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Abstract. Tantalum based thin solid films have found Rezumat. Straturile subri pe baz de tantal §i gasesc o
increased applicability in a wide range of fields, aplicabilitate crescatintr-o multitudine de domenii, Tn
particular in microelectronic devices, due to their particular casi parti componente ale dispozitivelor
superior properties, caused mainly by their mainmicroelectronice, datoét proprietitilor lor superioare,
component and its respective behaviour: good wedr a cauzate de componentul principgii comportamentul
corrosion resistance, high melting temperature,h hig acestuia: rezistef la uzué si coroziune, temperatarde
ductility, chemical inertness and temperature ddpat  topire ridicali, ductilitate, stabilitate chimic si
stable electrical resistivity. This paper intendptesent rezistivitate electri¢ stabile indiferent de temperaiur
a comprehensive review of the state-of-the-artamete  Aceasi lucrare intefioneaz si prezinte o cercetare
dealing with tantalum, tantalum oxide, tantalunridé bibliografici extensid Tn ceea ce priwe straturile
and tantalum oxynitride thin solid film systems, sultiri de tantal, oxid de tantal, nitdide tantal, respectiv
describing some of the usual preparation methods anoxinitrura de tantal, & descrie metodele de preparare
what parameters might be important to the strutturauzuale punand accentul pe parametrii impartpantru
development, followed by a discussion regarding themodificarea structura) urmat de o disctie referitoare
structures that one might encounter while dealinth w la structurile care se pot intalgi prezentarea unor
these types of thin solid films and presenting someaplicgii.

applications.
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1. Introduction 1. Introducere

Tantalum films offer a number of attractive Straturile subri de tantal sunt caracterizate de

properties for mechanical and microelectronicun numar de proprieiti atractive pentru aplica
industry applications, including a high melting mecanicesi in industria microelectronic printre
temperature, high ductility, and good wear andcare temperatura de topire ridiatductilitate si
corrosion-resistance [1]. Their use in rezistem la uzué si coroziune [1]. Utilizarea lor n
microelectronic devices garnered a surge since thdispozitive microelectronice a cunoscut un avant de
early 1960's when tantalum (Ta) thin films have la inceputul anilor 1960, cand straturile de taatal
been studied inparticular for the fabrication of fost studiate 1n particular pentru fabricarea
resistor elements with enhanced long-term stabilityrezistenelor cu stabilitate de dutaf2]. Pe lang

[2]. Besides this well-established field of acest domeniu, straturile de tantal au un rol
application,Ta layers play nowadays an importantimportant in fabricarea dispozitivelor microeleetro
role in microelectronic devicegredominantly as nice, in aplicai ca: bariere de difuzie intre straturi
diffusion barrier between the copper topde Cusi substraturi de siliciu, cai promotor de
metallization and the silicon-based substrate, asaderem pentru straturile sulni de platii cu
adhesion promoter fgulatinum thin films for high aplicgii la temperaturi Tnaltesi ca acoperiri ce
temperature applicationand asrobust coating of necesii o buri rezistema la uzua cat si la
surfaces requiring a high resistance against wear aoroziune. Mai mult, aceste straturi sunt utilizate
well as corrosion. Furthermore, they are applied fo pentru realizarea contactelor ohmice cu carbura de
the realization of ohmic contacts to crystalline siliciu cristalira (i.e. 4H-SIiC) sau ca accelerator
silicon carbide (i.e. 4H-SiCpr as delamination pentru delaminare in scopul deteramin nivelului
promoter for the determination of tha&dhesion de aderefi dintre straturile carbon/aluminiygi
strength of carbon/aluminium bi-layers on sapphiresubstratul de safir [3], c&i pentru aplicéi n
substrates [3] as well as for applications in X-Raylitografia cu raze X [4]. Se intalnesc dofaze in
lithography [4]. There are two main phases in the cazul straturilor de tantal anume: o faza-Ta (cub
sputtered tantalum film: one ie-phase tantalum cu volum centrat) respectiv o fag-Ta tetragona),
(body centred cubic) and the other fisphase fiecare caracterizatde proprieiti diferite. Fazao-
tantalum (tetragonal), each with its own distinctTa, caracterizdt de rezistivitate <zuti, este
properties. The low resistivity-phase tantalum is preferai pentru reducerea rezisten in cazul

60



RECENT, Vol. 14, no. 2(38), July, 2013

preferred to reduce interconnection resistanceisand straturilor de legtura (semiconductori). Fazg-Ta,
desirable for thin film interconnection. The high caracterizat de rezistivitate ridicat are o
resistivity b-phase tantalum has good stability snd stabilitate bua si este utiliza pentru producerea
a good candidate for thin film resistors [5]. rezistemelor bazate pe straturi sirb[5].

Tantalum, being known as a biologically Tantalul, fiind cunoscut ca un metal non-toxic
nontoxic metal has found applications in biomedicaldin punct de vedere biologic, aisi aplicaii in
functions as orthopedic and dental prostheses)iomediciri, ca proteze ortopedice sau dentare,
deposited unto 316L stainless steel or titanium. ltaplicat pe ¢el inox 316L sau aluminiu. A fost deja
also has already been used to make stents fautilizat pentru confemonarea unor dispozitive de tip
endovascular surgery and may constitute a goodtent (tub) folosit in chirurgia vasculagi poate fi
alternative to other materials because of its higheconsiderat material alternativ datérirezisternei
corrosion resistance and radio-opacity propertyridicate la coroziungi ca material opac din punct
[15]. de vedere al radi#or [15].

