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Optical waveguide - fiber

Tyndall J.

Refractive index (n=c/v)

Vacuum 1
Air 1,0003
Water 1,330
Silica 1,457




Optical waveguide

== Snell Willebrord 1580-1626

Tyndall John 1820-1893
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Optical communication principle
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Transmission, attenuation, dispersion
Purity & structure of material
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Transmission, attenuation, dispersion
Purity & structure of material
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The Nobel Prize in Physics 2009

Charles K. KAO

W.S.Boyle G.E.Smith
1/4 1/4

For groundbreaking achievements concerning for the invention of an
the transmission of light in fibers for lpadingieeniconcuetol

: . circuit —the CCD
optical communication

K.C. Kao, G.A. Hockham, Dielectric-fibre surface waveguides for optical frequencies,
Proc. IEE, 113, No.7, July 1966, 1151-1158



Material purity

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

% — 102

ppm — 10 (parts per million)

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

Ultra-pure technologies - CVD !



TECHNOLOGIES
CVD - Chemical Vapor Deposition

= production and deposition of material in solid state from starting
materials in gaseous state through a chemical reaction :
A (g) + B(g) = AB (s) [after M. L. Hitchman, 1980, E. Erdos, 1983]
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MCVD - Chemical Vapor Deposition

1. Depozice 2. Kolaps
SiCl,(g) + O, --> SIO, (s) + 2Cl, Deri/?gt?/\;ané
|
o ~
—d — I S N C i
Sk, 4[ / \ 6
O | ‘ Ty&ka -
- GeCl, / | f
POCI, / . Deposit ¢\ tratova . - preforma
/ : / Plamen trubice Plamen
j SRGE 1700°C 2100°C
/vrstva //
/ 1-10um | — —>

(1 Substratova trubice

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

m high purity (~ 10" ppb) high preciseness (better than 1 %)



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

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



Complex material problem

Doped silica - optical properties
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FJFI, Opticka vlakna, 2012




Drawing of optical fibers
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Technology of optical fibers

Drawing

B\ preform




FJFI, Opticka vlakna, 2012




Telecommunications

Maiman
Townes, Basov, Prochorov

optoelectronics optoelectronics

fiber-optic (laser) fiber-optic (amplifier)
e A
source fiber amplifier detector

i > O




Telecommunications

53

AN
2RI

PCS 200 — 600 um  GI - technology transfer SM 1300, 1550 nm
technology transter ~ VUSU Teplice, Hestibel
VUSU Teplice, MM

1981 — 1st demonstration of PCS optical fiber — CZ
2007 : 700 000 km telecom fibers in CR installed



Telecommunications
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Telecommunications

Fiber attenuation measurement;
Cut-back method

1981, in collaboration with FJFI



Communications : increasing requirements
onh speed and ammount of information
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Solution : multiplexing g =] B st Nl
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=> Full optical data
processing




Time Division Multiplexing (TDM)

GOAL : Ultrafast sources - soliton fiber lasers ;
hundreds of GHz >> conventional semiconductor sources
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Wavelength Division Multiplexing (WDM)

CWDM wavelength grid as specified by ITU-T G.694.2
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Optical fibers for fiber lasers

m Modification of :

m Composition
Doping with Er3+, Tm3+_..

m Shape

stadium, D, flower ...
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Special fibers doped with Er3+/Yb3+ for TDM

Technol. challenge : special optical fiber efficiently operating at
~1550 nm and suitable for pumping at 1064 nm (mini-YAG).
Er/Yb-P205-Al203-SiO2 fiber — highly doped
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Kasik, V. Matejec, J. Kanka, P. Honzatko : Pure and Appl. Opt. 7 (1998) 457-465

|. Kasik, V. Matejec, M. Pospisilova, J. Kanka, J. Hora : Proc. SPIE 2777 (1995) 71-79




Tm 3+ -doped fibers for WDM

m Goal : amplification at S-band - WDM

m Technol. challenge : special optical fiber fiber efficiently
operating at S-band (~1470 nm) and compatible with
network. Tm3+-Al,0,;-GeO,-SiO,, high NA, narrow corefiber
da

) o) :

Gain/Loss [dB]

0nm

r  --m-- measured net gain
I numerical simulations

3l m

1
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* P. Peterka, B. Faure, W. Blanc, M. Karasek and B. Dussardier, Opt. & Quantum El., 36, 201-212, 2004

*W. Blanc, P. Peterka, B. Faure, B. Dussardier, G. Monnom, |. Kasik, J. Kanka, D. Simpson, G. Baxter, Proc.
SPIE 6180, 2006, 61800V.1-6

* P. Peterka, |. Kasik, V. Matéjec, W. Blanc, B. Faure, B. Dussardier, G. Monnom, V. Kubecek, Optical Materials
30 (2007) 174-176



Tm3+ -doped fibers for fiber lasers

m Goal : a compact upconversion fiber laser operating ~810 nm

m Technol. challenge : special optical fiber efficiently operating
(~810 nm) - Tm3+-AI203 SiO, with enhanced 3H4 lifetime.

