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Conventional glassmaking => ULTRA-PURE TECHNOLOGIES
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Optical fiber technology

2. Fiber drawing

1. Preform
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Preform preparation : CVD-based
MCVD - (Modified) Chemical Vapor Deposition

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

Glassy layers i .
Substrate tube 1700°C . 2100°C
— —_

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

high purity (~ 10! ppb) high preciseness (better than 1 %)
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MCVD => Preform
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Tomography of the refractive-index

Microphoto of cross section of
profile of preform

produced preform

High purity material due to FO-Optipur purity starting materials.
High quenching rate ranging from 102 to 103 °C/s.
UFE
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MCVD => Preform

Deposition

Distilled
starting
halogenides Preforms
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Drawing of optical fiber from preforms

/Preform

< Graphite

furnace
Fiber —’._ . Diameter
Coating | 4 |Feedback

die —

[]*-- Curing

furnace

Spool

-0

Diameter
80-1000 pm

Temperature
1800-2100°C

No textile
No thermo-insulation

No nano-fibers
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See video

Technology

9  FJFI Optoel Tech_2019



Application

Fiber sensors
Environmental,
biology,
medicine ...
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Optical fibers for communications
passive

SM (Gl)

amplifier detector

Requirements:
Low attenuation, low dispersion
Durability (temperature, pressure, EM field...)
Low price (<< 1 USD/m)

11 FJFI Optoel Tech_2019 UFE



Telecommunications

\ Teplice, CR =>
\\ Hesfibel, TR
[hesfibel.com.tr]

’\‘\ UFE Prague =>

SM - singlemode

200 km telecom line - test
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Telecommunications

Internet connection : 8.1 MB/s (7)
Fix line: EU 95% towns, 82 % countryside
CR 97% towns, 90 % countryside

FTTX 210000usersinCR = 7%
Strategy: each municipality <200 inhabitants
NEMECKO % optical connection
: [Vodrazka, NoTeS, 2013]
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Specialty optical fibers for communications
Fiber lasers and amplifiers

source optical fiber amplifier detector

Q

= e l

Fiber amplifier, fiber laser
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Silica specialty optical fibers for fiber
lasers and amplifiers

Ac medium

L]

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

cerpani aktivni viakno vystupni

laserovou signal
diodou lasery
HtH— —»

—P it
FBG odazejici vystupni FBG,
100 0 %% laserovy

polopropustna pro
signal a jinde 0 % laserovy signal

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

* 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) &
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Monolitic Tm fiber laser at 1951 nm

Eye-safe spectral region (# 1550 nm)

f—<~ <
optical
isolator

WDM1 \

diode
laser at
1611 nm

FBG1

thulium-doped
fiber

* 1000 ppm Tm3*, 11mol% AlLO,, 0 mol% P,O. or GeO,,
* deep-UV inscription of FBG

FBG2

[P.Peterka, Photonic Technol Lett, 25, 2013, 1623]

laser output
at 1951 nm

optical *
isolator
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Tm/Ho fiber for ASE (1550-2050 nm) source
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[P.Honzatko, Optics letters 39 (2014) 3650-3653 ]

1800 ppm Tm?3*/
360 ppm Ho3*
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Fiber lasers m\W — kW

Intenzity of light
/éerpaci diody Sun 63 MW/m2

\\\\\ O.fiber  12.7 GW/m2
\ dvouplastové viakno
slu€ovac éerpén/ ~
,star-coupler” \
dvouplastové viakno s FBG /
vystupni FBG /' \

vlakno pro pfenos vystupniho laserového zareni

yterbiem dopované

[P.Peterka, Eysafe, 2015]
Beam combining, double-clad structures ...
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Fiber lasers m\W — kW

"
_—— i

LD

[IPG photonics.com]

Er/Yb - fiber laser Splicing & cutting < 2kW
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Fiber lasers vers. solid state lasers (SSL)

 High brightness + flexibility
fs pulses 5 PW / 25x25 cm CW 40- 100 kW /10 um?

ELI Beamlines [1015 W/um?] IPG Photonics [105 W/ um?]
|Schematic layout of Laser 4a system's structure - 10 PW pump laser | ! ’
T 13 e Power amplifier imaging spatial filters| 1% Eé:{"’ ?1 - 4
chillers %
- ? r
©
Intrepid OPCPA pump laser u 5
ALY 1
Cold box (cryo tank)
diam 1.5m, L=3m 10 PW pump laser
Power supplies and capacitor's banks for Laser 4a ‘.I t
<€ > € > € >

100 m 1m 0.1lm
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Fiber lasers and ASE sources

Design

Design and optimization of cross-section, winding (twisting),
shape and of spool shape (kidney) of novel types of DC fibers

circle two-fiber bundle stadium hexagon panda
rare-earth

doped
“ (am O ©

inner silic
claddin

input

pump
field

outer polymer cladding

[KoSka, Peterka, IEEE J. Selected Topics in Quantum El, 2, 2016]
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Fiber lasers and ASE sources

Design
Experimental verification of effect of fiber twisting on samples of
Tm-doped fibers multimode fiber thulium-doped
105/125 um fiber laser output
at 1951 nm
i B () I () BN
793 nm FBG R=99 % R=3.5 %

at 1951 nm

20 pym core / 250 um flat-to-flat 12 um core /130 ym flat-to-flat
NA,.,=0.077 (LMA), hot-twist NA ..=0.22, cool-twist

[KoSka, Peterka, Aubrecht, OPEX 24, 102 (2016) ]

max
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Optical fiber sensors

S 5y
\ |
\ 238

\
N

Continuous monitoring of |
(bio)chemicals and their

concentration.

Suitable for :
remote sensing

N distributed sensing

~ o @ flammable or explosives

-————_,_,_,_

in high-voltage areas

human body
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Optical fiber sensors

In vivo detection of pH in small samples ~ L

[I.Kasik, ABC, 2010]
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SUMMARY

1. Fiber technology : preparation of structures of

nigh preciseness (<1%) from materials of ultra-

nigh purity (impurities in ppbs only).

2. Fiber 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.

3. Fibers conventional (passive) and specialty
(active). Fiber lasers competitive with Solid
State Lasers (SSL).

4. Research of optical fibers & fiber lasers UFE
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Be UFE !
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