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nitrides 'ng € organi c chem cal vapour deposition (MOCVD) nethod, the

thin,jayers ynder normal conditions, the surfaces of metals and metalloids, being in

contact with atmospheric air, are covered with natural oxides. Such layers of oxides,

as well as the surfaces of metal oxide- and metalloid oxide-based ceramic materials,

are often coated with layers of other organic and/or inorganic materials to improve

the useful properties and to obtain new useful properties. For example, oxidised

15 surfaces of aluminium, copper, tin, iron and nickel are coated with silane layers that

bind to the surface OH groups via hydrogen bonds. For this purpose it is necessary

to activate the surfaces of metal oxides and metalloids, i.e., to remove the surface

layer of adsorbed hydrocarbons and to increase the surface concentration of surface

OH groups. LikeWise, it is necessary to increase the surface concentration of OH

20 groups on the surface of metal oxideé and metalloids to achieve a strong bond with
the layers applied using the sol-gel method and other coating methods.

With certain vacuum technologies, such as in the preparation of thin layers of
metals and metalloids as well as layers of metal and metalloid oxides and nitrides
using the organic chemical vapour deposition (MOCVD) method, the thin layers

25 formed contain undesirable carbon-based impurities that impair their electric
conductivity and other properties. Oxide- and nitride-covered surfaces of metals and
metalloids, as well as those of metal oxide- and metalloid oxide-based ceramic
materials, are often polluted with organic materials such as oils used in aluminium |
and steel sheet rolling, or with coal-based impurities originating from the preparation

30 of metal and metalloid oxide layers using the sol-gel method. Surfaces so polluted
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of Ha/ H%%Q.%g. Vol. 89, No. 3 (2000) 267-70, describe the cleaning of AlO; particle surface,
20 for subsequent coating with biomolecules, using an aggressive solution of NaOH and
toxic ozone. K. M. Portays et al. in the paper Surf. Interface Analysis 36 (2004) 1361-
1366 and US patent No. 6,881,491 clean the surface of Al,O3 to remove organic
molecules using aggressive agents based on strong acids. As described in S.
Tossatti et al.: Langmuir 18 (2002) 3537-48, to deposit a monolayer of organic
25 molecules, the surface of TiO, was activated and cleaned in a hot solution of

HCI/HzSO4.

It has been known to activate, clean, modify the properties, and etch the

~ surfaces of metals and metalloids, metal and metalloid oxides, and metal and
metalloid nitrides advantageously using -the action of electric plasma. Plasma

30 treatment enables achieving desired surface properties without using toxic and
aggressive chemicals. As it is technically substantially simpler to generate
appropriate electric plasma under reduced pressure, most of the known papers
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Bessmertnyi et al.: Glass and Ceramics 58 (2001) 362-364, the surface of nickel with
a layer of natural oxide was reduced using the action of plasma generated in H
25 under low pressure. In B. O. Aronsson et al.. Journal of Biomedical Materials
Research, 35 (1997) 49-73, a Ti surface with a layer of oxide formed by anodic '
oxidation was cleaned from adsorbed hydrocarbon molecules under low pressure in
Ar plasma. E. S. Bragé et al.: Thin Solid Films 73 (1980) L5-L6 describes the etching
of SnO, under low pressure in Na+C2H2Cl, plasma. In O. K. Tan et al.: Sensor (2005)
30 1181-1183, the properties of a SnO; layer used in gas detectors were improved by

plasma treatment under low pressure.
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»s  metal oxide surface under treatment. Plasma can thus be generated at atmospheric
pressure substantially in any gas, including air and oxygén. A disadvantage of this
solution is that when treating the surface of a dielectric material that is, at the same
time, a dielectric barrier on the surface of discharge electrodes, the discharge
characteristics and those of plasma so generated depend on the thickness of the
30 material to be treated and, consequently, it is not possible to treat materials of
arbitrary thickness. A further disadvantage of this solution consists in that the volume

plasma power density is relatively low and, consequently, the required plasma
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cases, similarly as in the above-discussed applications of dielectric barrier discharge,
the treated material was placed directly between the electrodes, of which at least one

was coated with a dielectric material. A disadvantage of such .devices is that the

helium-containing working gas is to be used for preventing the plasma filamentation .
20 and gas heating, i.e., to generate diffuse cold plasma. Helium has a stabilising effect
making it possible to generate diffuse cold plasma, however, it is expensive and its

use significantly increases the cost of plasma treatment.