FBG FBG FBG FBG

R=100 % pump & signal R=20 % R=100 % R=20 %
at 1064 nm combiner at1064nm at810nm at810 nm
_>
- double-clad thulium doped fibre laser output
multimode pump . .
LD at 920 nm ytterbium-doped fiber 1000 ppm at810 nm
A ‘ T,=540 us

* Peterka, . Kasik, A. Dhar, B. SRR 1| S
Dussardier, W. Blanc, High-power e £

o=

Lasers and Applications V (SPIE) 7843, °H, _"1 Q5270 o

2010, 78430A A o
* P. Peterka, I. Kasik, A. Dhar, B. F. '§
Dussardier, W. Blanc, Optics Express 19 3

o

P. Peterka (2011)2773-2781 NI - . A&

sooocm'  T,=430 ps




Double-clad (DC) doped optical fiber

m Goal: efficient pumping of fiber lasers (using LD, LED)
m Technol. challenge : special optical fiber of Double-clad

(DC) structure and doped core of suitable shape for
coupling




Double-clad (DC) doped optical fiber
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Max. PCE=19%; Yb/Er-doped DC fiber

m P. Peterka, I. Kasik, V. Matejec, V. Kubecek, P. Dvoracek, Optics Letters. 31 22 (2006), 3240-3242

m P. Peterka, I. Kasik, V. Kubecek, V. Matejec, M. Hayer, P. Honzatko, A. Zavadilova, P. Dvoracek, Proc.
SPIE 6180, 2006, 618010.1-618010.6



Double-clad (DC) optical fiber

Goal: efficient coupling — efficient pumping
(easy to produce reproducively)

Technol. challenge: special DC fiber of
tailored structure suitable for conventional
splicing

double-clad fiber
of tailored

Cross section polymer coating
(outer cladding

multimode fiber splice

rare-earth

standard inner cladding for
doped core

single-mode fiber propagation
of the pump



Double-clad (DC) optical fiber

before splicing - side view :

—— e

multi-mode fop view : DC-fibre with tailored cross section
circular fibre

/—=

standard
single-mode
fibre

after splicing - side view :

top view :

* P. Peterka, |. Ka$ik, V. Kubecek, V.
Matéjec, M. Hayer, P. Honzatko, A.
Zavadilova, P. Dvoracek, Proc. SPIE 6180,
2006, 618010

** P. Peterka, V. Kubecek, P. Dvoracek, .
Kasik, V. Matejec, Proc. CLEO/QELS'06
and PhAST - 2006, CTuQ7.pdf

* P. Peterka, |. Kasik, V. Matejec, J.
Kanka, M. Karasek, M. Hayer, J. Slanicka,
ECOC 2005,755 — 756

“ A. Zavadilova, V. Kubecek, |. Kasik, V.
Matéjec, Proc. OAA- Vienna, OSA Trends
in Optics and Photonics Series 98, 2005,
526-530

* P. Peterka et.al. : CZ Pat. 301215, 2009



High-power fiber lasers

.J.p il

Cutting, welding < 2kW

Intensity of light
Sun 63 MW/m?

1W-fiber laser 12.7 GW/m?2

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

PALS



Telecommunication and fiber amplifiers

M.Karasek
in collaboration
with Cesnet :

testing 200 km
line




Fiber-optic sensors

Continual reversible monitoring of (bio)chemical
species and their concentration

388 1*

7 N\ /

Change of output optical signal due to (bio)chemical
changes in fiber vicinity.



Environmental monitoring, medicine,
biology, homeland security ....
+ Remote sensing

+ Distributed
+ Explosive, high-voltage areas, human body

Solution : fiber-optic sensors
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Remote detection : dosimetry
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* V. Matéjec, M. Pospisilova, A. Dafickova, M. Vanickova: ,Attenuation of silica optical fibers in nuclear
environment and its dependence on the properties of materials for fiber preparation®, Optical Fibre Sensing and
Systems In Nuclear Environments (SPIE) 2425, 1994, 63-72
* A. Dafickova, M. Vanickova, V. Matéjec, M. PospisSilova: ,Utilization of optical fibers in dosimetry®, Applied
Radiation and Isotopes 46, 1995, 471-472
* A. Darickova, V. Matéjec, M. Pospisilova, M. Chomat, I. Kasik: ,Silica optical fibers doped in the core with
special dopants and their sensitivity to ionizing radiation®, Proc. Photonics '95, 2A, Prague, 1995, 257-260



Distributed refractometric detection of
hydrocarbon

100+

-
o
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Sensor output [a.u.]
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Threefold standard deviation - 0.75 a.u.