The next type of tantalum based thin solid film Urmatorul tip de strat bazat pe tantal care va fi
that will be dealt with in this paper is tantalum prezentat in aceastucrare este oxidul de tantal. In
oxide. Several stoichiometries can be found in thditeratura de specialitate se pot intalni o muttiie
literature but the most prevalent seems to bale stoichiometrii dar se paré cea mai aspandil
tantalum pentoxide. T®s has received este pentoxidul de tantal. & a fost studiat datoéit
considerable attention because of its high digtectr constantei dielectrice ridicate, a indicelui deagfe
constant, high refractive index, and chemical andidicat si stabilititii termicesi chimice, cu poteiale
thermal stability with the promise of compatibility aplicgii in microelectronia. Alte aplicaii ale TgOs
in  microelectronic  processing. The  other includ acoperirile anti reflexie pentru celuleldase
applications of T#Ds includes the antireflection de siliciu, @i optice de transmisie, dispozitive electro
coating for silicon solar cells, optical wave guide cromatice pentru electr@li solizi si ca material
electrochromic devices for solid electrolytesd izolator Tn dispozitive electronice care necesit
insulator in electronic devices requiring high permitivitate ridicai [16] catsi in interiorul dispozi-
permittivity [16] as well as in metal-oxide— tivelor de tip tranzistor cu efect de camp metatox
semiconductor field-effect transistors (MOSFETs)semiconductor (MOSFET) [17]. Acoperirile de tip
[17]. TaOs coatings are also used as interferencela0s mai sunt utilizate ca straturi de interfegein
coatings and protective coatings. Several domeniul optigi ca acoperiri de prot@e. O serie de
investigators have made attempts to applyOfan  echipe de cercetare au incercauslizeze straturile
storage capacitors for high density random accesde TaOs in cadrul condensatorilor de stocare pentru
memories. However, several problems remain to benemoriile de tip HDRAM — High Density Random
overcome before sufficient reliability can be Acces Memory. Cateva probleme trebuie catute
provided in high density DRAM applications. The pentru o utilizare cu un Tnalt coeficient de sigiaa
most important of them is the crystallization of acestor straturi in apligh HDRAM. Cea mai
Ta,05 at temperatures higher than 873 K resultingimportant este cristalizarea 7@s la temperaturi mai
in a reduction of electrical breakdown strength][16 inalte de 873 K, care reziilin séderea rezisteai la
In optical and optoelectronic applications,@a  suprasarci [16]. In aplicaii optice sau optoelec-
thin film is used as a high index and low losstronice, straturile subi de TgOs sunt folosite ca
materials for optical waveguides interference fdte filtre de interfereri cu indice ridicat de refréie, ca
high-reflective thin films mirrors for solar cells, acoperiri de tip oglinel pe celule solare, ca
charge coupled devices (CCDs), high power lasedispozitive CCD (charge coupled device), in cadrul
equipments and electroluminescent devices [17]echipamentelor din domeniul lasgrca dispozitive
T&0s is also a bio-compatible material. Among the electroluminiscente [17]. T&s este de asemenea un
several oxide based photocatalysts, tantalum basedaterial biocompatibil. Pe laagalte materiale
compounds have attracted much attention and ar®tocatalizatoare bazate pe oxizi, straturile pz loie
widely studied for the water treatment and hydrogertantal au fost studiate extensiv pentru trataresdoap
generation from water [18]. si pentru oloinerea hidrogenului din &g18].

Transition metal nitrides are well known for Nitrurile metalelor tranzionale sunt cunoscute
their remarkable physical properties including highpentru proprieitile remarcabile care includ duritate
hardness and mechanical strength, chemicalidicati si rezistena mecanid, stabilitate chimig gi
inertness, and high temperature stability. They arda temperatur Tnali. Sunt studiate extensii au
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widely studied and have become technologicallydobandit importata tehnologi@ pentru aplicéi ca
important for applications such as wear resistanacoperiri rezistente la uzyracoperiri de protee
coatings, protective coatings with functional ogkic cu proprieiti optice sau pentru apliga in
propertiesor for specific metallization properties in microelectroni@. Straturile pe baz de nitrua de
microelectronics. Tantalum nitride thin films are tantal sunt atractive pentru utilizarea ca elemémte
attractive for use as structural elements in irstgt  circuitele integrate. Cercetarea acestor stratai s
circuits. Most of the works on TaN have been dondacut cutadnd aplicdi ca si rezisteme bazate pe
on their application in thin film resistors [39] cn straturi suldri [39] si bariere de difuzie [37]. Se pot
diffusion barriers [37]. Some work can also beintalni lucari care au legtura cu utilizarea
found in regards to their application in hard wearstraturilor ca acoperiri dure, rezistente la @zur
resistant coatings [36, 40], in fabricating higlesg  [36, 40]si in fabricarea capetelor de imprimare de
thermal printing heads for facsimile machinery [38] mare vite2 [38].

Tantalum oxynitrides (Ta—O-N) are considered Straturile de tip oxinitrdr de tantal (Ta-O-N)
as promising multifunctional materials in the sunt considerate a fi materiale multiftiooale
applications of optical coatings, electrochromicpromitaitoare Tn aplicéi ca: acoperiri optice,
coatings, biocompatible coatings, solar cells,acoperiri electrocromatice, biocompatibile, celule
protecting coatings, diffusion barriers, high Kk solare, acoperiri de protée, bariere de difuziesi
materials, selective solar absorbers and so orgltele, bazandu-se pe combinarea projtiiet
counting on the combination of beneficial propertie benefice caracteristice oxizilor respectiv nitroril
exhibited by tantalum oxide as well as tantalumde tantal. Pe larigaceste apliaa, straturile de tip
nitride. Along with these types of applications oxinitrura de tantal au fost propuse ca un pogn
tantalum oxynitride has been identified as amaterial fotocatalizator ce ar putea ng@wa sub
potential photocatalyst that may function under influenta  spectrului  vizibil  al radigei
visible-light irradiation, TaON thin films hence electromagnetice, straturile de tip TaON avand
having a potential forH" reduction or water astfel potetial n reducerea H sub adunea

splitting under visible-light irradiation [52-55]. radigiei vizibile [52-55].
2. Discussion 2. Discutie
2.1. Preparation techniques 2.1. Tehnici depreparare

