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XX" International Symposium on Non-Oxide and New Optical Glasses, Nizhny Novgorod, Russia, August 21°-26" 2016

Welcome to ISNOG 2016, Nizhny Novgorod!

We would like to welcome all participants and guests from different
countries in the world to ISNOG 2016, which will be held on August 21-26 in
Nizhny Novgorod, Russia. We have great honor to organize the 20"
International Symposium on Non-Oxide and New Optical Glasses (XX
ISNOG), the first of which was held in Cambridge (UK) 1981, followed by
Troy (the USA), Rennes (France), Monterey (the USA), Shizuoka (Japan),
Monash (Australia), Clausthal-Zellerfeld (Germany), Perros-Guirec (France),
Hangzhou (China), Corning (the USA), Sheffield (UK), Florianopolis (Brazil),
Pardubice (Czech), Florida (the USA), Bangalore (India), Montpellier
(France), Ningbo (China), Saint-Malo (France), Jeju (Republic of Korea).

Like for all previous symposia, the purpose of ISNOG-2016 is to review the
recent progress, to exchange technical information and to promote R&D in
non-oxide and new optical glasses. This symposium will provide a unique
opportunity for researchers and scientists worldwide to gather together and
discuss advancements and current trends in the related fields.

There are 110 papers accepted for presentation at ISNOG 2016,
contributed by over 170 authors from 13 countries, including United Kingdom,
Germany, France, Canada, Japan, Russia, Czech Republic, India, Republic
of Korea, Hungary, Brazil, Slovak Republic, China, Algeria and Sweden,
Belarus.

Among invited speakers we have 19 well known international scientists
and experts.

Again, we extend our warmest greetings to you and hope that the jubilee
ISNOG-2016 will take place in traditionally creative and friendly atmosphere.

M.E. Churbanov E.M. Dianov E.V. Chuprunov

Chairman Co-Chairman Co-Chairman

IChHPS RAS, Russia FORC RAS, Russia  Nizhny Novgorod State
University, Russia
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Local Organizing Committee

e Demidov E.S.

e Denker B.I.

e Gorshkov O.N.

e Kozyuhin S.A.

e Moiseev A.N.
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e Plotnichenko V.G.
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e Skripachev I.V.

e Tveryanovich Yu.S.
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Plenary Talks

Professor Seddon A., University of Nottingham, UK George Green Institute for Electromagnetics
Research.

Mid-Infrared photonics: A hot topic!

Professor Ribeiro S., Sao Paulo State University — UNESP
Down-shifting and Up-conversion to enhance the efficiency of solar cells

Professor Dianov E., Fiber Optics Research Center of RAS
Bismuth-doped glass optical fibers: a new breakthrough in laser media

Invited speakers
o Nalin M.
Structural, thermal and optical properties of a new antimony-phosphate germanate glasses

e CalvezlL.
Novel ways to prepare chalcogenide glasses and non linear glass-ceramics

e Dorofeev V.
High-purity tellurite glasses for fiber optics

e Brekhovskikh M.
¢ Modified fluoride ZBLAN glasses

e Sigaev V.
Local modification of glass structure: from nanogratings to crystalline waveguides
e Arbuzov V.

Russian neodymium phosphate glasses for the laser controlled fusion research: technology
and limit properties

e DaiS.
Fabrication and characterization of novel multi-material chalcogenide glass fibers and fiber
tapers for Mid-infrared SC generation

e Bufetov |
Hollow-core revolver optical fibers

e Artyushenko V.
Mid InfraRed fiber optics — review of technologies and key applications

e Shiryaev V.
Recent advances and trends in development of chalcogenide glasses for passive and
active fiber optics

e Skripachev I.
Towards chalcogenide glass fibers with intrinsic optical losses

e HeoJ.
Glasses containing chalcogenide quantum dots
e Ledemi.

Recent progress in the development of ittrbium-doped oxyfluoride glass-ceramics for laser
cooling application
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e Wagner T.
Chalcogenide glass films for nanoscale memories

e Kozyukhin S.

Investigation of crystallization mechanism and kinetics for amorphous thin films of phase
change memory materials

e Messaddeq Y.
Microstructure formation in chalcogenide thin films assisted by laser
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Sunday, August 21°

18:00-21:00 Registration and Welcome party
Monday, August 22"
8:00-9:00 Registration
Opening Ceremon
9:00-9:50 P g y
Lux Hall
Plenary Talk
Mid-Infrared Photonics: A Hot Topic!
9:50-10:40 Professor Seddon A., George Green Institute for Electromagnetics Research,
University of Nottingham, UK
10:40-11:10 Coffee break
Plenary Talk
11:10-12:00 Down-shifting and Up-conversion to enhance the efficiency of solar cells
Professor Ribeiro S., Sao Paulo State University — UNESP, Brazil
Nalin M.
12:00-12:30 | Structural, thermal and optical properties of a new antimony-phosphate
germanate glasses
inv 1
Calvez L.
12:30-13:00 Novel ways to prepare chalcogenide glasses and non linear glass-
ceramics
Inv 2
13:00-14:00 Lunch
Session I-1: Session lll:
Synthesis, Melting and Modeling of Glass Structure; Glass,
Processing of Glasses and Glass - Surface and Interfaces; Structure and
Session Ceramics. Properties.
Business Hall Hall Standard 1
Chairman: Tver’yanovich Yu. Chairman : Wagner T.
f Sigaev V.
. LGS _ Local Modification of Glass
14-:00-14:30 | High-Purity TeIIL(J)rltg Glasses for Fiber | 14.00-14:30 | Structure: from Nanogratings to
ptcs Crystalline Waveguides
R & ll-inv 1
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Furet E.
Sreiovsid . e e o,
14:30-15:00 Modified Fluoride ZBLAN Glasses 14:30-14:50 d .
i Molecular Dynamics and Solid-
-1-inv 2
State NMR
I o-1
Kutyin A.
Quasiparticle formulation of
14:50-15:10 |  thermo-dynamic functions of
Poirier G. glasses and melts
Optical Properties of Tantalum Iro-2
15:00-15:20 | Germanate Glasses, Glass-ceramics
and Planar Waveguides _Laptash N.
Bonding and Structure of
I-1 O-1 15:10-15:30 Oxofluoroniobate-based
Glasses: ZnNbOFs—BaF, and
ZnNNbOFs—InF;—BaF, Systems
1 0-3
Sibirkin A.
Chemical Processes in the Batch and
in the Melt to Produce Binary and
15:20-15:40 . -
Multicomponent Tellurite-Molybdate Sen S. S
Glasses Structure-Property Relations in
-1 O-2 _ _ Silver lon Conducting
15:30-15:50 Homogeneous Ag-Ga-Ge-
Mishinov S. Selenide Glasses
Adhesion mechanism of
15:40-16:00 contamination of optical glassy i O-4
arsenic sulfides by SiO, particles
-1 O-3
16:00-16:30 Coffee break
Session [-1: . :
Synthesis, Melting and Ses§|pn V"!'
: Glasses for Medicine, Biotechnology,
_ Processing of Glasses and Glass - o
Session Ceramics Sensors, Energy applications
. Hall Standard 1
Business Hall hai o |
Chairman: Messaddeq Y. CGIENEN) & [EVETR
Arbuzov V.
Galleani G. Russian Neodymium
Fluorophosphate glass fiber for Phosphate Glasses for the
16:30-16-50 transmission 16:30-17:00 Laser Controlled Fusion
in the uv Research: Technology and
I-1 O-4 Limit Properties
VIll-inv 1
Wang X. Parnell H.
Research on Far-IR Suspended-core Chalcogenide glass fibre-
16:50-17:10 Fiber with Te-based Chalcogenide 17:00-17:20 optics for the in-vivo mid-
Glass infrared optical biopsy
I-10-5 Vil O-1
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Jayasuriya D.
Gl ¢ \G/elmgzhlov Ad'G S | Fabrication of high and low
. . assesore—o>-—lan e—-oe— : . numerical aperture optical fibre
17:10-17:30 Systems for Infrared Fiber Optics 17:20-17:40 for sensing, mapping and
I-10-6 imaging
VIl O-2
Yin Q.W. , ]
The influence of PbO on spectra and Tver yanov_lch Yu.
17:30-17:50 | thermo-optical properties of Nd**-doped 17:40-18:00 | Nano-layered solid electrolyte
phosphate laser glass prepared by laser ablation
-1 O-7 VIl O-3
Ruan J Mikhaylov A.
Broadening of NIR Emission from Bismuth Bipolar r_eS'St_'Ve switching in
17:50-18:10 |  Doped Germanium Glass Melting in a 18:00-18:20 capacitor-like structures
Controlled Reducing Atmosphere based on ionic and covalent
I-1 O-8 oxide dielectrics
VIl O-4
Huang F.
. _ AlFs-based glasses as
18:20-18:40 promising material for mid-IR
solid state lasers
VIIl O-5

Tuesday, August 23™

Session I-2:
High-Purity Glasses, Special Glasses and Low-Loss Fibers
Session Business Hall
Chairmen : Seddon A., Ribeiro S.
Plenary Talk
9:00-9:50 Bismuth-doped glass optical fibers: a new breakthtough in laser media
Professor Dianov E., Fiber Optics Research Center of RAS, Russia
Dai S.
9:50:10:20 Fabrication and characterization of novel multi-material chalcogenide glass fibers
R and fiber tapers for Mid-infrared SC generation
I-2-inv 1
Bufetov I.
10:20-10:50 Hollow-Core Revolver Optical Fibers
I-2-inv 2
10:50-11:20 Coffee break and poster Session
Artyushenko V.
11:20-11:50 Mid InfraRed Fiber Optics — Review of Technologies and Key Applications
I-2-inv 3

12
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11:50-12:20

12:20-12:40

Plotnichenko V.

Specifics of spectral loss measurement in IR fibers
-2 O-1

12:40-13:00

14:00-14:30 14:00-14:30

14:30-15:00 14:30-15:00

Santagneli S.
Photoluminescence properties of Er3+
15:00-15:20 doped phosphate tungstate glass 15:00-15:30
containing Ag-nanoparticles
V-10-1
. Qasmi A.
~ KaraksinaE. _ Photoinduced changes of
Preparation and characterization of high optical and structural properties

16:20-15:40 | - purity Pr**-doped Ga(In)-Ge-As(Sb)-Se | 15:30-15:50 | i As. hased thin films glassy

glasses doped with copper

V‘l 0‘2 VI O_l

13
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Zhang J.
Local Environment Dependence on the
Luminescence of Rare Earth Doped

Shen X.
Physical Properties and

15:40-16:00 Chalcohalide Glasses and Glass 15:50-16:10 1 crystallization Behaviours in
Ceramics GecTeyx films
V-10-3 VI O-2
16:00-16:30 Coffee break and poster Session
Session V-1: Session Il
Luminescent Glasses, Optical Glass Transition, Relaxation in Glasses
Waveguides and Glass-Ceramics for | and Glass-forming Liquids, Mechanical
active applications Properties
Business Hall Hall Standard 1
Chairman : Romanova E. Chairman : Wen Lei
Tang Z. Brandova D.
AR Studies of various praseodymium e areq | Crystallization and relaxation
16:30-16:30 1 - yditives doped chalcogenide Se-based | 1239100 | behavior of Ge11Ga11Te78
fibres infrared glass
V-10-4 I-0-1
Zhang P. Fraenkl M.
Fabrication and characterization of Study of ionic properties by
16:50-17:10 | Ge20ASSesTess chalcogenide glass for | 16:50.17:10 | €l€ctrochemical impedance
photonic crystal by nanoimprint _spectroscopy
lithography and radioactive tracer diffusion
V-10-5 [1-O-2
Bentouila O. L
Spectroscopic analysis of ~ Kostal P.
17:10-17:30 Tm*/Yb**/Ho* tri-doped 17:10-17:30 Viscous Behavior of
fluorophosphates glasses Chalcogenide Materials
V-10-6 I-0-3
Koltashev V. _ Maslennikova I.
17:30-17:50 | SPectral Properties Qf Er°"-doped High- 17:30-17:50 | Nanocrystallization of RE —
V-10-7 Il-0-4
Pynenkov A.A.
Kharakhordin A. The effect of crystallization on
17:50-18:10 | Visible and near-infrared luminescence | 17:50-18:10 | "€ luminescent properties of
of Pb-active centers in silica glass bismuth-doped barium gallium
V-1 0-8 germanate glasses
11-0-5
Ermakov R.
The Study of the State of Bismuth lons in
18:10-18:30 | Bi-doped GeSx (1<x<2) and Ge-As- S
Glasses
V-1 0-9