‘Other apparatuses generating diffuse plasma at atmospheric pressure without
undesirable filaments use the plasma-jet method. This method is described in detail,

25 for example, in A. Schitze et al.: IEEE Trans. on Plasma Science 26 (1998) 1685
and in US patent application No. 20030047540. With the plasma-jet method, plasma

is generated, for example, using barrier, RF, or microwave discharge and is blown

out from the generation site by a gas flow of the velocity of several m/s against the
treated surface not placed directly between the electrodes but rather at a distance of

30 usually several mm to cm from the site where plasma was generated. The use of
plasma so generated for copper surface etching is described in US patent application
20020134403, for the surface cleaning of galvanised steel sheet and aluminium in
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25 species hit the surface with no utilisation of the effects of UV radiation generated in
the discharge, which results in a low energy efficiency of such devices. Yet another
disadvantage, as d:scussed for example, in A. P. Napatovich: Plasmas and Polymer
6 (2001) 1-14, is that the plasma power density is only of the order of 1 to 10 Wicm?,
resulting in téo long plasma exposure times of the order of 10 seconds. A further

30 disadvantage of such devices is that that the plasma is usually not safe in an

unintended contact with the human body.



to surfaces of conductive electrodes situated inside of the dielectric
body. The plasma exposed surface is situated in a vicinity of the

di el ectric body surface on which the plasma |ayer is generated, preferably
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cont ai ni ng nol ecul es of N2, 02, H20, CO2, and hal ohydrocarbon nol ecul es.
The plasma is generated at gas pressurés ranging from1l kPa to 1000 kPa,
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velocity less than 10 ms. The plasna |ayer is generated on the surface of

dielectri d h ; Wamat ed
st de of |t hel ¢ SeatipRigons of the FBQsAneRio R e iefddsart fElikE el Sta O0,
are not by tﬁ@rﬁmﬁrawstnh ddeerdznas nwith Thee peesent rimemtions wheree th serdacm/ ofin

alternatin ectrical volt thafr u | m 50
e toS1 m% rahateliif e el Pt 1Soneiod xsieierd il BittHck, RRY Meta 6

i nter el eqldtAfid HithlieleestedSsure i EXxpodednid anthimayer tdmare@ullbﬁum‘rplagﬁfﬁhe

el ectrodes are situated in such a way that a skf?glflc rt OPaOf .th

el ect ri cpraferaply withsa thigknesgniaggingsfrom, @00 MY alsg{aa YEf é%t ric
el d ! BEReralel obPBbREN® gvggngcﬁe%ﬁmﬁ&eeadmagm@ iy bodyayade of the

di el ectr mat er I al wth alternating electric voltage, is not
i nter secfnorrg a lcergrhias ner- glaea,t ptefenablyr oAl they dielediric 3mdy swtaceoaheve the
surprlsm S 0 dvnRBtdifdmait is
possi B eS gﬁ%?'gj&g%%ggecﬁae&sgﬂ%%@%?é con Céthlef\/e'g rfgrigoctyr odes’j osallt i oned
in a di ebﬂ sfecbsnmrﬁcy isadituated: inea sicinity-afdbe rdidjectrindodyg rsurface @al Whichithe use

ﬁ‘?gﬁogﬁ’mgﬁgséﬁa? VT B bPRETEleth IR0, Hepooiatoh ' BEELRIre S pi "

cl eani ng fropfihe\diblebliic bddy saiats o9 whichtbbllasma layeaisigendratedf ace, metal or
netal |l oi d oxi de-coated surface, or netal or netalloid nitride-coat ed

surface at expRgplfnid Fefenefateth angiworkig Qaé, ﬁrefeiabjy theamrhlngm@ ot t he
solution in 5 accordance with the inventi o‘g ft\rb? 3}1 H%g &359 plaﬂama can
be gefier £0Bi@INNEN hefivRo AN, FANANRGr KPAGCHES 19T oW'2an 2 n§ a

hel i um g, o"ﬁggﬂﬂ:a?éﬁ?\t t%bl@cﬂ%s"“?ﬁé‘b%nﬁaa@ ge'n*erdt@é ot gus pregsupas mnggmlgyfrdmat t he
honogenei' t l'asma so generated, as posed to al I@&hnom sma devi ces

t est ed pﬂekPautﬂ ﬁoﬂﬁrk?%epmﬁg\aBWr@hﬁt@ﬁé@f‘%ﬁ perssure ande RUefeTahlY.nUYP i ng
plasma p i g é'&)‘ﬁ Qéﬁﬁénﬁﬂrrﬁfs' sing finding is that the plasna
W 3 %%ua Vi ¥ 3

uni formt
The plasma layer is generated on the surface of a dielectric body, which is

20 separating conductive electrodes situated inside of the dielectric body, in such a way
that the electrodes su'rfaces are not in contact with the plasma. The electrodes are
energ'ised by an alternating or pulsed electrical voitage with a frequency ranging from
50 Hz to 1 GHz and a magnitude from 100 V to 100 kV. The minimum interelectrode
distance is less than 2 mm and more than 0.05 mm.