Several reports present various methods of Prepararea straturilor s de tantal este
tantalum thin film preparation. Typically, tantalum descrig intr-o multitudine de luéri. De regué,
thin films are deposited using the sputteringstraturile subri de tantal sunt ainute prin
technique due to a high melting point of 2995 °C.pulverizare datorit temperaturii ridicate de topire
But also approaches are reported in literaturg2995 °C). Se intalnesc tetusi relatiri legate de
applying e-beam evaporation or the electrochemicabhtinerea cu ajutorul evapoii cu fascicul electronic
synthesis from a molten salt. Due to the factthat sau prin sintez electrochimid@ dintr-o sare topit
properties exhibited by the thin films depend dyeat Datoriti faptului & proprietitile caracteristice
on the preparation methods, several parameters astratului depind in mare #sui de metodele de
of importance and thus can be varied to suit thebktinere, o serie de parametri ai depunerii sunt
desired purpose. Hereinafter there will be presenteimportani si pot fi variai pentru atingerea scopului
some preparation methods accentuating the mostorit. In continuare se vor prezenta cateva din
important parameters that can be varied. All of themetodele de aimere, accentuand parametrii cei mai
preparation methods presented are rather similarmportani care pot fi varié. Toate metodele de
because they all employ magnetron sputtering, wittobtinere sunt similare, deoarece se discule
certain differences. As reported by Y.M.Zhou et al. pulverizarea in regim magnetron, existand giotu
tantalum films were obtained using a tantalumcateva diferefe. In lucrarea prezentatde Y.M.
target (purity 99.97 %), located at 100 mm from theZhou si echipa, straturile suibi de tantal au fost
substrate holder. The samples were cleaned iobtinute utilizand ginta de tantal (puritate 99,97 %),
ultrasonic baths of acetone, ethanol and de-ionizedituat la distama de 100 mm de suportul
water for 10 min, separately, and then dried with N substraturilor. Probele au fost étate ultrasonic in
gas before inserting into the vacuum chamber. Thacetor, etanolsi apa deionizai pentru o perioad
purpose of the cleaning process is to clear oféfall de 10 min, separat, apoi au fost uscate ginainte
the impurities resulted from the handling of thede introducerea in camera de depunere. Scopul
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samples from the substrate surface which mighacestui proces de citare este indeéptarea de pe
influence the quality of the deposition. The samesuprafga substratului a impustilor rezultate din
reasoning can be found in the process ptilying, = manipularea probelor care ar putea inflaen
which is to avoid the oxidation of the surface prio calitatea depunerii. Acega motivatie poate fi
to the feeding of the substrates in the depositioraplicat si uscirii cu N,, necesar evitarii oxidarii
chamber. Furthermore, the deposition chamber wasuprafgei nainte de introducerea substraturilor Tn
evacuated to a base pressure of 5xE&. The camera de depunere. In continuare, incinta a fost
target was cleaned by pre-sputtering in an argomvacuat la o presiune de bade 5x10¢ Pa.Tinta a
atmosphere before the actual deposition. The maifost cuitata prin pre pulverizare in atmosfera de
deposition parameters which were varied were thargon inainte de inceperea depunerii. Parametrii
substrate temperature, either set at 300 °C oedari principali ai depunerii care au fost varisunt:
from 300 to 650 °C, or the sputtering power, variedtemperatura substratului, fie mewti la 300 °C,
between 25 and 100 W or set to a specific value die variat intre 300°si 650 °C, respectiv puterea
100 W [1]. One might use as a supplementarypulverizirii, variati intre 25si 100 W sau meimuta
measure of removing impurities from the surface da o valoare fix de 100 W [1]. Se mai poate utiliza
process of inverse sputter etching of the sampkes, o masur suplimentat de indeprtare a impuritilor
mentioned by M.Grosser et al. [3]. In the casede pe suprata substratulusi anume pulverizarea
presented by M.Grosser, the base pressure wasversi, caz metionat de M.Grossey.a. [3]. In acest
lower, at a value of 7x10Pa and the variable caz, presiunea de biaa fost mai sizuti, la valoarea
deposition parameter was the work pressure, 0.3 tde 7x1F Pa iar parametrul variabil a fost presiunea
6 Pa. Subsequent to the deposition process, thde lucru, intre 0,3i 6 Pa. Ulterior procesului de
samples can be subjected to annealing treatments, depunere probele mai pot fi supuse unui tratament d
mentioned by Ling Liu et al. [4]. One other recoacere, cain lucrarea prezent étre Ling Liu
characteristic of the sputtering process that cafd]. O ali caracteristit a procesului de depunere
induce different properties in the deposited thincare poate induce proprgt diferite straturilor
films is the possibility of applying a negative depuse este posibilitatea aptic unui potenial
voltage to the substrate holder [2], this additionnegativ asupra suportului substrat [2], acest etéme
leading to a more compacted thin film due to theconducand la amerea unui strat mai compact
argon ions attracted towards the sample, which hitlatori ionilor de argon atga catre proli, ce
the already deposited layers of film. lovesc straturile deja depuse.

