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MnasmeHHas 06paboTKM ABNASAETCS MOLLHbIM
MHCTPYMEHTOM AJ11 O4UCTKU NOBEPXHOCTEN
MaTepuasioB OT 3arpsA3HeHUMN, YMeHbLUeHUs
LepOXOBaTOCTU MOBEPXHOCTU, MOBbILLIEHUS
NOBEpPXHOCTHOM 3HEprum n moaupukauumn
noBepxXHOCTU. cnonb3oBaHMe YCTAaHOBOK
nnasmeHHon 06paboTKM B LienoyKe
TexHoIorm4yeckoro o6opypoBaHus ABNseTCS
o6LemMnpoBon TeHAEHUUNA. B cTaTbe
npuBepeHbl pesysibTaTbl 06pa6oTKu B ns1asme
BbICOKOYACTOTHOrO ra3oBOro paspsga

B YCTaHOBKe NjiasMeHHon 06pa6boTku MPC
RF-12 cTekNsiHHbIX NOAJI0XEK, UCMO/1b3yeMbIX
B nspenmax ¢oToHUKU. UccnepoBaHo BANSHUE
napamMeTpoB M1 PeXMUMOB MNJIa3MeHHOM
06paboTKM, @ UME@HHO MOLLHOCTU U BpEMEHMU,
Ha Ka4yecTBo 06paboTKuK, onpeaensiemMoe yriom
CcMa4vmBaHus. NokasaHo, YTO B HEKOTOPbIX
C/ly4asx MOXHO A,OCTUYb CXOAHbIX pe3y/bTaToB
npuv pa3sHOM COOTHOLIEHMU NapaMeTpoB
nnasmeHHon o6paboTKMu.

KntoueBble cnoBa: HU3KOTEMMNEPATYPHAS
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BBEAEHUE

K BO3HMKHOBEHHIO QOTOHHMKH KaK OT[e/NbHOM IIPO-
MBIIIJIEHHON OTPacid M KaK Hay4HOMY HaIlpaBlie-
HUIO IPUBENO Pa3BUTHeE JIa3ePHOM TeXHHKH. IKC-
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Plasma treatment is a powerful tool

for cleaning the material surface from
contamination, reducing the surface roughness,
increasing the surface energy and surface
modification. The use of plasma processing
systems in the process equipment chain is

a global trend. The article presents the results
of high-frequency gas discharge plasma
processing in the MPC RF-12 plasma treatment
systems. The influence of plasma treatment
parameters and modes, namely power and
time, on the treatment quality, determined

by the contact angle, is studied. It is shown
that in some cases it is possible to obtain the
similar results with different ratios of plasma
treatment parameters.
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INTRODUCTION

The laser technology development led to the
emergence of photonics as a separate industrial
branch and as a scientific field. The experts
attribute the possible solution of many problems
facing humanity in the field of information
support, industrial production, energy, healthcare,
environmental protection, and security to this
technology [1].
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IlepThl CBSI3BIBAIOT C HEHM BO3MOKHOCTH pellleHHs
MHOTUX ITIpobiieM, CTOSIIHX Ilepell YeI0BeYeCTBOM
B obnacth HMHPOpMAlIMOHHOIO obecreyeHUs, IPO-
MBIIIJICHHOTO IIPOM3BOACTBA, 3HEPreTHKH, 34PaBOOX-
PaHeHHsI, OXPaHBbI OKPY>KaIOIIel cpesibl, obecriedeHus
6esomacHocTH [1].

Eme B 60-80-e romsl IpOLLIOrO CTOJIETHS (OTO-
HHUKa BBIIeJIM/IACh B OTeNbHYIO 0671acTh HayKHU 671aro-
Iaps HOBBIM H300peTeHMUSIMH: J1a3epoM, JIa3epHBIM
OUOMOM, OITOBOJIOKHOM M ONTHYeCKHM YCHJIHTe-
7eM Ha OITOBOJIOKHe. B mocnenHue rofbl GOTOHHMKA
IIPOHUK/IA YKe BO BCe cdepbl Hallel >XHU3HHU. Cell-
Yac 5TO HaIlpaB/leHHe HayKU OXBaTbIBaeT IIHPOKUM
CIIeKTP ONTHYeCKHUX, 31eKTPOONTHYEeCKUX K OIITO3-
JIeKTPOHHBIX YCTPOMCTB, a TaKke HX Pa3sHO0Opa3HBIX
nprMeHeHUH. OCHOBHble 067aCTH HCCIeOBaHUM
GOTOHMKM BK/IOYAIOT BOJIOKOHHYIO KM HMHTErpajib-
HyI0O ONTHKY, B TOM YMC/Ie HeJIHUHEHNHYI0, QU3UKY
U TeXHOJIOTHIO II0N1YNPOBOAHUKOBBIX COeJIHHEHHH,
[ONYyIIPOBOAHUKOBbIE  JIa3epbl, OITO3/]eKTIPOH-
Hble yCTPOICTBA, BBICOKOCKOPOCTHBIE 3/IeKTPOHHBIE
ycTporcTBa [2, 3]. CyIlecTBeHHO YCHU/IMJIACh CBSI3b
GOTOHHMKHM C KBAaHTOBOM ONTHKOM M KBAaHTOBBIMU
BBIUMC/IEHUSIMH.

