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Rezumat. In cadrul acestei lugri a fost investigdt  Abstract. Within the frame of this work the reactive
tehnica de depunere prin pulverizare in regim migne magnetron sputtering technique used for depositibn
utilizata pentru depunerea straturilor swb Pulverizare  the thin films was investigated. Magnetron sputigiis a
n regim magnetron este o tehnftexibila care poate fi  flexible technique which can be used to coat viyuany
folositid Tn depunerea unei game foarte largi de materiale.work piece with a wide range of materials.

Aceasi tehni@ este una dintre cele mai utilizate This technique is one of the most used physical
tehnologii fizice de depunere din vapori cu aplicdin vapour deposition technology in very large areasnfr
domenii diferite, de la depunerii pentru apfica industrial applications to jewellery coatings.
industriale pamla bijuterii.

In aceast lucrare este prezenattehnica de In the present paper is presented the reactive
depunere prin pulverizare in regim magnetron gat magnetron sputtering technique and its charadtesist
caracteristicile sale.

Cuvinte cheie: pulverizare reactiin sistem magnetron, Key words: reactive magnetron sputtering, thin films,

straturi sulgri, tehnica PVD, magnetroni, plagm PVD techniquemagnetrons, plasma
1. Introducere 1. Introduction
Pulverizarea repreziat un proces fizic de Sputtering is a physical vapour deposition

depunere din vapori (PVD) in care materialul estqPVD) process where material is physically
indepirtat fizic de petinta prin bombardament removed from a target by energetic ion
ionic. Termenul de pulverizare ,sputteren” provine bombardment. The term sputtering comes from the
din limba germal, si Tnseam@é ,ruperea Tn Dutch “sputteren” meaning “to spit out in small
particule micisi cu o caracteristic explozivi a  particles and with a characteristic explosive séund
sunetului”. Pulverizarea a fost pentru primaadat Sputtering was first observed by Groves in 1852
observal de dtre Groves in 1852, dar Plucker a with Plicker first to suggest, in 1858, that this
fost primul care a sugerat, in 1858 aceast discovery be used as a tool to produce metallic
descoperire poate fi fologitca o uneadt pentru films. Groves initially called the phenomena
producerea filmelor metalice. Groves tiai a  “cathodic disintegration”, and it was renamed
denumit fenomenul ,dezintegrare catadisi a fost  “spluttering” by Sir John Thompson in 1921. In
redenumii ,spluttering” de étre J. Thompson in 1923, Thompson dropped the “I" and the term
1921. in 1923, Thompson a renanla ,|” iar  “sputtering” has lasted to this day. Today,
termenul de pulverizare amas cel cunoscut agi. sputtering is a powerful tool used for the depositi
Pulverizarea repreziinto metod puternia pentru  of thin films, in chemical analysis, etching and
depunerea straturilor stith, Tn analiza compoziei cleaning [1].

chimicesi operaii de decaparei curatare [1].

Un eveniment de pulverizare este determinat A sputtering event is initiated by the first
initial de @tre prima coliziune dintre ionii incidgn  collision between incident ions and target surface
si atomii de pe suprafatintei, urmaf de a douai atoms, followed by the second and third collisions
a treia coliziune dintre atomii de pe suptafintei.  between the target surface atoms. The displacement
Deplasarea atomilor de pe suptafiéntei va deveni  of target surface atoms will eventually be more
mai izotrof datori& coliziunilor succesive iar isotropic due to successive collisions, and atoms
atomii in final vor @rasi supraféa. may finally escape from the surface.

Cea mai importadt caracteristi& a procesului The most striking characteristic of the
de pulverizare este universalitatea. Materialultqppen sputtering process is its universality. Since the
depunere trece in stare de vapori printr-un procesoating material is passed into the vapour phase by
fizic de schimb a impulsului fiind mai des utilizat a physical momentum-exchange process, rather than
decat procesul chimic sau termic. In principiu eric a chemical or thermal process; virtually any
material este un bun candidat pentru depunere [2]. material is a coating candidate [2].
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In timpul pulverizri au loc dod procese There are two main processes that occur during
principale: generarea plasmgi bombardamentul sputtering: plasma generation, ion bombardment,
ionic altintei, prezentate 1n figura 1. presented in figure 1.
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Figura 1. Reprezentarea schematiainui proces de pulverizare
Figure 1. Schematic representative of the sputiggincess