25 The electrodes are situated in such a way that a significant portion of the
electric field lines flux, which is larger than 50% of the total electric field lines flux
flowing between the electrodes separated by a layer of the dielectric material and
supplied with alternating electric voltage, is not intersecting the plasma-treated
material surface.

30 It was found surprisingly that using the method in accordance with the

invention, it is possible to generate, above the surface of conductive electrodes
positioned in a dielectric material in the above-described manner, visually diffuse



density is increased by situating the treated nmetal or netalloid surface,
metal or netalloid oxide-coated surface, or netal or netalloid
nitride-coated surface at a distance from0.05 to 1 mm preferably fromO.1
to 0.3 mMmwd bedenédes di el ectric body surface On which tRreTSKa®mas0Zyer is
generated. Another surprising finding is that 15 plasma so generated is
safe in contact wwth the surface of human body. Yet another surprising
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shorter §t|?@'fglylﬁoﬁa;1mrmlmndplasmastwrtreblghtpaweraiepsma&mlﬂﬂgﬂ@r@'dﬁéﬂf 16@&n 10
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foil witRusisiedirtdirenisdhat the exposure to the plasmas so generated at expos re tlme

shorter than 10 seconds does not result in any roughenlng greater than 10 nm.

Brief Description of Drawings

Examples of the electrode systems according to the invention are described
20 schematically in the attached figures. The illustrations in the figures are confined to

the planar electrode systems.

Figure 1 is a schematic cross-sectional view illustrating an electrode system
that can be part of the apparatus for the plasma treatment of metal or metalloid
surface, or metal or metalloid oxide or nitride coated-surface without an auxiliary

25 electrode. The treated substrate surface is situated at a distance of not more than 1
mm from the electrode system.

Figure 2 shows a part of the apparatus for the plasma treatment of metal or

metalloid surface, or metal or metalloid oxide or nitride coated surface with an

auxiliary electrode.



| ant hani des coated with a | ayer of natural oxides was cl [

and, 15 after drying, activated using the standard net ﬁo§a2$d3ursn! Egt 2gletone
treatment in a solution of 10% H2SO4 + 10 g/l HCI at the tenperature of 70C
and then tworesgéizgs cl eaned in distilled water by ultr PEEEKA07HH021
conparison, the surface of a FeCrAl foil situated at a distance of 0.1 nm
fromthe surface of the electrode systemwas treated for 2 seconds uéi ng
the nethod in accordance with the invention in atnospheric-Pressure 20 air

pl asrrg at a p(f)vver density of 5 WcnR. s?Subsequently, bot h surfaces were
coaLe wModes g—%rmmmﬁuﬁtm_awl 108i 02 | ayer "prepared using t he sol - gel
met hod. The sanples were tested using the thermal shock nmethod well known
i n net al Examgplebl bei ng 2000 tines heated to the tenperature of 1200C and
subsequent|ly cooled to roomtenperature. Examination using electro
tsfc}gng: (r)\g Irn crfi@epyaramfémqﬂmd ascardingelc Be UPS%'?tdE%%“tQﬂ W& "r'ﬁ‘ﬁdgpf ace of
e W(frﬁsgfigé;ﬁ# D6l bt BfhiYaREdIvS, Rl dpost raIFiasdledaiiinod netirbl ( hat
_ e owed no.cracé In the intermediate | ayer. anple 3 A
ni cr opet Riyet bf oXidésayite vidteiyElting singlestafuch syrfgp%@egnmwm?@a@gﬁgfe
88° for the Al foil, 67° for the Ag foil and 79° for the Cu foil. The foil surfaces situated
at a distance of 0.7 mm from the surface of the electrode system were treated for 2
seconds using the method in accordance with the invention in atmospheric-pressure
air plasma at a power density of 5 Wi/cm?. The water wetting angles following the
10 plasma treatment were 30° for the Al foil, 45° for the Ag foil and 32° for the Cu foil,

improving thus their properties for subsequent surface treatments.