JI/1s1 pellleHHsI KOHKPETHBIX 3a/layd BO BCeX IIepedmc-
JIeHHBIX 006/1aCTSIX ITPUMeHeHHUsI BayKHA HeM3MeHHOCTb
CTPYKTYPbl HCIIOJIb3yeMOrO MaTepHajla M KadecTBa
€ro IOBEPXHOCTH, YTO CBSI3aHO C HEoOXOAMMOCTBIO
JOCTIDKEHHSI MUHHMMYMa ONTHYeCKHUX II0Tepb B IIPH-
bopax M yCTpOMCTBaX. [Ipese/nbHbIe XapaKTePHUCTUKH
OITUYeCKUX I10Tepb MAaTePHA/IOB, HUCIIOIb3YeMBIX /IS
3afa4 GOTOHHUKH, MOTLYT OBITH YCTAHOBJIEHBI, €CIH
IIPUHUMATh BO BHHMaHUe IIOTePU Ha COBCTBEHHOe
IOIVIOIeHHE U pacCessHHe MaTepHaia. 3HauHUTeIbHbIe
[IOTePH BO3HUKAIOT IIPH 3arpSI3HeHHSX MaTepHaJIoB
IpHUMeCSIMH, a Takoke IIPY HAIMYHHU Ha II0BEPXHO-
CTH KOHTAaKTa 3arpsi3HEHHWHM M MHKPOHEPOBHOCTEH.
Hanuuynve MHKDOHEpOBHOCTeM Ha IpaHHIle pasfesna
coeB B mpubopax BiaedeT 3a coboll ABOIHOe Jyde-
IpesloM/IeHHe CBeTa U HeCOOCTBeHHBIE OITHYeCcKHe
norepu [3].

Ons ymaneHUs 3arpsisHEHHH KM MUKPOHEPOBHO-
CTeH C MOBEPXHOCTH MaTepHasla, IIOMHMO KIaccH4e-
CKOM MeXaHHYeCKOM U XHMHYeCKOM 06paboTku, Bce
yalle IPUMEeHSIOT U IIa3MeHHYI0 06paboTky B Baky-
yMe. ClleflyeT OTMETHTD, UYTO IVIa3MeHHasi 06paboTka
[IOBEPXHOCTH MOIHQPHUIIUPYeT CBOLCTBA IIOBEPXHO-
cty 6e3 M3MeHEeHHUs CBOMCTB CAMOI0 MaTepHasa, YTo
BOKHO JJISI MaTepHaJIOB OINTHYECKOI0 M OIITO3/IeK-
TPOHHOI'O Ha3HaueHUs.

C IOMOIIBIO IVIAa3MEHHOM 06paboTKK MOKHO BJIM-
ATh Ha CMadHBaeMOCTb IIOBEPXHOCTH - CO3[aBaTh
runpodobHy0, THAPOPHUIBHYIO IIOBEPXHOCTH, T.eE.

Back in the 1960s-1980s, photonics emerged
as a separate region of science due to the new
inventions: alaser, slaserdiode, an optical fiber, and
an optical fiber amplifier. In recent years, photonics
has already penetrated into all spheres of our life. At
present, this region of science covers a wide range
of optical, electro-optical and optoelectronic devices,
as well as their various applications. The main
areas of research in photonics include the fiber
optics and integrated optics, including nonlinear
one, physics and technology of semiconductor
compounds, semiconductor lasers, optoelectronic
devices, high-speed electronic devices [2, 3]. The
connection between photonics and quantum
optics and quantum calculations has strengthened
significantly.

To solve specific issues in all of the above fields
of application, it is important that the structure
of the material used and its surface quality remain
unchanged that is related to the need to achieve the
minimum optical losses in the devices and units. The
performance limits of the optical losses of materials
used for the photonics tasks can be established if the
losses due to the intrinsic absorption and material
scattering are considered. The significant losses
occur when the materials are contaminated with
impurities, as well as when there are impurities
and microroughnesses on the contact surface. The
availability of microroughnesses at the interface
between the layers in devices entails double
refraction and extrinsic optical losses [3].

