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ZAKLADNI VYZKUM:

fotonika - vlaknové lasery a zesilovace & opticka viakna
- optické biosenzory

statni etalon c¢asu, detekce pole zZivych bunék




Podminka : cistota materialu (| atlum)
Opticke viakno : dielektricka struktura...

Utlum optickych vldken ~0.2 dB/km
- 3 mm okenniho skla odpovidaji cca 2 km optického vlakna

velmi cisté materialy
Charles K. Kao FO Optipur
‘obsah necistot v radu ppb
=107
2 Nobelovy ceny 1
2009

CISTE TECHNOLOGIE




Cistota materialu

ppm Ti3* in SiO,

2. Semiconductor — PP (99,9995 %)
3. Ultra-pure - FO Optipur / for trace analysis [ppb]
% - 102

ppm - 10 (parts per million)

ppb - 109 (parts per billion) : content of impurities
acceptable in FO Optipur materials

Ultra-cisté technologie - CVD !



Priprava optickych vlaken

Tazeni

preforma




Ultra-cisté TECHNOLOGIE
CVD - Chemical Vapor Deposition

A (g) + B(g) =AB (s)

Cold

source Gaseous
YL Reaction/zone product
P v
Reactants__ /




Ultra-cisté technologie : preforma

MCVD - Chemical Vapor Deposition

1. Depozice vrstev 2. Kolaps
SMES PLYNU SKLO - PREFORMA
| |
02+S|C|4 /‘t
f,f_»f,f,f,f,f,,, e I N
destilovany SiO5
— . —
Skelné vrstvy . .
Substratova trubka . 1700°C . 2100°C
— 3

m Postupna depozice tenkych skelnych vrstev (tloustka 1-10 pm) na
vnitfni sténu trubice => preforma (tycka)

m Vysoka Cistota (~ 10" ppb necistot), vysoka presnost (>1 %)



MFC
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SiCl, Sintering Preform
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Opticka viakna ...



Microfoto fezu preformy Tomografie profilu indexu lomu
preformy

m High purity material due to FO-Optipur purity starting materials.
m High quenching rate ranging from 102 to 103 °C/s



Tazeni optického vlakna z preformy

Preforma .
« m Prumer
I I —Grafitova pec 80-1000 pm
, Mérak pruméru
Viekng 1l = vlakna m Teplota
' "y 1800-2000°C
Nanageci DM |Zpétnavazba
tryska
I*—*Vytvrzovaci
pec
Tazici kladky [ C|vka m ne textil
\‘ m ne termoizolace




Opticka vlakna ...




Specialni vlakna pro telekomunikace:
vlaknoveé lasery a zesilovace

zdroj signalu viakno zesilovac detektor
I O~ O OR

’ ) cerpaci zdroj
=> laser (vlaknovy)



Vlaknové lasery
-telekomunikace -s vysokym vykonem

Intenzita svétla
Slunce 63 MW/m?2
O. vlakno 12.7 GW/m?2

Er- fiber laser,
pulzni 197 fs,
5m rezonator
Liekki

svarovani a rezani < 2kwW

PALS



Specialni vlakna pro vlaknové lasery a
zesilovace :

136 um

Dvouplastové (DC) vlakno

Coupling

* P.Peterka, V. Matéjec, |. Kasik : Cz Pat. 301215, 2009



Specialni vlakna pro vlaknové lasery a
zesilovace

DC-vlakno pro optické zesilovani

double-clad fiber
of tailored
Cross section polymer coating

multimode fiber (outer cladding)

e

pump splice

signal -
> 4
standard inner cladding for rare-earth
single-mode fiber propagation doped core

of the pump
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TDM

Multiplexing (TDM)

WDM

CWDM wavelength grid as specified by ITU-T G.694.2
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*|.Kasik, J. Karika , V. Matéjec., 1997
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Tm 3* -dopovana vlakna

m Goal: zesileni v S-pasmu - WDM

Gain/Loss [dB]

—-m— measured net gain

numerical simulations
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*P.Peterka

1050 nm

0 nm

1

800 nm

O0nm

14



Tm3* -dopovana vlakna

. T,=540 us
m Goal : a compact upconversion

fiber laser operating ~810 nm

14640 et

e 12660 om? - T3=08 US

FBG FBG FBG FBG
R=100 % pump & signal R=20 % R=100 % R=20 %
at 1064 nm combiner at1064nm at810nm at810 nm
o
multimode pump double-clad thulium doped fibre laser output
LD at920 nm ytterbium-doped fiber 1000 ppm at810 nm

*P.Peterka



SPECIALNI OPTICKA VLAKNA
pro viaknové lasery a zesilovace

Dopovana vildkna Komponents

Twin-core (TCF)
Photonic crystal (PCF)
Double-clad (DC)

Yb/Er, Tm



Reminder: OPTICAL FIBRES - Materials - UV
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m silica fibres - SUPRASIL n,y, ,» = 1.55 [ceramoptec.de, OceanO, IPE ...]
m planar silica, crystalline CaF, (MgF,) - [edmundoptics, technicalglass ...]



Reminder: OPTICAL FIBRES - VIS/NIR
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Silica ng;; =1.457 & doped silica n ;5 = 1.45-1.50 [corning, lucent, ocean_o, IPE]
Glass (silicate - Simax, Viycor, Pyrex) nyg, =1.5-1.95 [schott, LiFaTec.de, IPE.. ]
Plastic ngg =1.5-1.6 [mitsubishi.com, luceat.it, unlimited-inc.com...]



Reminder : OPTICAL FIBRES - IR

A1) :
Aftenuation — | - Birittle |
el . Expensive
i - Complicated
5 o
2 4 6 8 10 12 14 pm
Wavelength pm

fluoride glasses [univ-rennes1.fr ...] (up to ~4 um)

sapphire [CRYTUR] (up to ~4 um)

silver-halides AgCl.Br,_ (up to 15 um)

chalco glasses (Se, As,S;, As,Se,...) [oxford-electronics, orc.soton.ac.uk] (< 20 um)
refractive indexes , ,,,, ~ 2 — 2.5 >> silicate glasses [LiFaTec]
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SUMMARY

Fiber technology : preparation of structures of high
preciseness (<1%) 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 (passive) and specialty (active).
Research of optical fibers (CR) : -
ufe
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= STUDIUM
CVUT - FJFI, FEL ...

fyzikalni elektronika,
inZenyrstvi povrchi,
elektromag. pole,
mikroelektronika,

optoelektronika
UK - MFF, PrF
chemicka fyzika a optika,
fyzika

VSCHT

sklo, analytika, anorganika,

materialové inzenyrstvi

Studentské projekty
Diplomové prace
Doktorské prace
www.ufe.cz/dpt240 & Safibra

* vyvoj vlaknoveé-optického
teplotniho sensoru



