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[0004] Because of environmental and technical reasons it is advantageous to clean glass
surfaces and surface of SiOZ-coated materials using the dry cleaning methods such as
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exposure to ozone advantageously in combination with an UV light irradiation as
described in, for example, U.S. patent application 20050076934, by laser irradiation as




by heating, usually for nore than 30 m nutes, at

t enper at ures above 300C, by exposure to ozone
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surface can be cleaned and activated at the sane tine.
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treated material surface, the plasnma devices
generating diffuse atnospheric-pressure plasnas
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[0013] The plasma is generated in any working gas, preferably in the working gas not
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Brief Description of Drawings

[0018] Examples of the electrode systems according to the invention are described
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 a




coated gl ass at exposure tines of the order of 0.1 to
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su faces ass sur a netal oxid
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- ctemzf: ShasBREd GAtd éheri'x?faEé 1t§§.4. c‘fé&héz% fﬁ@dle staﬁ&&r? %%nélsusmg
situate ance not _nor an mm from
el 1@8&%}3@?@};@ gﬁ'rfmi ‘E?éi’éﬁ e dynamie pee st P’%‘PE?%&S‘H § pas 8.5 KV
ofmt he apparatus for the plasna treatnment of glass
[0022 ur%%_g 5 glass surfaces coated with netal oxides and
ac

of other SiO 2 -coated materials, equipped
[00231i t Fhemethosdiand devicetesordingite the/préséns jinventioCwere/ised taadtivate

h&l Ei‘é{ﬁ‘ﬂbiﬁsasg BieDbeforéa®itfen %tt{e gnt | Eﬁaﬂﬁ%&tﬁ E%gﬂg%oxy

@f ording.to the presen
ac‘iqag%g $&decsyrface with the aimto increase the

[ooz4]ad hemss/.&nps 6£488 L0DinPloRS hid 20 mndyede W rcuﬂﬁsm %%s% lates with
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[0025]MaSTRXStFeASRbIARS fripd\@as tested using a 3 point bending method as described in
' details in F. A. Veer and J. Zuidema: “The Strength of Glass, Effect of Edge Quality”,
Glass Processing Days 2003, 106-109. The average failure strength of the ground-edge
strips was 54 MPa. When the strip edges were coated with a 0.25 mm thick epoxy film,
the average failure strength was increased to 98 MPa. When the edges were plasma
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activated by a 2 s ambient-air plasma exposure at each of the three edge surfaces, the
subsequent epoxy edge coating increased the failure strength to 132 MPa.
[0026] Example 3 :




gl ass surface at 120C. The dynam c peel strength val ue
nmeasured according to ASTM C-794 was 16 kN m For
conpari son, an identical |ayer of Dow Corning(r)
Instant d aze was coated onto the surface of gl ass
cleaned in the standard manner using isopropyl
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[0028]""ee$:é eﬁl{eal lure strength was increased to 98 MPa. Wen
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afqt?fg@télﬁi%@wgé pafes 14 TUSREpE acetRBerpihe cheaped ITO-coated
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[0032] Example 6

[0033] A 4-inch diameter silicone wafer coated with a 0.6-nm-thick native SiO2 layer with a
surface energy of 52 mN/m as determined by a water contact angle measurement was
treated using the method according to the present invention. The aim was to increase
the surface energy, i.e. to make the surface more hydrophilic, to activate the wafer
surface, i.e., to increase surface OH groups density, and in this way to improve the

wO

adhesive properties in direct wafer bonding.
[0034]  The wafers were situated 0.4 mm from the electrode system surface and exposed for
3 seconds to the plasma generated in atmospheric-pressure oxygen. After the




formed a uniformfilmon the surface wthout the use
of surfactant. [0028] Exanple 4 [0029] Using a planar
DC magnetron sputtering system glass surface was
coated with a 150 nmthick indiumtin oxide (ITO
film The ITO coated gl ass substrate was cl eaned wth
det er gent (dei oni sed water followed by rinsing in

ace&amem, theauttherdireky WAs inoRhed to 61 a8¥/ns Wxipasifig RSwafer to the

NG FREA oLkt o oS oo 55
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OXROAAL{ wetmedm@\dalmﬁafetson froma Sill 4 and 0 z gas
[00351;1 Egre uch a porous low quality SiQ2 |ayer was
ub Iy cl eaned using the nethod and device
[0036]ac cOwadiSh gvafers codied with adhi-ninathivkinatve 8510 vade apetohwdifor H0 minutes