Example 2

The suﬁace of a heat-resistant FeCr (23%) Al (5%) foil with an addition of
lanthanides coated with a layer of natural oxides was cleaned using acetone and,

15  after drying, activated using the standard method of 3 minutes’ treatment in a solution
of 10% H,SO4 + 10 g/l HCI at the temperature of 70°C and then thoroughly cleaned

in distilled water by ultrasound. For comparison, the surface of a FeCrAl foil situated

at a distance of 0.1 mm from the surface of the electrode system was treated for 2
seconds using the method in accordance with the invention in atmospheric-pressure

20 air plasma at a power density of 5 W/cm?. Subsequently, both surfaces were coated
with a 5-micrometer thick SiO; layer prepared using the sol-gel method. The samples
were tested using the thermal shock method well known in metallurgy by being 2000
times heated to the temperature of 1200°C and subsequently cooled to room
temperature. Examination using electron scanning microscopy revealed the

»s  formation of cracks on the interface of the SiO; layer and the foil activated using the
standard method while that treated with plasma showed no cracks in the intermediate

layer.
Example 3

A micrometer-thick layer of MgO was coated on a glass substrate using
30 magnetron sputtering. The layer so prepared was exposed to ambient air for 1 day.
Subsequently, it was inserted in a vacuum chamber with the vacuum of 10~ 7 Torr



30 magnetron sputtering. The | ayer so prepared was exposed to anbient air
for 1 day. Subsequently, it was inserted in a vacuum chanber wth the
vacuum of 10 - 7 Torr WD 2008/ 069766PCT/ SK2007/ 050021 10 equi pped with
guadr upol evgagsoemter and heated up to 600C. Before pl a@cosk2ear/05doe1 vacuum
chanber and subsequent hertting to 600C, an identical sanple was treated
using the nethod in accordance with the invention by a 5 second 02 plasm
exposure at a power density of 10 Wcr® The treated sanple surface was
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improved its dielectric properties.- Alow value of the: residual current of
t he ordeExafplkO¥ A/ cn2 was reached at an electric field intensity of 1

MW/ cm Tantal um oxide |layers so treated can be advantageously used in the
nmanufiact ur e oA 501rm thitkiantalampanidewss depositesnyst thessurface of a veler ofm t hi ck

| ayer, of Sn02 + 5% Sb was prepared on a gl ass surface using the sol-gel
met hod at t hepalyerystalling nitideer stlicor wsingSihe &V tmehodt fram & Mixtyige ofanpl e

was then_h for,20 mn,at 350C | '

achi evi haa&ﬁéé'%%%n%ézugh%#ayseﬁégi &Fkgrreﬁ%]awﬁg{eedo@@ggee xﬁ‘e%%l%‘?r%?%‘g The

| ayer sot@fhe gresanigbnition in Oaaiasina st agressareref @obarcarsr aipaget density obr esent
I nvention _ in |1-12 plasma at pressure of 0 ar .and a Ity of 10
W, TAB Wicar: Ebe treaied s PfSHE%CWSSﬁ'tPﬁ@e% adis n&?é’? g},]%@"gﬁ&i' th’%/n from
the .Ei%.echfe‘&%dék‘gﬂ%m. Tihe ticatRbAE Rméwrsl tHee tedidues b duahd dh atbms hie thenpl e' s
specific resistance to 0.06 x 104 0 hmm _ . _
deposited layer and significantly improved its dielectric properties. A low value of the:
residual current of the order of 107 A/lcm? was reached at an electric field intensity of

1 MV/cm. Tantalum oxide layers so treated can be advantageously used in the

manufacture of ultra thin capacitors.

20 Example 5

A 600 nm thick layer of SnO, + 5% Sb was prepared on a glass surface using
the sol-gel mefhod at the sintering temperature of 450°C and time of 10 min. The
sample was then heated for 20 min at 350°C in vacuum of the order of 10* Pa,
achieving thus the value of specific resistance of 0.09 x 10 Ohm.m. The layer so

25 prepared was treated using the method according to the present invention in Hz
plasma at a pressure of 0.3 bar and a power density of 10 W/icm?. The treated

- .sample surface was situated at a distance of 1 mm from the electrode system. The
treatment resulted in a reduction of the sample’s specific resistance to 0.06 x 10°

Ohm.m.

