OPTIMIZATION OF THE PLASMA ELECTROSTATICFILTER
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We investigated the flow of carbon and metal vacwarmplasma, produced in DC discharge with supergagd
high-current arc pulses, through the electrosfdtar. The dependence of the filtering efficienayd the ion current of
the plasma flow on the filter current, gas pressdistance and tilt angle of the filter blinds vebetermined. The plan of
the experiment was developed using Taguchi methddleze conditions, which guarantee maximal cleaeiffigiency
at maximal plasma transmission through the filterendetermined.

PACS: 81.15.Kk

1. INTRODUCTION

One of the drawbacks of the vacuum-arc methodeis th
presence in the plasma flow, and hence in the cmade,
a significant content of the microparticles. Pragiee
development of the vacuum-arc method has led to new
methods of deposition, one of which is DC vacuum-ar
method with superimposed high-current arc pulse®rO
the past decades various designs of the plasnea fot
remove droplet phase from the plasma flows haven bee
developed. The most common design is a curved filte
with crossed electric and magnetic fields, providihe Ti-target
most complete filtering of the plasma. The useusthsa
construction of the filter is not always possibkrause of éﬁ@
the design features of the specific vacuum-arcaevin
our case, for cleaning plasma from the microdreplee
proposed the construction of an electrostaticrfilte

Three versions of the linear Venetian blind filfét
were manufactured and investigated. Distances lestwe
the lamellae and their tilt angles were selectecach
version so that there was no line of sight betwten gt
cathode and the substrate. Another structural feabd b) L 2 % 2
the developed constructions is the possibility harge
the position of the filters. Fixings of the filtease located
on two perpendicular sides, what allows to inssafilter
either with vertical or horizontal position of themellae.
Moreover it is possible to apply in the experimeht® 3
filters with combined positions of lamellae (zigzag
twisted, etc.).

Fig. 1. Experimental setting in the C55CT device: a) view
of the chamber interior, b) pictorial scheme;
1-electrostatic filter, 2-ion current collector,
3-investigated samples, 4-vacuum chamber

The lamellae were installed in each filter so thare was
no line of sight through the filter between thehcate and
the substrate. The filter was fed by a separatesB@ce.
The ion current and the efficiency of the plasmanfl

Experiments were performed on an industrial vacuurr(f-Ieanlng from the droplet phase were measured ubing

arc device C55CT made by the German compari(})/n current collector of the size of 210 x 210 mm
-2 . dentical as the filter size). Three investigatamples

INOVAP GmbH for the deposition of DLC coatings. Thefor each experiment We)re installed ing the I:Jcentral

cathodes (70 mm in diameter) were made from pute

titanium and pure carbon. arc currents-otl 100 A. and horizontal zone of the surface of the ion curresitector.
_ P O enis© ' = .. As the substrates silicon wafers for carbon andggla
Ic = 50 A were applied, the duration of each depasiti

experiment was t= 5 min. Without changing struakur plates for titanium of the size of 20x20 mm weredis

features of the vacuum-arc device, instead of the aDurmg the experiment, a negative potential of \@@as

: ; : applied to the ion current collector, and the dista
source shield and its rotary mechanism a waterechol between the collector surface and the cathode cixfas
rotary vacuum pass was installed, which holds thf00 mm
electrostatic filter (Fig. 1). Three prototype dils were .
produced in the form of a square frame of the sike
210 x 210 mm in which the lamellae were installed

three distances between them of: 10, 15 and 20 mm.

2. EXPERIMENTAL TECHNIQUES

The measurement of the ion current was carried out
using CIE CA60 mA clamp-meter (OBIAT Pty Ltd
a/73\ustralia). In the current measuring range of uB@A



AC/DC clamp-meter allows one to connect to anyhe diagrams in Fig. 3 show the results of calomet of
multimeter. Number of microdroplets deposited oe ththe influence of cleaning efficiency of titaniumapma
substrates was measured using metallographic ompes from the microdroplets on the process parameters fo
ECLIPSE MA20 (Nikon Japan), the magnification oftitanium cathode. In the calculations as the measifr
500x was applied, and the area of microdroplet$ysisa cleaning efficiency the ratio of the total surfaxfedefects
was 2272m’ for all samples. The Taguchi method ofto the analyzed substrate surface (221®8) was applied,
experiment design was applied [2], and the orthagonthe optimization criterion applied was “the lowdret

tables L9 of the size: P = 4 (number of parametérs) 3
(number of parameter values) were used for bathitim
(Table 1) and carbon (Table 2). The experimentsililte
were processed according to the Taguchi’'s procedur 1

using the program “STATISTICA” (StatSoft Polska).

Table 1. Experimental parametersfor Ti

o Parameter values
Ne | Optimized parameter
1 2 3
1 | Arcfrequency frc [HZ] 0 50 100
2 | Argon pressuregp[Pa] | 0,001 0,4 1
3 | Lamella distance L [mm] 10 15 2(
4 | Current of filterl separ [A] 0 10 20
Table 2. Experimental parameters for C
o Parameter values
Ne | Optimized parameter
1 2 3
1 | Arc frequency frc [HZ] 0 50 100
2 | Argon pressure p [Pa] 0,01 0,1 1
3 | Lamella distance L [mm] 10 15 2(
4 | Current of filterlsepar. [A] 0 10 20

The diagrams in Fig. 2 show the results of caldoret
of the influence of the ion current on the proces:

3. RESULTSAND DISCUSSION

parameters for titanium cathode.
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Fig. 2. Diagrams of the influence of the ion current for
titanium cathode on process parameters

The optimization criterion applied for the ion camt was
“the higher the better”. As it is seen from thegi&ms in
order to obtain maximum ion current, the experiment
should be carried out with the parametergcf= 50 Hz;
Par = 0,4 Pa; L =15 mm;sdyar= 0 A (floating potential).
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Fig. 3. Diagrams of the influence of the cleaning
efficiency of Ti plasma on the process parameters

Lamella distance is the main parameter determining

cleaning efficiency and for maximum efficiency the

experiment should be executed at\rd=50 Hz;

Par = 1 Pa; L =10 mm,y= 0 A (floating potential).
Similar calculations were carried out for results

obtained for carbon cathodes (Fig. 4 and Fig. 5).
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Fig. 4. Diagrams of the influence of the ion current for
carbon cathode on process parameters
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Fig. 5. Diagrams of the influence of the cleaning
efficiency of C plasma on the process parameters

The experimental parameters for maximization ofitire
current are: frc=100Hz, R, =0,01Pa, L=10mm,



lsepar.= 0 A (floating potential), and the maximum
cleaning efficiency of carbon plasma should be el
at: farc=0Hz, p,=0,1 Pa, L =10 mMgdya= 10 A.

The parameters determined using the Taguchi methc
which maximize the ion current and the cleaning
efficiency were verified experimentally. Besidedet
experiments were made with the optimum parametel
which were selected taking into account the overa
influence of each parameter on the ion current tued
cleaning efficiency (Table 3 and Table 4).

Fig. 6. Micrographs of the surfaces of Ti and C films
deposited without (inserts) and with the electrostatic filter

Table 3. Maximizing and optimal parametersfor Ti (magn. 500)
fARC Par L Isepar. I ion. Droplets
Process [Hz] | [Pa] | [mm] | [A] | [A] [%0] 4. CONCLUSIONS
Max-— | 50 | 04| 15| o 058 03 The applied method of design of experiments —
Mg;( . Taguchi method proved very effective for processhng

cleaning 50 1 10 0 | 0,46 0,3 | experimental results and optimizing the paramesétse

electrostatic filter. In the future, these findingsll be
Optimal | 50 1 15 0| 05% 0,2 | very important and helpful in designing the final
construction of the filter.
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OoNTUMM3ALONUA PABOTBI JIEKTPOCTATHYECKOI'O ®UJIBTPA ITIJIA3MBbI
C HCITOJIb30BAHUEM METOJA TATYYHN

B. 3aBanees, S. BaarkoBuu

MBI uccienoBanu MpoOXoXACHUE YIVIEPOJHOW M METAJUIMYECKON BaKyyMHO-IYI'OBOH IUIa3Mbl, FEHEPUPYEMOIL
HACTOYHUKOM ITOCTOSIHHOTO TOKAa C HAJIOKEHUEM CHIIBHOTOYHBIX MMITYJIbCOB Ha TOK AYTH Yepe3 DJIEKTPOCTATHICCKHI
¢bunbTp. beUTH ONpeneneHpl 3aBUCUMOCTH HOHHOTO TOKa W 3Q(PEKTUBHOCTD (GUIIBTPAIIUH TUIA3MEHHOT'O TIOTOKA OT TOKA
Ha GuUIBTpE, AABICHUS Ta3a, PACCTOSHUA M yIla HaKIIOHA ykairo3eit ¢mipTpa. Ilman skcnepumenTta OblT pa3paboTaH ¢
UCTOJIB30BaHUEM MeToAa Tarydu W yCIIOBHS, KOTOPHIC TaPAaHTUPYIOT MaKCUMAIbHYIO d(P(PEKTHBHOCTh OYHCTKH IPH
MaKCUMaJIbHOM K03()(DUIIMECHTE MPOITyCKaHUS TIa3MbI Yepe3 QIIbTP ObLTH ONpPEICICHEI.

ONTUMIBAIIA POBOTHU EJIEKTPOCTATHUYHOTI' O ®LJIBTPA IVIAZMH
3 BUKOPUCTAHHAM METO/JIA TAT'YUI

B. 3aBainees, . BanpkoBuu

Mu mochmimmnu TPOXOKEHHS BYTJIEIIEBOI Ta METaleBOi BaKyyMHO-IYrOBOI IIIa3MH, SKa TEHEPYETHCS
JHKEPENIOM TOCTIHOTO CTpyMY 3 HakJaJaHHSIM CHIBHOCTPYMHHUX IMITYJBCIB Ha CTPYM AYTH KpPi3h €IEKTPOCTATHIHHNA
¢ineTp. By BU3HauUeHi 3a7eKHOCTI I0HHOTO CTPyMY Ta €(eKTHUBHICTH (PiTbTpaIlii mIa3MoBOTO TIOTOKY BiJl CTPyMy Ha
¢GinbTpi, THCKY a3y, BiACTaHI Ta KyTa HaXWiIy Xaio3i GinsTpy. Ilnan exciepuMmenTy OyB po3po0IieH 3 BUKOPHUCTAHHIM
Metona Tarydi Ta yMOBH, SIKi TapaHTYIOTh MaKCHMAaJIbHY €(EeKTHBHICTh OYMIICHHS NMPH MaKCUMAaJIbHIM Koe]imieHTi
MIPOIYCKaHH IIa3MH KPi3b (iNbTp OYyiIM BU3HAYEHI.