1o 100
Concentration [mg/l]

Goal : enhancement of evanescent field (sensitivity)

Technol. challenge : special fiber of tailored structure (Inverted Graded-
Index - IGI) or with functionalized coating (e.g. PDMS)

LOD ~ 3-5 mg/l ~ comparable to EU ecological limit

* K. Cherif, S. Hleli, A. Abdelghani, N. Jaffrezic-Renault, V. Matejec: Sensors, 2 (2002), 195-204
* V. Matejec, D. Berkova, M. Chomat, M. Zabrodsky : Materials Science and Engineering C- 21 (2002), 217-221
* M. Chomat, D. Berkova, V. Matejec, |. Kasik, G. Kuncova: Sensors and Actuators B90 (2003), 151-156



In vivo detection of pH in biosamples

(droplets, cells) N
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* |. Kasik, J. Mrazek, T. Martan, M. PospiSilova, O. Podrazky, V. Matéjec, K. Hoyerova, M. Kaminek,
Analytical and Bioanalytical Chemistry 398 (2010) 1883-1889

* O. Podrazky, J. Mrazek, M. Seidl, I. Kasik, P. TobiSka, V. Matéjec, T. Martan, J. Aubrecht, Optical Sensing
Technology and Applications (SPIE) 6585, 2007, 65850Y




Fiber sensors based on Long Period
gratings (LPG)

Core mode

(0 000000 (] ) ) transmission spectrum
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| Temperature (°C)
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Output spectral density (dBm/nm)

In collaboration with FJFI GACR 102/06/1851 o4 L
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* M. Chomat, D. Berkova, V. Matéjec, |. Kasik, J. Kanka, R. Slavik, A. Jancarek, P. Bitner, Materials Science &

Engineering C-biomimetic and Supramolecular Systems 26 (2006) 457-461

* M. Chomat, V. Maté&jec, |. Kasik, J. Ctyroky, D. Berkova, M. Hayer, J. Karika, F. Todorov, A. Jan&arek,

Photonics, Devices, and Systems Il (Proc. SPIE) 6180, 2006, 61800X

* M. Chomat, J. Ctyroky, D. Berkova, V. Maté&jec, J. Karka, J. Skokankova, F. Todorov, A. Janéarek, P. Bittner,

Sensors and Actuators B-chemical 119 (2006) 642-650

* M. Chomat, J. Ctyroky, D. Berkova, V. Matgjec, |. Kasik, J. Probostova, F. Todorov, A. Jan&arek, Optical

Sensing Technology and Applications (SPIE) 6585, 2007, 65850F.1-6580F.10.
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Microresonators

Microsphere resonator

Analyte

WGM = Whispering
Gallery Modes

Eiseelr In collaboration with FJFI
GACR 102/09/1763

* F. Todorov, M. Jelinek, V. Matéjec, M. Chomat, V. Kubecek, D. Berkova, R. Sedlaf, Micro-optics 2010 (Proc.
SPIE) 7716, 2010, 77161X

* F. Todorov, J. Ctyroky, V. Mat&jec, M. Chomat, D. Berkova, |. Kasik, T. Martan, V. Kube&ek, M. Jelinek, M.
Fibrich, Photonics, Devices and Systems V (Proc. SPIE) 8306, 2011, 83060Q

* V. Matéjec, M. Jelinek, F. Todorov, M. Chomat, V. Kubec€ek, D. Berkova, T. Martan, Sensor Letters 9 (2011)
2265-2267

* F. Todorov, J. Ctyroky, M. Jelinek, M. Chomat, V. Maté&jec, V. Kubegek, T. Martan, D. Berkova, Sensor Letters
9(2011) 2279-2282




Fiber-optics for medical application

In collaboration
m Angioplastics -

cleaning of arteries
using an intensive

laser pulse *

m Fotodynamic
diagnosis and therapy

m Optical biopsy -
cancer diagnosis

* Laser scalpel



SUMMARY

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

Fiber technology in two steps : preform
preparation and fiber drawing.

Fibers conventional (passive) and special (active).

Optical fiber — one of the most important
invention of 20" century — everyday use

Research of optical fibers (CR) : L-lfe
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