (AGaps) (o)
Yalium  avSenide phosphide (GaRsp). (Ep's emit (ght by,
Spontancous emission, Wght (S Emitked as o Yesult

OF the ~recombingebn ©F clectvons and holes hen forcoavy
. bilased, Minovty carslers ave injected Qcwoss the P-0
: Junction

 Matenal Wauelength
Al GaTnp 630 - 680
| GaaInd 6To
 AGans | 620-9as
Giaps |  Qoy
Tneaps | Q%0 |
_ InGiansp Yoo-t650
TnGa hs b (oo - Woo

Aduantages :-
SimpleY’ fabrication - .
Theve ave Do migvor facts and © Some

SEyucture

o

tl

\ll

s

much  Yeduced

ho

Maintained.

stviped Qecoment¥y.

cost - TRe Simpley  Construction of (ED  lcads +o

cost ¢ohich & dlwaye lkely o bc

|
|

oS 28 28




)

{i, Reliabllity =~ e (Fp dees not cxhibit catactyophic
degvadation and has proued to be (eSS

Sensitive +o Qradual degradation than the DJCCEOD
tager-

W, Stople¥ dvive civcuitny :-

Thic (S duc to lower d7ile Cuvrents and
Yeduced tempevatuve dependance  ¢hich Makes
temperatuve Compensation Clivcultes GNNCECSSATY:

Y, Lincarity :- Tdeally, the (ED has a ncar lt"qht- oukput
Qqainst  Current Chavacteristics antike  the cction
lase-

Disaduantages -
¥ A0 (ED adiates wathey digpeved tight, eohich Mmakes
Coupling  this tight into an  optlcal fibey Q problem

=> Stauctuves -

The Yequivements  for an LED o be tscd for
Liber . tyansmigsion awe,

¢, High  Yadiance output
2, High  Quantum  efficiency and

3, Fast emission ¥eSponse time

= tens  vadiance (o b¥ightness & @ mcasur
0 datts of the ©Optical Pococy vadiation Oto Q
un't Sotid anqle  pev it ~Qrca  OF the cmmiting
Swdace. Highey hrighepess s yequived €O Couple
Sutficiently  \avge Output Power  leucls Oto
the {Tbey e CZUarrtum‘ efrciently s =r\ated O fb.c
traction of the injected  clecevon bote paivs that

e combine )’adt’atfuclg-
B - N

unit-S 44/ %




o | [
rlbﬁ"{\@/ Bmd;ﬂq mCﬂ,C'ﬂOJ
e \‘« y metaligotion
RN % -C

' it : Doub\e .
COW(‘DCF:;S( ///// he teFojunction
loyers i Giahihs Loycs
5\ Oj_ iUHOl O.f_'ipn gl'o Y {.'::-:O l atl'or)
metaligation \
Heat itk -
L/ e SN
ACHVC Civcular metal contact

ch Yon

Jojection .(gsew diodes - :

= lasger actlon mMeans .the production of high

intense,  Monochvomatic. and — Cohevent tight +thvough

Stimutated emission - |
- Lasey -ﬂmc{:(oning ic based on the [)Yfﬂtfplc Of |
emiasion of light by the Stimuloted emiESTOn such

that the cnevgy of the Stimulating photon Should be
Cqual to the cnevQy diference  between the {—.fansnm"sl

-tion teucls. _
=2 Theve Qe cevtalno Condrtiops to be utfilicd to
Qchieue tasey  action, They Qe ;

\l, The Statc of the atomic 595tcm at ohich the
Numbey of atome (0 "~the hfqha’ Statc 'S move than
the number of atoms . & the lowewr (o7 qyound
State. _ .

2, There chould be photons edith propew _CNCTQY Lo

Stavt the Stimwated emission.




@,

— - . - ’ I
| 3 TThewe Should be an Gviangement  +ov muttiple |

| ~

Yeflections to  (ncyease the  (ntenSity of  lased

beam.

¥ llhen thewe e an EM  vadiotion thvough a laser
matenidl, follocding physical Proecess +awes Place
depending * upon the natuve ©F EM Yadiation acd the
leue! of material thae 6 l0kcvacting Witk it

J, AbSo¥ption

2, Spontancous emission

3 Stimulated €mission.
Ditfcvence brtaxen Spodtancous CMISSION and |

Stnulated  EOiSSton.

