Co-funded by the
Erasmus+ Programme
of the European Union

Digital Broadcasting and Broadband Technologies (Master Studies)
Erasmus+ Project No. 561688-EPP-1-2015-1-XK-EPPKA2-CBHE-JP

This project has been founded with support from the European Commision
This publication[communication] reflects the views only of the author, and
the Commision cannot be held responsible for any use which may be made of
the information contained therein.

Digital Broadcasting &
Broadband Technologies




OPTICKI MEDIJI
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Opticko viakno — prenosne karakteristike

Djeluje kao talasovod na frekvencijama od 10’4 do 10'° Hz
— Dijelovi infracrvenog i vidljivog spektra

Light Emitting Diode (LED)
— Jeftinija

— Siri radni temperaturni opseg
— dugotrajnija

Injection Laser Diode (ILD)
— efikasnija

— veca brzina prenosa

Wavelength Division Multiplexing (multlplekswanje
po optickim duzinama)
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Prednost optickih kablova u
telekomunikacijama

» mali prenosni gubici (<0.2 dB/km na 1.5 um)
* Sirok propusni opseg (100 THz)

» otpornost na elektromagnetni sum

* niska cijena

* visoka hemijska stabilnost

e prisutnost materijala u prirodi

* male dimenzije

* jak, fleksibilan materijal
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Presjek optickog viakna

Zastitni omotac
plastika (250 or 900 um)

Omotac
Cisti silicijum (125 pm)

Jezgro
dopirani silicijjum (9 — 62.5 pm)
Tipicne vrijednosti step-indeksa:
n=0.001 - 0.01 index profil
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Komponente N

—— Syictlosni signal 1
s Svjctlosni signal 2
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Konektori za opticke kablove




Opticko viakno




Elektromagnetski spektar
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Ultraviolat light

satellite and
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Infrared light
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Propusni opseg za
opticke telekomunikacije
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Af=3x10%-19x 10" Hz

BW=1.1 x10"" Hz =110 THz
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Refrakcija i disperzija O
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Indeks refrakcije

n=—
V
n = indeks refrakcije (bez dimenzije)

c = brzina svjetlosti u slobodnom prostoru
(300.000.000 m/s)

v = brzina svjetlosti u datom materijalu




Snell —ov zakon N

nl S1I Hl - n2 S111 92 (Toward normal}

Normal Refracted ray Lessto more dense
(N1 < ny)

n, = indeks refrakcije materijala 1
n, = indeks refrakcije materijala 2
6, = upadni ugao

6, = ugao prelamanja

Unrefracted ray
» (np=ny)

(Away from normal)

Refracted ray
(n1 > n2)

More to less dense

Medium ns

Medium ni

\ Incident ray




Snell —ov zakon | "smé=m sin 6)

n,

nq> N2 2 Normal
82 = angle of refraction
P, Unrefracted ray
_ ~ Refracted ray (away from normal)
Cladding More to less dense

nz less dense

0,>8;
ny more dense
core 02 increases more than

81 = angle of the increase in 01

incidence

Incident ray Prelazak iz sredine vecCe gustine
\ u sredinu manje gustine




Prihvatljivi ugao
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Prihvatljivi ugao (konus)

Fiber axis

Optical fiber
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Konfiguracije optickog viakna:

Modovi propagacije
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Omotac

Source-to-fiber Cng=1
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Acceptance i
N . Aperture  ——F--—-—--—-———-—--—--—-——--= }- - o | .
VaZd U S n | =Lt E/ B?_g ELFELE
A\ V4 ra T
OmOtaC Side view

Saurce-to-fiber

O = sin™" na/ny
fc=sin"' 1/1.5=41.8°
Acceptance angle =90 -6, = 48.2°

la}

Normal

na = 1.46
Fused quartz

Acceptance
angle

Aperture

Stakleni omotac
* jaci
« manji prihvatljivi ugao

=<

E{:\“"'—-l

| cladding
=

nys= 15
Core

|
I
]
]
]
1
L]

Side view

0= $i|‘l_1 ns/ing
0. = sin”! 1.46/1.5 = 76.7°
Aceeptance angla =90 - 8, = 13.3°

=

lemal




Multimodni step indeks optickog viakna

Source-to-fiber
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Multimodni gradijentni
indeks optickog viakna
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Light source |
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Poredenje tipova optickih viakana A

s Jednomodni step-indeks

+ minimalna disperzija (nema modalne disperzije)
- mala NA
- skup

“* Multimodni step-indeks

+ relativno jeftin
+ velika NA
- multimodna disperzija

** Multimodni gradijentni-indeks
- skupo
+ velika NA
\_ + mala multimodna disperzija




Loss (dB/km)

Gubici u optickom kablu

Total loss (including
Rayleigh scattering
loss)

Ultraviolet

absorption
OH™ ion resonance

Infrared
/ absorption absorption
| | —— | ] I |
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Loss (dB/km)

Gubici u optickom kablu

1 st 2nd 3rd
0.82 um 1.3 um 1.95 um

Total loss (including
Rayleigh scattering
loss)

OH™ ion resonance

absorption
- T—— I [
0.9 1.0 11 1.2
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Multimodno step-indeks viakno A

Light input rays Light output rays
/f ;
HB"r' 1 o L,_h /.-' Ly 1
A Cladding %,
Ray2
I I \ 3
Ray 3

Modalna disperzija
Proizvod propusnog opsega i duzine
BLP = 20 Mb/s x km




Singl-mod step-indeks viakno

Light input rays Cladding Light output rays
Ray 1 Core i
R — — 2
Ray 3 3
Cladding