To remove contaminants and microroughnesses
from the material surface, the plasma treatment
in a vacuum is increasingly used in addition to the
classical mechanical and chemical treatment. It
should be noted that the plasma surface treatment
modifies the surface properties without changing
the material properties that is important for optical
and optoelectronic materials.

The plasma treatment makes it possible to
influence the surface wettability and allows to
develop a hydrophobic, hydrophilic surface, i.e.,
a surface with the required properties. Such
processes are possible as a result of the surface layer
formation with certain chemical properties.

The degree and level of material surface
modification depends on the parameters of the
plasma treatment process. It is possible to perform
both cleaning and etching in plasma (removal of
contaminants and removal of the material layers),
as well as deposition (material coating), surface
activation (development of active centers on the
metal surfaces for subsequent treatment).
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[IOBEPXHOCTh C HeOOXOMMMBIMU CBOMCTBaMHU. TaKue
IIpoliecchl BO3MOXKHBI B pe3ysibTaTe GOPMHUPOBAHMS
IIOBEPXHOCTHOTO C/I0SI C OIpele/leHHBIMHU XHMHYe-
CKHMHU CBOKICTBAMH.

OT mapaMeTpoB IIpoLiecca IJIa3MeHHON 06paboTku
3aBUCUT CTelleHb U YPOBeHb MOAHU(UKALIUHU I10BEPX-
HOCTH MaTepHasa. B ImIasMe MOXKHO IIPOBOAUTD KaK
OYHCTKY U TpaB/leHUe (yIajeHue 3arpsi3HeHUH U CHS-
THe C/I0eB MaTepHaa), Tak U ocakAeHHe (HaHeceHHe
MaTepHasa), aKTHBAIUIO IOBEPXHOCTH (CO3/aHHUe
AKTUBHBIX LIEHTPOB Ha ITOBEPXHOCTH METAJUIOB IS
Ioc/enyoer o6paboTKuy).

CireflyeT OTMETUTD BbIPasKeHHOE HaIlpaBeHHe pas-
BUTHSI GOTOHUKHU B CTOPOHY BOJHOBOM OITHKH, TZe
HCIIO/Ib3yeTCsl MIMPOKUM CIIeKTP IIOTHMEepPHBIX MaTe-
puanoB. Tak, B IpollecCce HM3TOTOBJIEHHS BOJTHOBOAA
TPU ONTHYECKUX CI0S — HIDKHSSL 000T0YKa, Ceph-
LleBUHA U BepxHss 000/04Ka - H3rOTaBIHBAIOTCS
Ha IIOAJIOKKAX IIyTeM II0C/Iefl0BATelIbHOIO Hapallu-
BaHHA. KaKIbIM ONTHYeCKHUI C/I0K IIPOXOAHUT uepe3
mocjenyole UKIb HaHeCeHUs TOKPBITHS, BH3Y-
ATH3ALUKA U OTBEPKAEHMUs. B pesynbprare IOTHMep-
Hble CXeMBbl TPAaCCHPOBKU C 6osee BBICOKMM HHIIEK-
coM (OITHYeCKHe CepleUHHUKH) II0THOCThIO OKPY>KeHBI
ONTHYeCKHM MaTepHanaoM c 6oiee HU3KUM HHIEKCOM
(ommTrueckas obosouka) [4, 5].

Ba>kHO COXpaHATb POBHYIO IIOBEPXHOCTb IIOJIKMe-
POB OT CJI0SI K CJI0I0. BymeT LienecoobpasHo IIpOBeCTH
IOIIONMHHUTENbHYI0 06paboTKy MeXKAy STallaMH HaHe-
CeHUS C10eB [/l HOCTHKeHHs TpebyeMomr MomudH-
KallMM [TOBEPXHOCTHU U IIOATOTOBKU ee K HaHeCeHHIO
C/efyIolero Cj1osi, Y/Iy4IIalollero ajAre3OHHbIe
KavecTBa.

B cTaTphe mpoBefeHa OLleHKA BIMSHUS IIa3MeH-
HOM 06paboTKM Ha CTeKJISHHBbIE IOIJIOKKH MaTepH-
aJloB, HCIIOABb3yeMBIX IIPH H3TOTOBJIEHUH H3JeNTHH
POTOHHKHU.

MATEPUAJIbl U CNMOCOB OLLEHKH
KAYECTBA NX NOAITOTOBKHU

B mpubopax U ycTpoHCTBaxX GOTOHHKU CIIEKTP IpH-
MeHeHHSI MaTepHaJIOB BecbMa OOLIMPHBIN: OINTH-
Yeckue CTeK/la, CHUTajjbl, II0JYIPOBOSHUKOBLIE
MaTepuasbl, I[OJHMEPHI, ONTHYECKHE IIOKPHITHA,
OIITOBOJIOKHO M JIp.

