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Optical fibers
PN * dielectric

* mostly circular

*d>>L

*Nny>n,

* total reflection

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

Optical losses in optical fibers (intrinsic, extrinsic)
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Optical fibers

Optical losses in optical fibers (intrinsic, extrinsic)

- high-purity

- silica based materials,
max. impurities
acceptable in ppb (109)
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ULTRA-PURE TECHNOLOGIES
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Optical fiber preparation - technology

2. Fiber drawing

1. Preform
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PREFORM PREPARATION - MCVD
MCVD - (Modified) Chemical Vapor Deposition

1. Deposition of layers 2. Collapse
GAS MIXTURE GLASS - PREFORM
|
O, + SiCl,
—Tp U AR, B
destilled

Glassy layers

Substrate tube 1700°C 2100°C
— e

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

A (g) +B(g) =AB (s)
high purity (~ 10! ppb) high precision (better than 1 %)
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Microphoto of cross setion Tomography of the refractive-
of produced preform index profile of preform

High purity material due to FO-Optipur purity starting materials.
High quenching rate ranging from 10?2 to 102 °C/s !
Dopants = change of refractive index
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Drawing of optical fiber from preforms

_-Preform Diameter
. 80-1000 pm
< Graphite
furnace
Temperature
Fiber —— : 1800-2100°C
N == Diameter Diameter
Coc?ting/, A | Feedback 80-1000 pm
e
Temperature
— Curlng 1800'21000C
furnace
No textile

Spool % No thermo-insulation
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I
Technology

8 VSCHT — KMI-2024



I
Application
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Optical fibers - telecommunications
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Optical fiber sensors

Source e
\

Continuous monitoring
of (bio)chemicals and

their concentration.

\ Suitable for Z_
~ remote sensing
"""" - distributed sensing
flammable or explosives
In high-voltage areas

human body
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_
Optical fiber sensors

In vivo detection of pHin small samples (droplets, cells)

Sterilizable !
Long-term operation
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Optical fiber detection of pH

pH
kapky objem
5.0 5.4
5.6 5.4

55 6.0
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Silica specialty optical fibers for fiber
lasers and amplifiers

+ + + cerpani aktivni vliakno vystupni
laserovou il
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' . — FBG odazejici vystupni FBG,
Active m ed ium 100 0 %% laserovy polopropustna pro
signal a jinde 0 % laserovy signal
Gas, Liquid
Mirror Solid state : Mirror
100% * semidonductor  8-99%
* glass

*OPTICAL FIBER

[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]
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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 ‘&, 1_-
* tunability RS U

* compactness
* size (long resonator in small space)

{ 7 ';
’ I-I‘ -
- et

sun 63 MW/m?
fiber laser 12.7 GW/m?2 [IPG]

15 VSCHT - KMI-2024 UFE




Tm/Ho fiber for ASE (1550-2050 nm)
stable source
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SUMMARY

1. Fiber technology : preparation of structures
of high precision from materials of ultra-high
purity (impurities in ppbs only). Difference
between CVD and PVD.

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) : U FE
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Be UFE!
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http://www.cuni.cz/

NEBEZPEC| POPALENI

1.

W N

Be carefull |

NEBEZPECI STYKU NEBEZPECI STYKU
LASEROVE ZARENI S JEDOVATYMI LATKAMI S LEPTAVYMI LATKAMI

EXCURSION
Preform preparation (MCVD)
Fiber drawing
Preform (fiber) characterization

Thank you for attention
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