30 Example 6



WO 20081069766PCT/ SK2007/ 050021 11 1 mmthick sanples of 96% Al 203
ceram cs were prepared using the green tape nethod. Sanples were polished
under running water using a 1200 grid SIC coated paper and careful ly

cl eaned uswogoderareer al i sed water in an ultrasound cl emwarsk2@usm@ouent |y,
the sanple surface was activated using the nmethod and 5 apparatus according
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so cl ean 'i surface-treated using the nethod and apparatus according to
the inve PBW hder a pressure of 0,3 bar in 02 plasma at a

15 A 60-nm thick TiO.-coating was prepared on a glass substrate by standard
magnetron sputtering method. A sample so prepared was treated using the method -
and apparatus according to the invention for 30 s in Nz + 5% Ha atmospheric
pressure plasma at a power density of 10 W/cm? and sample distance of 0.3 mm
from the surface of the electrodes. XPS analysis revealed the presence of N atoms in

20 the surface layers with the relative concentration of several percent. This verified the
possible use of the method and apparatus according to the invention for TiO2 ddping
with N atoms to improve the photocatalytic effect of TiO, layers.

Example 8

Glass samples coated with indium titanium oxide (ITO) supplied by Merck-

2s  Taiwan Corp. were cleaned by wiping with an ethanol-impregnated paper and
subsequently cleaned with methanol and deionised water in an ultrasound cleaner.

The water wetting angle of the samples so cleaned measured using the sitting drop
method was 95°. Samples so cleaned were surface-treated using the method and
apparatus according to the invention under a pressure of 0,3 bar in O; plasma at a

30 power density of 10 W/cm?, sample distance from the surface of the electrode system
of 0.3 mm and exposure time of 3 s. After the treatment, the wetting angle dropped to

15°. At the same time, an increase of the work function by 0.2 eV was measured for



30 power density of 10 WcnR, sanple distance fromthe surface of the

el ectrode systemof 0.3 mm and exposure tinme of 3 s. After the treatnent,
the wetting angle dropped to 150. At the sane tine, an increase of the work
functi on lwo fboRo@vewas neasured for WO 20081069766PCTPEISROD7/HWBA021 12
the 02 plasma-activated sanples. Such plasma-treated sanples with the
above-nenti oned properties can advantagerusly be used, for exanple, in the
manuf acture of organic light emtting 1@ odes (OLED). Exanple 9 5The surface
of gal vathes €3 plamb-adueatedmnweeaﬁem iplasma-treatts damplesewitdhepl®veaqueous

For " conpanaiRed pribecte G At kRl vk dfr Pl P ol
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Wcn2, egpgﬁ,ﬁreegtlrre of 3 s, 10 and sanple distance of 0.3 nmfromthe
surface of the el ectrodes. Subsequently, the surfaces of both sanples were
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reduct i otleatmarﬂ@ccordmg to the invention lmproved the quality of galvanised steel surface

coating with a silane protective layer.
Example 10

20 A substrate of monocrystalline silicon was coated with a Pt layer using vacuum
deposition as the bottom electrode. Subsequently, the Pt layer was coated using the
method of metal organic chemical vapour deposition (MOCVD) at 420°C with a 15
nm layer of BaSrTiOs. The layer so deposited contained a substantial amount of
carbon-based impurities, which resulted in a significant leakage current when such

25 layer was used, following the deposition of another Pt layer, as a dielectric in a
microelecfric capacitor. The BaSrTiOs layer thus prepared was treated using the
method according to the present invention by a 10 s exposure to O, plasma at a
pressure of 0.2 bar, a power density of 5 Wi/cm?, and a distance from the surface of
the electrode system of 0.5 mm. Such treatment resulted in a reduction of the

30 leakage current value by nearly two orders of magnitude.

Example 11



30 | eakage current value by nearly two orders of magnitude. Exanple 11 WO
2008/ 069766PCT/ SK2007/ 050021 13 As determ ned by the XPS nethod, the
surface of a silver foil exposed to anbient air for a |ong period of tine
was cover eglovidgshemsadar k | ayer of Ag2S. Such surface waPaskeEs®s5a2i ng t he
met hod and apparatus according to the present invention by a 20 s exposure
to atnospheric-pressure H2 plasma at a power density 5 of 10 WcnR and a
di stance fromthe surface of the el ectrode systemof 0.5 nm As determ ned

by a XPS neasurenent, the Ag surface s conpletely rid Ofﬂ&il 28 | ayer
fol | owi ng suchs eeteseunes bExtgﬁﬁl(Eslfne@Pﬂl thsn sudaed of & sitveE faihexPe ‘M% of

sol ar ceII d
Si Nr coat 84 \ﬁé‘? %ﬁ @G% %Ega%ag’(al ns u*‘? :v%%e%@éré(igéﬁhgél d?('r)ll !{aﬁ@ﬂ of A@éﬁ?_ %g%hed
past e apphnfaré wast treatedr Gsing the Mmethodelaedt apparaivist amogdmsrotm Her elesenhe

dh S d t h t
i qene bR PR b eRRgs R do AR e Bh TRV B Einikr Rty o
803’? 5 defaﬁﬂ(gwyﬁfnz%d]\c/! Glﬂa&d@ﬂ}@?ﬁh@ sltuface of the deAcf:tmﬂia syfsth@f@;%nmo%s of

