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We investigated the flow of carbon and metal vacuum arc plasma, produced in DC discharge with superimposed
high-current arc pulses, through the electrostatic filter. The dependence of the filtering efficiency and theion current of
the plasma flow on the filter current, gas pressure, distance and tilt angle of the filter blinds was determined. The plan of
the experiment was developed using Taguchi method and the conditions, which guarantee maximal cleaning efficiency
at maximal plasma trangmission through the filter were determined.
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1. INTRODUCTION

One of the drawbacks of the vacuum-arc method is the
presence in the plasma flow, and hence in the condensate,
a significant content of the microparticles. Progressive
development of the vacuum-arc method has led to new
methods of deposition, one of which is DC vacuum-arc
method with superimposed high-current arc pulses. Over
the past decades various designs of the plasma filter to
remove droplet phase from the plasma flows have been
developed. The most common design is a curved filter
with crossed electric and magnetic fields, providing the
most complete filtering of the plasma. The use of such a
construction of the filter is not always possible because of
the design features of the specific vacuum-arc device. In
our case, for cleaning plasma from the microdroplets, we
proposed the construction of an eectrostatic filter.

Three versions of the linear Venetian blind filter [1]
were manufactured and investigated. Distances between
the lamellae and their tilt angles were selected in each
verson so that there was no line of sight between the
cathode and the substrate. Another structural feature of
the developed constructions is the possibility to change
the position of the filters. Fixings of the filters are located
on two perpendicular sides, what allows to ingtall a filter
either with vertical or horizontal position of the lamellae.
Moreover it is possible to apply in the experiments 1 to 3
filters with combined positions of lamellae (zigzag,
twisted, etc.).

2. EXPERIMENTAL TECHNIQUES

Experiments were performed on an industrial vacuum-
arc device C55CT made by the German company
INOVAP GmbH for the deposition of DLC coatings. The
cathodes (70 mm in diameter) were made from pure
titanium and pure carbon, arc currents of I+; = 100 A, and
Ic = 50 A were applied, the duration of each deposition
experiment was t=5min. Without changing structural
features of the vacuum-arc device, instead of the arc
source shield and its rotary mechanism a water-cooled
rotary vacuum pass was ingtalled, which holds the
electrodatic filter (Fig. 1). Three prototype filters were
produced in the form of a square frame of the sze of
210 x 210 mm in which the lamellae were installed at
three distances between them of: 10, 15 and 20 mm.
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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 that there was
no line of sight through the filter between the cathode and
the substrate. The filter was fed by a separate DC source.
The ion current and the efficiency of the plasma flow
cleaning from the droplet phase were measured using the
ion current collector of the size of 210 x 210 mm
(identica as the filter size). Three investigated samples
for each experiment were ingdled in the centra
horizontal zone of the surface of the ion current collector.
As the substrates silicon wafers for carbon and glass
plates for titanium of the size of 20x20 mm were used.
During the experiment, a negative potentia of (-100) V
was applied to the ion current collector, and the distance
between the collector surface and the cathode surface was
200 mm.

The measurement of the ion current was carried out
using CIE CA60mA clamp-meter (OBIAT Pty Ltd
Australia). In the current measuring range of up to 60 A
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AC/DC clamp-meter alows one to connect to any
multimeter. Number of microdroplets deposited on the
substrates was measured using metall ographic microscope
ECLIPSE MA20 (Nikon Japan), the magnification of
500x was applied, and the area of microdroplets analysis
was 22728 ym? for all samples. The Taguchi method of
experiment design was applied [2], and the orthogonal
tables L9 of the size: P= 4 (number of parameters), L =3
(number of parameter values) were used for both titanium
(Table 1) and carbon (Table 2). The experimenta results
were processed according to the Taguchi's procedure
using the program “STATISTICA” (StatSoft Polska).

Table 1. Experimental parametersfor Ti

Parameter values
1 2 3
100

Ne | Optimized parameter

1 | Arcfreguency farc [HZ] 0 50

2 | Argon pressurepar[Pa] | 0,001 | 04 1
3 | LamelladistanceL [mm] 10 15 20
4 | Current of filter lgpa. [A] 0 10 20

Table 2. Experimental parametersfor C

o Parameter values
Ne | Optimized parameter
1 2 3
Arc frequency farc [HZ] 0 50 100
Argon pressure par [Pa] 0,01 0,1 1

Lamelladistance L [mm] 10 15 20
Current of filter lsepa. [A] 0 10 20

Al W[N] P

3. RESULTS AND DISCUSSION

The diagramsin Fig. 2 show the results of calculations
of the dependence of the ion current on the process
parameters for titanium cathode.
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Fig. 2. Diagrams of the dependence of the ion current for
titanium cathode on process parameters

The optimization criterion applied for the ion current was
“the higher the better”. Asit is seen from the diagramsin
order to obtain maximum ion current, the experiment
should be carried out with the parameters. farc = 50 Hz;
Par = 0,4 Pa; L =15mm; lgpe. = 0 A (floating potential).
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The diagrams in Fig. 3 show the results of calculations of
the dependence of cleaning efficiency of titanium plasma
from the microdroplets on the process parameters for
titanium cathode. In the calculations as the measure of
cleaning efficiency the ratio of the total surface of defects
to the analyzed substrate surface (22728 um?) was applied,
the optimization criterion applied was “the lower the
better”.
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Fig. 3. Diagrams of the dependence 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: farc =50Hz;
Par = 1Pa; L=10mm, lspa =0A (floating potential).

