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Optical fiber

Nobel prize
2009

Charles K. Kao high-purity materials
max impurities acceptable 

in ppb (10-9)

ULTRA-PURE TECHNOLOGIES

attenuation, dispersion

Optical losses in optical fibers

- trasparency of 3 mm of window-glass ical fiber

Optical fiber : dielectric structure, L<< r, ncore > nclad

FBMI, 2017



Purity of material

1. Per Analysis PA (99 - 99,5 %)

2. Semiconductor PP (99,9995 %) 

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

%  10-2

ppm 10-6 (parts per million)

ppb 10-9 (parts per billion) : content of impurities 
acceptable in FO Optipur materials

Ultra-pure technologies - CVD !
FBMI, 2017



Optical fiber preparation

MCVD

2. Fiber drawing

1. Preform
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Preform preparation

MCVD (Modified) Chemical Vapor Deposition
1. Deposition of layers

1700°C

O +2 

Substrate tube

Glassy layers

SiCl4

2100°C

2. Collapse

GAS MIXTURE GLASS - PREFORM

SiO2destilled

 Sequential sintering of thin glassy layers (of thickness 1-
onto inner wall of silica substrate resulting in bulk material
preform

 high purity (~ 101 ppb) high preciseness (better than 1 %)

FBMI, 2017



Preform preparation

 

Microphoto of cross section of 
produced  preform

Tomography of the refractive-index 
profile of preform

 High purity material due to FO-Optipur purity starting materials.

 High quenching rate ranging from 102 to 103 C/s.
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Other CVD Technologies

OVD

VAD

MFC

H /O

fuel
2 2

Soot
preform

SiCl

+dopants
4

H /O  fuel2 2

SiCl

+dopants
4

FLAME

Sintering

Sintering

Preform

Preform
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Drawing of optical fiber from preforms

 Diameter

80-

 Temperature

1800-2100 C

 No textile

 No thermo-insulation

FBMI, 2017



Application

Telecommunication
fibers
(cables)

Fiber lasers &
amplifiers

Telecom amplification,

Fiber sensors
Environmental,

biology,
medicine

Special fibers

FBMI, 2017



200 km telecom line - test

Telecommunications [mW]

 

GI - multimode

SM - singlemode

VÚSU Teplice, 

Hesfibel - TR
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Speciální vlákna pro telekomunikace :

Vláknové lasery a zesilovače

zdroj signálu detektorzesilovačvlákno

Vláknový zesilovač,  laser

FBMI, 2017



Silica specialty optical fibers for fiber 

lasers and amplifiers

[C.J. Koester, E. Snitzer, Appl.Opt. (3) 1964, 1182] , [S.B. Poole, J.Lightwave Tech. LT-4 

(1986), 870], [E.Desurvire, J.Lightwave Tech. LT-7 (1987), 835]

Active medium

Gas, Liquid
Solid state :
* semidonductor
* glass
* OPTICAL FIBER

Mirror
100%

Mirror
8-99%

, 

Er3+
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Fiber lasers mW → kW

* high conversion efficiency (fiber lasers ~70-90%) - savings

* high quality beam (nearly Gaussian, low divergency)

* high brightness (high concentration of power)

* good thermal management (cooling)

* effective pumping 

* tunability 

* compactness

* size (long resonator in small space)

sun 63 MW/m2

fiber laser 12.7 GW/m2

[IPG]

FBMI, 2017



Silica (VIS-NIR) specialty optical fibers

for fiber lasers and amplifiers

DC structures, beam combining ..

FBMI, 2017



Silica (VIS-NIR) specialty optical fibers

for fiber lasers and amplifiers

Dopants

Dopant combination : effective pumping due to energy transfer

High-power lasers :  Er (1.5 um), Yb (1.1 um), Tm (1,9 um)

T
ra

n
s
p
a
re

n
c
y

600 800 1000 2000 3000 5000 10000

Wavelength [nm]

VIS NIR IR

SmTm Yb ErTm Tm HoBi

1500

Raman

Sm  650 nm
  800 nm
   900-950 nm

Yb   970-1040 nm

   1320-1400 nm
  1470 nm

    1550 nm
  1550-2050 nm
   1950-2250 nm

     2800 nm
    2860,3000 nm

Tm

Tm

Tm

Nd

Nd
Bi    1100-1300 nm

Er

Er
Ho

Ho

200

Nd Nd Er Ho
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RE-doped SILICA 

+ low optical losses in wide transmission window

+ good thermal durability and stability

- low miscibility of RE with silica

Increase of RE doping +  Mixing of RE

→ phase separation 

→ unacceptable attenuation 

=> modification of matrix with (GeO2), Al2O3, P2O5 …  Sb2O3

= dissolving of RE in glass matrix + increase of RI

FBMI, 2017



Optical fiber sensors

Source Detector

Continuous monitoring of
(bio)chemicals and their 
concentration.

Source

Detector

Suitable for : 

remote sensing

distributed sensing 
flammable or explosives

in high-voltage areas

human body

FBMI, 2017



Optical fiber sensors

Zdroj

Detektor
Ø 18 μm

In vivo detection of pH in small samples (droplets, cells)

FBMI, 2017



SUMMARY

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

2. 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. 

3. Fibers conventional (passive) and special 
(active).

4. Research of optical fibers (CR) : 

FBMI, 2017
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