14
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Wednesday, August 24"

9:00-10:40 Poster Session

Excursion

Tour to ancient Russian town Gorodets

10:40-17:30
19:00-21:00 Conference Dinner: “Royal” restaurant of OKA Grand Hotel
Thursday, August 25™
Session V-2.
. Optical Linear and Non-Linear Properties of Glasses and Fibers.
Session :
Business Hall
Chairmen : Shiryaev V., Dai S.
Chen F.
_ ‘ Linear and nonlinear optical properties of chalcogenide glasses
9:00-9:20 within Ge-Sn-Se system
V-2 O-1

15
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9:20-9:40

Guo H.T.
Study on the magneto-optical properties of Ga,S;-GeS,- based chalcohalide glasses
V-2 0-2

9:40-10:00

Romanova E.
Accurate Measurement of the Nonlinear Optical Constants

of Chalcogenide Glasses
V-2 O-3

10:00-10:20

Sukhanov M.
Optical and Thermal Properties of Monoisotopic Glasses on the Basis of Arsenic
Sulfide,
Germanium Sulfide and Arsenic Selenide
V-2 O-4

10:20-10:50

Manzani D.
A portable luminescent thermometer based on green up-conversion emission of
Er**/Yb* co-doped tellurite glass
V-2 O-5

10:50-11:20

Coffee break

Session

Session VII.
Glass-Ceramics and Optical Ceramics
Business Hall
Chairman : Calvez L.

11:20-11:40

Dymshits O.
Synthesis, Structure and Optical Properties of Transparent Glass-Ceramics
with Nanocrystals of Rare-Earth Niobates
VIl O-1

11:40-12:00

Novikova A.
Effect of LiF Sintering Aid on the Properties of MgAl,O4 Ceramics.
VIl O-2

12:00-12:20

TimofeevaN.
Fabrication of Fe2+:ZnSe Polycrystalline Samples with Different Geometry

of Doping and Investigation of Generation Characteristics of Synthesized Materials
VIl O-3

12:20-12:40

Qiao X.
Luminescent Glass-ceramics Containing Fluoride,

Aluminate and Borate Subphases for WLED Application
VIl O-4

13:00-14:00

Lunch

14:00-15:00

Closing Ceremony
Business Hall

16
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P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

P14

P15

P16

P17

Poster Session
Wednesday, August, 24", 9h00 — 10h40

Preparation of tellurite-molybdate glasses containing of lanthanum oxide from precipitated batch
Fedotova I.G.

Preparation of the TeO, - WO; glasses by using of the batches precipitated from aqueous
solutions

Gavrin S.A.

Thermal and crystallization properties of fluorozirconate-phosphate glasses doped with rare
earths

Goncharuk V.K.

Peculiarities of structure, crystallization and luminescence in the TeO,-PbOeP,0;-PbF,:EuF;
glasses

Ignatieva L.N.

Synthesis and study of new In-containing oxyfluoroniobate glasses.

Savchenko N.

Fluorozirconate and fluorohafnate glasses, doped with europium

Zhidkova I.

The use of the ICP-AES method to determine matrix components and impurity elements in the As-
S, As-Se chalcogenide glass systems

Fadeeva D.

Optical, thermal and crystallization properties of high-purity TeO,-Zn0O-La,0;-Na,O glasses
Motorin S.

Methodology to evaluate the stability of crystallization tellurite glasses by DSC methods
Balueva K.

Removing the defective surface layer by magnetorheological treatment
Kolpashchikov V.

Is the term “Polyamorphism” correct for noncrystalline substance?

Minaev V.

Structural characterization and electrical conductivities of highly lon-conducting glasses and glass
ceramics in the system

Santagneli S. H.

Effect of silver and sodium ions on optical properties and structure TeO,-WO;-La,0; glass
Stepanov B.

Isothermal and laser crystallization of amorphous thin films of PCM materials: comparative

analysis of the two mechanisms
Lazarenko P.

Excitation induced NIR emission analysis in Pr** single and Pr**, Yb** co-doped TZYN glasses for
optical amplifiers

Dagupati R.

Photoluminescence and thermal lens spectroscopic investigations of highly efficient
fluorophosphates glasses doped with Nd** and Er**

Gongalves T. S.

Luminescent lead tungsten fluorophosphate glasses and glass-ceramics

Poirier G.

17
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P18

P19

P20

P21

P22

P23

P24

P25

P26

P27

P28

P29

P30

P31

P32

P33

P34

P35

P36

P37

Superposition spectra and interionic energy migration in fluorophosphate:Ho>*/Er** glass
He D.B.

Up-conversion detection of 1.908 micron radiation of Tm: YLF in the glass composition
TeO,-PbF,-H0,03-Yb,0;

Budruev A.

Study of magnetooptic properties of high-purity tellurium dioxide based glasses
Yakovlev A.

Thermal and optical properties of niobium phosphate glasses and glass-ceramics
Poirier G.

NMR spectroscopy of the fluoride glasses in the BiF;—Rb(Cs)F-ZrF, systems

Kavun V.

Investigation of heterophase inclusions as a source of optical losses in high-purity chalcogenide
and tellurite glasses for fiber optics
Ketkova L.A.

A study of glasses in the TeO, -P,0sPbO-PbF,-MF;(M-Er, Eu, Nd) system by light nonelastic
scattering method

Marchenko Yu.

Nonlinear optical properties of high-purity tellurite glasses

Smayev M.P.

Glass formation region and optical properties of Te0,-Mo00;-Bi,0; system
Zamyatin O.A.

Optical absorption of d-elements in the tellurite-molybdate glasses
Zamyatin O.A.

Electrical, dielectric, and optical properties of PbO-Ga,05-Bi,0; glasses
Labas V.

Planar waveguides based on tungsten-tellurite glass

Gorshkov O.

Effect of visible light on Ag doped GST thin films

Singh P.

Hot pressing of transparent ceramics of Tbh,03-Y,0; solid solutions

Permin D.

Effect of CoO Addition on the Structure and Optical Properties of Transparent Glass-Ceramics
based on ZnO and Zn,SiO, nanocrystals
Shemchuk D.

Evanescent Wave Analysis of a Multimode Chalcogenide Fiber Embedded into a Crude Oil
Korsakova S.

Whispering Gallery Modes of Optical Microresonators Made of Chalcogenide Glass
Zhivotkov D.

Chalcogenide fused fiber couplers development and characterization

Benderov O.

On the Possibility of Mid-IR Supercontinuum Generation in Dispersion Engineered Chalcogenide
Fibers with All-Fiber Femtosecond Pump Source
Anashkina E.

Fractal structure of polycrystalline zinc selenide surface defects
Kolesnikov A.N.

18
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Monday, August, 22"

Lux Hall

Plenary session

19
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Plenary lectures

Professor Angela B. Seddon
Mid-Infrared Photonics: A Hot Topic!

University of Nottingham, UK George Green Institute for Electromagnetics
Research, Mid-Infrared Photonics Group,
E-mail: angela.seddon@nottingham.ac.uk

Professor Angela B. Seddon leads the Mid-Infrared Photonics Group at The University of Nottingham, UK,
with world-class facilities for fabricating mid-infrared fibreoptic devices. Her aim is to create a new
paradigm in portable, real-time mid-infrared medical molecular sensing and imaging for early, fast and
reliable medical diagnosis and precise removal of cancers during surgery. She is elected author of 240
publications and five book chapters. She is Fellow of the Royal Society of Chemistry, Fellow of the Society
of Glass Technology and Fellow of SPIE.

Mid-infrared photonics: A hot topic!

A.B. Seddon

This Plenary Talk will address recent advances towards portable fibre-optic biomedical, and chemical,
mid-infrared molecular sensing and imaging.

The mid-infrared (MIR) spans 3 to 25 um wavelength region. It encompasses the molecular fingerprints
of numerous gases, liquids and solids. In this spectral range, molecular species exhibit fundamental
vibrational absorption bands with large extinction coefficients, hence MIR spectroscopy potentially provides
extremely sensitive molecular analysis. To date, only weak blackbody broadband sources have been
commonly available, so the source/analyte/detector have had to be in close proximity to complete the optical
circuit. Alternatively, samples must be brought to a bright synchrotron MIR broadband source.

We wish to establish a new paradigm in portable, real-time MIR molecular sensing and imaging to open
up the MIR spectral region for more general use. This new paradigm will be enabled through focused
development of fibre devices and systems which are robust, functionally designed, safe, compact and cost
effective and which are based on active and passive MIR optical fibres.

We set a record in demonstrating extreme broad-band supercontinuum (SC) generated light:
1.4-13.3 um, in a specially engineered, high numerical aperture MIR optical fibre [1]. This was the first
experimental demonstration truly to reveal the potential of MIR fibres to emit across the MIR molecular
”fingerprint spectral region” and a key first step towards bright, portable, broadband MIR sources for
potential applications in real-time chemical sensing, and imaging, and in vivo biomedical sensing and
imaging [2].

21
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Rare-earth-ion (RE-)-doped fibre lasers have excellent beam quality, can be pulsed, are compact and are
integratable with fibre-optics, but have not yet been demonstrated at > 3.9 um wavelength. MIR quantum
cascade lasers lack beam quality and the ability to be pulsed. MIR optical parametric oscillator lasers are not
compact and MIR gas lasers are rather unreliable. MIR RE-fibre-lasers are now needed with emission
beyond 3.9 um to pump fibre MIR SC for portable, compact all-fibre MIR SC laser sources. We have
demonstrated [3] small-core MIR RE-fibre with emission in the 4-5 um wavelength region and long RE
excited-state lifetimes. The long lifetimes confirm that neither RE clustering, nor glass devitrification, has
occurred during the intricate thermal processing to make MIR RE-fibre and that there is potential for gain
and lasing.

MIR RE-fibre lasers have promise as discrete MIR sensors in their own right. Potential applications
include: coherent MIR imaging and MIR OCT (optical coherent tomography), ship-to-ship, free-space
communications and aircraft counter-measures. MIR RE-fibre lasers should enable well-controlled laser
cutting/patterning of soft materials, analogous to the maturing field of high-power near-infrared fibre lasers
for cutting/welding of hard materials. In medicine, new wavelengths for laser surgery of human tissue will
lead to more diverse and better matter/light interactions through resonance with protein/lipid absorption at
newly available MIR wavelengths.