Nema modalne disperzije
3 THz propusni opseg u 1.55 um prozoru (1.5 — 1.6)
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Multimodni gradijentni indeks A

Light input rays Light output rays
= E‘“é»ﬁx

4
1 — = // 1 2
! \ -

Mala modalna disperzija
2 Gb/s x km




Prostiranje impulsa )

0 : 0 : Originalni biti

-——— Propagation time
t
il
}

Tesko je razlikovati

\ 'm bite




Gubici i distorzija u optickom kablu

Gubici usljed apsorpcije
- ultraljubiCasta apsorpcija
- Infracrvena apsorpcija
- ION rezinantna apsorpcija (OH)
Gubici materijala (Rayleigh, Scattering Losses)
- submikroskopske neregularnosti
Radijacioni gubici
- Bending loss
- Microbending
Modalna disperzija

- samo u multimodnim viaknima
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Gubici usljed povezivanja (spajanja)
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* Loss splice (or fuse) < 0.02 dB
» Gubici konektora £ 0.5 dB
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Pregled

Multimodna viakna
« primjena u lokalnim raCunarskim mrezama (LAN)
 kapacitet je ograniCen zbog intermodalne disperzije:
« 20 Mb/s x km (step index)
« 2 Gb/s x km (gradijentni index)

Jednomodna viakna
« koriste se na dugim rastojanjima
e propusni opseg 13 THz u 1.5 - 1.6 um prozoru
 kapacitet je ograni¢en zbog hromatske disperzije
Disperzija (D) moze biti pozitivha, negativna ili nula
« D=0 @ 1.3 um u standardnim silicijumskim vlaknima
» Disperzija u talasovodu moze se regulisati pomocu
indeksnog profila

» Dispersion shifted fiber (DSF): D =0 @ 1.55 um
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Izvori svjetlosti
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Izvori svjetlosti

Sijalica (Tungsten)

» spektralna sirina > 1000 nm
LED dioda

» spektralna sirina 30 — 50 nm

ILD dioda

espektralna Sirina 1 — 3 nm




LED

Jednospojni LED
e izlazna snaga 2 mW (3 dBm)

Emitted light rays . .
Diffused p region

* p-epitaxial
layer

n-epitaxial

fayer

n-type
substrate

n substrate
' Emitted light rays

silicon-dopirani galijum arsenit , ,
planarna difuzuja

----- neusmjereno svjetlosno zracenje




Visespojni LED
Emitted light rays

A \ + ]‘ A n-type GaAs

n-type AlGaAs
p-type AlGaAs

Metal p-type AlGaAs
n-type GaAs

p-type GaAs

Prednosti:

« povecanje gustine struje

e manja emisiona povrsina — jednostavniji uvod svjetlosti u vlakno
* manja efektivna povrsina ima manju kapacitivnost — vece

\ brzine prenosa
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Edge-emitting LED A

Si0,
p GaAs (contact) -

p AlGaAs (confinement)
n AlGaAs (active)

n AlGaAs
n GaAs (substrate)

Metal

Light cone

Veca usmjerenost svjetlosnog snopa
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Injection laser diode (ILD)

ou
Polished end

Light rays




Poredenje ILD sa LED

< koherentna svjetlost

© veca izlazna snhaga

< vece bitske brzine

© monohromatska svjetlost: manja disperzija

¢ 10 puta skuplje od LED
¢ kraci vijek trajanja
¢ veca temperaturna zavisnost

-




Output power (mW)

|zlazna snaga za ILD
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Usko-koncentrisan snop

i

ILD

Veca usmjerenost zraceceg
snopa

Sirok snop

\ Manje usmjeren zraceci snop

LA ry I

I

\ LED




Detektori svjetlosti: PIN

Absorption zone fOtOd |Ode
r Photon
Depletion zone
’ A . \\ ?l&ﬂtl’ﬂl‘l

Conduction

p intrinsic n I band

- +
v Valence

band

( ) ! Photon adds sufficient
4—@ energy to allow electron

: e s to move from valence band
Energetski gap za silicijum to conduction band

E,=1.12eV=1.79-10"]
Energija fotona
E =hf A 21109 nm

\ h = Plankova konstanta = 6.63 1034 J/Hz




Avalanche fotodioda

Absorption and
depletion zone

Avalanche efekat

APD je osijetljivija od PIN diode




Karakteristike detektora svjetlosti h

R: mjera efikasnosti konverzije fotodetektora

_enG
hv

e = naelektrisanje elektrona (1.6 10-1° Cu)
v = frekvencija svjetlosti

N = kvantna efikasnost

G = interno pojacanje (>1 for APD)

R |[A/W]




LASER

Flash tube
Mirror face
(100% internal
. \
reflection) |I Active
| medium
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Output
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Proracun gubitaka

-

Signal Ootical transmitter

source (LED or [LD)

Signal Quotical transmitter

source (LED or ILD)
Fiber cable

Cptical receiver
(APD)

~

{(Amplifier or regenerator)

Fiber cable Ophical receiver Signal
' - (APD) ™ destination
(a)
Fiber cable Repeater
- b

Signal
destination




Gubici

P = P, — gubici
P, = prijemna snaga (dBm)
P, = predajna snaga (dBm)

gubici = zbir svih gubitaka (dB)
e gubici u kablu
* gubici konektora
* gubici na spoju izvor-kabl
e gubici na spoju kabl-svjetlost
* gubici usljed povezivanja opt. vlakana
 povezivanje kablova

P. mora biti vece od praga osjetljivosti prijemnika

-
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