: mm fromthe surface 0 e ectrodes. ter t t :
S RX sur feleamings od offes mgasvioweTd) e fBdugage s Srmevp il HE AB:S
screen- pH'yg]; %d]g\gﬁ@ds@“t@@ggg,@t thermal treatnent. Conpar ed to

n

pl asma- untreate NX, a significant inprovenent of Ag el ectrode adhesi on
was foung a@gg{@e 13 20A CaN | ayer was prepared on a sapphire substrate
using the met hod and doped with My atons yielding a p-type

sem conduct or g die WPl ShihanFHBERA P BblaY defie@oatba it B6: rme thiok
according to h

present invention by a 10 s exp osur to Oa g% gﬂ ﬁ?
pr essor e layer ®f $|li¢an nittideo \GiN.-geated twafef SQ“W%@E" IRaY a'em agdh 38t he
surface qf

Ti / A 8{{‘{"&2’%&% %;a@ gﬁplﬁ%‘%ﬁ W& SurkadBNo #&hﬂgleﬁﬁﬂ:rk%rﬁé&?s 2Po shpiiovetheg,

en created on sanples thus treated. The el e¢trode
cont act naRésibantte \BiNh suiface uvasideeatéd Mlti’smnﬂsmf@cp@é%PeQmW% Bro -4

the. cont Q‘ébecr%&fel%a%%'e&%iwé’ﬂm%é’%%@ HBiddlo FRARSADS Jdpbw dendtpar of
of 10 Wicm?, exposure time of 3 s, and sample distance of 0. 05 mm from the surface .
15 of the electrodes. After plasma treatment, the SiNx surface was covered with Ag
electrodes using silver paste screen-printing and subsequent thermal treatment...
Compared to p!asma-untreated SiN,, a significant improvement of Ag electrode

adhesion was found.

Example 13

20 A GaN layer was prepared on a sapphire substrate using the CVPD method
and doped with Mg atoms yielding a p-type semiconductor. The samples were
subsequently treated using the method according to the present invention by a 10 s
exposure to O plasma at a pressure of 0.2 bar, a power density of 5 Wicm?, and a
distance from the surface of the electrode system of 1 mm. Using magnetron

25 sputtering, Ti/Al electrodes were then created on samples thus treated. The electrode
contact resistance with the surface of plasma-treated samples was 3.10 =4 Ohm/cm,
which is a value one to two orders of magnitude lower than that of the contact

resistance without plasma activation.

Example 14

30 The surface of a silicon wafer following the removal of the natural oxide layer
was activated using the method according to the present invention by a 10 s



30The surface of a silicon wafer follow ng the renoval of the natural oxide
| ayer was activated using the nethod according to the present invention by
a 10 s WD 2008/ 069766PCT/ SK2007/ 050021 14 exposure to N2 plasma at a
pressure ofo fofoddass, a power density of 5 WcnR, and aprdirskamcesobziom t he
surface of the electrode systemof 0.5 mm Subsequently,' the surface so
activated was coated with a layer of Ti N using the CVD nethod. Conpared to
pl asma-untreated surface, an about 2508 i ncrease of adhesion 5 petween t he
Si waf er esposune ¢o Nagldsmea dbpq:resmﬂeloa)@e? baf, aTpowetederfsiyed 5 \Wen®, gndtte

referenc ed ec S t mically
conduct i 55%%10&{' rPacgyg{ g}ﬁ 8%‘:&?@&3&%@%?}05 034 'E‘cﬁn b%tegﬁ & t (t)'ll es 4 -
di el ect r ggrifgd o 5ctrvat§it alasorcoatddalithi d, layet af DN wsingl the C\ARi miethodet al
0l bet o Sosthaiid peplasmaturtreated “Surfae; an 'abobl 2308, 'iAdiEhse " or dihédih ¥

5 between the Si wafer surface and the deposited layer of TiN was found. '

List of the reference symbols used

10 1 - electrode system

2 - system of electrically conductive electrodes

3 - system of electrically conductive electrodes

4 — dielectric body.