Supported in part by the European Commission through the Framework Seven (FP7) project
MINERVA: Mid- to NEaR infrared spectroscopy for improVed medical diAgnostics (317803;
WWW.minerva-project.eu)
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Increasingly interest is observed in the utilization of lanthanide based materials in solar energy
conversion. Concerning Si cells a good part of the UV-VIS and of the IR solar spectrum is lost either as heat
in the case of the UV-VIS or simply not absorbed in the case of IR [1]. Two approaches will be addressed in
this presentation: i) Fluoride Glasses in energy upconversion and ii) Plastic Optical Fibers (POFs) for
downshifting in Luminescent Solar Concentrators (LSCs). i) Fluoroindate glasses are well known as good
hosts for optically active lanthanide ions due to their relatively low phonon energies. The consequently low
non-radiative rates observed for lanthanide excited states allow several different energy transfer processes
involved in down-conversion down-shifting and up-conversion schemes which can be very efficient in these
glass hosts.. We have been studying lanthanide ions containing fluorindate glasses aiming the possible
enhancement of efficiency in energy conversion of Si photocells [2]. Er**-Yb® ions are considered in up-
conversion where IR light (=1.5 um) is converted in visible light and of around 1000 nm. ii) Plastic optical
fibers and hollow tubes have been considered as LSC. The active layers used to coat the bulk fibers or fill the
hollow-core ones are Rhodamine 6G- or Eu®** doped organic-inorganic hybrids. Bulk-coated LSC’s presented
maximum conversion efficiency (n.yx) and concentration factor (F) of 0.6 % and 6.5 respectively.
Concerning hollow-core LSCs the optimized device displays ne,=72.4 % and F=12.3 [3].
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Bismuth-doped glass optical fibers: a new breakthrough in laser media

E.M. Dianov
Fiber Optics Research Center of the Russian Academy of Sciences, Vavilova St. 38, 119333 Moscow, Russia

Promising active media for the creation of lasers and optical amplifiers in the near infrared (NIR) region,
bismuth-doped (Bi-doped) optical fibers span a spectral range of 800-1800 nm. This range includes the
spectral regions 1250-1500 and 1600-1800 nm, where efficient rare-earth fiber lasers are absent. The
presentation will review recent results on the technology of Bi-doped fibers, luminescence properties of
various Bi-doped fibers, the nature of Bi-related NIR emitting centers and the development of efficient Bi-
doped fiber lasers (BDFL) and optical amplifiers (BDFA) covering the spectral region 1150-1800.
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In this work we present the production and characterization of a new binary glass system based on
(100-x)GeO,-xSbPO,4, where 0<x<70 mol %. Structural, thermal and optical properties were investigated as a
function of the GeO, content. The results were supported by thermal analysis (DSC), Raman spectroscopy,
UV-visible absorption, near-infrared transmittance, and M-lines technique. Glass transition temperatures (T)
remains unchanged at around 400 °C regardless the concentration of GeO,, indicating a competitive behavior
between GeO, and PO, units as responsible for the structure connectivity. On the other hand, the thermal
stability parameter against crystallization (AT = T,-T,) linearly increases as a function of GeO, content
reaching 400 °C for the glass with 90 mol % of GeO,. Raman spectroscopy was used to evaluate the glass
structural changes as a function of the GeO, concentration. A stretching band around 420 cm™ was assigned
to the symmetric stretching mode of Ge-O-Ge linkages in six member rings - six GeO, units. UV-visible
absorption curves show that the increases of the GeO, content shifts the absorption edges of the glasses to
higher energies. Infrared curves show the multiphonon cut-off at 2500 cm™, which is limited by the
absorption of the second-harmonic vibration of phosphate units and by OH absorption at 2800 cm™. By using
M-lines technique, a decrease of the linear refractive indices from 1.75 to 1.67 was observed as a function of
GeO, content. The glasses were doped with Er**/Yb* ions and the luminescent properties were studied.
Visible up-conversion emissions at red and green regions, as well as the infrared emission at 1550 nm were
observed for the glass samples under excitation at 980 nm and three different mechanisms are proposed.
Finally, planar waveguides were produced by femtosecond micromachining technique using the doped glass
samples. Passive and active properties were studied and a attenuation loss of 1.5 dB/cm was obtained.
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Chalcogenide glasses are widely used for infrared applications. The presence of oxygen during their
synthesis process leads to the presence of detrimental absorption bands on the transmission spectra. To avoid
this phenomenon, these glasses are synthesized using expensive and single use silica tubes sealed under
vacuum. The low thermal conductivity of silica also limits the quenching rate, and thus the size of the
samples produced. In this study, we present a new synthesis way to make chalcogenide glasses and glass-
ceramics without the use of silica tubes. An amorphous powder of the 80GeSe,-20Ga,Se; glass is produced
by mechanical milling of the raw starting elements (Ge, Ga, Se) and is then sintered using Spark Plasma
Sintering (SPS) technique. Bulk glasses and glass-ceramics with higher dimensions and transparent in the
infrared region were produced [1]. This process paves the way of a novel approach for the production of
chalcogenide glasses and glass-ceramics for infrared applications at a lower cost. We have also demonstrated
the possibility to apply this technique for various glass compositions such as Te-As-Se, Ge-Sb-Se, Ge-Ga-
Te...

Moreover, it is well known that thermal treatment is regarded as a useful way to generate permanent
second harmonic generation (SHG) property in chalcogenide glass for example. The presence of nano-
particles with high non-linearity susceptibility in glassy matrix contributes directly to the SHG phenomenon.
Here, we propose to use this new way of synthesis to make hybrid glass-ceramics by sintering
the Ge,oSh1,Sgs glassy powder doped with CdS nano-particles which possesses SHG property. This way can
overcome the limitation of the thermal treatment method for preparing glass-ceramics where
an uncontrollable crystallization takes place leading to surface-crystallization [2]. Glassy powder and CdS
nano-particles were thoroughly mixed and sintered into disc by hot-pressing which presented a pretty low
transmission in the mid-IR (30 % around 5 um) and a relatively high transmission of 60 % at 10.6 um [3].
Signals of Second-harmonic generation were observed in these samples. This novel method could be an
interesting approach to synthesize materials with ‘a la carte’ properties.

1. M. Hubert, G. Delaizir, J. Monnier, C. Godart., H.L Ma, X.H Zhang, L.Calvez. An innovative approach to develop highly
performant chalcogenide glasses and glass-ceramics transparent in the infrared range. //Optic Express, vol.19 (23), 2011

2. B. Xue, L. Calvez, V. Nazabal, X.H. Zhang, G. Delaizir, G. Martinelli, Y. Quiquempois. Mechanical milling and SPS used to
obtain GeS2-BGeS2 infrared glass-ceramic. // Journal of Non Cryst. Sol., Volume 377, 240-244, 2013

3. B. Xue, B. Fan, X.H. Zhang, Y. Quiquempois, G Martinelli, L. Calvez. Second-harmonic generation in chalcogenide glass-ceramic
doped with CdS nanocrystals. // Material Letters, 132 (1), 2014
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Tellurium dioxide based glasses containing oxides of tungsten, zinc, molybdenum, bismuth, alkali
metals and rare earth elements are promising material for fiber optics devices for infrared region.

They are characterized by a high transparency in the near and mid-IR, highly nonlinear optical
properties and excellent rare earth oxides solubility.

Possibility of producing of optical fibers with low loss up to 3-3.5 um [1], the efficient luminescence of
REE ions [2] and high nonlinear optical properties [3] have been demonstrated. The application of tellurite
glasses is currently limited to high optical loss in routine samples related primarily to the presence of 3d-
transition metals and hydroxyl groups impurities.

This work is devoted to the study tellurite glasses in terms of the importance of the optically active
impurities removal for use in fiber optics of near and mid-IR ranges.

Tellurium dioxide based glasses were produced by melting the oxides in crucibles of gold or platinum
inside sealed a silica chamber in the atmosphere of purified oxygen. The oxides, made by original techniques
[4, 5], as well as commercially produced oxides were used for glass synthesis. The zinc-tellurite and
tungstate-tellurite glasses compositions with the addition of modifying components of bismuth, lanthanum,
sodium oxides stable to crystallization were developed.

10 - | The total content of 3d-transition metals did not
9_( 3df;%n5ig%n£1\el\t;|s; I/\ \/’ exceed_ 1-2 ppm and the hydroxyl groups absorption
g 8 \ /,, T I . at maximum of the band around ~3 um was as low as
&7 or g\ Coe o n-10° cm™ in the best glass samples [6]. The glasses
3 6 \/ / l o I \‘ with a higher content of impurities have been also
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impurities determine the level of fiber loss preferably

different content of 3d-transition metals and OH-groups impurities ~ wavelength range further 2 pum. The main source of

Core 50 um / Cladding 150 um optical loss in the 2-5 um region is hydroxyl groups
impurity, and for wavelengths above 3.5 um multiphonon absorption is added. Optical loss in the record
optical fiber of the glass with the hydroxyl groups absorption of 0,001 cm™ is 0.3 dB/m at 2.5 um, 0.5 dB/m
at 2.8 um and 2 dB/m at 3 um.

Achievement a low concentration of limiting impurities in the glasses allowed to investigate the
luminescence properties of promising for use in the mid-IR REE in areas hidden in the samples with
insufficient purity by hydroxyl groups broad bands. The influence of the hydroxyl groups content on the
luminescence intensities and decay times was demonstrated.
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Fluoride glasses remain to be an attractive material for thirty years in shorter optical devices with
application lying in the visible and mid IR spectral range due to their low phonon energy (~500-600 cm™). In
this review, the information on glass-forming fluoride systems is presented, and the main methods for
synthesizing glasses on the basis of fluorides of the metals of Groups I1-1V, their physicochemical properties,
techniques for producing fibers and areas of application, and the techniques for purifying them from
undesired impurities are discussed. Modern materials science studies in the area of fluoride glasses are aimed
at searching for glasses activated with rare-earth elements (REESs) with a broad IR transmission range and
high optical homogeneity with the purpose of creating efficient active optical media in a wide spectral range,
as well as converters of IR radiation into the visible range for enhancing the efficiency of solar cells and
exciting photocatalysts. Our previous results demonstrated that fluorochlorohafnate glasses had a broader IR
transmission window and lower relaxation losses compared to ZBLAN. To reduce the losses caused by
multi-phonon relaxation the fluorozirconate glass composition was modified by substitution of Zr** for Hf **
and F~ was replaced by “heavier” CI” and Br~ by partial substitution BaF, for BaCl, and BaBr, respectively.
Glass formation with no visible signs of crystallization took place in the fluoride—chloride system at CI/F
ratios under 1/8 and in the fluoride—bromide system at Br/F ratios under 1/15.

The analysis of the influence of impurities on the optical transparency, crystallization, and phase purity
of the glasses is presented. The methods for the deep purification of the initial substances for preparing
fluoride glasses with the minimum content of impurities are considered. Original procedures for synthesizing
fluorides of elements and glasses free from oxygen-containing impurities are created on the basis of
physicochemical studies of the interactions of fluorinating agents with the components of fluoride glasses.
The development of ultrapurification processes for the preparation of fluoride glasses with the minimum
possible impurity concentration is a challenging problem. The main difficulty in developing the technology
of fluorides as key components of optical materials is related to the ultrapurification step, which is
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complicated by the high reactivity of fluorides for construction materials, their hygroscopicity, and their
tendency toward pyrohydrolysis.

We have developed general methodological approaches and apparatus for the preparation of fluoride and
fluorochloride glasses in chemically active media (fluorine, xenon difluoride, chlorine trifluoride, bromine
trifluoride, and carbon tetrachloride), which ensure a decrease in oxygen concentration in the glasses by two
orders of magnitude (down to 10° wt %) relative to the oxygen concentration in the starting fluorides
(10" wt %).