Regarding the preparation of tantalum oxide In ceea ce prive ohinerea straturilor de tip
films, various thin film deposition techniques suchoxid de tantal, se pot utiliza o multitudine dertieh
as anodization and thermal oxidation [19], ion beananodizare si oxidare termid@ [19], depunere cu
deposition [29, 30], chemical vapor deposition, forfascicul de ioni [29, 30], depunere chithidin stare
example the deposition by photolysis of Ta(Q§sH de vapori, spre exemplu depunerea prin fatohz
vapor under KrF excimer laser irradiation at vasiou vaporilor de Ta(OCHs cu ajutorul fasciculului
laser fluencies, as presented in [20], electronmbea laser de tip excimer, metdgrezentat in lucrarea
evaporation [21], or its related technique GLAD [20], evaporare cu fascicul electronic [21], sau cu
(glancing angle deposition) (a sophisticated playsic ajutorul tehnicii inrudite GLAD (Glancing Angle
evaporation technique for fabricating thin filme, i Deposition - depunere in unghi inclinat: o matod
which oblique angle deposition and substratesofisticai de depunere prin evaporare fizijgentru
rotation are employed to tailor the columnarproducerea straturilor stib, in care se apeleata
microstructures of the thin films with controlled depunerea in unghi inclingitla rotirea substratului
porosity and shapes), can be employed fopentru a controla microstructura, formai
preparation of tantalum oxide films. With different porozitatea stratului). Prin modificarea unghiudei
ways of the oblique substrate rotation, a widedepuneresi a rotaiei substratului se pot dbe o
variety of microstructures, such as inclinedvarietate de structuri ca: coloane inclinate, drept
columns, straight pillars, helix shapes, and zigzagtructuri sub forra de helix (spira), structuri in
shapes can be tailored [22]. Other methods ofig-zag [22]. Alte metode de tibere a straturilor
tantalum oxide thin film preparation include pulsedsuhiri de oxid de tantal includ depunerea cu laser
laser deposition [23], DC (Direct current) reactive pulsatoriu PLD [23], pulverizarea reactiva in cuiren
magnetron sputtering [24], RF (Radio frequency)continuu in regim magnetron [24], pulverizarea
reactive magnetron sputtering [25, 26], spin caatin reactiva in radiofrecvea [25, 26], spin coating
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[27], sol-gel methods, as presented in [28], wherdg27], metode de tip sol-gel, ca cea prezenfat
amorphous T#s films were prepared by sol—gel lucrarea [28], unde straturi suib amorfe de TgOs
dip process on different substrates, the dip-cgatinau fost olinute prin utilizarea Ta(Ofls)s ca si
technique being used to prepare amorphoy®sa precursor. Solii stabile au fost preparate folosind
films by hydrolysis and condensation of tantalumacid acetic pe post de ligagidcatalizor. Intre aceste
ethoxide, Ta(OgHs)s, as a precursor. Stable coating metode de dinere, pulverizarea in curent continuu
solutions were prepared using acetic acid as are avantajul de a puteatiole straturi uniforme pe
chelating ligand and catalyzer. Among thesesuprafg¢e Intinse prin pulverizargintei metalice din
techniques, dc reactive magnetron sputtering has aantal in prezeg@a oxigenului casi gaz reactiv.
advantage in the preparation of uniform films onProprietitile fizice ale straturilor ofinute prin
large area substrates by sputtering of metalligetar pulverizare reactt in curent continuu depind de
of tantalum in the presence of oxygen as a reactivparametri de proces ca: presiunea tighr a
gas. The physical properties of the DC reactiveoxigenului, temperatura substratului, tensiunea de
magnetron sputtered films mainly depend on thepolarizare a substratulyi puterea de pulverizare
process parameters such as the oxygen partiahtsi de distam dintretinta si substrat. O recenzie
pressure, substrate temperature, substrate bidsgat de metodele de preparare, structuriie
voltage and sputtering power along with theaplicaiile straturilor de pentaoxid de tantal, utilizate
sputtering pressure and the distance between tli@ microelectronig, poate fi consultétin lucrarea
target and the substrate. A comprehensive review ofB1], cantitatea de inforngia si detalii satisicand
the preparation methods, described in great desil, cititorul.
well as properties, structure and applications of Casi In cazul straturilor de tantai oxid de
TaOs films for microelectronic applications can be tantal, se pot#gi in literatura de specialitate o serie
found elsewhere [31], at a level of detail and ade metode de gimere a straturilor de tip nitriirde
guantity of data that will satisfy any reader. tantal, pornind de la depunerea chiiniin stare de
As for the preparation of tantalum and tantalumvapori (CVD la presiune joag41], metal organic
oxide compounds, several techniques of preparatio@VD [42, 43], 0 lucrarea extengivin ceea ce
of tantalum nitride compounds can be found in thepriveste depunerea chimicdin stare de vapori a
research literature, ranging from chemicalnitrurilor metalelor tranzionale, unul din capitole
deposition processes (Low Pressure CVD [41]prezentdnd cazul particular al nitrurilor de tantal
Metal Organic CVD [42, 43], with a comprehensive [44]), la procedee de depunere fizice ca pulveeaar
review of chemical vapour deposition of transitiona in regim magneton, atat in curent continuu [36, 37,
metal nitrides, featuring a chapter dealing with th 40, 45, 47] cai In radiofrecvera [46], procesarea
particular case of tantalum nitride [44]) to physic termici rapich [48], si altele. In cazul depunerii
deposition processes such as magnetron sputteringhimice din stare de vapori CVD, se poate fizgra
either DC [36, 37, 40, 45, 47] or RF [46], rapid un exemplu, prezentat de J.E. Bleau et al. [41deun
thermal processing [48], and others. In the case dih prezem in exces a 3,5-lutidine (3,5-M&H3N),
CVD processes, there can be mentioned oneeadia dintre TaC] cu 2 echivaleth de HN(SiMe),
example, as presented by J.E. Bleau et al. [41fezulé Tn izolarea complexului monomeric
where in the presence of excess 3,5-lutidine (3,5fTaCl;(NSiMe;)(NCsHsMe,-3,5)]. Depunerea
Me,CsHsN), the reaction of Ta@l with 2 chimicd din stare de vapori la presiuneazgt
equivalents of HN(SiMg, resulted in the isolation utilizdnd acest precursor are ca rezultat formarea
of the monomeric complex [TasNSiMe;) straturilor sulgri de nitruia de tantal, la temperatura
(NCsHsMe,-3,5),]. Low pressure chemical vapour de 600 °C. Discutand despre pulverizarea in regim
deposition of this precursor forms thin films of magnetron, atligarea azotului gazos in incinta de
tantalum nitride, at 600 °C. While discussing depunere conduce la formarea straturilortisiutie
magnetron sputtering, the addition of nitrogen gasnitrura de tantal cu stoichiometrisi structuri
inside the magnetron sputtering chamber leads tdiferite, du@ cum se va vedea in continuare.
the formation of tantalum nitride thin films with Procesarea termiic rapidi consi in depunerea
various stoichiometries and structures, as we willstraturilor de tantal cu ajutorul evapor cu
later see. The rapid thermal processing methodascicul electronigi nitrurarea ulteriodr a probelor
consists of the deposition of tantalum thin films b Tn atmosfex de amoniagi/sau azot.
means of electron beam evaporation and the Discutdnd despre metodele de tiobre a
subsequent nitridation of the samples in anstraturilor suliri de tip oxinitruéd de tantal, se pot
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ammonia and/or nitrogen atmosphere. gasi in literatura de specialitate detalii legate de
Discussing about the preparation methods obktinerea prin pulverizare in regim magnetron, cu
tantalum oxynitride thin solid films, we can find i diferente diverse intre procedee. Spre exemplu, Tn
the literature details about the deposition usimg t lucrarea prezentatde cGtre Le Dreos.a., debitul de
magnetron sputtering technique, albeit with severahzot a fost mgmut constant in timp ce introducerea
differences. For example, in the work presented byxigenului a fost regldtde o supapcontrolai de un
Le Dreo et al., the Nsupply was kept constant debitmetru, dup un model ON-OFF [56], Tn timp ce
while the Q introduction was turned on and off by Banakh raporte&zcontrolul procesului de depunere
a flow-meter controlled valve [56], while Banakh et prin modificarea debitelor gazelor reactive prin
al. controlled the deposition process by shiftihg t cresterea debitului unuia din gazei scderea
flow of reactive gases (increasing one reactive gasdebitului celuilalt pentru fiecare depunere, reémudt
flow while reducing the other reactive gas flow)  Tn modificarea raportului £N, intre 0,08si 1,33
each deposition, resulting in .M, flow ratios [57]. O ala abordare a fost raporiatde dtre
between 0.08 and 1.33 [5Another approach was Dabirian s.a. Intial s-au produs probe de tantal
chosen by Dabirian et al. Firstly the tantalumoktinute prin pulverizare Tn curent continuu in
samples were fabricated by DC sputtering under aatmosfe# de argon la o presiune de 3%1fbarsi o
argon plasma atmosphere (3%1Gnbar) at a temperatur a substratului de 400°C. Un strat de Ti
substrate temperature of 400 °C. A 5 nm Ti adhesiocu grosimea de 5 nm, cu rol de Tmbiitire a
layer was deposited first, followed by a 60 nm Taadererei, a fost depus ifial, urmat de un strat de Ta
film. After deposition, the samples were oxidized cu grosimea de 60 nm. Duglepunere, probele au
for 5 hours at 650 °C in air. This resulted in thinfost oxidate pe o perioadie 5 ore la temperatura de
films of tantalum oxide on titanium oxide, with a 650 °C in aer. Au rezultat astfel probe de oxid de
total thickness of 160 nm. After this stage a pokrio tantal depus pe oxid de titan, cu o grosime jatal
of nitridation was performed in a furnace with a 160 nm. Dup aceast etag, o perioad de nitrurare a

