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Fiber optic cables: How they work

> https://www.youtube.com/watch?v=0MwMKkBET 5l

Fiber optic cables: How they work

Total Internal
Reflection

> » 0 1:18/5:35


https://www.youtube.com/watch?v=0MwMkBET_5I

1.1 Historical Perspective

» Total internal reflection (know from the nineteenth century)

— the basic phenomenon responsible for guiding of light in optical fibers.
» 1920s : Uncladded glass fibers were fabricated.

» 1950s : The field of fiber optics was born when the use of a
cladding layer led to considerable improvement in the fiber
characteristics.

» 1960s : mainly for the purpose of image transmission through a
bundle of glass fibers.
— These early fibers were extremely
lossy (loss >1000 dB/km) from the

modern standard.

RI = Refractive Index n1>n2



» 1979 * Further progress in fabrication technology resulted i,

ISR

a loss of only 0.2 dB/km in the 1.55-pm wavelength region. "
— The availability of low-loss silica fibers led to

 arevolution in the field of optical fiber communications.

 the advent of the new field of nonlinear fiber optics.

» 1972 : Stimulated Raman- and Brillouin-scattering were
studied.

» 1973 © It was suggested optical fibers can support soliton-like
pulses as a result of an interplay between the dispersive and
nonlinear effects.

» 1980 : Optical solitons were observed in a experiment and
led to a number of advances during the 1980s in the
generation and control of ultrashort optical pulses.

» 1987 : Pulses as short as 6 fs were generated.



The Nobel Prize in Physics 2009
Charles K. Kao, Willard S. Boyle, George E. Smith

Share this: AEEEE 24

Charles K. Kao - Facts

Charles Kuen Kao

Born: 4 November 1933, Shanghai,
China

Affiliation at the time of the
award: Standard
Telecommunication Laboratories,
Harlow, United Kingdom, Chinese
University of Hong Kong, Hong
Kong, China

Prize motivation: "for
groundbreaking achievements
concerning the transmission of light

in fibers for optical communication”

Photo: U. Montan

Field: fiber technology,
instrumentation
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What Are Fiber Optics?

» https://lwww.youtube.com/watch?v=7h2xr-pi5VQ

What Are Fiber Optics? - FO4SALE.COM

A Simple Fiber Optic Communication Link

INPUT DATA

- | TRANSMITTER
I U U = CIRCUITRY

( FIBER OPTIC CABLE
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—— ) OUTPUT DATA

1. Laser
2. Optical Fiber
3. Photodetector

( 0 Fiber Optics For Sale Co.

s www. fodsale.com
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https://www.youtube.com/watch?v=7h2xr-pi5VQ
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> A new dimension was added when optical fibers were doped:, -
with rare-earth elements (43% 4 =< %) and used to make

amplifiers and lasers.

» Erbium-doped fiber amplifiers(EDFA) attracted the most
attention because they operate in the wavelength region near
1.55 pm and are thus useful for fiber-optic lightwave systems.

™ \ \\ _\‘:h

» After 2000: two nonlinear effects occurring inside optical
fibers were employed to develop new types of fiber-optic
amplifiers

Incident Spectrum

— stimulated Raman scattering

Transmitted Spectrum

Wavelength

Amplitude

— four-wave mixing.

Wavelength

» 1978 © first made of fiber gratings.  nected spectrum

Amplitude

Amplitude

L |

Wavelength

9 micron diameter core fibre Bragg grating

1985 mirran diamatar ~lasddin~



» 1996 : new types of fibers were developed, known under
names SUCh aS Polymicro Technologies™ AW

Polyimide Coated Capillary Tubing

— photonic crystal fibers, D

Fused Silica

— holey fibers, r—

— microstructure fibers,

Coating

— tapered fibers,

Fused Silica Capillary Diagram

» With these developments, the field of nonlinear fiber optics
has grown considerably after 2000 and is expected to continue
to do so in the near future.

Hydrogen Flame Fiber  Stage
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Tapered Fiber Puller Demonstration

» https://www.youtube.com/watch?v=TR72sQmturk

Tapered Fiber Puller Demonstration

> »l o) 0:12/0:59


https://www.youtube.com/watch?v=TR72sQmturk

Photonic Crystal fibers I ™

1974
Kaiser et al.
Air-silica fibers

1996
Knight, Birks,
Russell, Atkin,
Photonic crystal fiber

1998
Knight, Broeng,
Birks, Russell

Photonic bandgap
fiber (PGB)

1999
Cregan, Mangan, Knight,
Birks,
Russell, Roberts, Allan
SM PGB

Core : - hollow Holes
- solid d: hole diamete

|
T.K. Birks, P.J. Roberts,P.S.J. Russel, Atkin, Shepherd, Electron. Lett. 31, 1941-1942 (1995)