The publication was supported by the Federal Agency of Scientific Organizations within the State
Assignment on Fundamental Research to the Kurnakov Institute of General and Inorganic Chemistry and the
Russian Foundation for Basic Researches RFBR grant No. 15-03-02507
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Germanate glasses containing increasing contents of Ta,Os from 0 % to 20 mol % were prepared by
melting at high temperatures and quenching. Glass samples containing 15 and 20 % of Ta,Os exhibit
preferential orthorhombic Ta,Os precipitation under heating. Three sets of glass samples were also doped
with Eu®, Er¥*/Yb® and Tm/Yb®" respectively. A detailed crystallization study performed by DSC allowed
to determine the best nucleation and growth temperatures for a controlled Ta,Os crystallization and
transparent glass-ceramics. Eu®* spectroscopy pointed out a progressive increase of the crystallinity and the
lifetimes suggest an increasing refractive index around the Eu®" ions with longer heat-treatment times,
suggesting a richer Ta,Os environment around the rare earth ions. Er*" luminescence in the near infrared in
the Er**/Yb®* codoped samples also exhibits great changes in the emission behavior around 1,5 pm regarding
the Ta,Os content as well as heat-treatment time in the most Ta,Os concentrated samples. An increase in the
emission bandwith has been observed both in glass samples with increasing Ta,Os contents as well as in
glass-ceramic samples with increasing heat-treatment times, suggesting a higher tantalum oxide environment
around Er** ions and possible migration in the tantalum oxide crystalline phase. Progressive decrease of
radiative lifetimes also support this hypothesis. Upconversion mechanisms also exhibit dependence of the
composition and heat-treatment time on the final emission behavior. Emission measurements on Tm*>*/Yb®*
glass samples exhibit a strong emission around 1650 nm and a strong dependency of the Ta,Os content and
heat-treatment time realted with Ta,Os precipitation. Finally, planar waveguides were prepared from these
doped glass samples by Na'/Ag" ion exchange and characterized with respect to their refractive index,
guiding behavior and luminescent properties.
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Traditionally tellurite glasses are prepared by melting of a mixture of binary oxides (batch) taken in a
preset ratio and quenching of the melt produced. The optical properties of the manufactured glasses are
determined primarily by the nature and the oxidation state of oxide-forming elements - macro-components,
dopants and impurities, as well as of glass microhomogeneity. These features are derived from the
corresponding characteristics of the batches, their melting conditions, including the nature of the crucible
material and gaseous environment around the melt, and the melt quenching mode. In these processes
an important role belongs to the chemical reactions between the mixture components, their directions and
rates. These peculiarities were studied thoroughly for optical silicate glasses. The chemical changes of the
batch initial components to produce tellurite glasses have not been researched in details.

This report presents the results of research on the preparation of tellurite-molybdate glasses originated of
batches which differ each other in the manner of manufacturing and in the chemical form of tellurium,
molybdenum, bismuth, lanthanum and other elements. The followed substances were tested as the batch
materials: 1) the precipitates isolated from the solutions of the elements compounds; 2) the mixtures of
inorganic acids and their salts which are capable to decompose into binary oxides if taken in the individual
state; 3) the mixture of complex oxides of elements. The chemical processes affecting the optical properties
of the glass prepared which take place in the courses of batch preparation from the aqueous solution, of the
thermal treatment of the solid batch, and of batch melting, are described.

The advantage of the first method is the use of the finely dispersed mixture containing particles sized
from tens down to few nanometers. This feature reduces the duration of the homogenizing fusion which
contributes to decrease in melt contamination with container material. The compounds of elements in the
high oxidation state (Te*® in telluric acid and N** in nitrates) included in the second type of batch provide the
condensed phase with the oxidant at each stage of the process. This circumstance hinders the process of
reduction of Mo*® atoms which is responsible for the decrease in the glass optical transparency in the visible
and near infrared spectral ranges. The third kind of batch is composed of the complex oxides which possess a
lower melting point as compared with that for the corresponding binary oxides. This property affords a
possibility of preparation of glasses of better optical quality with the high content of refractory oxide.

The use of the batch composed of the chemically reactive components allows to manufacture tellurite-
molybdate glasses of high optical transparency in the short-wave range.
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Adhesion mechanism of contamination of optical glassy arsenic sulfides by SiO,
particles

Mishinov S.V., Churbanov M.F., Shiryaev V.S., Ketkova L.A., Suchkov A.l.
G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the Russian Academy of Sciences, 49
Tropinin str., 603950 Nizhny Novgorod, Russia
E-mail: ser.mishinov@yandex.ru

The practice of production of chalcogenide glasses shows their high adhesion to the silica glass used as
the construction material of equipment in most cases [1]. It can lead to the contamination of surface layers of
chalcogenide glass samples by nano- and microsized silica particles [2]. During the subsequent operation of
the glass, for example, for drawing optical fibers, the particles contaminate the melt causing the additional
optical losses and a decrease in mechanical strength.

The aim of this work was to investigate the adhesion mechanism of contamination of optical glassy
arsenic sulfides by silica-glass particles. The investigation of adhesion strength of the boundary of (As-S)-
SiO, solid phases was carried out by the steady detachment method. The presence of heterogeneous impurity
particles on the surface and in the volume of the chalcogenide ingot was found by optical microscopy,
electron microscopy and laser ultramicroscopy. The chemical composition of inclusions was determined by
an energy-dispersive X-ray microanalysis.

The influence of the composition of chalcogenide glasses, the temperature and time conditions of the
adhesion contact formation on the adhesion strength of (As-S)-SiO, solid phase boundary was studied. The
adhesion strength was demonstrated to increase with the content of sulfur in the glass matrix. It was found
the presence of millimeter-sized silica particles (Fig. 1) on the surface of chalcogenide ingot after testing
under conditions, when the adhesion strength of the (As-S)-SiO, solid phase boundary exceeded the limit
strength of silica glass (=10 MPa).

e ° : ko \ = ..l' s
Figure 1. The micrograph of the surface of the AsssSes glass after the contact with silica glass at the temperature of
360 °C (1, 2, 3, 4, 5 - silica particles)

There are two possible mechanisms of formation of impurity heterogeneous particles. The first
mechanism is the separation of protruding surface defects of silica glass because of the radial and
longitudinal shrinkage of chalcogenide sample during the process of glass cooling. This mechanism is quite
probable in the case, when the used silica-glass ampoule has initial high roughness. The second mechanism
of contamination can be associated with peeling of SiO, particles due to the presence of surface cracking that
can occur during the high temperature baking of silica glassware. It should be noted, that two mechanisms of
formation of the inclusions may occur at the same time and complement each other. Preparation of the
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arsenic sulfide glass samples with minimum content of SiO, particles is associated with the optimization of
temperature and time conditions of synthesis and annealing processes, as well as with the development of
technological procedures aimed for reducing the inner surface roughness of silica glassware.

This work was supported by the Russian Science Foundation (Russia, Grant No. 15-12-20040).

1. V.S. Shiryaev, S.V. Mishinov, M.F. Churbanov, J. Non-Cryst. Solids, 408 (2015) 71-75.
2. S.V. Mishinov, M.F. Churbanov, A.N. Gorokhov, et.al., Inorganic Materials, 52 (2016) (to be published)
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Fluorophosphate glass fiber for transmission in the UV

G. Galleani'? Y. Ledemi?, S. Morency?, Y. Messaddeq™?
YInstitute of Chemistry — Sao Paulo State University — UNESP, Araraquara, Sao Paulo, Brazil
“Centre d’Optique, Photonique et Laser — Laval University, Quebec, Canada
gugalleani@yahoo.com.br

Novel fiber materials transmitting in the deep ultraviolet (below 300 nm) and vacuum ultraviolet (below
200 nm) are highly desirable for specific applications like in agriculture for elemental sensing (phosphorus
and sulfur with atomic absorption lines at 177 and 181 nm, respectively) and for excimer lasers radiation
delivery in microlithography. To this end, fluorophosphate vitreous materials appear as excellent candidates
thanks to their large glass-forming ability and transmission windows that can be extended to the deep-UV
(down to ~160 nm) when their content of impurities are kept ultra-low [1]. They may thus offer an excellent
alternative to UV-grade silica fibers that sustain immediate damage during the UV light propagation [2].
Here, we report on the development of highly-pure fluorophosphate step-index optical fibers. Efforts were
dedicated on achieving glass preforms with high optical quality for fiber drawing. Step-index optical fiber
with numerical aperture of 0.15 was fabricated and the optical losses in the UV region of the fluorophosphate
fiber were investigated. The potential of this material to be used as deep-UV transmitting optical fiber will be
discussed. Efforts were dedicated on the glass purification and the preparation of high optical quality
preforms for fiber drawing. The potential of using these new fibers in deep-UV practical applications will be
discussed.

1. Ehrt, D.; Seeber, W.; Glass for high performance optics and laser technology. Journal of Non-Crystalline Solids., v. 129, p. 19,
1991.
2.J. Vydra, G. F. Schoetz, Improved all-silica fibers for deep-UV applications, SPIE Proceedings, v. 3596, p. 165, 1999.

I-1-O-5
Research on far-IR suspended-core fiber with Te-based chalcogenide glass

Xunsi Wang"?, Zheming Zhao"?*, Shuo Liu*?, Zhanghao Pan"?, Shi-xun Dai*?, Qiu-hua Nie'?
1Laboratory of Infrared Material and Devices, Advanced Technology Research Institute, Ningbo University,
Ningbo 315211, China
’Key Laboratory of Photoelectric Materials and Devices of Zhejiang Province, Ningbo 315211, China
*Nanhu College, Jiaxing University, Jiaxing 314001, China

With the development of infrared optics, low-loss, large waveguide materials are required. Especially,
low-loss Te-based optical glass fiber development for far-infrared application has grown to be a focus, which
shows the highest value of nonlinearity among glasses. Here, Te-based far-infrared chalcogenide (Ge-As-Se-
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Te, GAST) glasses and specialized fiber have been prepared and investigated. Firstly, specialized structure
show helps to enhance the nonlinearity, such as suspended-core structured fibers with AsS or As-Se glass
were manufactured [1-4], however, the high phonon energies of these glasses lead to their transparence were
limited not longer than 6-9 um. In contrast, tellurium glasses have largest nonlinearity in the glass host, and
their lower phonon energies mean that their transparence wavelength can easily cover the far-infrared optical
windows [5-7]. However, strong metallic character of Te leads to a greater tendency towards crystallization.
Fortunately, some low-loss fibers can be obtained using some stable chalcogenide glasses with some
specialized Ge-As-Se-Te (GAST) glass compositions [8]. The refractive index of Te-enriched part of the
GAST glasses can be varied from 3.2 to 3.4, here ~15 % content of Se results in far greater stability toward
crystallization [9, 10].

Here, some GAST glasses were prepared by traditional vacuum melt-quenching and vapor distillation
method. Structure and physical properties of GAST glass system were studied with XRD and DIL. Optical
spectra of GAST glass system were obtained by spectrophotometer and infrared spectrometer. Main
purification processes with different oxygen-getters (Mg & Al) were disclosed.

Then, low-loss GAST fiber with structures of single index and Suspended-core fibers were prepared by
a novel extrusion method, the losses of the index fiber were 0.46 dB/m at 8.7 pym and 1.31 dB/m at 10.6 pm,
with base loss under 1 dB/m from 7.2 to 10.3 um, just shown as Fig. 1. The fiber attenuation was measured
by the cut-back method. The results show that, the fiber attenuation can be decreased effectively by the ways
of reasonable purification and novel extruded-processing. At last, we chose GeyAsoSeisTess glass and a
novel extrusion technology to fabricate a suspended-core fiber. The glass rods were previously fabricated
and purified as before. To reach subwavelength core dimensions, the fibers are made by processes of three
steps, just shown as Fig. 2(al, a2, a3). Thanks to the novel extrusion method, the glass nature and tailored
fibers geometry can be protected perfectly. Fig. 2 (b1, b2) shows that the structures of suspended-core are
well identical in the preform and the fiber. To our best knowledge, it may be the first far-IR suspended-core
fiber based on telluride glass.
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Fig.1 Attenuation of GAST fiber (core Ge20As20Se15Te45/ cladding Ge20As20Se17Te43)
Fig.2 (a) Schematic diagram of novel preform extrusion processes; Cross-sections of preform (b1) and suspended-core
fiber (b2).

