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Optical fiber
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Optical fibers
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Optical fiber : material of high purity

attenuation, dispersion

Optical losses in optical fibers
- trasparency of 3 mm of window-glass = 2 km of optical fiber

Charles K. Kao high-purity materials
| max impurities
Nobel prize acceptable in ppb (109

2009 1

ULTRA-PURE TECHNOLOGIES
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Optical fiber technology

2. Fiber drawing

1. Preform

5
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Preform fabrication
MCVD - (Modified) Chemical Vapor Deposition

1. Deposition of layers 2. Collapse
GAS MIXTURE GLASS - PREFORM
|
O, + SiCl,
____}_ ....... . - i U, _
destilled
A
|
Glassy layers i
Substrate tube 1700°C 2100°C
—> —>

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

high purity (~ 10! ppb) high preciseness (better than 1 %)
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Preform fabrication

Deposition Preform
of layers colapse

g_j Destilled

halogenides Pretorms
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Preform fabrication

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

« High purity material thanks to FO-Optipur purity starting mats.
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Drawing of optical fibers from preforms

,-Preform « Diameter
-— Graphite i 80'1000 IJm
I I furnace
Fiber S Diameter « Temperature
1l = . 1800-2100°C
Coating N | 4 | Feedback
die
[]<—— Curing
furnace  No textile
 No thermo-insulation

Spool %
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I
Optical fiber drawing

[ [J. Serych & students of SPS SD Panska] ]
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Other CVD technologies

MFC

OVD |

- E L~~~ - - - - —> —>

g
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/ Preform
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SiCl, preform
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Application
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Telecomm — optical communication

domaci

prenosova

zesilovac
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=> Full optical
processing
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Telecomm — optical communication

1966 : free space optical transmissionw
Kobylisy (URE) — Novodvorska (VUST) [P. Peterka, JMO, 2015 ]
1983 : optical fiber transmissieno » 1

__ Karltv most (Ceska televize)

SLOVENSKO
RAKOUSKO O““"" -

mmnsxo
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Telecomm — optical communication

Passive (transmisson) & active (amplification, sources) fibers

source fiber amplifier ~ fiber  receiver

.A @\100 km @\ 200 km line UFE

U

Fiber amplifier (FA)
Fiber laser (FL)
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Fiber amplifiers (EDFA - Telecomm) [mW]
1550 nm

- AT
S = EmpE——
= - e e —
- yttgrbium-doped fiber &=
gain module 11/2010 5

Cqraig

vystupni
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(~1550 nm) IZO|ét0F VI?{Z;ZS;'%‘;;':“‘ vazebni ¢len filtr EZOlélOI‘ Slgnal
— —(= —
X viaknove svary 7

Cerpaci monitorovani
laserova monitorovani urovné signalu
dioda urovné ¢erpani

fidici obvod

double-clad fiber
of tailored

cross section polymer coating

(outer cladding)

multimode fiber splice

pump
S

signal - / B | " x
v [ \

standard inner cladding for rare-earth

single-mode fiber propagation doped core

of the pump
UFE
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Fiber lasers (& amplifiers)

Cerpani aktivni viakno vystupni
laserovou siondl
diodou . i
S A laseru
o B—————— e (0) I
Active medium FBG odazejici vystupni FBG,
Gas, Liquid 1000 %% laserovy polopropustna pro
Mirror Solid state Mirror signal a jinde 0 % laserovy signal
100% * semidonductor  8-99%
* glass

* OPTICAL FIBER

RARE

EARTHS
Stimutated

emission

[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 amplifiers (telecomm [mW])
=> Full optical processing

Wavelength Division Multiplexing (WDM)

WAVELENGTH DIVISION MULTIPLEXING
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Fiber lasers [mW] — [KW]

[IPG photonics.com]

Welding, cutting ~ 2kW

- L7 | IPGPhotonics CW 40-100 kW / 10 um?
~ ELI Beamlines
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Fiber lasers - specialty (DC) optical fibers

pumping diodes

Brightness transformation o
double-clad fiber g’ ®

doped with ytterbium

star-coupler

double-clad fiber with FBG

output FBG
fiber for propagation of output laser beam

N

sun 63 MW/m?
fiber laser 12.7 GW/m?2
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SUMMARY

~iber technology : preparation of structures of
nigh preciseness (<1%) from materials of ultra-
nigh purity (impurities in ppb only).

~iber preparation in two steps : preform

oreparation and fiber drawing. (M)CVD

technique (preform) makes possible to prepare
multilayered tailored structures of suitable level
of purity.

Fibers conventional (passive) and specialty
(active). Fiber lasers : special case of Solid

State Lasers (SSL). UFE
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| TY se stan UFEm !

Studentske projekty

,t : f"” } Doktorske prace
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http://www.cuni.cz/

LABO — safety first

1. Priprava preforem MCVD + tazeni
2. Priprava vlastniho vlakna + ?

NEBEZPECI STYKU NEBEZPECI| STYKU

NEBEZPECi POPALENI LASEROVE ZARENI S JEDOVATYMI LATKAMI S LEPTAVYMI LATKAMI

Behem exkurze se, prosim, zdrzte vlastni nezavislé
vyzkumne cinnosti.
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