fused silica reactor tube [52]. fost efectuat intr-un cuptor cu reactor din shi¢52].
2.2. Structure and properties 2.2. Structura si proprietati
Tantalum.Figure 1 represents a typical XRD Tantal. Figura 1 reprezit o difractograra

pattern of sputtered tantalum thin films. Thetipica a straturilor de tantal abute prin
influence of a particular process parameter is alspulverizare. Influeta unui parametru al procesului
shown, namely the variation of the sputteringde depunere este de asemenea preZggit@inume
power. One can observe that for the samplenodificarea puterii de pulverizare. Se poate olzserv
sputtered with a 25 W power, two distinct peaks,ca pentru proba pulverizatcu o putere de 25 W,
with 20 positions at 33.5° and 38.2°, are identified sunt identificate daupeak-uri cu pozia unghiulai

as (200) and (202) peaks for tife phase of 20 de 33.5° si 38.2°, ca fiind peak-urile
tantalum, respectively. While increasing the corespunitoare orierdrilor (200) si (202) pentru
sputtering power to 60 W, besides the two strongediazap-Ta. Odal cu craterea puterii de pulverizare,
reflections with B positions at approximately pari la valoarea de 60 W, pe langele dod
33.34° and 37.34° (one should observe the slighteflexii puternice cu poga unghiului @ la valorile
shift of the angular position of these two peaks),33,34°, respectiv 37,34° (a se observa modificarea
several weaker peaks piTa of (333), (225), (400), unghiului acestor daupeak-uri), apar alte cateva
and (404) appear. With a further increase ofpeak-uri de intensitate mai stalalep-Ta, respectiv
sputtering power to 100W, the intensitieefa of  (333), (225), (400)si (404). Odat cu craterea
(333), (225), (400), and (404) increase signifisant puterii la valoarea de 100 W, interagie peak-
However, there seem to be significant changes imrilor mertionate anterior cresc. Cu toate acestea, se
the absolute intensity of the two strongestpare @ apar schimiiri semnificative in ceea ce
reflections off-Ta of (200) and (202) for the three priveste intensitatea celor déyeak-uri pronutate,
samples sputtered with different sputtering powerssi anume p-Ta (200) si (202). La puterea de
At low sputtering power of 25 W, the strongest pulverizare de 25 W, intensitatea cea mai mareo ar
reflection is that from (200) planes of the tetnagio planul (200) al fazei tetragongleTa. La puterea de
B-Ta phase. At high sputtering power of 100 W, pulverizare de 100 W, intensitatea cea mai mare o
however, the (202) reflection is the strongest [1].are planul (202) [1]. Acest exemplu dgee s
This example intends to show the influence of thisevidenieze influena acestui parametru asupra
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particular parameter on the structural developmentlezvoltrii structurale a straturilor sy de tantal.
of tantalum thin films. One might observe the factSe poate observaicindiferent de valoarea puterii
that, independent of the sputtering power, thede pulverizare, structura predomiriangste cea
prevalent structure is that of the meta-stgblBa, metastabidl p-Ta, dei se pot observa oriefrt
albeit with varying orientations and peak inteesiti  diferite ale planelosi intensiti variabile ale peak-
As there will be latter seen, other structuralurilor de difracie. Dupi cum se va vedea in
modifications might occur, caused by the variationcontinuare, pot apea alte modifigri structurale,

of processing parameters. cauzate de modificarea parametrilor de depunere.
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Figure 1. A typical XRD pattern for tantalum spugte thin films,
the difference between patterns residing in thétepng power [1]
Figura 1. O difractogra#ntipica a straturilor sutiri de tantal okinute prin pulverizare,
diferernta dintre curbe constand in puterea de pulverizifeeitd [1]