KauecTBo maasMeHHOM 06paboTKH MOXKHO oIIpese-
JIATH IIyTeM Pa3pblBa BOOHOH IUIEHKH MeTOJOM pac-
IIBUIEHHS, U3MePss Yrol CMaYyHMBaHUS HIH C IIOMO-
IIbI0 CPAaBHEHMSI YHUCTOTHI 0 IoKeK [6]. Yalle Bcero
1)1 oIlpefe/leHHs] KauecTBa 06paboTKU IIOBEPXHOCTH
MaTepHUa/IoB OT 3arps3HeHHU IIPHMeHSeTCsl OLleHKa
I10 YIVIy CMauHBaHUA.
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It should be noted that there is a significant
tendency in photonics development towards the
wave optics, where a wide range of polymeric
materials is used. Thus, during the waveguide
production process, three optical layers, namely the
lower cover, the core and the upper cover, are made
on the substrates by the successive build-up method.
Each optical layer is subject to the subsequent
coating, imaging and curing cycles. As a result,
the higher index polymer routing patterns (optical
cores) are completely surrounded by the lower index
optical material (optical jacket) [4, 5].

It is important to maintain an even polymer
surface at each layer. It will be advisable to perform
additional treatment between the coating stages to
achieve the required surface modification degree
and prepare it for the next layer application that
improves the adhesive properties.

The article evaluates the plasma treatment effect
on the glass substrates used for the production of
photonics devices.

MATERIALS AND THEIR QUALITY
ASSESSMENT METHODS

In the photonics devices and units, the range of
material application is very extensive: optical glasses,
polycrystalline glasses, semiconductor materials,
polymers, optical coatings, optical fiber, etc.

The plasma treatment quality can be determined
by the water film breaking, by sputtering technique,
by the contact angle measuring, or by comparing
the substrate cleanliness [6]. Most commonly, an
assessment based on the contact angle is used
to determine the quality of the material surface
treatment against contamination.

Wetting is the physical interaction of a liquid with
the surface of a solid body or other liquid. In the case
when there is a contact between a liquid and a solid
body, we consider the contact wetting. It depends
on the ratio between the adhesion forces of liquid
molecules with the wetted body molecules (or atoms)
(adhesion) and the mutual adhesion forces of liquid
molecules (cohesion).

If a liquid is in contact with a solid body, then
there are two possibilities:

+ the liquid molecules are attracted to each other

more strongly than to the solid body molecules.
As a result of the attractive force between the
liquid molecules, the drop is made. In this case,
the liquid does not wet the surface. The surface
is hydrophobic.

« the liquid molecules are attracted to each

other more weakly than to the solid body
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CMmavuBaHUe - QHU3HYeCKOoe B3aUMOIEHCTBHE KU
KOCTH C IIOBEPXHOCTBIO TBEPJOro Tejla WIH JPYroH
SKUJKOCTH. B ciydyae, Korga IPOMCXOAMT KOHTAKT
SKUAKOCTH C TBEPABIM TEeJIOM, TO MBI PaCCMaTpHBaeM
KOHTAaKTHOe CMauMBaHHe. OHO 3aBHCUT OT COOTHOLIe-
HUSI MeXIY CHIaMU CLeIIEHHUSI MOJIEeKYJ KHUAKOCTH
C MOJIeKyIaMH (MM aTOMaMH) CMa4HBaeMOro Tena
(agresust) M CHIaMH B3aHMHOTO CLIEIUIEHHS] MOJIEKYT
SKUIAKOCTH (KOTe3Us).

EcMu SKUAKOCTD KOHTAKTUPYET C TBEPABIM TeJIOM,
TO CyLIECTBYIOT [iB€ BO3MOXKHOCTH

* MOJIEKY/IBl SKUAKOCTH IPUTSITUBAIOTCS APYT
K APYLy CHUIbHee, 4YeM K MOJIeKyJaM TBep-
Ioro Tela. B pesynpTaTe CHIBI HNPUTSDKEHUS
MeXIy MOJIeKyJIaMH >XKHAKOCTH COOHpaloT ee
B KaIleJbKy. B 3TOM ciy4ae roBOpSIT, YTO SKU[-
KOCTb He CMAa4HBaeT II0BEPXHOCTh. [I0BEPXHOCTb
runpodobHa;

e MOJIEKY/IBl SKHUIKOCTH IIPUTSTCHUBAIOTCS APYT
K Opyry cnabee, 4yeM K MOJIEKYJIaM TBEpPZOro
Tesa. B pesynbTaTe >KHUAKOCTb CTPEMMTCS IIPH-
KaTbCS K ITOBEPXHOCTH, PACIUIBIBAETCS II0 HeEH.
B 5ToM ciydae TrOBOPSIT, YTO KHAKOCTh CMavH-
BaeT [TI0OBEPXHOCTh. [I0BEPXHOCTb THAPOPHIIbHA.