5 — metal or metalloid, metal or metalloid oxide, metal nitride or metalloid nitride *
15 6 - electric plasma layer

7 — auxiliary electrode structure



15 CLAIM5 1. An apparatus for surface treatnent of netals and netall oids,
metal oxides and netal |l oid oxides, and nmetal nitrides and netalloid
nitrides using the action of electric 5 plasma characterised in that it

i ncludes the el ectrode system (1) conprising systens of electrically
conductive el ectrodes (2) and (3) that Hre situated inside of the
dielectric body (4) at a relative di %E@gwg%of el ectrodes (2) and (3) |less
than 2 mm and nore than 0.05 nm | oca t he sane side of the

pl asma-treated surface (5) of nmetal, netalloid, netal oxide, netalloid

i de, tal pitrid talloid nitrid 0 terial, . by t.
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oxi de, @b@%ndm B{(iH@@, 8hd rﬁ@l hitlidbdhhd inRaldib glitrides Wdig the A&tidiPot aektriei th

pl asma romthe part of the dielectric body surface (4), on which
pl asma i plagmaechmradterised iim thattihimelwiesZherelecitodesystemald ) comnrisingisygiems t he

Pl oct rodth Slestridally” pafducter REctpHeY' () 4, Chetet iF, sluaBC i S1, thee,
i s generGbREUFbONE (Padtta Rllafiiedidtaicecon électbodbs @) rdmce) (s thaned aimalzing

above the surface o§ the electrically conductive el ectrodes (2) .and (3),
and t hatmore thare §.Ahemiosatest endhe s sidaippiie plasma-Heateshavrfase roft nan

2 W per of ., he di tri&ab face (4 et

ol s, 1 gl rB5teld, Hbla by rieldl o, bidde ¥ AR o tholdRld e,
si tuat i N@atdalt whatats) the Htance20f the suifacet 3) of maetl| mietalloiwt mietalxdxdde,
netall oid oxide, netal nitride or netalloid nitri de_r]aqaﬂeri_al_ rel ati ve.tho
the di el @etalioid wxide, sietalcaitridy of: metallod NitaideemMaerial thah 'ﬁ.'@SCﬂﬁ‘tﬁ%(‘f"f{ ess

than 1 r i na 4ol ai ihi f
 F Fequatesme, fo), B3RP 7, RECaiSctc Iidy Shifade (MIHE iER DRGS0
(3) of tgenerbted, iodeordthapsd.ehmm3and essafhaar himrs, and ovitdreghemlasmarayer
the. el octe) aibgt (osoninet i) 1 elesdealtraignts eledirpdes (2hrpdo I8P spafiele"ee"
aCCO[sd' NGitflie Shtitie E»t(a%“mfrﬁztéﬁ(é)hgg@aeﬁétéa W 198Pa BBthehfieledRicbbdy duifate

el ectrode structure I's sirtuated inside the dielectric body (4&,
t he st r u@)upreférmibhyapave thef surfacecpbihier eleetricaly eandudtiverrleeisodss &) and (3),

tential diff t f f th I :
Bopar at cENG i trger SV Rleetiah 8pukh SRV U pBRer bllrer s 2 Woler
wher e t he phasgranbayst of Ghe i dielgefiRy Bo@y suifacei () aftatei theaplaeml lageg ) is
contai ning nol ecules of N2, 02, H20, 002, and hal ohydrocarbon npl ec&}qe%

wi th t heengrgizeddeys theepowensupMPaand Instieesra mes i Sitiphag e ealads
claim 1 5N RSES" hétfold! hl oklde! TntdAdl Wkided mbf nitride or metalloid nitride

material relative to the dielectric body surface (4) at the distance more than 0.05 mm

to

and less than 1 mm.

2. The apparatus according to claim 1, wherein the voltage of a frequency from
50 Hz to 1 MHz is applied between the electrodes (2) and (3) of the electrode

25  system.

3. The apparatus according to claim 1, wherein the voltage of a magnitude from
0.5 kV to 100 kV is applied between the electrodes (2) and (3) of the electrode

system.