Index guiding Fiber

Kinds of the Photonic crystal fiber

Microstructured Fibers (MF)

High
Numerical
Aperture

Microsructured Optical Fiber
(MOF)
Holly Fiber (HF)

Large mode
Area

High
nonlinear

Photonic crystal
fibers

Bandgap guiding Fiber

Endless single
mode

Photonic Bandgap Fiber (PBF)

Air guiding

Fresnel Fiber

Bragg Fiber




Nonlinear PCF (microstructure fiber) =

e [eature

— pure silica core surrounded
by regular array of air holes

 Property

— Dispersion properties can
be tailored in broad range
o from 1.3 mm to visible

— Small mode area
» Highly nonlinearity
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SEM & Specification of the MFs
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Iltem name Core Cladding Zero dispersion Cut off Mode field
diameter | diameter Wavelength Wavelength Diameter

(mm) (mm) (nm) (nm) (mm)

NL-1.7-790 1.7 129 790 & 1400 680 1.53

Crystal Fibre Inc. 1 m long




NL PM 750

Physical properties

Material Pure Silica
Cladding diameter 120+ 5 pgm
Coating diameter 24010 um
Coating material, single layer Acrylate
Core diameter 1.8+ 0.3 ym
Optical properties

Short Zero dispersion wavelength 750 £ 15 M

Long Zero dispersion wavelength

1260 + 20 M

—alfif

Attenuation @ 780 nm <0.05 dB/m
Cut-off wavelength <650 NM
Mode field diameter @ 780 nm 1.6 £ 0.3 Um
Numerical aperture @ 780 nm 0.38 + 0.05
Nonlinear coefficient @ 780 nm ~ 95 (Wkm)™
Birefringence @ 780 nm »3-107

Typical spectral attenuation
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Photonic Technology Lab.
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SEM & Specification of the MFs

Qo/26/2005

Iltem name Core Cladding Zero Cut off Mode field
diameter | diameter dispersion Wavelength Diameter
(mm) (mm) Wavelength (nm) (um)
(nm)
NL-PM-760 1.7 117 760 & 1160 600 1.55




Dispersion Curves and the parameters

200

3. 8 o

Dispersion (ps/km nm)

S

600 750 900 1050 1200 1350 1500

Wavelength (nm)

Mode Solutions
Lumerical solutions, Inc

g=74 (/km W) @ 1064 nm

%106 *10°8
(psgf(m) By (ps°lkm) | B, (ps*/km) (§25/km) (ﬂp636/km)
5779207 | -0.08328 0.00153 -9.20867 5.66594

The pumping wavelength near the longer wavelength zero dispersion point.



Photonic crystal fiber

> https://www.youtube.com/watch?v=2yzI9NMS8blY

High-performance Photonic Crystal Fiber 0o »
T [Esc| AR s

>l o) 0:44/321 = o o
From you tube



https://www.youtube.com/watch?v=2yzI9NM8bIY

Microstructure fiber

In microstructure fiber, air holes Air holes
act as the cladding surrounding a

glass core. Such fibers have

different dispersion properties.

Such fiber has many
applications, from
medical imaging to
optical clocks.
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Two dips can be seen near the
zero dispersion point.



Russell at CLEO-PR 2011
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Photonic Crystal Fiber for SCG

> https://www.youtube.com/watch?v=1goWPWO0aC80

10. Latest Developments in Photonic Crystal Fibers

* Desp-Uv gereraticn ~ A

> »l ) 929/2442

From you tube


https://www.youtube.com/watch?v=IgoWPW0aC80

Talk by Russell

» https://www.youtube.com/watch?v=5je47GPW Mc

Guiding Light in New Ways — Philip Russell, 1ISS2013

... and drawing

photonic
draw crystal fibre

-

~0.03 mm
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From you tube


https://www.youtube.com/watch?v=5je47GPW_Mc

1.2 Fiber Characteristics

> Step-index fibers (F&#$# or % » Graded-index fibers

%), an optical fiber consists of _ in which the refractive

— a central glass core with index of the core
refractive index index n;. decreases gradually from

— surrounded by a cladding center to core boundary.
layer whose refractive Ty % B

Index n. is slightly lower.

Glass or plastic
core

(a)

Jacket

Hladaian (b)
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» Schematic illustration of the cross section (3 # & ) and the o%.\*:s
refractive-index profile of a step-index fiber.

> Two parameters that characterize an
optical fiber are

Jacket
Cladding

e Relative core—cladding index
difference (- & 378+ 5 £)
A =(n,—n.)/n, Core
e \ parameter
V=kya(n,?-n2)2
Ko=27/A

a - core radius.