CTemeHb CMa4MBAaHUS XapaKTepU3yeTCs YIJIOM
CMa4MBaHUA. YIo/l CMauMBaHUS (MK KpaeBOH Yroil
CMa4MBaHUS) - 3TO yroyu, obpa3soBaHHBIM KacaTeslb-
HBIMHU IUIOCKOCTSIMH K MeX(a3HBIM ITOBEPXHOCTSIM,
OTPAaHUYHBAIOMIMM CMAYHBAOIIYIO KUIKOCTh, d Bep-
IIMHA YIVIa JISKUT Ha JIMHUHU pa3fena Tpex ¢as.

CyLecTByeT MHOKeCTBO BHUJIOB M3MePeHHUs CMauH-
BaeMOCTH II0BepxHOCTH. Hawubonee pacrpocTpaHeH-
HBIM — MeTOf JiekKader KaIllsikd. MIMeHHO C IIOMOIIBIO
peanr3alMry 3TOT0 METOAA OLeHHWBAIOCh KadecTBO
06paboTkM B IIa3Me CTEKISHHBIX OOpPasLOB IpHU
HCC/IeOBAaHUHM KaIl/IM Ha TOHHOMeETPe.

OBOPYAOBAHWUE Onsd NNA3MEHHOM
OBPABOTKWM MOBEPXHOCTEN

HccnemoBaHus IIPOU3BOSYIIMCh B YCTAHOBKE IJIa3MeH-
Hou o6paborku MPC RF-12 (puc. 1) mpou3BoOACTBA poc-
curickor KommaHuu GNtech (OOO «[>RusHTex, pe3u-
IeHT MHHOBAIIHMOHHOTO LieHTpa «CKOIKOBO») [7].

YCTaHOBKA SIB/ISIETCS OTeUeCTBeHHOM pa3paboTKo,
BBIITyCKAeTCS CEPUKHO U I10 CBOMM XapaKTepUCTHKaM
1 QYHKUHOHAIy IOTHOCTBIO COOTBETCTBYET 3apybex-
HBIM aHasoram (cm. Tabm.).

I/ [U31eKTPUYECKUX MaTepHaIoB, Mpeobia-
DAIOIMUX B H3menusix GOTOHHUKHM, LenecoobpasHo
KCII0JIB30BaTh 06paboTKy B IIa3Me BBICOKOYA-
crotHoro (BY) paspsitma. DTo CBSI3aHO C TeM, HUTO
B TakoM BY mepeMeHHOM Iojle C 4acToTou 13,56
M1 371eKTpoHBI obecrieduBaioT 3QPeKTUBHYIO Hek-

i g

=

electronics 3(

Puc. 1. YcmaHoska naazmeHHol obpabomku MPC RF-12
Fig. 1. Plasma treatment system MPC RF-12

molecules. As a result, the liquid tends to
cling to the surface and spreads over it. In this
case, the liquid wets the surface. The surface is
hydrophilic.

The wetting degree is specified by the contact
angle. The contact angle (or the limiting contact
angle) is the angle generated by the tangent planes
to the interfacial areas that limit the wetting liquid,
and the angular vertex is located along the boundary
line of the three phases.

Tabnuua. TexHnyeckme xapakTepucTuKmn yCTaHoBKM
MPC RF-12

Mapametp ‘ 3HayeHune
Obbem kamepbl 12n
BHyTpeHHWe pasmepbl Kamepbl ©225%300 MM

MaTepuman Kamepbi KBapuesoe cTek/io

[eHepaTop 13,56 MTu, 200 BT
Konn4yectso rasos 2 (Ar, O,)
Mopgayarasa PPl

DKpaH 7", LUBETHOW, CEHCOPHbIN

BaKkyyMHbIN Hacoc CnupanbHbIR, 7,2 M3 /4

Hanps>keHve nutaHus 220B, 50 'y,
labapuTbl kopnyca, A x LW xB 730x570x% 355 mm
Macca ~35kr
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Puc. 2. luHelika
YCMAHoB0K
nAa3meHHou
06bpabomku MPC
npousgodcmed
KkomnaHuu GNtech
Fig. 2. Range of
the MRC plasma
treatment systems
manufactured by
GNtech

LY 3

i 100 nutpos

TPAIHM3alUI0 IIOJIOKUTENBHOI0 3apsifa, BO3HHUKAO-
Ilero Ha IIOBEPXHOCTH IIOAJOKEK IIPH KX B3aKMO-
JEeHCTBUHU C II0JIOKHUTENBHO 3aPSsKeHHBIMH HOHAMH
pabouero rasa.