1. J. M. Harbold, F. llday, F. W. Wise, J. S. Sanghera, V. Q. Nguyen, L. B. Shaw, and I. D. Aggarwal, Highly nonlinear As-S-Se
glasses for all-optical switching, Optics Letters, 27(2002)119-121.

2. P. Houizot, F. Smektala, V. Couderc, J. Troles, and L. Grossard, Selenide glass single mode optical fiber for nonlinear optics,
Optical Materials, 29(2007)651-656.
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3. G. Boudebs, F. Sanchez, J. Troles, and F. Smektala, Nonlinear optical properties of chalcogenide glasses: comparison between
Mach-Zehnder interferometry and Z-scan techniques, Optics Communications, 199(2001)425-433.

4. S. Sanghera, I. D. Aggarwal, L. B. Shaw, C. M. Florea, P. Pureza, V. Q. Nguyen, and F. Kung, Nonlinear properties of
chalcogenide glass fibers, Journal of Optoelectronics and Advanced Materials, 8(2006)2148-2155.

5. A.A. Wilhelm, C. Boussard-Plédel, Q. Coulombier, J. Lucas, Development of Far-Infrared Transmitting Te Based Glasses Suitable
for Carbon Dioxide Detection and Space Optics, Advanced Materials, 19(2007)3796-3800.

6. S. Danto, P. Houizot, C. Boussard-Pledel, X.-H. Zhang, F. Smektala and J. Lucas, A Family of Far-Infrared-Transmitting Glasses
in the Ga—Ge-Te System for Space Applications, Advanced Functional Materials, 16(2006)1847-1852.

7. Z. Yang and P. Lucas, Tellurium-Based Far-Infrared Transmitting Glasses, Journal of the American Ceramic Society,
92(2009)2920-2923.

8. J.S. Sanghera, V.Q. Nguyen, P.C. Pureza, F.H. Kung, R. Miklos, and I.D. Aggrawal, Fabrication of Low-Loss IR-Transmitting
Ge30As10Se30Te30 Glass Fibers, Journal of Lightwave Technology, 12(1994)737-741.

9. V.K. Tikhomirov, D. Furniss , A.B. Seddon, J.A. Savage, P.D. Mason, D.A. Orchard, K.L. Lewis, Glass formation in the Te-
enriched part of the quaternary Ge-As-Se-Te system and its implication for midinfrared optical fibers, Infrared Physics &
Technology 45(2004)115-123.

10. Z. Yang, T. Luo, S. Jiang, J. Geng, P. Lucas, Single-mode low-loss optical fibers for long-wave infrared transmission, Optics
Letters, 35(2010)3360-3362.

I-1-O-6
Glasses of Ge — S — | and Ge — Se — | systems for infrared fiber optics

A.P. Vel'muzhov
G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the Russian Academy of Sciences,
Nizhny Novgorod, Russia
velmuzhov.ichps@mail.ru

The glasses of Ge-S—1 and Ge—Se—I systems are considered to be the promising materials for fabrication
of optical fiber amplifiers and lasers. They are characterized by high transparency in the near and middle IR-
range, by great ability to dissolve the rare-earth elements, and by high quantum efficiency of luminescence
[1-3]. The goal of the work is to develop the techniques for preparation of glasses with low content of
optically active impurities, investigation of the properties of glasses and determination of the compositions
most suitable for drawing the optical fibers with low optical losses.

The present work represents the approaches to preparation of special-purity of Ge-S—I and Ge-Se-I
systems providing the decrease in the contaminating effect of apparatus material due to decrease in
temperature and in duration of the synthesis of glass-forming melt. These approaches are based on melting of
the products of thermal decomposition of vitreous Ge,Ssl,, Ge,Sesl, and on the use of germanium (1)
sulfide, germanium (IV) iodide and Ge,Seo alloy as the sources of germanium. The samples of glasses with
the content of hydrogen impurity in the form of bonds S—H and Se-H (2-5)-10° mas %, of silicon
(1-4)-10° mas %, of metals <5-10° mas % are prepared which is by 1-2 orders of magnitude lower than in
the glasses of these systems prepared by the traditional method of melting of simple special-purity
substances.

Thermal, optical properties and stability to crystallization of (100-y)GeS, — yGel, (y = 3.8-12.2),
[GeS,Jool1o and Gas[GeSy]eslio (x = 1.35, 1.5, 1.7, 2.0, 2.3, 2.45, 2.6), [GeSis]i02l, (z = 0, 1, 3, 5, 8),
[GeSeslioxlx (X =0, 1, 3, 5, 8, 10) glass compositions were investigated. It was found that in [GeS,]sl1o
system the glass transition temperature, the band gap energy and the tendency to crystallization of glasses
non-monotonically depend on their composition passing through the maximum value at x = 2.0. In other
investigated systems the properties of glasses monotonically change with increase of iodine and
germanium (1V) iodide. The glasses of 85.8GeS, — 14.2Gely, [GeSis]oolio, [G€S26]e0li0, [GES15]e2le and
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[GeSe4]osls composition are mostly suited for drawing the optical fibers by crucible method with respect to
their common properties. It is for the first time that optical fibers were drawn from these glasses and their
optical losses were measured. The minimum optical losses were 2.7 dB/m at 5.1 um wavelength in
85.8GeS,— 14.2Gel, glass and 1.7 dB/m at 5.5 um in [GeSe,]osls glass. The main reasons of optical losses in
optical fibers were found and the ways to their further reduction were proposed.

This work was supported by the Russian Science Foundation (Russia, Grant No. 15-12-20040).

1. M. Zhu, X. Wang, C. Jiang, H. Xu, Q. Nie, P. Zhang, S. Dai, X. Shen, T. Xu, G. Tao, X. Zhang, Freely adjusted properties in Ge—
S based chalcogenide glasses with iodine incorporation, Infrared Physics & Technology 69 (2015) 118-122.

2. V. Krasteva, D. Machewirth, G.H Sigel, Pr**-doped Ge-S-I glasses as candidate materials for 1.3 pm optical fiber amplifiers,
Journal of Non-Crystalline Solids 213&214 (1997) 304-310.

3. AP. Velmuzhov, A.A. Sibirkin, V.S. Shiryaev, M.F. Churbanov, A.l. Suchkov, A.M. Potapov, R.M. Shaposhnikov, V.G.
Plotnichenko, V.V. Koltashev, A.D. Plekhovich, Preparation of Ge — Sb — Se — | glass system via volatile iodides, Journal of
Non-Crystalline Solids 405 (2014) 100-103.

[-1-O-7
The influence of PbO on spectra and thermo-optical properties of Nd**-doped
phosphate laser glass

Q.W.Yin, L. Wen, D.B. He*
Key Laboratory of Materials for High Power Laser, Shanghai Institute of Optics and Fine Mechanics, CAS,
Shanghai, 201800, China
*Corresponding author: hdb798123@163.com

Nd**-doped phosphate glasses are widely used as host material in high energy laser device for its high
energy storage ability. However, the poor thermal-mechanical properties of phosphate glasses limits its wide
application in the high average power systems with some repetition rate. So it is important to improve the
thermal-optical properties such as thermal optical coefficient and photoelastic coefficient to decrease the
thermal distortion of laser glass by adjusting the compositions of glass.

Although the addition of PbO is benefit for improving photoelastic constants (PEC) of phosphate glasses,
which has large polarizability[1],but the influence of PbO on the spectra of Nd** ions in phosphate glass is
seldom studied. In this paper, the P,0Os-K,O0-Al,05—(20-x)BaO-xPbO-Nd,03 (x=0,3,6 mol) glass system has
been melted and studied.

Optical properties of Nd**-doped phosphate glasses have been studied on the basis of the Judd—Ofelt
theory. Emission cross section of Nd** of three samples at 1.053 um are 4.29x10%°, 4.34x10%,
4.42x10%° cm?, respectively, which shows that the replacement of BaO by PbO can improve the laser gain of
Nd**-doped laser glass. The thermo-optic coefficient (ds/dt) of three samples are -1.49x10°®, -1.65x10°,
-1.64x10°%°C™", respectively, reveal that the replacement of BaO by PbO may have little influence on the
thermo-optic coefficient of glass. The thermal expansion coefficient of three glass samples are respectively at
133.77x107° to 134.47x10°°C", which shows the little influence on the thermal properties.

Results shows that the replacement of BaO by PbO in phosphate glass can improve the laser and
thermal-optical properties of laser glass.

1. Jaemin CHA, Mizuyo KAWANO, Journal of the Ceramic Society of Japan, 116 1100-1103 (2008).
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Broadening of NIR emission from bismuth doped germanium glass
melting in a controlled reducing atmosphere

C.-Z. Liu, J. Ruan*, J.-J. Han, and X.-J. Zhao
State Key Laboratory of Silicate Materials for Architectures (Wuhan University of Technology),
122 Luoshi Road, Wuhan 430070, China PR
Corresponding Author: jian_ruan@whut.edu.cn

Bi-doped glass with ultra-broadband near-infrared (NIR) emission is one of promising candidates for
broadband fiber amplifier and tunable lasers in the wavelength region from 1000 nm to 1600 nm, covering
both of the second and the third communication windows. In this study, bismuth doped germanium glasses
are prepared by conventional melting-quenching method with a controlled reducing atmosphere for glass
melting by using SisN4 and BN additives. Broadening of NIR emission by the rising of efficient near infrared
emission around 1460 nm~1500 nm was observed in the obtained glass samples, which show a characteristic
broadband absorption band around 500 nm. The ratio of the emission around 1460 nm~1500 nm to the one
around 1150 nm was studied as a factor of bismuth ion doping concentration, alkaline and alkaline earth ions
species, and reducing additive content. Efficient emission around 1460 nm~1500 nm was only obtained in
the samples doping with low bismuth concentration. Its origination was supposed to be bismuth clusters
related. The reducing atmosphere controlled by SisN4 and BN additives was found to be necessary for the
formation of above mentioned bismuth-related centers, and it could be an efficient approach for fabricating
bismuth-doped multi-component glass and fiber preform.
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Figure 1 (a) Transmission spectrum of a glass sample with a thickness of ~2.2 mm, the inset shows its photograph and
emission spectrum under excitation at 460 nm; (b) its NIR emission spectra under different excitation wavelengths.

Fig. 1(a) shows a glass sample with transmission around 90 % in the NIR wavelength region. Efficient
emission consisted with two band were observed from it when excited at 460nm. FWHM of the emission
band around 1470 nm reached 250 nm, which could cover the gap between the second window and the third
window in optical communication.

Fig. 1(b) shows its excitation wavelength-dependent NIR emission. Three types of Bi-related active
centers could be confirmed, which will be great helpful for fully understand the luminescent mechanism of
Bi-doped glass and fibre.

1. E.M. Dianov. Bismuth-doped optical fibers: a new active medium for NIR lasers and amplifiers. SPIE LASE. International Society
for Optics and Photonics, 2013:86010H-86010H-10.

