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Souhrn

Hlavnim cilem této disertacni prace bylo studium amorfnich chalkogenidu, které by
mohly byt potencialné vyuzity v primyslu pro ptipravu elektricky spinanych nanopaméti.

Tato prace se zabyva dvéma systémy. Prvni z nich je Ge,Sb,;TesSe, ktery byl odvozen
z materidlu Ge,Sb,Tes v soucasnosti hojné vyuzivaného v primyslu pro vyrobu paméti
zalozenych na principu fazové zmény. K jeho studiu bylo pfistoupeno na zakladé
pfedpokladané vyssi tepelné stability v porovnani s Ge,Sb.Tes. Druhy je pak material
o slozeni Geys «Ga,S7,, kde x = 0 a 6, ktery by se po dotaci stiibrem mohl uplatnit jako pevny
elektrolyt v pamétech zaloZzenych na zméné vodivosti, kde byla predpokladem rovnéz vysoka
tepelna stabilita a moZnost snadné difuze stiibrnych kationtt.

V obou ptipadech byly z materidlii pfipraveny tenké vrstvy, Ge,Sb,;TesSe metodou
magnetronového naprasovani pro rizné depozi¢ni podminky a Ge,sGasS7, metodou pulzni
laserové depozice. Pfipravené vrstvy byly charakterizovany a déle studovany jejich fyzikalné
chemické vlastnosti.

U amorfnich vrstev o slozeni Ge,Sb,;TesSe byly hlavnim predmétem studia elektrické
a optické vlastnosti materialu v zavislosti na depozi¢nich podminkéch (tlak pracovniho plynu,
vykon, depozi¢ni thel) a jejich zména po pfevedeni materidlu z amorfniho na krystalicky. U
amorfnich vrstev o sloZeni Geys«GacS7, bylo hlavnim cilem studovat fotoindukované
rozpousténi a difuzi stiibra do pfipravenych tenkych vrstev metodou spektralni elipsometrie.
Studium elektrickych vlastnosti materidlu Gess«GaxS7, bude v ndvaznosti na tuto praci slouzit
jako téma pro dalsi disertacni prace.

Vsechny ptipravené vrstvy byly amorfni, coZz bylo potvrzeno metodou rentgenové
difrakéni analyzy a stejnd metoda byla pouzita i pro identifikaci krystalickych fazi
zakrystalovaného  Ge,Sb,;TesSe. VSechny studované vrstvy po krystalizaci obsahovaly
hexagonalni Te a v nékterych difraktogramech bylo mozné identifikovat i hexagonalni
Ge,Sb,Tes.

Metoda UV-Vis-NIR spektroskopie pfinesla informaci o posunech kratkovinné
absorp¢ni hrany v zavislosti na tloustce vzorku v systému Ge,Sb,;TesSe a v zavislosti na
slozeni v systému Geos GaSr.

Elektrické vlastnosti systému Ge,Sb,3TesSe byly zméfeny metodou Van der Pawn.
Hodnota plosného elektrického odporu béhem krystalizace poklesla o dva az tii fady, coz je

hodnota dostate¢na pro vyuziti v pamétech. Vysledky ziskané méfenim vlastnosti materialu



Ge,Sb,5TesSe byly porovnany s modelovym materidlem Ge,Sb,Tes,

Spektralni elipsometrie poskytla informace o tlouStkach vrstev, povrchové hrubosti a
predevsim o hodnotach indexu lomu. Diky studiu indexu lomu byla zjisténa gradace indexu
lomu ve vrstvach Ges«GaS7,, z niZ je mozné ziskat odhad o koncentracnim profilu stibra v
tenké vrstvé po fotoindukovaném rozpousténi a difizi stiibra v zévislosti na dobé expozice a
na mnozstvi pouzitého stiibra. Vysledky na vzorcich o sloZzeni GexsS7, a GenGasS7 byly
vzajemn¢ porovnany a vysloven zavér o vlivu Ga na sledované vlastnosti. Nahrazeni ¢asti
germania galliem ma za nasledek zvySeni indexu lomu materidlu a posun kratkovinné

absorp¢ni hrany k delSim vlnovym délkam.