Similar caculations were carried out for results
obtained for carbon cathodes (Fig. 4 and Fig. 5).
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Fig. 4. Diagrams of the dependence of the ion current for
carbon cathode on process parameters
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Fig. 5. Diagrams of the dependence of the cleaning
efficiency of C plasma on the process parameters

The experimental parameters for maximization of the ion
current are: farc =100 Hz, par=0,01Pa, L =10mm,



lsepr. =0A (floating potential), and the maximum
cleaning efficiency of carbon plasma should be achieved
a: farc = 0Hz, par=0,1Pa, L =10 mm, lspa = 10 A.
The parameters determined using the Taguchi method,
which maximize the ion current and the cleaning
efficiency were verified experimentally. Besides, the
experiments were made with the optimum parameters,
which were selected taking into account the overal
influence of each parameter on the ion current and the

Fig. 6. Micrographs of the surfaces of Ti and C films

cleaning efficiency (Table 3 and 4).
Ing fficiency ( ) deposited without (inserts) and with the dlectrostatic filter
Table 3. Maximizing and optimal parametersfor Ti (magn. 5007)
f ARC pAr L I ar. I ion. Dr0p| ets
Process 0
[HZ] | [Pa] | [mm] | [A] | [A] [%] 4. CONCLUSIONS
Max. 50 | 04| 15 0 |058 0,3 The_ applied method of d&sign of experir_nents—
lion Taguchi method proved very effective for processing the
IMa>.<. 50 1 10 0 | 046 0,3 experimen_tal r@ults and optimizing the parameters (_)f the
ceaning electrostatic filter. In the future, these findings will be

very important and helpful in designing the find

Optimal 50 1 15 0 0,55 0.2 construction of the filter.
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ONITUMM3AIMSA PABOTbBI JIEKTPOCTATHYECKOI'O ®UJIBTPA IJIA3MbI
C HCITOJIb30BAHHUEM METOJA TAT'YUHA

B. 3asanees, A. Banvkosuu

HccnenoBamm NpoxoXKACHHE YIIEPOAHOW U METAUIMYECKOM BaKyyMHO-AYTOBOW ILIa3Mbl, T€HEPHUPYEMOU
HMCTOYHUKOM IOCTOSHHOTO TOKA C HAJIO)KEHHEM CHUJIBHOTOYHBIX UMIIYJIbCOB HAa TOK JYIH 4epe3 AIEKTPOCTATHYECKUI
¢ubTp. BBUN OIpeseneHbl 3aBUCHMOCTH HOHHOTO TOKa M 3()(EeKTUBHOCTH (DMIIBTPAIMH TUIA3MEHHOTO TIOTOKA OT TOKa
Ha (UIBTpe, AaBJIEHUS ra3a, pacCTOSHUS M yIJla HAaKJIOHA Kao3e ¢uiubTpa. [Inan skcnepumenTa ObuT pa3paboTaH ¢
UCIIONIb30BaHMEM MeTosa Taryud, W ObUIM OIpeleNieHbl YCIOBHs, KOTOpble TapaHTHPYIOT MaKCHMaJbHYIO
3¢ PEKTUBHOCTH OYMCTKHU IPH MaKCUMaJIbHOM KO3(h(hUIMEHTE MPOIyCKaHus TU1a3Mbl 4epe3 QUIbTP.

ONTUMIBALISI POBOTHU EJJEKTPOCTATUYHOI'O ®IJIBTPA IIJIAZMHU
3 BUKOPUCTAHHSIM METOJIA TAT'YUI

B. 3asances, A. Banvkosuu

JlocmipkyBay MpOXOKEHHs BYIJICIEBOI T4 METAJIEBOi BaKyyMHO-IYTOBOI IUIa3MH, SKa T€HEPYETHCS JKEPETIoM
MOCTIHHOTO CTPYMY 3 HaKJIaJaHHSAM CHJIBHOCTPYMHHUX IMITYJIbCIB Ha CTPYM IOYTH Kpi3hb €NEKTPOCTATHIHUI (UIBTP.
Byno Bu3HaueHO 3aeKHOCTI I0HHOTO CTpyMy Ta e(peKTHBHICTH (PimbTpamnii I1a3MoBOro MOTOKY Bix cTpymMy Ha (GinbTpi,
THCKY Ta3y, BIICTaHI Ta KyTa Haxwily >kamo3id ¢insTpy. Ilman excriepumeHTy OyB pO3pOOJICHUI 3 BUKOPHUCTaHHIM
Meroma Tarydi, Ta Oynmm BH3HA4YE€HI YMOBH, SKI TapaHTYIOTb MAaKCHMalbHy €(EKTHBHICTb OYMIIEHHS IpHU
MaKCHMaJIbHOMY KOe(]illieHTi IPOIyCKaHHS IJIa3MHU Kpi3b QUIBTP.
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