2. M.Y. Peng, J.R. Qiu, D.P. Chen, et al. Bismuth- and aluminum-codoped germanium oxide glasses for super-broadband optical
amplification. Optics Letters, 2004, 29(17):1998-2000.
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Fabrication and characterization of novel multi-material chalcogenide glass fibers and
fiber tapers for Mid-infrared SC generation

Shixun Dai’, Xunsi Wang, Peiging Zhang, Yanan Sun, Hongya Ou, Baohua Luo
Laboratory of Infrared Material and Devices, Advanced Technology Research Institute, Ningbo University,
Ningbo, 315211, China
*Corresponding email:daishixun@nbu.edu.cn

Chalcogenide glass fibers are excellent candidates for broadband supercontinuum (SC) generation due
to their excellent MIR transparency and high third-order nonlinearity. In this work, we reports on the
fabrication and characterization of two kinds of multi-material chalcogenide fiber with high numerical
apertures (NAs). We fabricated multi-material As,Ses-As,S; and Ge;5Sh,sSeg-GesShaSegs chalcogenide
fiber preforms via the modified one-step co-extrusion and rod-in-tube process, respectively. The preforms
were drawn into multi- and single-mode fibers with high NAs (1.45 and 1.0), whose core/cladding diameters
were 11/246 and 63/507 pum, respectively. The minimum loss of the single-mode As,Se;-As,Ssfiber is about
5.2 dB/m at 5.8 um. We experimentally demonstrated the SC generation in a 15-cm-long multi-material
As,Ses-As,S; chalcogenide taper with 1.9 um core diameter and the ZDW was shifted to 3.3 um. When
pumping the taper with 100 fs short pulses at 3.4 um, a 20 dB spectral of the generated SC spans from
1.5 um to longer than 4.8 um. By pumping a 20-cm-long Ge;sShasSego-GeisShapSess fiber using 100 fs pulses
at 5.0 um, SC spanning from ~3.8 to ~8.6 um with a dynamic range of +20 dB was generated. In addition,
Ge15ShySeqs bare glass fiber with a diameter of 500 um was fabricated, and then tapered with different
tapering parameters through a modified resistance heating experimental platform with an aim to elucidate the
effect of the tapering temperature, taping speed and taper length on the formation of the tapering structure
and their performance.

[-2-inv 2
Hollow-core revolver optical fibers

I.A. Bufetov, A.F. Kosolapov, A.D. Pryamikov
Fiber Optics Research Center, Russian Academy of Sciences, 38 Vavilov Street, 119333 Moscow, Russia;
iabuf@fo.gpi.ru

The optical properties and applications of low-loss revolver hollow-core optical fibers based on different
glasses are reviewed.

Hollow-core glass fibers opened up new possibilities in the development of fiber optics [1]. The lowest
optical loss so far (1.2 dB km™) is offered by so-called hollow-core photonic crystal fibers (HCPCFs), whose
guidance properties are ensured by the photonic bandgap of a microstructured fiber cladding [2]. Another
mechanism capable of ensuring guidance properties of a hollow core takes advantage of antiresonant
reflection (similar to reflection from a Fabry—Perot interferometer; see e.g. a review by Poletti [3]). To
confine light in hollow-core anti-resonant fibers (HC-ARFs), their core is surrounded by glass membranes
identical in thickness, which is chosen such that interference of rays reflected from different membrane
surfaces leads to a considerable increase in reflectivity for back-reflected light. As a result, the optical loss in
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the fiber decreases. The HC-ARFs differ from the HCPCFs in that a larger transmission bandwidth is
possible, in combination with somewhat higher optical losses. The lowest optical loss in the HC-ARFs
reported to date is 24 dB km™ at a core diameter Dc = 94 um [4]. Note that the optical loss in the HC-ARFs
is inversely proportional to the third, or higher, power of Dc [3], so lower losses are much easier to achieve
at larger core diameters.

A special place among the HC-ARFs is held by hollow-core revolver fibers with a reflective cladding
formed by a single ring of capillaries (Fig.1).

Fig.1. The cross section images of revolver fibers (RF): a) RF with single nontouching capillaries in the cladding [7];
b) RF with double nested capillaries [8].

Such a fiber design was first proposed in 2011 by Pryamikov et al. [5], who viewed it as a hollow-core
fiber with a negative curvature of the core—cladding interface. Subsequently, this term was also applied to
fibers with a hypocycloid-shaped core boundary [6] and with reflective cladding elements differing
significantly in shape from circular capillaries [4]. The shape of such elements resembles a stylized image of
an ice cream cone. Gladyshev et al. [7] proposed a particular name for hollow-core fibers with a reflective
cladding in the form of a single ring of circular capillaries: hollow-core revolver fibers (HCRFs). Such fibers
have a simple design, with a low fraction of light propagating in the fiber material (compared to that
propagating through the hollow core) and insignificant dispersion in their transmission windows. The lowest
optical loss obtained to date in the revolver fibers is at a level of 100 dB km™. Efficient Raman generation
has been demonstrated in an HCRF on the 1.06 — 1.9 um vibrational transition of molecular hydrogen [7].
HCRF have been fabricated not only from v-SiO,, but also from chalcogenide [9] and soft [10] glasses and
even from PMMA [11]. Authors thank RFBR for support (grant #14-29-07176).
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Mid infrared fiber optics — review of technologies and key applications

Viacheslav Artyushenko
art photonics GmbH, Rudower Chaussee 46, 12489 Berlin, Germany

Well known fused silica fibers possess by high transmission in a broad spectral range from 180nm up to
2.2 um and can be used for Near-InfraRed (NIR-) spectroscopy or for delivery of power for Diode, Nd- or
Ho-lasers. As their transmission is limited for a longer wavelengths by fundamental multi-phonon absorption
wing — the large family of IR-materials was investigated to develop fibers for Mid InfraRed (MIR) range, i.e.
for 2-16 pm range.

Strong demand for various applications in spectroscopy, laser power delivery, pyrometry sensing and
IR-imaging in “finger-print” Mid IR-range 2-16 um has initiated >30 years ago an intensive development of
new types of IR-glass fibers, Hollow Waveguides and Polycrystalline IR-fibers (PIR-fibers) extruded from
Silver Halide solid solutions. Progress in technology for all these key groups of Mid IR-fiber optics will be
reviewed for comparison.
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The 2™ part of review will cover key areas of applications for IR-glass and polycrystalline fiber optics
vs Hollow Waveguides, including comparison of their pragmatic exploitation parameters when they are
assembled as:

1) Laser cables for power delivery of IR-lasers like Er:YAG; CO- & CO2-laser, etc.;

2) Spectroscopy probes used for reaction/ process monitoring in lab/ industry and for biomedical
diagnostics;

3) IR-endoscopes or bundles to enable non-contact temperature monitoring and flexible IR-imaging.

Finally, the most advanced laser, spectroscopy and sensing IR-fiber systems will be reviewed with the
analysis of new development trends and estimation of the growing market needs.
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Recent advances and trends in development of chalcogenide glasses
for passive and active fiber optics

Vladimir Shiryaev
G.G.Devyatykh Institute of Chemistry of High-Purity Substances of the Russian Academy of Sciences,
49 Tropinin Str., 603950 Nizhny Novgorod, Russia
E-mail: shiryaev@ihps.nnov.ru

Chalcogenide glasses due to their optical and physico-chemical properties are promising materials for
the production of optical fibers for the near and mid-infrared range. There are a lot of chalcogenide glasses
based on sulfides, selenides and tellurides of arsenic, germanium and other elements used or developed for
various functional passive and active applications, such as a transfer of mid-IR radiation, IR monitoring,
low-temperature pyrometry, analytical remote spectroscopy, IR fiber lasers and amplifiers, high-speed
switches, supercontinuum generators, etc.

The glasses for mid-IR fiber optics must have a wide spectral range of transparency, low content of
limiting impurities, good stability against crystallization and good mechanical strength. The additional
requirements to active glasses include the high value of nonlinear refractive index, low coefficient of two-
photon absorption and intensive photoluminescence in the mid-IR range.

Development of chalcogenide glasses for IR fiber optics can be carried out in the following directions:
1) production of chalcogenide glasses with ultra-low content of impurities and optical fibers with low optical
losses; 2) fabrication of solid-core microstructured fibers (to obtain controlled dispersion, endleely single-
mode operation, supercontinuum geteration, and soliton propagation); 3) production of hollow-core
microstructured fibers for IR radiation power delivery and sensors; 4) preparation of fibers with a wide range
of transparency - from 1 to 25 um (based on Te-rich glasses); 5) preparation of luminescent glasses doped
with activators for creation of new pump sources, amplifiers and sensor devices; 6) use of high non-linearity
of glasses for creation of generators of supercontinuum and nonlinear devices operating in the mid-infrared.

The report gives the current status on preparation and investigation of chalcogenide glasses and fibers
and ways to improve their optical properties and functional characteristics. The methods for preparation of
high-purity As-Se, Ge-As-S, As-Se-Te, As-S-Se, Ge-Sb-Se, and Ge-As-Se-Te glasses, including the samples
doped with rare earth elements, have been developed [1, 2]. To synthesize the high-purity glass samples, the
multi-stage technique based on the chemical distillation purification of glass and components, as well as the
chemical vapor transport reaction technique to purify and to load the individual Ga or In metals in the glass
matrix have been developed. The optical transmittance of the produced glasses, their structure, physico-
chemical, optical linear and non-linear properties and the content of limiting impurities were determined.
Glass compositions with low tendency to crystallization were established. The prepared glass samples have a
record low content of limiting impurities: oxygen - <0.1 ppmwt, carbon - <0.5 ppmwt, hydrogen -
<0.02 ppm wt, silicon - <0.1 ppm wt, transition metals - <0.05 ppm wt. Using the "rod-in-tube" and “double
crucible” drawing methods, the multimode and single-mode optical fibers were prepared; their optical and
mechanical properties were investigated. The minimum optical losses in multimode As-Se-Te glass fiber
were 150 dB/km at a wavelength of 6.6 um, and ones in As-Se glass fiber were <50 dB/km at 2.7 um.
Minimum optical losses in Pr(3+)-doped Ge-As-Ga-Se glass fiber were <1 dB/m at pumping wavelengths
and in the spectral range of 5.8-6.5 um. The prepared doped glasses and fibers exhibit an intensive
photoluminescence in the spectral ranges of 1.3-2.5 and 3.5-5.5 um [3].

Up-to-date level of optical, mechanical and emission characteristics of chalcogenide glass fibers are
sufficient for their use in various passive and active devices for mid-IR transmitting and generation.
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Towards chalcogenide glass fibers with intrinsic optical losses

M.F. Churbanov, 1.V.Skripachev, G.E.Snopatin, V.G. Plotnichenko
Institute of Chemistry of High Purity Substances of RAS
49, Tropinina Str., 603950, GSP-75, Nizhny Novgorod, Russia,
e-mail: churbanov@ihps.nnov.ru

The first report on optical fibers from chalcogenide glasses refers to 1965 [1]. The optical fibers from
As,S; with length of 30 cm and with core diameter of 5- 200 um at ~10 % transmission in the range of
1.5+6.5 pm were used to fabricate the irregular bundle for transmission of optical image. High transparency
in the middle IR-range is the property determining various functional applications of chalcogenide optical
fibers. Fabrication of chalcogenide optical fibers with optical losses equal or close to intrinsic losses is one of
the main directions of development conducted for 50 years.

The intrinsic optical losses comprise the contributions from different constituents of interaction of
radiation with optical medium. These are the electron and multi-phonon absorption, free-carrier charge
absorption, scattering on fluctuations of density and concentration of components [2-4]. Calculation of losses
with different physical models gives the values lying in sufficiently broad range (from hundredth parts up to
the units of dB/km) for the same glass. The exact value of intrinsic optical losses is important for practice
and for comparison of conformity of theoretical and actual structure of glasses.