Onst 06paboTKM MeTa/IMYeCKHUX KOMIIOHEHTOB
M3genui GOTOHUKM, HAIIPIMEpP PaMOK KOPIIYCOB CBe-
TOZHOJOB, a Takke sl bomee mMaccoBoy 06paboTku
MOTYT OBITh HCII0JIb30BAHBI APYIHe YCTAHOBKU CEepHUU
MPC (puc. 2) - ¢ HU3KOYaCTOTHOM ITasMon 40 kI,
C yBeJIMYeHHBIM pa3MepoM Kamephl no 100 nuTpoB
U 6oJiee, WIIH C IIOBBIIIEHHOM MOIIHOCTBIO FeHepaTopa
IIJIa3MBI 110 1 KBT.

PE3YJ/IbTATbl UCC/IEAOBAHUN

N NX ObCYXXAEHWE

O6paboTKy IOJMMEepHBIX 06pas3loB B IJIa3Me IIpO-
BOOWIN B Cpele aproHa mnpu gasineHuu 50 mTopp.
B oKcllepuMeHTe BapbHPOBAaIKM MoOILIHOCTH (50, 100
1 200 B1) 1 pnuTenpHOCTH 06paborku (30, 60 1 90 ).
ObpaboranHble 00pasLbl HCCIEAOBAIM HAa TOHHOMe-
Tpe. IlonyueHHBbIe H300pakeHUS OATBEPKIAIOT, UTO
IIPH YBeJIMYEHUM BpPeMeHH ILIa3MeHHOHM 06paboTku
CTeKJ/Ia yroj CMavyMBaHHUS yMeHbIIaeTcs (PHC. 3).
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There are many types of surface wettability
measurements. The most common is the sessile drop
method. This method was used to assess the plasma
treatment quality of glass samples during the drop
study using a goniometer.

PLASMA SURFACE TREATMENT
EQUIPMENT

The studies were performed using a plasma treatment
system MPC RF-12 (Fig. 1) manufactured by the
Russian company GNtech (GNtech LLC, a resident of
the Skolkovo Innovation Center) [7].

The system is a mass-produced home-grown
technology and, in terms of its specifications and
functionality, fully complies with the foreign
analogues (see table).

For the dielectric materials that prevail in the
photonics products, it is advisable to use treatment
in a radio frequency (RF) discharge plasma. This
is due to the fact that in such an RF variable
field with a frequency of 13.56 MHz, the electrons
provide efficient neutralization of the positive
charge occurred on the substrate surface during
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IlIo pesynbTaTaM IIpOBeJeHHBIX MCCIeNOBaHUM
OBIIM IOCTPOEHBI 3aBHCHMMOCTH YI/Ia CMa4dMBaHHS
OT BpeMeHH IUIa3MeHHOH 06paboTKU IIpU PasHBIX
MOIIHOCTsIX paboyero rasa (puc. 4).

AHanM3 3KCIePHMEHTAJbHBIX Pe3y/IbTaTOB II0Ka-
3bIBaeT, UTO IIPU HebonbIIOM BpeMeHH 06paboTku
nopsaka 30 ¢, T.e. Ha ee HayajAbHOM 3Talle, IpHU
yBeIMYeHHUHU MOIIHOCTH YIOj CMa4YMBaHHS YBeJIH-
yuBaeTcsa. IIpU OTHOCHTEJBHO [JIMUTEIbHOM Bpe-
MeHH 06paboTKM, B JAHHOM Clly4dae IIpUMepHO 60 c,
BpeMsi 06pabOTKU IIepecTaeT OKAa3bIBaTh BIUSIHUE. Puc. 3. ®opma kanau Ha cMekAsIHHbIX NOOAOXKKAX:
Taxke HabnromaeTcs HEKOTOpoe IIOPOroBoe 3Haue- | a)do obpabomku; b) nocae obpabomku
HHe MOIIHOCTH, KOTOPOe JIeKUT B AHAIIa30He MEeXIY Fig. 3. Drop shape on the glass substrates: a) before treat-
50 u 100 BT, mmocsie KOTOPOTO OHO IIepecTaeT BJIMATH ment; b) after treatment
Ha yrojl CMauyMBaHHS IIPH YCJIOBHU [JOCTATOYHOIO
BpeMeHH obpaboTku 90 c.

