OPONENTSKY POSUDOK DIZERTAGNEJ PRACE
Ing. Simony Martinkovej:
,Nucleation and Crystal Growth in Chalcogenide Amorphous Materials*

PredloZent dizertaén( pracu na ziskanie vedecko-akademickej hodnosti PhD.
v §tudijnom odbore Fyzikalna chémia vypracovala Ing. Simona Martinkova
na Katedre fyzikalnej chémie Fakulty chemicko-technologickej Univerzity Pardubice
pod vedenim $kolitela prof. Ing. Jifiho Malka, DrSc. a $kolitelky Specialistky Ing. Jany
Shanélovej, PhD.

Dizertatna prace je zamerana na skumanie nukleacie a rastu krystalov
v chalkogenidovych sklach. Prvym cielom dizertatnej prace bolo $tudium kinetiky
nukleacie a overenie platnosti existujlucich teérii ustalenej a neustalenej nukleacie
aich pripadna modifikacia. Druhym ciefom bolo komplexné Stadium kinetiky rastu
krystalov pomocou priamych (opticka a elektronova mikroskopia) a nepriamych (RTG
difrakcia, DSC, TMA) metdéd. Kombinacia viacerych metéd mala pritom umoZnit
hibsiu a kvalitnej$iu analyzu prebiehajucich dejov. Tieto ciele su prehladne
prezentované vsuhrne prace. Zpohladu sU¢asného stavu problematiky
a s prihliadnutim na orientaciu na chalkogenidové skla mozno vytycené ciele prace
hodnotit ako nanajvy$ aktualne. Praca sa organicky zaclenila do vedeckého profilu
renomovaného $koliaceho pracoviska, ktoré v danej oblasti nesporne zaujima
$pickoveé postavenie v celosvetovom meradle.

PredloZzena dizertatna praca je vypracovana v jazyku anglickom so stru¢nym
suhrnom v jazyku &eskom a pozostava z Uvodnej textovej asti s rozsahom 54 stran
a prilohy tvorenej piatimi autorkinymi publikaciami.

Prvé dve kapitoly Uvodnej textovej ¢Easti sumarizuju zakladné poznatky
a definicie tedrie skleného stavu a problematiky nukleacie a rastu krystalov. V tretej
kapitole su struéne a vystiZne prezentované charakteristiky pripojenych piatich
publikacii so zameranim na ich najddlezitejSie vysledky. K prehladnosti pritom
vyznamnou mierou prispievaju grafické ,suhrny” prezentované na obrazkoch 9, 12,
13, 14 a15. Zpohladu vytyéenych cielov su ziskané vysledky detailnejSie
komentované v kapitole 3.3. Na zaklade uvedenych skuto€nosti mozno ciele prace

povazovat za splnené.



Pripojenych pat publikacii bolo uverejnenych v $pickovych karentovanych
&asopisoch, kde boli podrobené prisnej oponenture. V troch z piatich pripadov je Ing.
Marinkova prvou autorkou. Tieto skutoénosti v dostatoénej miere potvrdzuju
autorkinu odbornu spésobilost.

Po formalnej ijazykovej stranke je praca napisana na vysokej urovni
s minimalnym mnozstvom chyb.

K praci nemam Zziadne pripomienky zasadnejSieho charakteru. Uvital by som
komentar znamienka minus v rovnici (3) na strane 17 v kontexte definicie veliCiny
AGy uvedenej na prelome stran 17 a 18.

V diskusii by som uvital stanovisko doktorandky k moZnostiam vyuZitia
matematického modelovania (metédy koneénych prvkov) na tvorbu matematickych
modelov, ktoré by mohli sluzit k overeniu predpokladanych mechanizmov
vyuzivanych v analytickych vztahoch kvantitativneho opisu kinetiky nukleacie a rastu
krystalov.

Zaverom konstatujem, Ze Ing. Simona Martinkova v plnej miere preukazala
sposobilost na tvorivi vedecku pracu. PredloZzena dizertatna praca vyznamne
prispela novymi poznatkami k si¢asnému stavu poznania. Na zaklade uvedeného
odporuéam predlozenu dizertaénu pracu prijat’ ako podklad k obhajobe na
ziskanie vedecko-akademickej hodnosti PhD.

: Lo S

V Trencéine 31.10.2018 Prof. Ing. Marek Liska, DrSc.




Posudek PhD disertace ,,Nucleation and Crystal Growth in Chalcogenide
Amorphous Materials“, Ing. Simona Martinkova.