As it was mentioned before, distinct from the Dupa cum s-a metionat anterior, structura
deposition parameters, but still considered astraturilor suliri poate fi afectat de aplicarea unor
processing event, one might submit the as depositgofocese de recoacere. In continuare se va observa
thin films to thermal annealing processes.influenta unui tratament termic asupra ewvi
Hereinafter there will be seen what influence am th structurale. Analizadnd figura 2, compusdin
structural development a thermal treatment procesdifractogramele unor straturi de tantal depuse prin
might have. Observing Figure 2, which representgulverizare, atat tratate termic in vid la diferite
the XRD patterns for a sputtered tantalum thin film presiuni, casi netratate, se pot distinge peak-uri de
as deposited and thermal treated in high and lowdifractie caracteristice fazeio-Ta 1n poziiile
vacuum, one can see that after the annealing at 78Mhghiulare 38.48, 55.58, 69.58 94.98°, peak-uri
°C in high vacuum,o-Ta peaks appear at the ce corespund planelor (110), (200), (211) respectiv
reflection angles of 38.48, 55.58, 69.58 and 94.98(310), acestea &@And dug@ recoacerea la
which correspond ta-Ta (110), (200), (211) and temperatura de 750 °C in vid Tnalt. Mare parte din
(310) respectively. Most metastalfieTa transfers faza p-Ta se transforth in faza stabil a-Ta ca
to stablen-Ta phase after annealing in high vacuumurmare a tratamentului in vid Tnalt la temperatiea
at 750 °C, even thoudhTa (002), (202), (212) and 750 °C, chiar dacpe difractograr se mai obsetv
(413) diffraction peaks can still be seen with peak-uri cu intensitate &uti, caracteristice fazei
decreasing intensities. However, when the tantalun-Ta pentru planele (002), (202), (214) (413).
thin films are annealed in low vacuum, residualCand straturile sulsi sunt tratate termic in vid
oxygen in the ambient atmosphere causes oxidatiogcizut, oxigenul rezidual din cuptorul de tratament
on the sample surface, with two resultingcauzeaz oxidarea suprafei probelor, cu dau
observations: the phase transformation ffifa to  rezultate notabile: transformarea deaf§izTa spre
a-Ta is limited and, because of the high reactioity «o-Ta este limitat, iar datorié reactivittii ridicate a
the residual oxygen, the reaction between Ta andxigenului, se produce reg dintre Tasi oxigen,
oxygen, leading to the apparition of ,0g peaks at care cauzedz apariia peak-urilor de difrage

66



RECENT, Vol. 14, no. 2(38), July, 2013

52.88 and 59.68 degrees [4]. caracteristice fazei 7@s in poztile unghiulare
In the literature there can be found proposedb2.88 respectiv 59.68° [4].
hypotheses as to why theTa andp-Ta phases In literatura de specialitate se pdispipoteze

form and what mechanisms cause an irreversibl@ropuse pentru a explica apexifazelora-Ta si
p—a phase transformation. Some of thesef-Ta si ce mecanisme cauzeéamansformarea de
hypotheses include the role of temperature [6]fazi ireversibik p—a. Aceste ipoteze includ rolul
residual stress [7], coating thickness [2, 8], iontemperaturii [6], a tensiunilor remanente [7],
bombardment [9, 10, 11], seed layer [12], andgrosimea de strat [2, 8], bombardamentul ionic [9-
oxygen content [13, 14], or a sum of factors like11], prezema factorilor favorabili germigrii [12],
temperature, ion bombardment, and oxygencontinutul de oxigen [13, 14], sau o sérde mai
presence. The particular details regarding thesenulti factori ca temperatura, bombardamentul ionic
hypotheses will not be dealt with, but the sau prezeg@a oxigenului. Detaliile acestor ipoteze nu
importance of the structural analysis must bevor fi dezvoltate, dar se daote o evideriere a
underlined, because, as it was mentioned beforemportanei analizei structurale, deoarecgaaum
these two phases, the stakbiefa phase and the s-a mefionat anterior, aceste dbuaze, stabi
metastable-Ta phase, are characterized by verya-Ta si metastabidl pB-Ta, sunt caracterizate de
different properties and the fact that in generalproprietiti diferite si faptul c in general straturile
a-tantalum coatings are difficult to deposit without pe baz de faz o-Ta sunt dificil de obnut fara a
the assistance of substrate heating or post-amgeali implica inalzirea substratului sau recoaceri
treatments. Alpha-tantalum is the phase commonlylterioare depunerii. FazaTa este cea Tntaldifin
found in bulk tantalum, which exhibits good cazul tantalului masiv, caracterizat de ductilitate
ductility, high melting temperature (diing = 2995  buri, temperatur ridicati de topire (Topie = 2995
°C), good mechanical properties (Hardness = 8 — 12C), proprieiti mecanice bune (duritate = 8-12
GPa), and low resistivity (15 — 8@Q-cm). Gpa), rezistivitate electricscizuta (15-80uQ-cm).
B-tantalum has high resistivity (150 — 20Q®-cm), Faza metastaliil -Ta este caracterizat de

it is brittle (Hardness = 18 — 20 GPa) and isrezistivitate electrit mai ridicati (150-200uQ-cm),
thermally unstable at temperatures above ~749 °@ste fragi (duritate = 18-20 Gpagi este instabi
because of th@—a phase change, which translatestermic la temperaturi peste ~749 °C, daforit
to mechanical and thermal properties that are siot aransfornirii de faz p—a, observéi ce se traduc
advantageous as thephase. prin proprieiti mecanicesi termice care nu sunt

foarte avantajoasetfade fazan-Ta.
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Figure 2. The influence on structural developménhermal annealings
applied in high and low vacuum on sputtered tamtathin films [4]
Figura 2. Influera recoacerilor aplicate Tn vid Tnaitscizut
asupra dezvditii structurale a straturilor stib de tantal [4]