¥ Spontancous EMISS00

[ During -the tvansition of atoms fvom  higher
\ T |
(bcocy cnevgy ltuel, cmission of photong

|
|

cnerqy ledel to

. ‘ v any (©hducement: .;
takes place fmmediately coithout QY E

\'.‘j The s a Polychvomotic wadiation |
3, tess intcagiuc

.fU, Has morc anqul ar Spycad du’ﬂ'ﬂg P’Yopaqatl'og
Mcaning less divectly-

V, Tncoheyent v0diation

% Ctimulated Emisgion -

{, Emisgion OF light photor +ares place thwough an
| inducement Qiven by Q@ photon bauing energy  teuel
| :

cQual to the cmitted photon's encygy teued

&, mOhsc_hmmotl'c Yadiator

Jit

(2

High intcnsiue:

o —_—— — ————

ook 3 &




|, Cobevent vodiation.

| Types of lacer dide :-

dliodes,

Ff_z__'_ e — - wrw— —— sl _.]

! {u, High dircctionality and less Gngular gpyecad d(nt“ng

bropaqation

Theve Qe twWo types D p-u j'unct:fon lasey

J', Homofupction lager diode
"

&, Hetevojunctlon lascw diode

¥ Homojunction laser diode - : ;

TF o p-u juoction is ~ormed by Q

Srn(ﬂ‘f Matecrial, tt s Said +to be homojunction taser
diode.

* Hetevojunction loser diode :-
Tf a p-N junction 1S fovmed by two dffcrent
types of Matovtals then (B (€ ¢ald to be

hetevojunction laser diode

* DM , Necessity and princhles
avetenqth  ditdsion mu\ﬂ‘plcit'nq (o)

FOM Stands Fov Hrequency Diutsion multipleting
In +this Scheme the nNumbey ©f diferent freguenices
Q¥ cCombined -toqethey Qand pass tmough o pass

flecry. N pvder to YCLMOUE Unwanted NEcvfcTences

Qnd an Qdder, cohich Combines frequencies at the
Output-

At the demuttiplexey the indiuwtdual —Pfccgucn&:, Qfgnals

f\t'c_}b 'F')’CQuCnQJ Yange n oOvdev O QSSocntes h' number

Can be Obteined by means of q decoder. Cpm Drexticled

L‘&\;Eﬁ'; ;5;1[33




OF USe7S-

= An fntcvcs{:(ng and Powerful aspect of an optica]

(s -that Many diceerent “auclengeh

ng Q {iber Q:hu(tancOUS(LJ in (300 to
" boonm <pectaum, ' ‘ |

Chanpel =T = : char
—3 Sour J ; e
chanzfc}

o Single ; :"IIIII I

. j ) 111
l device {a p, . dlemupi ! 2

Communicotion tiny
Can be Sent aly

‘1 \ . Aml . < I
, / \ chewne |y
Chonpel ng
— SOU‘(CC A <

=2 Each oF the St7cams  Ceud be a diffcvent data_7vate.

Each infovmation Stycam mMaintaing ke indivdual dara
Yate after belng  muntipleded  ¢oith othor Stecams and
Oberates ar g unigue  tdauetength.

Features of oM :-

N C:QPO_C_@:, upgvade :-

~

The classical application o€ WM @5 to
“PQqvade the capacity of caisting point to polt Hiber
OPHC tyansmission (inks - T§ cach edAuctength SUppoTts
an independent peteoovk cignal oF a Hew gigabits pev
Second, then WOM Can eyease the capacity ©Of @
ber network  dvamaticaty. i

2, Txapspovency :-

Ao fmportant aspect oF WOM (G that cach

Optical  channet can carry any transmission
fovmat -

3, &Javctcnggf_)m “E'outi’nq ;,'

In  addition to the usaqe  oF ouitiple

_‘. | voks) 33/ %




N

Lavetength to  incveasSe link capaciyy and Flenibility

the Use oFf cavetength Sencitive  optical 7outlng
devices, b desgning  Cosnmunication NDeteoorks and
Seoitches has ap  Uevy  Important vole.