4, The apparatus according to claim 1, wherein the apparatus contains the

30 auxiliary electrode structure (7) that is situated inside the dielectric body (4), the
structure being part of the electrode system (1) and being at a potential different from
that of the electrodes (2) and (3).



novenent of the surface of the plasma-treated material (5) of netal,

nmetall oid, nmetal oxide, netalloid oxide, netal nitride or netalloid nitride
material relative to the surface of the dielectric body (4), on which the
pl asma | ayer (6) is generated, at a m ninumdi stance of less than 1 mMm io0
7. A nmethod for treatrrent of the surfacdbof netals and netalloids, netal

ot ng-t b accitih ogparafiit Appercith hlaho, By WoplsiR 488 4iFebRic Bodh Pl Sy B2 o
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gener at Qﬂox%méhﬁometsﬂacbrtbf&hdIﬁé@ﬁénﬂe@téwmaténéu{sj af metdll hrsthlisionnaedl
with the electrically conductive el ectrodes, and where the 20 m ni nrum

di st ancxXigs, waetalleidcoxide tmetal sitrideer m%au.@d mitsde pagtesal relativedodhe SURRER t he
| | | oi d
bxi des, TG RRRISRENL A 8o e i PlasTR Bl @R is, BRNGatt A F i o0

than 1 rgitanbd oMezsahahd mhectrl c plasma | ayer is energized by the HV power
supply with the power higher than 2 Wper 1 cnR of the part of the

di elgctri ¢ bodyne&Hbb é!@lenéamﬁéhttéfethél AffERe2H meedls iahdaseeilidicy] m&aPorekesod
for treatment of the surface of netals and netall oids, netal oxides and

met al | oiahdoriedalnid anddesstand matal adddesmandemataligids nirides HENQ Siggetipr of
action of ‘5%!? @ﬁa%ﬁﬂféﬁ%ggber%gg iASh t’ {H%egurlfé'ce% Bf"‘heelal‘“%é"én&egt ﬁ{e@élr&udes
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envi rOnrrrﬁcraltals metalloids, metal oxides, metalloid oxides, metal nitrides or metalloid nitrides,

where the electric plasma layer is generated on the part of this dielectric body's

surface without contact with the electrically conductive electrodes, and where the

20 minimum distance between the portion of the dielectric body surface coated with the

plasma layer and the surface of metals, metalloids, metal oxides, metalloid oxides,

metal nitrides or metalloid nitrides is more than 0.05 mm and less than 1 mm, and

where the electric plasma layer is energized by the HV power supply with the power

higher than 2 W per 1 cm? of the part of the dielectric body surface where the plasma

25  layer is generated.

8. A method for treatment of the surface of metals and metalloids, metal oxides
and metalloid oxides, and metal nitrides and metalloid nitrides using the action of
electric plasma, characterised in that a water containing solution, water containing
suspension, or water containing emulsion is deposited on the surface treated
30 according to claim 7 in the form of an aerosol, electrically charged aerosol, foam, by

printing or painting.



510. A nethod for treatnment of the surface of netals and netalloids, netal
oxi des and netalloid oxides, and netal nitrides and netalloid nitrides
using the action of electric plasm, characterised in that the surface
treated according to claim?7 is subsequently coated with a layer of another
material using extrusion, |anmination, ptinting, painting, spraying, or

el ect 10syat] cRunil A8 RBANKIEE :0lsdd B ok oind ERALIRAL Bbict e,
netal ni&nd destatioid oxites,| ahd meétal inteides Hntd nidiglicié thivideef ushg ahé iztiphagie,
characterised in that the surface treated according to claim?7 is

subsequeertiichpi@shir ¢haraelerised ini that éh@tsma@utrrsa eeeQIEBg &R Agist o
t he net hﬁx‘flthgf' S%J%btgdrto ﬂllé tlénrgﬂggggaﬁ) t of the surface_ of netals

and netallolds es and OXI eS, and netal nitrides and
net al nit eI e I as aracterised in
hat he’f’%-urfésﬂgﬁpﬁif%%eg@ﬁsﬁﬁ%% %“'E‘?%ﬁ hhetal SR BiRRAS ThE SHesn
contact and nétaroigustiass ahd anetaheitriges ighd ricdalidd -nitrides using the action of
electric plasma, characterised in that the surface treated according to claim 7 is
subsequently coated with a layer of another material using extrusion, lamination,

printing, painting, spraying, or electrostatically using a powder.

10 11. A method for treatment of the surface of metals and metalloids, metal oxides
and metalloid oxides, and metal nitrides and metalloid nitrides using the action of
electric plasma, characterised in that the surface treated according to claim 7 is
subsequently brought in contact with another surface treated according to the method
of Claim 7.

15 12. A method for treatment of the surface of metals and metalloids, metal oxides
and metalloid oxides, and metal nitrides and metalloid nitrides using the action of
electric plasma, characterised in that the surface treated according to claim 7 is
subsequently brought in contact with the surface of another solid material.