1 As-deposited
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Tantalum oxide films As mentioned Straturi de tip oxid de tantalDupi cum s-a
previously, many Ta-O phases were reportedmertionat anterior, multe faze de tip oxid de tantal au
TaQ, TaQ, TaQ, TaQ, o;Ta, Ta0, o1 Ta,0, fost prezentate in literatyr dintre care amintim:
o, Ta,0, o ,Ta0, Tao, Ta0,, Ta®, Ta0s, Ta0,, TaQ, TaQ, TaQ, TaQ, uTad, Ta0, o TaO,
among others. T®s (tantalum pentoxide) is the o,Ta0, 0,Ta0, Tao, Tal,;, Ta®, Ta0s, Ta0,,
only well-established equilibrium phase. None ofprintre altele. Pentaoxidul de tantal pare a fgsima
the other oxides have been isolated in pure formfazi stabik de echilibru. Celelalte faze de tip oxid nu
and the reported methods of their synthesis havau fost izolate in fortnpura si metodele prezentate
generally poor reproducibility. The oxides other in literatui legate de ainerea acestora au in general
than TaOs probably form by kinetically reproductibilitate sizuta. Oxizii, akii decéat
influenced transformations and are stabilizedpentaoxidul de tantal, par a se forma prin
either under thin film conditions or by the transforniri influentate cineticsi sunt stabiliza sub
presence of impurities [35]. Figure 3 shows a seforma de straturi sufri sau datorid prezerei
of typical XRD patterns of tantalum pentoxide thin impuritatilor [35]. Figura 3 prezirit un set tipic de
films as deposited and annealed at differentdifractograme pentru pentaoxidul de tantal sub form
temperatures, in this case deposited using the PLDe straturi sufiri, atat supuse unui tratament termic
(Pulsed Laser Deposition) technique, as presentede recoacere la diferite temperaturi, gahetratate.
by Xiliang He et al. [32]. As can be seen from thein acest caz straturile au fosttiolite prin depunere
spectral curves, the film as-deposited and annealecl ajutorul unui fascicul laser pulsatoriu (PLD)pé
below 600 °C has the same pattern of XRDlucrarea prezentatde dtre Xiliang He si echipa
spectrum. It is composed of a diffuse-scattering32]. Dupi cum se poate observa, straturile deguse
curve, with poorly-defined broad bands. Such atratate sub temperatura de 600 °C prézacelgi tip
profile illustrates an amorphous structure. Whende curla de difragie, caracterizatde peak-uri foarte
the annealing temperature is set to 700 °C, théargi, nedefinite. Acest tip de profil este caraste
annealed T#s film displays a polycrystalline materialelor amorfe. In  momentul n care
structure with several diffraction peaks. In thistemperatura de recoacere este rédttvaloarea de
particular case it was identified to be orthorhambi 700 °C, probele preziito structuk policristalird cu
structure documented by the orientations definednai multe peak-uri de difrde. In acest caz
by the Joint Committee for Powder Diffraction particular, fazele au fost identificate ca fiind,0a
Studies (JCPDS) data. ortorombic, Th concordaicu informaiile JCPDS.

250
(200)

200 4

(222)(420) (421)

annealed at 700 °C

s ;WMWW'WMMMM

annealed at 600 °C

Intensity (a.u.)

0- as-deposited

10 20 30 40 50 60 70
20 (deg.)
Figure 3. Typical XRD patterns of 7@s films, prepared by PLD (Pulsed Laser Depositiorjhod: as-deposited and
annealed at 600 °C and 700 °C) [32]
Figura 3. Difractograme tipice straturilor ;&, oktinute prin PLD (Pulsed Laser Deposition) tratatenie la 600 °C,
respectiv 700 °C, cat netratate [32]

One can notice that when deposited at Se poate observaacstraturile depuse la
temperatures below 650°C, the tantalum pentoxidéemperaturi sub valoarea de 650 °C sunt amorfe.
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film is amorphous. Crystalline tantalum pentoxide Pentaoxidul de tantal cristalin prezintiowa faze
presents principally two phases: an orthorhombigrincipale: o faz ortorombié si una hexagonal
phase and a hexagonal phase. The orthorhombi8tructura hexagor@alpoate la randul as1 s fie
structure can be divided into two forms, with aTmpartita in dod forme, datorié unei transforriri
reversible transition occurring at about 1360 °C: areversibile la temperatura de 1360 °C: o fdrm
high-temperature form [33] and a low-temperaturecaracteristi& temperaturii inalte [33]si una
form which is called L-T#Ds [34]. The lattice caracteristi& temperaturii joase, nuniitL-Ta,Os
parameters for orthorhombic-X2 are a = 6.198 A, [34]. Parametrii de tea pentru faza ortorombiic
b = 40.290 A and ¢ = 3.888 A. For the hexagonakunt a = 6.198 A, b = 40.290 f ¢ = 3.888 A.
phase, the lattice parameters are a = 3.62 A anBentru cea hexagomal parametrii de mea sunt
¢ = 3.87 A. These structural changes, which arisea = 3.62 Asi ¢ = 3.87 A. Aceste modifici
mainly because of the processing temperaturestructurale, care apar in principal datorit
influence the subsequent properties of the tantalurtemperaturii de procesare, influeaz propriettile
pentoxide film, independent on the depositionstraturilor de TgOs, indiferent de metoda de
technique used. Hence, due to grain boundariesiepunere aleasin plus, datorit apariiei limitelor
leakage current densities may increase. Moreovede ggunti, propriettile electrice pot fi afectate,
the dielectric constant can vary following the constanta dielectric putand varia in fune de
crystal orientation since the crystalline phaseorientarea cristalografid31].

exhibits an anisotropic character [31]. Straturi de nitruzz de tantal. Devigiile de

Tantalum nitride  film§antalum nitride  stoichiometrie in cazul nitrurilor de tantal sunt
deviations from stoichiometry are common. comune. In consecify proprietitile straturilor de
Consequently, the properties of TaN thin films aretip nitrura de tantal sunt extrem de sensibile daiorit
extremely sensitive to the film’s microstructuredan microstructurii stratuluisi a morfologiei, catsi a
growth morphology as well as to deviations fromdevigiilor de la stoichiometrie. In literatura de
stoichiometry. There can be found several tantalunspecialitate se potagi referiri la diferite faze din
nitride phases in the literature, Taly TaN, sistemul TaN,: TaNoos TaN, TaNys.oe si TaN
TaNys0g and TaN [50]e-TaN, 6-TaN andd-TaN [50], e-TaN, 6-TaN si 6-TaN [51], TaN, TaNs si
[51], TaN, TaNs, and TaNs [49], among others. TaNs [49], printre altele. Fazele stabile ale nitrurii
The stable phases of tantalum nitride with ade tantal cu o stoichiometrie aprogiate 1:1 sunt,
stoichiometry close to the 1:1, are, according toconform lui Lianyun Liu si echipa [51] faza
Lianyun Liu et al. [51], the hexagonatTaN in  hexagona e-TaN in structut de tip CoSn, faza
CoSn-structure, hexagonadTaN in WC-structure hexagona 6-Ta 1n structut de tip WCsi faza
type and cubié-TaN in NaCl-structure type, while cubici 6-Ta in structut de tip NaCl, in timp ce
for other stoichiometries there are three stablgentru alte stoichiometrii existlte trei faze stabile,
phases—namely, Fld, TaNe and TaNs; the rest  si anume TaN, TaNe, si TagNs, celelalte fiind
being metastable. The electronic properties rangenetastabile. Proprigile electrice se intind de la
from strongly metallic (TaN), to more resistive conductoare pentru T, citre faze mai rezistive
(TagNe) and finally to insulating (Tss) [49]. (TasNg) si pam la faze izolatoare (EBls) [49].
Figure 4 intends to show the difficulty and Figura 4 este necedgoentru prezentarea dificifi
complexity of the tantalum nitride system, duet$o i si a complexiéitii sistemului nitrué de tantal, dato#it
numerous possible phases. numeroaselor faze posibile.