Prace kolegyné Martinkové je vénovana velmi komplikované a velmi zadouci
problematice - studiu nukleace a krystalizace ve vybranych chalkogenidovych sklech.
Neni pochyb, Ze téma prace je velmi aktualni (stabilita skel, sklo-keramické materialy,
materidly pro paméti na bazi fazové premény atd.) a neni pochyb, Ze price je
mimoiadné zdafila. Je uz tradici ve skupiné prof. Malka, Ze se nespokoji s rutinnim
experimentem a s rutinni interpretaci vysledk. Pfedmétna prace je toho p&knym
dikazem. Prace méa bezvadnou strukturu a upravu, z vécného hlediska je velmi p&kna
a velmi pfinosnd. Autorka vénovala neobyé&ejnou péci jak experimentu tak skute¢né
kvalitni interpretaci vysledkii. Prace se mi velmi libi a neni pochyb, Ze bohaté spliiuje
kritéria na PhD disertace. Vystupem disertace je 5 publikaci uvefejnénych ve skutku
renomovanych &asopisech. Autorka také byla na ro&nim pobytu na prestiznim
pracovisti NIMS Tsukuba. Neni pochyb, Ze tento pobyt a autorCiny schopnosti i jeji
pracovitost také prispély k vysoké kvalité disertace.

Maém nékolik drobnych poznamek/dotazi.

(i) Trochu jsem na rozpacich z textu prace I, str.4563: ,Typical crystals, which are

shown in Figure 1,...“ a textu k obr. 1 »Time evolution of nuclei in Ge, §Sb365S61 4 thin
films...*.

(i) Mam dotaz tykajici se studia krystalizace Se-Te, prace II. Autofi dosahli rozumné
shody Eg a Epsc poté kdyZ vypogitali Eg z modelu. Divod, jak uvadéji je vyrazna
nelinearita log(u) vs. 1/T, obr. 8 a proto korigovali Eg dle modelu. Asi nebylo jiné
feSeni nicméné model je model a vyrazna nelinearita se objevuje nékde pro T < 70C
(10°/T > 2.9) kde lze JiZ asi téZko prakticky studovat kinetiku krystalizace opticky a
ovefit tedy model. V této souvislosti vidim trochu problém v tom, Ze Epsc je pro
praSek (d < 125 pum) zatimco Eg Je pro objemovy vzorek. Lze o&ekavat shodu
aktiva¢nich energii? Délali autofi v tomto sméru n&jaké experimenty, vliv zrnitosti na
aktivaéni energii pfipadné na mechanizmus krystalizace, nebo maji v tomto sméru
relevantni literdrni data? Je vibec aktiva&ni energie krystalizace uréena z DSC &i
z DTA velicina, které opravdu dobfe rozumime?

(iii) V préci III je uvedeno, Ze sklo Ge22Sb2,856 bylo zakrystalovéano a poté krystalicka
faze byla pouZita k piiprave tenkych vrstev GegSb;sSss. Pro¢ byl pouzit
zakrystalizovany vzorek?




(iv) V prici IV mne pongkud piekvapil obr. 4 respektive XRD z4znam objemového
skla (,,bulk glass®). Zaznam je spiSe typicky pro krystalickou fazi.

(v) V praci V, experimentalni ¢ast, je zminéno, Ze vzorky pro neizotermni studia byly

opracovany. Nékteré vzorky byly lestény do optické kvality. Je mozné, Ze mohl byt
timto opracovanim modifikovan mechanizmus nukleace a nasledné krystalizace?

Zavér.

Disertace je excelentni, a doporuuji ji bez vyhrad akceptovat pro, nepochybné
uspésné, PhD disertaéni fizeni.

Lenieian LC,

Ladislav Tichy
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Author: Ing. Simona Martinkova

Supervisor: prof. Ing. Jifi Malek, DrSc.

Supervisor specialist: Ing. Jana Shanélova, Ph.D.

Department of Physical Chemistry. Faculty of Chemical Technology.
University of Pardubice

The thesis of Ing. Simona Martinkova and supervised by prof. Ing. Jifi Malek, DrSc. and Ing.
Jana Shanélova, Ph.D. deals with studies of nucleation and crystal growth of chalcogenide
glasses, with a special focus on the kinetics of these processes. The thesis has a modern
arrangement and consists of five papers that have also being published in high-impact
international journals, being Ing. Simona Martinkova the first author of three of them.

The topic of the present thesis is of interest both academic and applied. Despite the fact that
most studies on glasses deal with oxides, chalcogenide glasses are a family of materials with
very interesting properties and less studied by the scientific community. Chalcogenide glasses
have high refractive index, are transmitters in infrared region and are bandgap
semiconductors. Thus, they are used in applications such as phase-change memories that store
binary information in amorphous-crystalline phases using the reversible switching between
them, optical components for infrared cameras and fibers and glass ceramics. For all these
applications, crystallization studies are of paramount importance. Understanding the
nucleation and growth processes will allow optimizing the composition and conditions for

practical applications.

