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Outline

Basic Properties of Optical Fibers

- What is an optical fiber ?

Modern Optical Communication System

- How does it work ?

- Advantages of fiber optics 
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Refraction of Light
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Light Guiding by a Water Jet
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Optical Fibers
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Optical Fibers

:$;%1*)"<$&P0=$>&U%-;",$

Pure Silica Cladding 

Doped Core  index

Plastic coating
  250 microns

   Core
9 microns

Glass cladding
  125 microns
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Fiber Cable
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Attenuation in Optical Fibers 
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Attenuation vs. Wavelength
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Fabrication of Optical Fibers
Fabrication of silica fibers by a two-step process
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Fabrication of multi-component glass fibers
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The core of a silica based fiber can have a purity of better than 0.1 ppb 

(parts per billion (10-9)). Such high degree of purity has been made 

possible by Chemical Vapor Deposition (CVD) techniques originally 

developed for Semiconductor Industry. The method uses the difference 

in the vapor pressures of the liquid metal halides of the material and 

those of the impurities.

I7

Vapor pressures for metal halides and potential impurities
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Modified Chemical Vapor Deposition (MCVD)

SiCl4 + O2                     SiO2 + 2Cl2
GeCl4      + O2                     GeO2   + 2Cl2
4POCl3  + 3O2                  2P2O5 + 6Cl2
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Fiber Drawing
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Loss spectrum of a single-mode fiber produced in 1979:
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Loss and dispersion of the Lucent’s Dry “AllWave” fiber:
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Why Optical Fibers ? 

Some Advantages

% Light weight

% Immune to EM-interference

% Nearly impossible to tap
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Key Advantages 

% Attenuation is independent of the 

modulation speed

% Ultra-High Carrier Frequency

– f ~ 190 THz @ 1.55 µm wavelength

(1 Trillion Hz = 1012 Hz)  

IK
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Attenuation: Fiber vs. copper
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Fiber Optic 

Telecommunications

0,6J5
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Digital Transmission: at speeds as high as 10 or 40 Gbit/sec

 0   1   0    1   0   0   1    1   0   1    0
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Importance of the Carrier 

Frequency ?
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The Electromagnetic Spectrum

Wavelength
     (m)

106 1010108 10141012 1016 1018 1020 1022

Frequency
    (Hz)

100 10-21 10-4 10-10 10-1410-6 10-8 10-10

Radio Microwaves

The Optical Spectrum

X Rays
Gamma
  Rays

I88&5eh

I8&geh I88&+eh
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Modulation frequency higher 

than the carrier frequency ?
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Modulation
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Fiber Optics

% Fundamentally nearly unlimited 

bandwidth !!

– Carrier frequency ~ 190 THz
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Dense Wavelength Division 

Multiplexing (DWDM)
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Erbium Doped Fiber Amplifier

(EDFA)
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Glass Waveguides on Si

% Three silicon oxynitride layers on a 

thick silicon substrate (1.3 mm)

% Film deposition with PECVD technique 

(n&1.48, 'n&0.008)

% Two layer masking process

% Plasma etching of the waveguide core
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State-of-the-Art DWDM

j>1.(,$?

L"2)10*$?& I788&S.

R/.#$%&-;&C1<$,$0E)62?& I7Q

+-)1,&*1(1*")N? Q&+#")`2

e-C&./*6&"2&I&+#")`2n

V I8&.",,"-0&(6-0$&*1,,2

V 6/0=%$=2&-;&)6-/210=2&-;&+]&*6100$,2&

7b
!"#$%&'()"*&+$,$*-../0"*1)"-02

+3+4&51%*6&7889

Qwest’s North-American

Fiber-Optic Backbone System 

@8
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Qwest’s Global

Fiber-Optic Network
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10 Mbit/s 100 Mbit/s

10 Gbit/s

N x 10 Gbit/s

@7
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Submarine Fiber-optic System
Fiber Manufacturing / System Assembly / Cable Laying
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