One can observe the formation of {daN Se poate observa formarea fapefaN de la
phase from 600 °C upwards, and reflections of thisemperatura de 600 °C peste, iar reflele acestei
phase become more intense at higher temperaturégze devin mai intense la temperaturi mai ridicate
(800 °C). After RTP (Rapid thermal processing) at(800 °C). Du@ etapa de procesare terthi@pidi
900 °C in NH, reflections of Tabls appear in (RTP) la temperatura de 900 °C in atmasfde
addition to those of TAl. The presence of three amoniac, refledi caracteristice faze TalN isi fac
different nitride phases can be observed after thapartia, pe lang cele ale Ta\. Prezera a trei faze
period of nitridation during RTP at 1000 °C in MH distincte poate fi obsenatlupi nitrurarea in timpul
TaNyg, TaN and TeNs. The orthorhombic nitride RTP la temperatura de 1000 °C in atmasfde
phase TgNs is the most nitrogen rich phase of NHs: TaNyg TaNsi TasNs. Faza ortorombic TagNs
tantalum with multiple reflections. este caracterizatde cominutul cel mai mare de azot

si prezina reflegii multiple.
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Figure 4. XRD diffraction patterns for sputteredtsdum thin films,

followed by a process of nitridation in ammonia asphere for 60 s at various temperatures [48]
Figura 4. Difractograme ale straturilor subde tantal, obinute prin pulverizare,

urmat de un proces de nitrurare in atmosfge amoniac pentru 60 s la diferite temperatur] [48

Tantalum oxynitride films.As far as the
structural development of tantalum oxynitride thin priveste caracterizarea structutal straturilor de tip
films is concerned, things get more complicated duexinitrura de tantal, lucrurile se complicdatorit
to a greater number of possible phases presenein tunui nunir mai mare de faze posibile ce potiaga
structure. Depending on the processing parametefis structudi. In funaie de parametrii de procesare,
one could find tantalum phases, usuaflyTa,
tantalum oxide phases, tantalum nitride phases aale oxidului de tantal, faze ale nitrurii de targalu

tantalum

oxynitride
stoichiometries,
amorphous structure [58, 59]. For exemplificationPentru

or,

phases, with
in some cases,

Straturi de oxinitruz de tantal.in ceea ce

se pot obne faze ale tantalului, de regl-Ta, faze

various ale oxinitrurii de tantal, cu diferite stochiomesau
even afin alte cazuri, chiar o structuramorf [58, 59].

exemplificare, figura 5  prezint

Figure 5 presents the XRD patterns for tantalundifractogramele unor straturi de tip oxinitiude
oxynitride-type thin films, deposited by magnetron tantal, olinute prin pulverizare in regim magnetron,
sputtering as presented by Venkataraj et al. [60].
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Figure 5.X-ray diffraction pattern of tantalum oxynitride
thin films prepared at different N, flow rates.
Crystalline TaON peaks are observed at and above 80
% of N, flow. At 100 % N flow, TaN peaks are
observed [60]

Figura 5.Difractogramelestraturilor suliri de tip
oxinitrurd de tantal, ofinute cu diferite valori ale
raportului debiteloO,/N,. Peak-uri reprezentand faze
cristaline ale TaON sunt observate pentru debéeNal
peste 80 %. La un debit de Ne 100 %, se observ
peak-uri ale TaN [60]
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The XRD measurements reveal that pure  Analiza prin difrage cu raze X arét ca
tantalum oxide films are amorphous. Upon straturile de tip oxid de tantal sunt amorfe. @Qadat
increasing the nitrogen fraction in the reactives ga cresterea fragei de azot din cadrul amestecului de
mixture there is no change in the amorphousgjaze reactive, nu se obsgrvnodificiri asupra
structure of these films prepared as long as wetructurii amorfe, atata timp cat debitul de az=ite
maintain the N flow below 16 sccm. For the films meninut sub 16 sccm. Pentru straturiletiobte cu
prepared at 80 % of Mlow (16 sccm) in the reactive debit de 80 % M (16 sccm) in amestecul de gaze
gas mixture crystalline Tafly peaks with hexagonal reactive se obseiv aparfia  peak-urilor
structure have been observed, and hence a transiticaracteristice fazei hexagonale aBON,, si deci o
from an amorphous structure to a crystalline sinect tranztie de la structura amarfa cea cristalia. Prin
proceeds, upon the start of the incorporation ofdiugarea de azot, deci gterea debitului de azot
nitrogen into the films. Adding further nitrogenttte  din amestecul de gaze reactive, se cauzeaz
reactive gas mixture, i.e., increasing the fldw  crestere a giuntilor observai din craterea
leads to grain growth as is evidenced from thentensittii peak-ului (111).
intensity increase of the (111) peak.

3. Conclusion 3. Concluzii

A review of the available scientific literature Lucrarea reprezitit o trecere in revist a
has been made, dealing with tantalum based thifiteraturii stiintifice in ceea ce priwte straturile
films, namely tantalum, tantalum oxide, tantalumsuliiri pe baz de tantal,si anume cele de tantal,
nitride and tantalum oxynitride thin solid films. oxid de tantal, nitrdr de tantal, oxinitruf de tantal.
Some of the applications, preparation methodsAu fost prezentate o parte din aptida, metodele
structural characterizations, followed by a fewde ohinere, structurile intalnite, urmate de cateva
examples, have been presented with the purpose ekemple, cu scopul familiadigi cititorului Tn ceea
familiarizing the reader with the complexity of ce privgte complexitatea acestor sisteme de straturi
these families of thin films. Tantalum based thinsukiri. Straturile suliri pe baz de tantal pot fi
flms can be prepared using physical vapourobtinute prin depunere fizicdin stare de vapori,
deposition, chemical vapour deposition, ordepunere chimicdin stare de vapori sau combina
combination methods, resulting in a myriad ofale acestora, rezultdnd fintr-o multitudine de
structures, each with their distinct properties. structuri, fiecare cu proprigt caracteristice.
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