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New quaternary amorphous materials Si-B-C-N: reactive magnetron

sputtering and an ab-initio study

First part of the thesis is focused on experimental preparation of new hard quaternary
amorphous materials Si-B-C-N with high thermal stability. Materials were prepared in the
form of thin films using reactive magnetron sputtering. The technique used proved to be
suitable for reproducible synthesis of these materials. The Si-B-C-N films were generally
found to be amorphous with low compressive stress and good adhesion to silicon or glass
substrates. The process and film characteristics were controlled by varying the sputter target
composition, the Ar fraction in the N,—Ar gas mixture, the negative rf-induced substrate bias,
and the substrate temperature. Main conclusions describe the relationships between process
parameters, discharge and deposition characteristics and film properties (elemental
composition, chemical bonding structure, material hardness, compressive stress or electrical
conductivity of materials prepared).

Second part of the thesis is focused on ab-initio simulations of structures of
experimentally prepared Si-B-C-N materials. In the performed liquid-quench simulations, the
Kohn-Sham equations for the valence electrons are expanded in a basis of plane wave
functions, while core electrons were represented using Goedecker-type pseudopotentials. We
simplified the ion bombardment process by assuming that the primary impact creates a
localized molten region of high temperature and sufficiently short cooling time, commonly
referred to as a thermal spike. Main conclusions deal with N, formation in studied materials,
effect of implanted Ar on structure and properties of prepared materials, ability of Si to
relieve that part of compressive stress which is caused by implanted Ar, and ability of B to
improve thermal stability of Si-B-C-N materials. The calculated results are compared with
experiment.

Nové kvaternarni amorfni materialy Si-B-C-N: reaktivni magnetronové
naprasSovani a ab-initio studie

Prvni Cast disertace se zabyva experimentdlnim vytvafenim novych tvrdych
kvaternarnich amorfnich materidlit Si-B-C-N s vysokou teplotni stabilitou. Materidly byly
pfipravovany ve formé tenkych vrstev pomoci reaktivniho magnetronového napraSovani.
Pouzitd metoda se ukézala jako velmi vhodna pro reprodukovatelnou ptipravu téchto
materiall. Vytvorené materialy Si-B-C-N byly obecné amorfni s nizkym kompresnim pnutim
a dobrou adhezi ke kiemikovym i sklenénym substratim. Depozi¢ni proces a vlastnosti
vytvofenych materidlti byly fizeny sloZenim rozpraSovaného terce, slozenim vybojové smési
N»-Ar, negativnim rf predpétim na substratech a teplotou substratti. Hlavni zavéry popisuji
vztahy mezi procesnimi parametry, charakteristikami depozi¢niho procesu a vlastnostmi
vytvoienych materiali (prvkové slozeni, vazebna struktura, kompresni pnuti a elektricka
vodivost).

Druh4 ¢ast disertace se zabyva ab-initio vypocty struktur experimentalné ptipravenych
materiall Si-B-C-N, pomoci tzv. liquid-quench simulacniho algoritmu. Kohn-Shamovy
rovnice pro valen¢ni elektrony byly feSeny s vyuzitim rozloZeni vlnové funkce valencnich
elektronti na rovinné viny, zatimco jadra atomi a vnitini elektronové orbitaly byly popsany
pomoci Goedeckerovych pseudopotenciali. Iontovy bombard byl zjednodusené popsan na
zakladé predpokladu, Ze dopad iontu vede k lokdlnimu roztaveni a naslednému dostate¢né
rychlému zchlazeni malého objemu materialu — tzv. thermal spike. Hlavni zavéry popisuji
vytvareni molekul N, ve studovanych materidlech, vliv implantovanych atomt Ar na jejich
strukturu a vlastnosti, schopnost Si snizit kompresni pnuti indukované atomy Ar, a schopnost
B zvysit teplotni stabilitu materiald Si-B-C-N. Vypocitané vysledky jsou porovnavany s
experimentalnimi.
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