2. Tehnica pulverizirii in regim magnetron 2. The reactive magnetron sputtering
Pulverizarea la presiune jdasste una din cele technique
mai promiitoare tehnici privind prodei@ de Low-pressure sputtering is one of the most

straturi suliri. O gami largi de straturi sufri se  promising techniques for the production of thimefil
pot ohine prin acest proces de pulverizare care arglevices. A wide variety of thin films can be made
loc printr-o mic contaminare a stratului la odgade ~ with little film contamination and at a high
depunere Tnait[3]. deposition rate by the low pressure sputtering

Diferitele tipuri de tehnici de pulverizare in technique [3].
regim magnetron sunt cele in curent continuu (DC), The various types of magnetron sputtering
curent alternativ (AC), radiofrecvein (RF) si in  technique are direct current (dc), alternating enirr
curent continuu pulsat (pulsed-dc magnetron(ac), radio frequency (rf) and pulsed-dc. Since the
sputtering). Din anul 2000, pulverizarea in regimyear 2000, this technique has been a well developed
magnetron a devenit o metodde depunere a deposition method for coatings and thin films used
straturilor suldri foarte bine dezvoltat fiind in research and industrial applications [4].
utilizata in cercetarai in aplicaiile industriale [4].

Pulverizarea reactiv in sistem magnetron Reactive magnetron sputtering use the
utilizeaz campul magnetic creat in interiorul magnetic filed created inside in the deposition
sistemului de depunere prin introducerea celor dogystem by putting two magnets together with the
magnegi si a tintei care sunt componentele target witch are the main parts if the magnetron
principale ale unui magnetron (figura 2). witch are presented in figure 2.

Figura 2. Reprezentarea schemia#icsistemului de pulverizare readtivn regim magnetron
Figure 2. Schematic representative of the reactisgnetron sputtering system
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Pulverizarea reactivface parte din cele mai Reactive sputtering is a widely used coating
folosite tehnici de acoperire pentru depuneredechnique to deposit oxides, nitrides, carbides, et
oxizilor, nitrurilor, carburilor etc. Oricum, proseal However, the process has some generic drawbacks
are unele dezavantaje care limiteagtabilitatea that seriously limit the stability of the proceszda
procesuluisi din nefericire prezirit o descrgtere a  unfortunately also decreases the compound
ratei de depunere a compusului. In ciuda acestadeposition rate. Despite these drawbacks, the
dezavantaje, procesul este unul dintre cele maprocess is still one of the most frequently use®PV
frecvente folosite tehnici PVD. techniques.

Optimizareasi Tmburatatirea fundamental a Substantial process  optimization  and
procesului se poate realiza pe mai mulie &n  improvements have already been applied to the
exemplu este cel de pulsare a putenitei cu reactive sputtering process. One example is the
ajutorul arcului electric sau prin gterea densitii pulsing of the target power for eliminating probkem
ionilor in plasm privind eliminarea problemelor in with arcing or increasing the ion density in the
vederea cr@&ii anumitor condii pentru crgterea plasma in order to facilitate certain conditions fo
stratului. Tn plus, prin utilizarea magnetronului film growth. Further, special arrangements, such as
dublu sau gintelor substochimometrice s-au creat dual magnetrons or substoichiometric targets, have
facilitati pentru pulverizarea reactivin cazul been developed to facilitate reactive sputtering of
materialelor izolatoare. Dezavantajele majore alalielectric materials. However, the major drawbacks
procesului de pulverizare readigunt cele legate in the reactive sputtering process are the hysgeres
de comportamentul histereziscel de contaminare behaviour and the poisoning of the sputtering targe
atintei de pulverizare care reduce subgtdmata de  which substantially reduces the sputter erosiog. rat
eroziune. Imbuiititirea procesului are ca scop The processing improvements given here are aimed
reducerea sau eliminarea in cele dinaiaracestor at reducing or ultimately eliminating these effdats
efecte Tntr-un mod maisar. an easier way.

