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. INTRODUCTION : Optical fibers

Refractive index (n=c/v)
Vacuum 1
Air 1,0003
Water 1,330
Silica 1,457

W. Snell 1580-1626
J. Tyndall 1820-1893

n, > n,




Optical communication principle
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Optical properties and material purity

* Attenuation
* Dispersion

y *Optical losses
* Intrinsic
* extrinsic

Transmittance [%]




The Nobel Prize in Physics 2009

Charles K. KAO Willard S.Boyle George E. Smith
1/2 1/4 1/4
for groundbreaking for the invention of an imaging
achievements concerning the semiconductor circuit — the CCD sensor

transmission of light in fibers
for optical communication



Material purity

1. Per Analysis — PA (99 - 99,5 %)

2. Semiconductor — PP (99,9995 %)

3. Ultra-pure - FO Optipur / for trace analysis [ppb]
% — 102

ppm — 10 (parts per million)
ppb — 10 (parts per billion) : content of impurities
acceptable in FO Optipur materials

Ultra-pure technologies - CVD !



. TECHNOLOGIES
CVD - Chemical Vapor Deposition

production and deposition of material in solid state from starting
materials in gaseous state through a chemical reaction :
A(g) + B(g) = AB (s)

Cold
source

Gaseous
9ases Reaction/zone product
Reactants__ /

ICPF: LCVD
Fajgar
*Dfinek
*Pola




MCVD - Chemical Vapor Deposition

1. - DECOMPOSITION-oxidation

- DEPOSITION
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m Sequential sintering of thin glassy layers (of thickness 1-20
um) onto inner wall of silica substrate resulting in bulk
material — preform

m high purity (~ 10" ppb) high preciseness (better than 1 %)



MCVD process

m Sequential sintering of thin glassy layers
= High quenching rate 102 - 103 °C/s.

High purity material due to FO-Optipur
purity starting materials

m MCVD process modelling :
m 1. Vaporization of starting materials

Vxciu= Vox - Pxcia/ (P - Poxcia ) -
2. Oxidation
1st -order kinetics (t = 0.02 s)

ICPF:
Unconventional
glass melting
Hajek

Cirkva

ICPF: Analytics
Horacek
Soukupova
et.al.

ICPF:
Phys-chem

Chemical equilibrium (conversion 0.95-0.99) Bendova



MCVD process

3. Deposition
Thermophoretic efficiency f (t, Xgicia/X gecia) |ICPF:Aerosols
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MCVD preform preparation

Microphoto of cross section Tomography of the refractive-
of produced preform iIndex profile of preform



Drawing of Optical Fibers from preforms
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Preparation of optical fibers

Drawing

\ preform




ICPF, 11




Telecommunications

vlaknovy
zesilovacé




Telecommunications

PCS 200 ~ 600 um GI - technology transfer
technology transfer ~ VUSU Teplice, Hesfibel ~SM 1300, 1550 nm
VUSU Teplice

1981 — 1st demonstration of PCS optical fiber - CZ



Communications : increasing requirements
onh speed and ammount of information

- Log. 40Gb/s -
Bit rate .

10Gb/s
2.5Gb/s
565Mb/s
140Mb/s
34Mb/s
8Mb/s
2Mb/s
1980 1985 1990 1995 2000

Information Society - IST - Priority of 7 FP




CWDM wavelength grid as specified by ITU-T G.694.2
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SPECIAL OPTICAL FIBERS
for fiber lasers, amlifiers (non-linear)

Doped fibers Components

Twin-core (TCF)
Photonic crystal (PCF)



Telecommunication and fiber amplifiers

UFE : M.Karasek
in collaboration
with Cesnet :
testing 200 km
line




Fiber-optic sensors

Continual reversible monitoring of (bio)chemical
species and their concentration

388 r

7 N\ /

NN\ /Y /

Change of output optical signal due to (bio)chemical
changes in fiber vicinity.



Environmental monitoring, medicine,
biology, homeland security ....
+ Remote sensing

+ Distributed
+ Explosive, high-voltage areas, human body

Solution : fiber-optic sensors

/ \
Multipoint (distributed) Point detection
detection

2 o o
OO O T




Refractometric sensor of hydrocarbons

+ sensitivity : LOD ~ 3-5 mg/l ~ comparable to EU ecological limit
+ time response : seconds

In collaboration with Jean Monnet
Saint-Etienne, Ecole Centrale de Lyon



Detection of vapors

In collaboration with ICPF
in progress

ICPF: (analytics)
Sykora




Detection of oxygen in fermentors :

6FP GRD project MATINOES ICPF: (analytics)
In collaboration with ICPF, ISC Kuncova & Maléterova,
Wurzburg, UMIST Manchester ... Bolyo, Trogel, Vrbova

ufe ICPF, 11

AN



Local pH detection in microsamples

Fiber tapers :

Detection of pH <5; 7> in xylem exudates, intracellular detection
In collaboration with IEB ASCR, UK, MU, VSCHT, MZLU



SPECIAL OPTICAL FIBERS
for fiber sensors
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LPG S-fibers COF-fibers capillaries
ICPF: HPLC
Sykora

ICPF: bubbling
Ruzicka et.al.
ICPF: membranes
Uchytil et.al.

ICPF: Puncochar

[ PCF], tapers



Fiber-optics for medical application

Ve spolupraci

m Angioplastics - cleaning of arteries
using an intensive laser pulse

m Fotodynamic diagnosis and therapy
m Optical biopsy - cancer diagnosis




3.
4.

IV. SUMMARY

Fiber technology : preparation of structures
of high preciseness from materials of ultra-
high purity (impurities in ppbs only).

Fiber preparation in two steps : preform
preparation and fiber drawing. (M)CVD
technique (preform) makes possible to
prepare multilayered tailored structures of
suitable level of purity.

Fibers conventional and special.
Research of optical fibers (CR) : l]fe
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