2, {39 0RRAto P 1 3 8o RLAPSRRE B) BEAEEHG, fhe rethod according to
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the Si _substrate. | 0032 [0033 A4

di Seqpansly dnediugiage nipiegsn wei@rs@rr@t yHiRg bt pethods had
NaBi0V EreSkeficey ¥ithwhé Wafer s&lfd(feéb@&nﬁﬁg rhgurdg,ho&z hﬁ%@a&:&mact

: e%%f 3 I&gd % ? mhg‘%‘}?g y Q@ﬁ &Y@ Zir ieﬁr;@gé were brought into
| rmechianical. cofiteet anmediatelyt followinpehs El'eathieﬁt andrthackbonded. The surface

U mbasfired o) Pk Bertilf L2650 T8 e IALOROIL Guind fhe method
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[0037]adhg,§dﬂlg groperties in direct wafer bondi ng [ 0034]
100381g, Vil B¢ it ot e e rih 8 cOatBHYS By SoPHBC laver of T
p |thicker them E0(hmaga Iﬂilxtﬁtdbf%ﬂi’aﬂbl andpiceisatie wax paparedAfittein
treat pent . the sur ner i.ncreased. t
o 2o BSRTER el R idioR 5 BRe it g P 108 0R 3 pours.
t r'ﬁmgl@a tsunfwumssﬂeannd and activated sisingfthe deviceamidanethod according to
e
R R R K R TN A—
dinoser dgusity of 10 Vwcm]ol:he ahgee-described solutiomwithout suifactant addition
?Imrs fa?eargﬁgwf Smatreded ﬁﬁ%%é Bubs&uetily Qﬁ@gasé&'bﬁlgat@was
e r al ue
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TiO —coated glass was cleaned and activated using a 3 seconds atmosphenc-pressure
oxygen plasma exposure at a power density of 10 W/cm® generated by the device and
method according to the invention. The glass surface so plasma-treated could be
coated, by repeating the above-described procedure, with further TiO2 layers having
good mechanical properties with no cracks.
’ [0039] Example9

[0040] A 300-nm thick TiOz—coating was prepared on a glass substrate by magnetron

sputtering method. When the sample was aged in laboratory air, an equilibrium water




RCA-1 wet nethod activated wafers. [0035] Exanple 7
[0036] Two Si wafers coated with a 0.6-nmu-thick native
SiO2 were a) etched for 10 minutes in a 10% sol ution
of HF in deionised water, orb) treated using the

nmet hod according to the present invention for 10 s in
at nospheric pressure H2 plasna. - Fol |l owi ng both types
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[0044 thod according to the invention. The gl ass surface

o plasma treated could be coated, by repeating the

above-descri bed procedure, with further TiO z | ayers

havi ng good nechani cal properties with no cracks.

[ 0039] Exanple 9 [0040] A 300-umthick Ti O coating was

prepared on a gl ass substrate by nmagnetron sputtering

nmet hod. When the sanple was aged in | aboratory air, an

equilibriumwater 9 contact angle of 66 was neasured.

The nmet hod and device according to the present

i nvention was used to activate the aged Ti O coat ed

gl ass substrate by a 2 seconds at- nospheric-pressure

oxygen plasma exposure at a power density of 10 Wcm

. The




activation resulted in a | ow water contact angle of 10
and in significant inprovenment in hydrophilicity and
phot o-catal ytic properties of the sanple. [0041]

Exanpl e 10 [0042] A 4-inch-dianmeter Si wafer with a
native 0.6-nmthick SiOIayﬁ)r was coated with a

AZ1512 photoresist filmusing spin coating at 4000/ mn
for 30 seconds. Subsequently, the |ayer thus prepared
was baked at 120C for 30 nmin. The photoresist filmwas
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3. The apparatus accordlng to claim 1, wherein the voltage of a magmtude 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 auxdlary

‘élecfrode structure (7) that is situated inside the dielectric body (4), the structure being part

of the electrode system (1) and being at electrical potential different from that of the
electrodes (2) and (3).