Pe parcursul depunerii prin pulverizare redgtiv During reactive sputter deposition, the compo-
compoziia suprafeei unei tinte va depinde de sition of target surface will depend on the partial
presiunea pa@ela a gazului reactiv, de ionii curgrai  pressure of the reactive gas, the target ion cuarh
tintei si de campul de pulverizare a materialului the sputtering yield of the target material. Ong p&a
tintei. O parte din supragatintei va fi formad din  the target surface will consist of the compound and
compyi iar restul din metal. Refia dintre aceste the rest will consist of metal. The relation betwee
douwa parti este determinatde Gtre competia dintre  these two parts is determined by the competition
pulverizarea compilor materialului de latinta si between the sputtering of compound material from
formarea de compumateriali datorat debitului de  the target and the formation of compound material

gaz reactiv introdus [5, 6]. due to gathering of reactive gas [5, 6].
2.1. Exemplu de ali metoda de depunere 2.1. Example of other deposition method
2.1.1. Pulverizarea in radiofrecveni (RF) 2.1.1. The radio-frequency (RF) sputtering

Metodele de pulverizare in curent continuu DC methods cannot be used to sputter
(DC) nu pot fi folosite pentru pulverizargmtelor  nonconducting targets because of charge
izolatoare datorit acumudirii incarcaturii la accumulation at the target surface. This difficulty
suprafaa tintei. Aceast dificultate poate fi invins can be overcome by using radio frequency (RF)
prin folosirea pulveriarii cu radiofrecveri (RF).  sputtering. The usefulness of RF methods for
Utilitatea metodei cu radiofrecvggineste bazéatpe  sputtering nonconducting materials is based upon
faptul @& tensiunea are polarizare autofjat the fact that a self-bias voltage, negative with
negativi cu respect pentru potgadul plasmeigi se  respect to the plasma floating potential, develmps
dezvolt pe orice suprafa care este cuplatla o  any surface that is capacitive coupled to a glow
desdrcare luminesceit discharge.

Potenialul de Tné@rcare este negativ comparativ The floating potential is negative relative to the
cu potemalului plasmei avand o cantitate care plasma potential by an amount that depends upon
depinde de clasa gazulgii functia de distribtie a the gas species and plasma electron energy
energiei generatde electronii plasmei cu valori distribution function, but is typically -20 to -50
cuprinse intre -20 péria -50 V. Aceste valori sunt and therefore too low to produce significant
prea mici pentru a produce o0 pulverizaresputtering of most materials. When an alternating
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semnificatii asupra mai multor materialelor. Cand voltage is applied to such an electrode, more
asupra electrodului este apligato tensiune electrons current flows when the electrode is
alternatid are loc o crgere a debitului de curent positive relative to the floating potential thamio
electronic atunci cand electrodul este pozitiv incurrent flows when the electrode is negative redati
comparg@e cu poterdalul fluctuant al curentului to the floating potential [7].

ionic atunci cand electrodul este negativ [7].

Pulverizarea compuor izolatori nu permite The sputtering of insulating compounds does
utilizarea curentului continu(DC) deoarece sarcina not permit the use of dc power as charge will
se va aduna pe suprgdaintei avand ca rezultat o accumulate on the surface of the target resulting i
desarcare electrig sau un eveniment in care are loc electrical discharging, or an arcing event. Arciag
formarea arcului electric. Formarea arcului electri detrimental to the growth of high quality films ias
este dunator datorii macromoleculei care este results in macro-molecule ejection of target specie

indepirtata de peinta si incorporai in strat. which will be incorporated into the growing film.
2.2. Magnetroni 2.2. Magnetrons
F.M. Penning a fost primul care a propgis F.M. Penning was the first to propose and then

apoi brevetat magnetronul din pulverizare in anulpatent magnetron sputtering in 1935.

1935. Un prototip al magnetronului plan a fostA prototype of the planar magnetron was invented
inventat de Wasa in 1967. Magnetronii utilizeaz by Wasa in 1967. Magnetrons utilize magnetic

limitare magneti# a sarcinii particulelor pentru confinement of charged particles to increase
cresterea ionidrii cu regiuni apropiate deinta. lonization within regions close to the target. Such
Aceasi limitare permite electronilor préh in  confinement allows for electron trapping within the

campul magneticasaiba un flux liniar dar permite  magnetic field flux lines, but also allows ions to

si ionilor sa parcur@ invelisul astfel incat cdiga  travel across the sheath and gain acceleration
accelerge in drumul lor spretinta. Magnetronii  towards the target. Magnetrons are generally
functioneaz in general intr-un mod de tip dibdu  operated in a diode mode with rare earth magnets,
magnei rari de @mant cum ar fi bariul, ferita, such as barium ferrites, alnico alloys, cobalt-rare
aliaje, cobalsi aliaje rare sau electromagnsitugi earth alloys, or electro-magnets located behind the
n spatele catodului dapun model care poate fi de cathode in a circular or closed loop pattern.

tip circular sau ciclu inchis.