60

3AKJIFOMEHUE — 20 BT
HPOBE,ELEHHI:IP_ BI(CHepI/IMeHTI:I II0 BJIUSHHUIO Hapa-
METPOB HHa3MeHHOI;I 06pa6OTKI/I ITIOKAa3bIBAKOT, YTO
obpaborka cama mo cebe sBAseTcs 3PPEeKTHBHBIM
I/IHCTPYMQHTOM OYUCTKU U ynpaBHeHI/I}I CBOI;ICTBaMI/I
[IOBEPXHOCTEeH [OHU3JIeKTPUYeCKHUX MaTepHaJIoB,
I/ICHOHLByeMHX B U34e/1usax CI)OTOHI/IKI/I.

l_[pI/I 3TOM MOJXHO OTMeEeTHTb, YTO B HEKOToprX
cnyqaﬂx MO>KHO OOCTHYb CXOOHBIX peBYHbTaTOB HpH

Yron cMauuBaHus, °

MeHbIIIel MOIHOCTH, HO 6ojiee IJIUTEeIbHOM Bpe- 0 10 20 30 40 50 60 70 80 90 100

MeHH 00paboTky. Ho Takue pe3ynbTaThl JOCTUTAIKCH i e, ¢

TPH yCIOBUH, HTO BeTMYMHA MOMIHOCTH GBUIA BBRINE | pyc. 4. 3gsucumocmb yzna CMa4LBaHUS Om 8pemen

OIIpe/ie/IEHHOT0 IIOPOr0BOI'o 3HAYCHHS . naasmerHol 06pabomku npu pasAu4HbIX MOUHOCMSIX A4S
TToMcK OnITUMAJIBHBIX I[1apaMeTpPOB 06pa6OTKI/I IIpaKk- CMeKASIHHbIX N0OAOYKEeK

THYEeCKH BCETIA OCYIIEeCTB/ISETCS SKCIIEPHMEHTAIbHBIM Fig. 4. Dependence of the contact angle on the plasma treat-

IyTeM, a IIpHUBeJeHHbIe B 3TOM U APYTUX CTAaThIX JaH- ment duration at different powers for the glass substrates

Hble MO’KHO PaCCMaTpUBATh [JIA OIIpefie/IeHN S Hadallb-

f ) NOCTABLUMK KEPAMWYECKWX M3OENMA ANA MUKPO3NEKTPOHUKH
—FH electronics W APYruMx BUA0B NMPOMbILIEHHOCTH

CNEUMANMIUPYEMCA HA UZAENWAX W3 TEXHWHECKOW KEPAMUKM:

{ &

-

OfwemHan MeaTannuanpoBaHHee Hepamuueckue Nuez0anekTpUYMECKRE Pazpabotua
KEpaMnEa nAaThI PRGN SNEMEHTEI W KPUETARABI peLEHRR
OBECMEYMBAEM: * coBMIONEHUE CROKOE 000 «AxuaHaxcenss
* CNEpPaTHBHbIA 3aNYCK B NPOWMIBONCTED * HHAHBHAYANEHAA pa3paloTka NPoeKTos NoGoR +7 (499) 755-68-94
* ONTHMANEHOE COOTHOLWEHWE LeHa-KauecToo CNOMHOCTH 53|E3@'9”3XE|{U
= COOTEETCTBME NPogyKUMK TOCT U TY * FAPAHTHK KAYeCTEA NOCTABNASMON NPOAYKLMK gnelectmnlcs.ru
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HBIX TOYEK MM TPaHMI] JUAla30HOB BapbUPOBAHUS.
YCTaHOBKU IIasMeHHOHN o6paboTky MPC ITpOH3BOA-
cTBa KoMraHuK GNtech I03BONISIOT BappUPOBATH TeX-
HOJIOTHYeCKHe ITapaMeTphl IIPollecca B IIMPOKMX [Ha-
IasoHax, M obecreyHBalOT BO3MOXKHOCTb COXPAaHSTb
SKCIIePHMEHTATIBHO I10f00paHHBIe COYETAHHS TAKHUX
[IapaMeTpOB B BHUJe peLlelToB (o 50 MmIT.), YTo JenaeT
MX yooOHBIM MHCTPYMEHTOM KaK ISl HAyIHBIX HCCTIe-
JOBaHMH, TaK U /IS CEePUHHOIO IIPOU3BOACTBA.
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their interaction with the positively charged ions of
the working gas.

For the treatment of metal components of the
photonics products, for example, the LED case
frames, as well as for more mass processing, other
MPC series systems can be applied (Fig. 2), for
example, with a low-frequency plasma of 40 kHz,
with an increased chamber volume up to 100 liters
or more, or with the increased plasma generator
power up to 1 kw.

RESULTS AND DISCUSSION

The plasma treatment of polymer samples was
performed in an argon atmosphere at a pressure
of 50 mT. During the experiment, the power (50,
100, and 200 W) and the treatment duration (30,
60, and 90 s) were varied. The processed samples
were examined using a goniometer. The obtained
images confirm that with an increase in the glass
plasma treatment duration, the contact angle is
decreased (Fig. 3).