. Radial Distance
A : wavelength of light.
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» V parameter: determines the number of modes supported by*i-a;ok_wl_;;
the fiber. o
— 1f V' <2.405 : astep-index fiber supports a single mode.
» The main difference between the single-mode and multimode
fibers is the core size.
— Multimode fibers: the core radius a is typically 25 pm
— Single-mode fibers (with A = 0.003): require a to be <5 pm.

— A standard value of b = 62.5 pm is commonly used for both
single-mode and multimode fibers.

Jacket
Cladding




. . LA
Multimode Fiber LN

» https://lwww.youtube.com/watch?v=6xY0zY4zj00

What is Multimode Optical Fiber?

Step-Index Fiber Structure

n(r)
n .
7 L /Buﬁor Coating
-a .
radius, 7 Optical fiber construction

Refractive index profile of a step-index fiber.

> »l o) 047/803



https://www.youtube.com/watch?v=6xYOzY4zj0o

1.2.1 Material and Fabrication

» For low-loss optical fibers :

— The material is pure silica glass (% #& #.38 quartz glass)
synthesized by fusing SiO, molecules.

— The refractive-index difference between the core and the
cladding is realized by the selective use of dopants during the
fabrication process.

 Core: Dopants such as GeO, (= # it éﬁ) and P,O: (7 # it = &%)
Increase the refractive index of pure silica

e Cladding: boron (B, #) and fluorine (F, & ) are used because they
decrease the refractive index of silica.

» Fiber amplifiers and lasers

— the core of silica fibers is co-doped with rare-earth ions (ﬁr:} e
=+ ) using dopants such as ErCl; (Erbium chloride, # * 42) and
Nd,O; (Neodymium Oxide, 3 it £%).
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» The fabrication of optical fibers involves two stages.

— First stage, a vapor-deposition method (§ 4piT#§)isusedto
make a cylindrical preform ([F14L%g E #%) with the desired
refractive index profile and the relative core-cladding

dimensions.

— Second stage, the preform is drawn into a fiber using a
precision-feed mechanism that feeds it into a furnace (% & %)

at a proper speed.

» The three commonly used methods are
— modified chemical vapor deposition (MCVD) (¢z:2 it & % 4p
A %)
— outside vapor deposition(OVD) (*t # #p 7T #% %)
— vapor-phase axial deposition(VAD) (F #4p i it 4% 72 )



Cladding Layer

» In MCVD process, successive layers of SiO, are deposited on the
inside of a fused silica tube (% & # & ¢ ) by mixing the vapors of
SICl, (= # i*# or z % #£"=) and O, at a temperature of 1800 °C

> To ensure uniformity, the multiburner torch ( % # X %3) is moved
back and forth across the tube length.

» The refractive index of the cladding layers is controlled by adding
fluorine (4, ) to the tube.

Oz2_ Flt.':w.r-.nr Meters Fused Silica
—— [ Tube o
—l
DE 1 CEE
Multiburner Torch

POC2; | GeCés Lpcy,, sif, Elz
5'C£4 SFE! CEE:FI‘EDH 2

b ey

Bubblers Translation Stage




Core layer LN
'OC‘%‘T;&
> When a sufficient cladding thickness has been deposited with multiple

passes of the torch, the vapors of GeCl, ( Germanium Tetrachloride, = %
i- 44) or POCl, (= # ¥ ##) are added to the vapor mixture to form the
core.

Preform

»When all layers have been deposited, the torch temperature is
raised to collapse the tube into a solid rod known as the preform.

Chemical
Vapors

Oz N <« > gases
7Y Burner
&Y (05+H,)
SiCl, POCI,
Deposition Reaction ]
Layer Region Solu1:|on
i — Doping
cePe ®
Chemicalwﬂwﬂ
Vapors m‘:_*.._ﬁa‘ses
| g — "
Burner Burner

Core Deposition Collapsing & Sealing



Fiber from ofs

» https://www.youtube.com/watch?v=liIKOYbgIC c

OFS OPTICS: MANUFACTURING HIGH-PERFORMANCE OPTICAL FIBER
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From YouTube


https://www.youtube.com/watch?v=liKOYbgIC_c

Manufacture of Optical Fiber

> https://www.youtube.com/watch?v=uSnjo5tOGQA

How It's Made, Fiber Optics.
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From YouTube


https://www.youtube.com/watch?v=uSnjo5tOGQA
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Fiber manufacture from Thorlabs

> https://www.youtube.com/watch?v=crZjyonGj-k

Thorlabs Specialty Optical Fiber Manufacturing

> > o) 2:10/5:25

From YouTube


https://www.youtube.com/watch?v=crZjy9nGj-k
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