Se urnireste dezvoltarea unui surse de The development of high performance
pulverizare in regim magnetron cu perform@gan magnetron sputtering sources that provielatively
ridicate care & prevad o rat de depunere indlt high deposition rates, large deposition areas, and
arii Tntinse de depunerg incalzirea substratului substrate heating, revolutionized the sputtering
care 4 revoluioneze procesul de pulverizare prin process by greatly expanding the range of feasible
extinderea razelor de flexibilitatea ale apiber. applications.

Sursele de pulverizare in regim magnetron pot  Magnetron sputtering sources can be defined as
fi definite ca dispozitive de diadin care campul diode devices in which magnetic fields are used in
magnetic este folosit Tmpreaincu suprafsa  concert with the cathode surface to form electron
catodului pentru formarea capcanelor de electroniraps which are so configured that the E xB
care sunt astfel configurate incat cuiietle derii  electron drift currents close upon themselves [8].
electronicii E xB  se Tnchid singuri [8].

in figura 3 sunt prezentate cateva exemple dén figure 3 are presented some examples of
configurare a magnetronilor. magnetrons configuration.

2.3. Generarea plasmei 2.3. Plasma generation

Plasmele sunt generate de aprovizionarea cu Plasmas are generated by supplying energy to a
energie a unu gaz neutru determindnd astfeheutral gas causing the formation of charge carrier
formarea pudtorilor de sarcia. Orice volum de Any volume of a neutral gas contains always a few
gaz neutru caime intotdeauna ¢i&a electronisi electrons and ions that are formed as the result of
ioni care sunt form@ain urma interagunilor razelor  the interaction of cosmic rays or radioactive
cosmice sau a radidor radioactive cu gazul. radiation with the gas. These free charge carags
Acesti purtatori liberi de sarcini sunt accelerale  accelerated by the electric field and new charged
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catre campul electricsi astfel noile particule de particles may be created when these charge carriers
sarciri se pot forma atunci cand patdri intrda Tn  collide with atoms and molecules in the gas or with
coliziune cu atomiisi moleculele din gaz sau cu the surfaces of the electrodes. The ejected efectro
suprafaa electrodului. Electronul evacuat este supuss subjected to the same field and will also be
aceluigi campsi va fii accelerat &tre anod. accelerated toward the anode.

Electrons
A0 heticsigaliy
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FIELD

Figura 3. Tipuri de magnetroni
Figure 3. Types of magnetrons

Aceste avalage de efecte préd o sugnere This avalanche effect provides a self sustaining
natural si un echilibru al sarcinii care vor fiagite  nature, and charge equilibrium will be found with
odat cu ohinerea unor caracteristici ale ingalui  the procurement of characteristic dc sheaths.
obtinut prin curent continuu. Este dezvaitain  Steady-state plasma is developed. Electrons and
timpul procesului o stare si@nam a plasmei. ions are produced in the gas phase when electrons
Electroniisi ionii sunt ohinuti Tntr-o fazi a gazului  or photons with sufficient energy collide with the
cand electronii sau protonii cu suficiergnergie se neutral atoms and molecules in the feed gas
ciocnesc cu atomisi moleculele gazului neutru (electron-impact ionization or photo-ionization).
(impactul electronului-ionizare sau fotoionizare).

Sunt cateva @& de suplimentare a energiei There are several ways to supply the necessary
necesare pentru generarea plasmei de la un ganergy for plasma generation from a neutral gas. In
neutru. In pulverizarea Tn regim magnetron plasmanagnetron sputtering the plasma is achieved by
este olnuta prin aplicarea unui camp electric applying an electric field to a neutral gas [9]tchi
asupra unui gaz neutru [9], care sunt prezentate fis presented in figure 4.

figura 4.
Substrate
Argon Plasma  Film
Sputtered Particle
° e
L f I\M Ar lon
Bias Power Target
Figura 4. Procesul de generare a plasmei
Figure 4. The process of plasma generation
3. Concluzii 3. Conclusions
In aceast lucrare am prezentat cele mai In this paper, we presented the most important
importante aspecte legate de tehnica de depuneespects about the reactive magnetron sputtering
reacti\a Tn regim magnetron. deposition technique.
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Pulverizarea este frecvent utilizatpentru Sputtering is commonly utilized for thin film
depunerea de straturi gitb Acest proces ofér  deposition. This process offers the advantage of a
avantajul unui strat acoperit omogen pe o sugrafa homogeneous large area coating in the final
larga a produsului final. production.
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