Extrinsic, excessive losses are due to absorption of radiation by impurities, by scattering on optical
inhomogeneities in glass and on the defects of waveguide structure of optical fiber. The lowest losses,
attained up to the present time in multi-mode optical fibers for the majority of chalcogenide glasses, are in
the range of 40-100 dB/km [4-6]. There is a difference by 10-100 times between the theoretical and attained
losses. They are relatively close in optical fibers from As,S;: 0.06-5 dB/km [2,4] and 12 dB/km,
respectively. At the present time the length of samples of optical fibers from As,Ss, used to measure the
losses, is 150-200 m.

The level of excessive optical losses is determined by the content of impurities in the initial substances,
by the contamination effect of apparatus material and environment in the process of fabrication of glasses
and optical fibers, by crystallization and microliquation of glasses, by perfection of technology for
preparation of glasses and optical fibers. A relative contribution and nature of manifestation of these factors
are specific to each type of glass and optical fiber. The general tasks are the invrease in chemical and phase
purity of glasses. The further development of the physical and chemical fundamentals of all stages of the
used processes is required which provide the fabrication of glasses with the content of limiting impurities of
0.1-1 ppb wt. and of heterophase micro-impurities of 0.1-10 cm®. The report gives the approaches developed
for solution of these tasks in view of the nature of each glass as well as new results on preparation of more
pure chalcogenide glasses and optical fibers with low optical losses.

1. N.S.Kapany, R.J.Simms, Infrared Physics, 1965, v.5, pp 69-80.
2. E.M.Dianov, M.Yu.Petrov, V.K.Sysoyev, V.G.Plotnichenko, Kvantovaya Electronika (Rus Journal), 1982, v.9, Ne4, pp 798-800.
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Specifics of spectral loss measurment in IR fibers

Plotnichenko V.G.', Sokolov V.0.%, Kryukova E.B.", Snopatin G.E.?, Skripachev I.V.2, Churbanov M.F.?
'Fiber Optics Research Center of the Russian Academy of Sciences, Vavilova St. 38, 119333 Moscow,
Russia, e-mail: victor@fo.gpi.ru
’G.G. Devyatykh Institute of Chemistry of High-Purity Substances of the Russian Academy of Sciences,
Tropinina st. 49, 603950 Nizhny Novgorod, Russia

Main error sources and their contribution to the total error of measuring the optical loss spectrum by cut-
back method in the middle IR range (2-20 um) for multimode optical fibers made from materials with a high
(2 to 4) refractive index value are analyzed.

It is shown that in case of insufficient fiber length, a neglect of the refractive index values leads to a
systematic overestimation of the measured optical losses: the higher the refractive index of fiber core
material, the greater is an overestimation. In measurements the greatest contribution to the total error is
typically introduced by a preparation quality of fiber ends and by the signal-to-noise ratio after the initial
fiber piece.

The dependence of the experimental setup parameters (i.e. spectral dependence of signal-to-noise ratio
and surface quality of the ends), as well as the optical fiber lengths used in measurements, on the
determination accuracy of fiber losses is analyzed for optical fibers from chalcogenide glasses, as an
example. Figure presents the dependence of the optical loss ratio ag/a, calculated with taking into account the
refractive index values a of the core material and without oo, on the optical fiber loss at different ratios of
initial/final fiber lengths (2/1, 10/1 and 100/1). It is shown that the ratio ag/a grows with increasing the
refractive index of the fiber core material.
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Crystallization and relaxation behavior of Ge;;Gay; Tesg infrared glass

D. Brandova, R. Svoboda, J. Malek
Department of Physical Chemistry, Faculty of Chemical Technology, University of Pardubice, Studentska
573, 532 10 Pardubice, Czech Republic
E-mail of the corresponding author: daniela.brandova@student.upce.cz

The non — isothermal crystallization kinetics and structural relaxation kinetics of Gey;Gay Tesg infrared
glass were studied by differential scanning calorimetry (DSC) and by thermomechanical analysis (TMA).
This is first study of thermal behavior of Ge — Ga — Te chalcogenide material performed in such detail. The
complexity of crystallization process evinced and was treated by deconvolution procedure using Fraser —
Suzuki (FS) function. [1] The apparent activation energy of crystallization E for each set of DSC and TMA
curves were estimated by the Kissinger [2] and Kissinger — Akahira — Sunose equations. [3] In case of DSC
curves the values of maximum of crystallization peak T, were used, while for the evaluation of
crystallization activation energies from the TMA measurements the extrapolated initial crystallization
temperatures T, were used. The comparison of the evaluated activation energies for DSC and TMA data
shows the similar trend and confirms the fact that the viscous flow during glass softening is ceased by the
initial surface formation of Te crystallites. In addition, direct comparison of the DSC and TMA data reveals
that only a narrow temperature window exists between the start of the glass softening and first formation of
Te crystallites — this confirms the reported [4] difficulties regarding commercial applicability of Ge-Ga-Te
glasses.

In the second step of kinetic analysis the appropriate kinetic model was chosen. The studied
chalcogenide glass exhibited two overlapping crystallization peaks. The initial crystallization process was
described using the nucleation — growth Johnson — Mehl — Avrami [5] kinetic model and corresponds to the
surface precipitation of tellurium. The following crystallization process was described by autocatalytic
Sestak — Berggren [6] model and corresponds to the growth of GeTe and Ga,Tes crystalline phases. The
suitability of the pre — selected models was confirmed by additional testing of various different models.
Based on the XRD data, the first crystallization peak corresponds to the formation of hexagonal Te (P3121)
and the second crystallization peak corresponds to the formation of hexagonal Ga,Tes (P3ml) and
rhomboedral GeTe (R3m).

The structural relaxation kinetics was described in terms of Tool — Narayanaswamy — Moynihan model
and operates in region of glass transition. The DSC measurements worked with constant — ratio (CR) and
constant — heating rate (CHR) cycles. The TMA relaxation experiments were then based on the simple
dependence of T4 on cooling rate q; this type of TMA structural relaxation measurements was recently used
to study relaxation behavior in several other chalcogenide glasses [7]. The both methods exhibited similar
activation energies.

This work has been supported by the Czech Science Foundation under project No. 16-10562S and by the
SGS_2016_014.
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Study of ionic properties by electrochemical impedance spectroscopy and radioactive
tracer diffusion

M. Fraenkl®, K. Shimakawa?, Jan M. Macak®, T. Wagner"*
'Department of General and Inorganic Chemistry, University of Pardubice,
Studentska 573, Pardubice 532 10, Czech Republic
2Joint Laboratory of Solid State Chemistry of Inst. of Macromolecular Chem. of the AS CR, v.v i., Prague
and University of Pardubice, Studentska 95, 532 10 Pardubice, Czech Republic.
3Center of Materials and Nanotechnologies, Faculty of Chemical Technology, University of Pardubice, Legii
sg. 565, 53210 Pardubice, Czech Republic

Solid-state ion conductors are an important class of materials. These materials attract considerable
interest due to their potential applications in the field of electrolytes in batteries and fuel cells, gas sensors,
etc [1, 2].

Electrochemical impedance spectroscopy (EIS) is powerful method for understanding dynamics of ionic
transport. For analysis of impedance spectra we use model based on Dyre’s random walk theory [3-6].
Directly obtained information are hopping times of mobile ions. Diffusion coefficient is calculated.

Radioactive tracer diffusion is macroscopic method which provide us diffusion coefficient [7].

Case example is chalcogenide glass GeSh,Ss doped with Ag. The study shows, how helpful this
approach can be to understand ionic transport mechanism.

The authors thank to project KONTAKT Il (CR-USA) LH14059 for financial support.
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Viscous behavior of chalcogenide materials

P. Kostal', T. Hofirek’, J. Malek’
'Department of Inorganic Technology, University of Pardubice, Doubravice 41, Pardubice 532 10,
Czech Republic,
Department of Physical Chemistry, University of Pardubice, Studentska 573, Pardubice 532 10,
Czech Republic
e-mail: petr.kostal@upce.cz

Chalcogenide glasses are interesting materials which have been widely studied since 1960s. Their
properties designate them as suitable materials for various interesting applications, e.g. optical lenses and
fibers, image-sensors, rewritable memory discs or non-volatile PCRAM memory devices [1, 2]. Knowledge
of viscous behaviors of amorphous materials is very important. This basic physical property is essential for
technology and production of glassy materials. Viscosity is also directly connected with structural relaxation
of glass and with crystal growth in undercooled melt. Structural relaxation is very slow rearrangement of
thermodynamically unstable glass toward equilibrium and it is in fact very slow flow of material and hence it
is influenced by viscosity. Cold crystallization process is influenced by diffusion which is determined also by
viscosity. This crystallization process which takes place in undercooled melt region also strongly influences
the flow of this undercooled melt in low viscosity region. Growing crystals cause that viscosity is
immeasurable in this region. The interpolation of viscosity data, measured above (higher region of
undercooled melt and glass) and under (melt) this immeasurable region, is then necessary for determination
of viscosity. The appropriate viscosity theory is necessary for this interpolation [3].

We have studied viscous behavior of different chalcogenide materials in our laboratory more than fifteen
years [4]. We have used penetration, parallel-plate and rotating bob methods for these studies. Penetration
method is based on measuring of penetration depth or rate of indenter which is pushed into sample by
constant force. The penetration method can be used to measure viscosity in the range of 10" - 10" Pa.s. We
have used hemispherical [5] and cylindrical [6, 7] shapes of indenter. Parallel-plate method [7] is based on
measuring of time dependence of height of sample which is squeezed between two parallel plates. This
method can be used to measure viscosity in the range of 10* - 10° Pa.s. In the case of rotating bob method
the stainless steel bob is immersed into measured liquid and makes rotating motion with constant angular
velocity. The moment of force produced by viscosity of liquid is measured by use of torsion spring.

We also made a broad literature research which was focused on chalcogenide materials and measuring
methods of their viscosity. Knowledge of all published data combined with our measurements allows us to
make several interesting comparisons, e.g. correlations of viscosity glass transition temperatures T, or
kinetic fragilities.

This work was supported by the Czech Science Foundation under project No. 16-10562S and by IGA
University of Pardubice under the research project SGS_2016_014.
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Nanocrystallization of RE—doped tellurite glasses
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! Institute of Chemistry, FEB RAS, Vladivostok, Russia
2 pacific S.0. Makarov Higher Naval School, Vladivostok, Russia
masl@ich.dvo.ru

At present there is an increasing interest to the tellurite glasses due to a possibility to use them in the
optical data recording and communication systems [1]. The tellurite glasses have the highest linear and
nonlinear refractive indexes among the oxide glasses and possess high transparency in the range from near
UV to IR (0.35 — 6 um). They combine chemical stability, mechanical strength, high resistance to corrosion
and atmospheric moisture. The high solubility of rare-earth (RE) metals and relatively low phonon energy
make it possible to develop lasers based on the tellurite glasses [2].

Nonocrystallization of the (100-x-y)TeO,-xPbO-P,0s-yPbF, : zMF; (M= Er, Eu, Nd; x=42.5-30, y=5-30
and z=0.5 mol. %,; for ErF; z=0.5-3.0 mol. %) glasses were investigated. It has been found that doping rare-
earth (111) fluorides promoted nucleation in the bulk glasses. The sizes of generated particles were about 2-5
nanometers and their shapes were close to spherical (Fig. 1). The growth rate of crystallites depended on the
rare earth fluoride dopes and lead fluoride content. MF; plays the role of nucleation agent in glasses.
Increasing of the ErF; doped results in the growing amount of nucleation centers, whereas increasing of the
PbF, content results in growing particle dimensions. Glass forming rate also effects the particle size. XRD
data confirmed amorphous structures of the glass samples. According to luminescence data increasing the
PbF, and rare-earth(I11) fluorides concentrations led to rise luminescence intensity of both neodymium(lIl)
and erbium(I1l) in the IR range and europium(lll) in the visible range. Increasing of luminescence intensity
evidences that crystallite structures appear in glass bulk and rare-earth ions segregate into crystallite
particles.