Kli¢ova slova: chalkogenidova skla, amorfni polovodice, tenké vrstvy, paméti, iontové

vodice, optické vlastnosti, elektrické vlastnosti



Summary

The main aim of this PhD thesis was to study of amorphous chalcogenides, which
might be potentially used in industry to manufacture nanomemories which are switched on
and off by electrical pulses.

This work deals with two systems. The first of them is Ge,Sb,;TesSe, which was
derived from the material Ge,Sb,Tes, which is frequently used to manufacture phase change
memories in industry nowadays. Ge,Sb,;TesSe was chosen due to its presumptive higher
thermal stability, when compared to Ge,Sb,Tes. The second system is Ges«GaxS7, where x =
0 and 6, which, after silver doping, might be used as a solid electrolyte in programmable
metallization cell memories. This system was chosen for his high thermal stability and the
possibility of easy silver doping.

In both cases, thin films were prepared from the mentioned materials. Thin films with
the composition Ge,Sb,3TesSe  were prepared under various conditions by
RF magnetron sputtering and the thin films of composition Ge,s«GasS7, were prepared by
pulsed laser deposition. The prepared thin films were characterized and their other physico-
chemical properties were studied.

The main subject of the research in the case of Ge,Sb,;TesSe was the study of
electrical and optical properties in dependence on the deposition conditions (pressure, power,
deposition angle) and the change of properties after the phase change. The main subject of the
research in the case of Gexs.«GasSs» was the study of photo-induced diffusion and dissolution
processes of silver into prepared amorphous thin films, using spectral ellipsometry. The study
of electrical properties of the material Gess«GaxS+ will be the subject of the next PhD thesis.

The amorphous state of all the prepared thin films was proved by an X-Ray diffraction
analysis and the same method was used to identify crystalline phases after crystallization. All
crystalline thin films contained hexagonal tellurium and in some of the diffractograms, it was
possible to identify a hexagonal Ge,Sb,Tes phase as well.

UV-Vis-NIR spectroscopy gives us information about the shifts of short wavelength
cut-off edges, in dependence of thickness in the case of system Ge,Sb,;TesSe and in
dependence of the composition in the system Geas«GaxS7,.

Electrical properties of Ge,Sb,3;TesSe were measured by the Van der Pawn method.

The value of the sheet resistance decreased during the crystallization down to three orders of



magnitude, which is a value sufficient for application of Ge,Sb,;TesSe as a memory material.
Results obtained from measurements of properties of Ge,Sb,;TesSe were compared to the
model material Ge,Sb,Tes.

Spectral ellipsometry gives us information about the thickness of the prepared thin
films, as well as their surface roughness and especially their refractive index. Using the
information from the ellipsometry measurement, gradation of the refractive index in thin films
GesxGa,Sy, was discovered. From this gradation it is possible to obtain the estimation of the
concentration profile of silver in thin films after photo diffusion and dissolution process in
dependence to the exposure time and the amount of used silver. Obtained results from the
measurement of the properties of thin films of the compositions Ge,sS7, and Ge,,GasS7, were
compared to each other; and based on this comparison, the influence of gallium on the studied
properties was confirmed. Gallium caused the increase of the refractive index and a red shift

of short wavelength cut-off edge.

Key words: chalcogenide glasses, amorphous semiconductors, thin films, memory, ion

conductors, optical properties, electrical properties



Seznam pouzitych zkratek

BD — Blue-ray Disk

CD — Compact Disc

CVD — Chemical vapour deposition
DRAM — Dynamic random access memory
DSC — Differential Scanning Calorimetry
DVD - Digital Versatile Disc

E.*" — optical energy gap

OIRD — Optical induced diffusion and dissolution process
PCM - Phase-change memory

PMC — programmable metallization cell
RMM - Read mostly memory

T, — glass transition temperature

Twn — melting temperature

T, — reduced glass transition temperature
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