5. The apparatus according to claim 1, wherein the dielectric body (4) surface,

where the plasma layer (6) is generated, is situated in a working gas with the gas pressure
from 1 kPa to 500 kPa. A

6. The apparatus according to claim 1, wherein the surface of the dielectric body (4),

where the plasma layer (6) is generated, has the shape of a plane surface,




15. Maxwel I's di spl acement current, which is greater
than. 25% of the total Maxwel|l's displacenent current
fl ow ng between the electrodes. (2) and (3), is not
intersecting the plasma (6) or the treated materi al
(5) surface that is in contacgywith the plasma |ayer
(6), whereby the distance between the portion of the
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gl ass, netal oxide oat d gl %.? o1 g %t ed
ﬁﬁfagg treated areoding to of Claim 8 is subsequen y éxposed to a gaseous
atmosphere containing a monomer vapour.
11. The method for surface treatments of glass surfaces, glass surfaces coated with
metal oxides or with organic material layers, SiO;-layer coated materials, and SiOq-layer
coated materials with an organic material surface coating, characterised in that the

surface treated according to the method Claim 8 is coated
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significant portion of the Maxwell'sdispl acenent
current, which is larger than 25% of the 15 total
Maxwel | ' s di spl acement current flow ng between the
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ghar Rt ?r{étﬁtﬁidfml &rﬁgéireﬁm\@ﬁ{sqf 8Ia§9 Ql% r?dc@& %&%Iuﬁgééyboated with

wat er cont al ni ng suspen
watal exides ar with @fﬁ@@ictr@@tel:z@ lamrsc BiOdJairer a@@te@ rr@éﬁr@djs and SiOz-layer

S HAtBRald Qitl Eﬁ‘ 'oFEaﬁlc' rRatbiit sf:r%c@ RhtiRy) cﬁé‘t"aeﬁe?ﬂsed in that the
el ectrically char aerosol ., foam “printin

syfage fregjed ewordmaa%rﬁﬂ% SthoR o Claim fat BukspavaNYE Rrasioht in contact with

Bk 86%ace Wt hAGtRSH solidl Aterdlr f aces coated with netal
oxides or wth organic material |ayers, Si O2-1ayer

coated materials, and Si 02-1ayer coated materials
wth an organic material surface coating,
characterised in that the 30 surface treated according
to the nmethod of Claim8 is subsequently exposed to a
gaseous atnosphere containing a nononer vapour. 11.
The nmethod for surface treatnents of glass surfaces,

gl ass surfaces coated with netal oxides or with ‘
organic material layers, Si02-layer coated materials,
and Si Q271 ayer coated materials with an organic
materi al surface coating, characterised in that the 35
surface treated according to the method laim8 is
coated 12 wth a layer of a polynmer material using
extrusion, |amnation, printing, painting, spraying,
orr electrostatically using a powder. 12. The net hod
for surface treatnents of glass surfaces, glass
surfaces coated with netal oxides or with organic
materi al |ayers, S102-layer coated materials, and
Si02-layer 5 coated materials with an organic
materi al surface coating, characterised in that the
surface treated according to the nethod of Claim8 is
subsequent|ly brought in contact with another surface
treated according to the nethod of Claim8. 13. The
nmet hod for surface treatnents of glass surfaces, glass
surfaces coated with netal oxides or with organic
material |ayers, SiO2-layer coated materials, and

Si 02-1ayer 10 coated nmaterials with an organic :
mat eri al surface coating, characterised in that the
surface treated according to the nmethod of Claim8 is
subsequent|ly brought in contact with the surface of
anot her solid material .