The thesis is divided in five papers:

The first paper reports on the nucleation process in Ge;sSbsssSe14 thin films. This study has
been performed by means of optical microscopy equipped with a heating stage that allows in
situ measurements of the nucleation. Experimental results are modeled using state of the art

procedures. Results have been published in the journal Crystal Growth and Design.

CENTRO DE INVESTIGACIONES
CIENTIFICAS ISLA DE LA
CARTUJA - CICCARTUJA
C/AMERICO VESPUCIO, 49
41092 SEVILLA

Tel.: (34) 954 48 95 27

maqueda@cica.es Fax: (34) 954 46 06 65




.“’,SIDA o

MINISTERIO : g *
DE ECONOMIA LB # ‘ : s l‘ : 2
Y COMPETITIVIDAD — 3

CONSIIO SUPERION DE INVESTIGACIONES CIENTITICAS ‘ﬁ

INSTITUTO DE CIENCIA DE MATERIALES DE SEVILLA

The second paper is focused in the analysis of crystal growth kinetics in SeicoxTex (x = 10, 20,
30) bulk glasses using infrared microscopy. A growth mathematical model is proposed using a
combination of growth and viscosity data. A correlation between the kinetic coefficient of
crystal growth and viscosity is presented. As in the previous case, results are published in the
journal Crystal Growth and Design.

The third paper studies crystal growth kinetics in SenTes thin films under isothermal
conditions using infrared and scanning electron microscopes and in situ X-ray diffraction. A
complete kinetic model of the crystal growth that takes into consideration all experimental
data is provided. These results are published in the Journal of Applied Physics.

The fourth paper deals with the crystal growth, melting process, temperature dependence of
viscosity and structure of crystalline phase in Ge1sSbasSess bulk glasses and thin films. A growth
model that takes into account all these experimental data has been presented. Results are
published in The Journal of Physical Chemistry B.

The fifth and final paper extends to high temperatures (close to melting point) the description
of the crystal growth rate for As,Ses, while completing the study with optical microscopy and
thermoanalytical measurements under different heating conditions. Results are published in
Crystal Growth and Design.

Overall evaluation

The PhD thesis of Ing. Simona Martinkova has very clear objectives focused on a topic of
nucleation and growth of amorphous chalcogenides. It is very relevant both from the scientific
and technical point of view. Chalcogenides are very interesting in applications such as memory
devices, infrared windows or vitroceramics. For all these applications, crystallization is of great
significance.

From the experimental point of view, a large amount of experimental techniques has been
applied. Thus, techniques that provide direct observation of the crystallization process such as
optical and electron microscopy have been combined with others, such as themoanalytical
methods that provide indirect information. It should be also stressed the large amount of
experimental work developed in this thesis both in terms of applied techniques and number of
studied parameters. A good scientific work should relay in careful and precise experimental

data. This condition has been fulfilled here. Moreover, experimental data have been analyzed
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in great detail. Kinetic models have been applied considering every experimental
measurement. Thus, the resulting models provide a comprehensive description of the studied
processes. All the discussion presented here is supported in results obtained by the author and
in an updated review of the actual literature published in the topic of crystallization.
Moreover, from the formal point of view this thesis is excellent. All details have been
considered. The organization of the different chapters is clear, figures and tables are of quality
and the literature review is up-to-date.

Results presented here represent a step further in the understanding of glass crystallization
that goes beyond the specific objectives of this specific work. From my point of view, the
strength of the present work relies on combining different experimental techniques for
understanding the crystallization phenomena while extending the temperature ranges
explained by the models.

In conclusion, the PhD thesis of Ing. Simona Martinkova is of great interest and of high quality.
The thesis has clear objectives focused on a topic of the most scientific and technical
significance. An important experimental work has been done together with a relevant kinetic
analysis. A significant number of experimental techniques have been used and many
experiments have been performed. Data are presented in well-organized figures and tables
and discussed in detail taking into consideration previously published papers. Results are
significant as far as they contribute to a great extent to the field of crystallization by providing
a better understanding. Additionally, kinetic results can be used for the design of new
applications of these chalcogenide materials. Conclusions are totally supported in presented
data. Finally, the thesis is excellent in terms of presentation quality. Thus, | totally support Ing.
Simona Martinkova for obtaining the PhD title.

External reviewer:

Luis A. Pérez Maqueda maqueda@cica.es
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University of Seville-C.S.1.C.
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