According to the study results, the contact angle
dependences on the plasma treatment duration
were plotted at various powers of the working gas
(Fig. 4).

An analysis of the experimental results
demonstrates that in the case of a short-term
treatment of about 30 s, i.e., at its initial stage,
the contact angle is increased with an increase
in power. In the case of a relatively long-term
treatment (about 60 s in this case), the treatment
time ceases to have an effect. There is also a certain
threshold power value in the range between 50
and 100 W, after which it ceases to affect the
contact angle, provided a sufficient treatment
time of 90 s.

CONCLUSION

The conducted experiments relating to the
influence of plasma treatment parameters confirm
that the treatment is an efficient tool for cleaning
and property control of the surfaces of dielectric
materials used in the photonics devices.

It can be noted that in some cases it is possible
to obtain similar results with less power, but with
longer treatment duration. However, such results
were achieved under the condition that the power
was above a certain threshold value.

The search for optimal treatment parameters is
almost always performed experimentally, and the
data presented in this and other articles can be
used to determine the start points or boundaries of
the variation ranges. The MPC plasma treatment
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systems manufactured by GNtech allow to vary
the process parameters in a wide range of values,
as well as to save the experimentally selected
combinations of such parameters in the form
of recipes (up to 50 pcs.) that makes them
a convenient tool both for scientific research, and
for mass production.
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«llIBa6e» mpuBe3 Ha “UHHOMPOM»
OTPa’KAIOULYI0 ONITHKY AJIsI
3aMeHbI HMIIOPTa

B 4MCno LieHTpabHLIX MpoeKkToB Xon- J" . e
AnHra «LLiBabe» lockopnopauum Poctex [ Fﬁ
BOW/N  BLICOKOTOYHbIE  YTONKOBbIE M
OTpXaTenn NS PasIMyHbIX OMTU4e- "f —
CKMX CMCTEM, Na3epHON  annaparypbl \\

W Opyrux yCTPOMCTB. VX MPOW3BOACTBO H
HanaxeHo Ha KpacHoropckom 3aBoje u
um. C.A.3Bepea (KM3) B pamkax

MMNOPTO3aMELLIeHNS.

OTpaxarenb — 3T0 ONTMYECKUA 3NEMEHT, KOTOPbIi NepeHanpasaseT naga-
IOLLMA CBET 06PaTHO B CTOPOHY W3Ny4eHus. laHHOe CBOWCTBO AAET BO3MOX-
HOCTb NPUMEHAITb WX B MPOU3BOACTBEHHDLIX W UCCNELOBATENLCKUX MPOLieccax
[181 BLINOSHEHNS M3MEPEHII, TeXHUYECKUX UCTILITAHUSAX, A TAKOKE B HACTPONKe
ONTMYECKUX CUCTEM M MpMBOPOB. TPABMLMOHHO Takue OTPAXATenn LUMpOKO
UCMOAbL3YIOTCS B CNEKTPANbLHON TEXHUKE UAW AA1S TOUHBIX M3MEepeHuid paccTos-
HUIA. VX 33eiCTBYIOT B NA3ePHOM NIOKALMK JIYHbI AN UCKYCCTBEHHBIX CMYTHY-
KOB 3emnu, B TONOrPaGuyeckon Chemke 1 CTPOUTENLCTBE. CPen MPOYero ¢ ux
MOMOLLLH0 MOXKHO MOBLICUTL 3aMETHOCTL HABUTaLMOHHDLIX 3HAKOB [/151 pafnosio-
KaTopoB MOPCKMX W PYHbIX CYA0B.

leHepanbHblin gupektop KM3 AnekcaHgp HOBMKOB pacckasan, uTo paHee
u3genns Takoro TMna UMNOPTMPOBAAMCHL B PO M3-3a pybexa 1 LuMpoKo npume-
HAAMCb B CNEKTPaNbHOM TexHWKe. B pamkax umnopto3amelueHns KM3 nposen
paboTbl N0 pa3paboTke 1 BLIMYCKY BbICOKOTOUYHBIX NOALIX OTPAXATENEN C aHaNo-
TMYHBIMY XapakTepucTukamu. B 6amxaniuee Bpems nNAQHUPYeTCs HANAANTb UX
CepuiHOe NPON3BOACTBO.

MepBbie 3k3eMnAsPbI HOBOI MMNOPTO3aMELLAIOLLER ONTUKM NpeACTaBEHbI
Ha BbiCTaBke «MHHOMpOM-2022» B 30He «LLIBabe» Ha 0OLEAMHEHHOM CTeHAe
Poctexa. MexayHapogHas BbiCTaBka B Chepe MPOMbILAEHHOCTH MPOXOAUT
B Exareputbypre c 4 no 7 uions.
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