% (atelength Youted NetcoorkSs use the actual cdavelength

Qs -ﬁ'nal address |

Y, coauetength Scoitching «-
— auetength  Youted Netcoovks: Q7c based on l

o YQid Hiber Styucture, edauclength Switchad
avchitectuyes  Qlloco  weconfiGurvationg OF the optical

layes-

Opeyation principle of WIDM :-

—="he Key feature of WOM {5 that the dGcrcte
wauetengthe  fomn  an  ovthoqonal  Set 0F  cavlevS that
can be Sepavated, Youted and Seoftched  cofthout
interfering  coith each other

* e opttcal bandcodth Can be edprvessed i tcvms
OF Qatclength dewiations “A/\y

Al = c)apy

Tpes oF Wou -
oidirectional (oM -

> Th  unidivectional WIDM  tcchnue, optical
SQals fvom  different light Soutces €ach Comprising
oF Q@ chaonet qve  Simatt ancously  tvapsmitted thvough
the Same optfcal fiber-
% Each h"qht.; Souvce 1S opevating  at ditferent cawricr
+yequency tov) light coauetengthe using  LEo (ov
(el=Tat §

omke-S 13§)5g




()

+‘1___“.,_ ——— ——————————— e e

i

l! ¥ The [legh{' from Cach Souvce 5 combined Usf"ng
‘! Q deuice called optical muitipledey- As the Signal
|

S

transmits  through the fber and  ycacheS the fav cd,
Q deuvice called optfcal demuteiplestey Sends  signal of
| €ach channe! to (S Ocon Yecaues.

¥ Ae the Yeceluer, photodetectors Comuert light SiGnals

Into  Corvesponding  electrical Signals.

| ~> When & channels  at bt Yates By, By - g,
| ave tYansmiteeq gimultancously ouey Q Libev of length
‘ L, the total bir vate- dstance product, BL i guen

| bg’

| QLT_CBI-FB}*_____BM)L
|- T-C Bl:Bl:Bgr_____zauzejwcqct
BL = nBL

Thevefove, the System  capacity S eohanced by @
factor al.

| % The capacity OF @OM depends on minimum chaonel

| Spacng Aty cohich 1S fimited by Inter- channel
| Cvoss talk. Minimum channet spacing & Alg, =28
!' toheve g (e bit vate, The gpectral €fficiency hs of
I Wnta s Qiuen by r

| QS B . 1 .l

!. } Aucb

| % common w«sed channet Spacing {or most Commevcial
| DM Systems S (QOGHz ¢oith only (0. efficiency

at o b‘ot Yate, oF o G(b[g i HDCOCUCYJ +0 TmpYovc

the cHltciency up to Qo locwer channet Spacing of

90GHz and bt vate of Yo Giblg & Gscd. i

|
by !
|
|
|
|
|

—————— it

ot 3§] 38




Ty

[ cosse qui | — el
.-—.4/, ——— (qu —ECLCCEOY I_N_%
; ) tector |
) : |
channct 2, Ay \ . |
] | ? 4 D&CC&O:P“E‘"}
\ ,/}’?‘r I I|
| LTy . g . |
h i T —
! channd u*jsomcc N ﬂf Detcerop] ChopfS! 1
| SN =
I | |
o DEMOUY
Bidtvectional WDM -

15!

crert€!d

gibe?

.
¥
Rx -
1) fe————x . M Tx
it ey B R
(I ] [
MO [ DEMOX MUY [ DE MUY |

Th b — divectional DM gg_étch the Muitiplexing
device opevatcs in two  olivections e, they work as
MUY [pemoX at the Samc +Hme-
Muteipledtcy Ffor the
Q  demultipleser Ffor the

channel 2 -

The deltce Octs Qs
tight Sowce of chaoncl t ard Qs

veceiwed NGht  Sghat of

chﬁ’ﬂJ
/4—{ Detector

Ra

The device D'a’csc_ht Qt &Evc far end Qcts D
Yeuerse {Lachion
Signal of

e, it acts as demuttiplexer for
channel 4 and Muttipledey fov the Signal

OF channel 2 fyom the light Sowrce. Thus, (ght Signal
trauelg

divecetion

Systems ave

fo teoo

{n

Simultaneousty  along the Hber i dpposite

Channcls . The (Mmportant se OF WDV |

loop  and trunk  System applications.

I

"
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X opticat fther Syseem Dk budget :-

T—mnsm;ttc"’ ephees ' (;O\ ) Receiued
Connccto"_& /\ : o\?/"«\ 1ot | J’ Connectoy
silemc o H o JJHE . ‘W‘Q

AT P
Fibet eiyead | Te  Tsp lsp xZonzccfcill i \ﬁ%ﬂ;f“d_
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