Figure 1. TEM image of the 40TeO,-30PbO P,0s-30PbF, : 0.5ErF; glass.

The heat treatment of the glasses contained of 5-10 mol. % of PbF, during 1-3 hours at temperature of
about T, promotes the glass ceramic formation, where the crystalline phase is Pb,P,0;. Samples remained
transparent up to 2 hours of heat treatment. After 3 hours they became opaque. Heat treatment of the
investigated glasses at suitable conditions enables to produce transparent glass ceramics.

1. A. Jha, B. Richards, G. Jose, et al., Review on structural, thermal, optical and spectroscopic properties of tellurium oxide based
glasses for fibre optic and waveguide applications, Int. Mater. Rev., 57 (2012) 357-382.

2. S. Zhao, X. Wang, D. Fang, et al., Spectroscopic properties and thermal stability of Er®*-doped tungsten-tellurite glass for
waveguide amplifier application, J. Alloys Compd., 427 (2006) 243-246.
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The effect of crystallization on the luminescent properties of bismuth-doped
barium gallium germanate glasses

Pynenkov A.A.%, Nishchev K.N.!, Kyashkin V.M., Firstov S.V.?
N.P.Ogarev Mordovia State University, Saransk
’Fiber Optics Research Center of the Russian Academy of Sciences, Moscow
alekspyn@yandex.ru

The optical materials doped with bismuth are promising active media for wideband optical amplifiers
and lasers operating in the near infrared wavelength range [1]. That is why the investigation of this type of
active media is of great interest.

In this summary we report the results of a comparative study of the luminescent properties of Bi-doped
barium gallium germanate glasses and glass-ceramics of the sa me chemical composition.

The investigated glasses with compositions of 14BaO — 2 Ga,0; — (84-x) GeO, — xBi,03 (x=0-5) were
fabricated by the conventional melting-quenching method. The glasses were synthesized in air atmosphere.
The glass-ceramics were obtained from the sintered glass samples by high-temperature annealing process
with different treatment times. In this case, the annealing temperature was ~650 °C close to the
crystallization temperature of the glass. The parameters of crystalline phase formed in glasses were analyzed
by X-ray diffractometer Empyrean (PANanalytical). The luminescence spectra were recorded using a
spectrofluorimeter FLSP920 (Edinburgh Instruments).

Fig. 1 shows the luminescence spectra of glass and grass-ceramic excited at the wavelength of 450 nm.
Two bands peaked at ~820 nm and ~1270 nm are characteristic for Bi-doped glasses. A single broad
luminescence band with maximum near 850 nm was detected in the glass-ceramics. It should be noted that
luminescence intensity in the range of ~820-850 nm substantially raised with increase of the crystalline
phase whereas the intensity of the band at 1270 nm region decreased. We suggest that this effect is probably
caused by a structural modification of local environment of a Bi ion emitting in near IR region. Taking into
account the structural glass-ceramic parameters identified by means of X-ray analysis, the model of the
crystalline phase structure containing Bi ions was developed.
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Fig.1. Luminescence spectra of glass and glass-ceramic at the excitation A=450 nm.

1. 1. A. Bufetov, M. A. Melkumov, S. V. Firstov, K. E. Riumkin, A. V. Shubin, V. F. Khopin, A. N. Guryanov, and E. M. Dianov,
“Bi-Doped Optical Fibers and Fiber Lasers,” IEEE J Sel. Top. Quant. 20(5), 0903815 (2014).
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Local modification of glass structure: from nanogratings to crystalline waveguides
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!International Center of Laser Technology, D. Mendeleyev University of Chemical Technology, Miusskaya
Sq., Moscow 125047, Russia
*Optoelectronics Research Centre, University of Southampton, Southampton SO17 1BJ, United Kingdom
vlad.sigaev@gmail.com

Depending on conditions of femtosecond (FS) laser beam exposure, the glass structure can be modified
in the micron and submicron scale by significantly different ways forming amorphous ranges with changed
refractive index, birefringent microdomains (nanogratings), glass-ceramic or fully crystalline fragments of
different architecture (waveguides, splitters, gratings, etc.).

Studies of nanogratings have been concentrated mainly on silica glass so far, while information about
features of interaction of FS beam with multicomponent glasses is very limited. Laser writing of amorphous
waveguides in glasses was demonstrated scores of times whereas there is the only article reporting the
waveguide properties of crystalline lines written in the bulk of a glass [1]. In general, research in this area is
at an early stage.

In this work, using a FS ytterbium laser TETA (wavelength 1030 nm, pulse duration 290 fs, pulse
energy up to 0.1 mJ, pulse repetition frequency up to 100 kHz) and PHARQS laser (wavelength 1030 nm,
pulse duration of 280 fs to 10 ps, pulse energy up to 0.2 mJ, pulse repetition frequency up to 500 kHz) the
study of a wide variety of oxide glasses was carried out and conditions of formation of nanogratings and
their thermal stability were described.

Literature data on the formation of nanogratings in silica glass, glassy germanium dioxide and industrial
borosilicate glasses were compared and the possibility of modifying the structure of glasses in alkali silicate,
borosilicate and borate systems by the FS laser radiation was examined with the aim to clarify conditions for
the formation of birefringent gratings.

Correlations between the degree of connectivity of the glass-forming network and the FS laser beam
parameters that forms nanogratings were established. The formation of nanogratings with a detectable phase
shift in multicomponent glasses is found to require much more FS pulses as compared to silica glass. This is
obviously due to prolonged redistribution of mobile cations inside the nanogratings.

Studies of glass crystallization under FS laser radiation have been carried out mainly for glass
compositions exactly corresponding to that of the growing crystal. Higher stability of the FS laser
crystallization of glasses is shown to achieve for glass compositions deviating from the composition of the
growing crystals. It was demonstrated for lanthanum borogermanate (LBG) glasses crystallizing with
formation of ferroelectric stillwellite-like phase LaBGeOs. These glasses are characterized by lower
crystallization ability and can be obtained with a high degree of optical homogeneity facilitating formation of
more uniform crystalline channel by FS laser beam. Method of local crystallization of glasses consisting in
the formation of the seed crystal by a stationary FS laser beam with a uniformly increasing pulse energy was
proposed specifically for glasses with low crystallization ability.

Applying FS laser beam with elliptical cross-section of the waist enables writing LaBGeOs crystalline
waveguides of very small thickness (up to 1.5 um) in the bulk of LBG glasses. Optical losses of crystalline
and amorphous multimode waveguides in the bulk of LBG glasses prepared by us were not more than 1.6
and 0.95 dB/cm at the wavelength of 633 nm, respectively.

Taking into account promising pyroelectric properties of LaBGeOs crystals, arrays of polycrystalline
channels penetrating the LBG glass plate were fabricated by FS laser beam.
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Chalcogenide glasses have been extensively studied over the past decades due to the wide spectrum of
physical properties exhibited (high linear and non-linear refraction indices, reversible amorphous-to-crystal
transitions, thermoelectric properties,...) [1]. Among them, they possess large infrared transparency windows
that extend far beyond the two atmospheric bands (3-5 pm & 8-12 um — Fig. 1) and cover the vibrational
signatures of most molecules. Such features have paved the way to various photonic-related applications,

such has remote sensing/in vivo investigations by fiber evanescent wave spectroscopy or low cost thermal
imaging.
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Figure 1. Typical transmittance spectra of silica, fluorides and chalcogenides bulk glasses. The atmospheric
transparency windows are depicted by colored orange boxes

The subset of tellurium materials are known to exhibit the largest transparency windows. For example,
the prototypical GeTe, glass transmits beyond 20 um [2]. On the other hand, their synthesis is complicated,
because they are prone to demixing and devitrification processes. Addition of selenium helps to reduce these
difficulties, while simultaneously preserving the large IR transparency window of the GeTe, parent
composition. In order to rationalize the impact of Se in these glasses, solid-state NMR is a helpful tool, being
sensible to local order. However, "'Se, "*Ge and **Te isotopes are challenging nuclei due to both their low
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gyromagnetic coefficients (ly] < 10° rad.s.T™") and natural abundances (< 8 %), as well as the strong
quadripolar coupling in the case of "*Ge.

In this context, we wish to present results of recent investigations that we have carried out on Ge-Te and
Ge-Te-Se glasses, by combining solid-state NMR measurements and NMR parameters calculations on in
silico samples produced by molecular dynamics simulations [3].
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On the one hand, the fluid is generated by the NPT-ensemble with three-dimensional pseudopotential
interaction determines the elementary excitations (quasi-particles), which correspond to the so-called hole
notions of fluid. On the other hand, vacancy model Schottky and Frenkel is calculated according to a
statistical formula for the number of vacancies Bose and Fermi, after their union in parastatistics determine
the quasiparticle corresponding extended quasicrystalline notions of fluid. Thus, parameters are
mathematically simpler and more flexible in the practical application of the phenomenological theory, while
approaches are similar in structure, can be decrypted by means of a statistical method of self-consistent,
single-particle description of a system of interacting particles.

The set of generated by parastatistics thermodynamic functions for a system of the m interacting nodes
(collective degrees of freedom) on a structural (formular) unit of matter is as follows:

1+b
GO(T) — (H°(0) — TS°(0)) = — mRTAn1*Pe | Ho(T) - Ho(0) = — m RT-g*"- n , (1)
Cpo(T) = mR{( g*")’(b-(1+b) — (p+1)*by(1+by)) ‘_(9*'+ g*)-"1, 2)
b = 1/(exp(g*) — 1), by = 1/(exp((p+1)g*) — 1), * =b — (p+1)b, (3)

Critical" change of the parameter of the internal dimension at the glass transition temperature T,
d=do/ (L - (T/T) "), mpu T<Tg;d=oconpuT>T,
transforms the reduced Gibbs activation energy g* from the form corresponding to the glassy state g*=d In
(1 + g*/ d) in the form g*=h*/ T — s*, which corresponds to the liquid, including the supercooled liquid
state. In addition to the caloric functions (1)—(3) model defines the heat capacity leap A._.Cp at
devitrification and the parameters, which characterize of the enthalpy and entropy redundancy of glass

(AgnH(0) = mRT, n g*zt/(Zdo) and AgnS(0) = AguH(0)/Ty,)
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Contribution of m, optical and quasi local modes in the thermodynamic functions, as is customary, are

submit Einstein's equations:

Ge(T) =—meR 81In(1+bg), He(T) = m. RO b, Cre (T) = MR (8/T)%be(1+be), (4)
where b, = 1/(exp(6(L/T — a*)) —1), 6 — Einstein temperature, parameter o* is interconnected with the
anharmonicity constant.

The set of thermodynamic functions of the model besides submitted caloric include functions related to
the thermal equation of state for fluid and glass, which determines the dependence of the molar volume
V =V, + AVy4 +ZAV, of temperature and pressure. VVolume changes recorded after the close-packing volume
(Vo), are determined by Einstein's and collective modes as derivatives AV = (6G/oP); from the corresponding
expressions (1) and (4).

The phenomenological theory was used for co-processing calorimetric and volumetric data of a number
of inorganic glasses and me