| . =
BN B BN O O I N O B B B S B B B B .

-8 =-

IEPC-95-229
PLASMA 5CURCT USAGE IN VACUUM TECHNOLOGY
BLA.ARHIPOMY, & ALCMASLENNTROVY * | A.N.NESTERENKO*, V. .KIM*+#

'Uscge of lon-plasma treatment improves the quality of Lhin-film

optical cualings by forming lavers of homogeneous sliuclut = and using
oxygen plasma. The plasma sour ce M70TO2 design is discussed, which is
based o a clused elen e diilidiimee acceleralor design witl Prolongated

acceleration zune, and it per formance iz presented. The plusma sour ce

can vperate un oxXygen, ilrogen, argon and oblier gasey. Ion current
density distribution over plume cross-section is reviewed. Kuown is o
technical solution, 1ncreasing homogeneity of an ion treatmment .

INTRODUCTION

Thin-film coatings, deposited by condensation of eva
in vacuum, are widely used in industry.
crystallic structure with micropores, orientated inside the layer .
Aggressiva compound can penetrate a Coating with such defect, that
results in peeling of protective coating. Humidity penstrates
thin=film oplical coating with such structure and creates difference
between properties in Vacuum and in air, Lhus making difficult
obtaining of uplics with predictable and stable properlies. Louswy

coaling reduces reflectivity and mechanical strength of coalting. Such

by ion-plasma treatment i

porated material
Such coating usually has

process of coating.

Closed electron drift accelerators w

ith prolongated acceleration zone
(CDAP) are promising technolo

gy for this purpose. They combine the
following advantages: high ion current density and liigh grade of
ionization of different plasma generating gases, Capability to
regulate ion energy over broad range.

PLASMA SOURCE AND EXPERIENCE OF ITS USAGE

EDB "Fakel" possesses the experience in plasma source development for
many applications. For lon-plasma applications the M70TO2 Source was

designed, diagram see Fig. 1. Its anode unit contains anode - gas
distributor 1, dielectric diScharge chamber 2, magnetic system 3 with
internal pole 4 and eéxcernal pole 5 and internal magnetic coil 6 and
external coils 7. Plasma cathode-neutraliser 8 js located usar the

discharge chamber exit edge. Dielectric diaphragm is secured at the

Source outlet, which cuts off a periphery portion of plasma beam to
reduce Sputtering of vacuunm Lank walls. Hood 10 pre

and cathode-neutral iser againsl deposition of material and reduces
material [low from source struclure in vacuum tank. M70T02 is pictured
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in Fig. 2. The power system consists of four sources. It comprises a
discharge power supply, bias cuil power supply, calhude-neutral iser
start-up heater power supply and ignitor power supply, latter two are
used only for start-up.

M?70TO2 can be placed inside vacuum tank in any pocition, precluding
malerial deposition on discharg: chamber wall. M70T™2 does 1ot e gJuir e
=Xtra cuoling. Besides, it can operate in vacuum chambers witli walls
heated up to 150°C. Plasma generating gas is usually cxygen, which i
supplied into the anode unit, flow rate is 1.5-3.0 mg/s. Cathode-
neutraliser operates orn argon at flow rate juat exceeding 2.4 mg/e.
During use pressure in vacuum tank should not exceed 6.6*10°-2 Pa.

M70TO2 operates on oxygen in high voltage or low voltage mode,
switched by bias coil current change. In first case the volt—-ampere
chart looks as shown in Fig. 3a. Oxygen ionization grade and ion
energy increase with discharge voltage (Ua) increase. Share of ion
current (Ii) in discharge current (Ia) is about 25%. For producing a
thin-film optical coating the low voltage mode is preferred. It is
characterized by sharp discharge voltage }amp-up, as shown in Fig. 3b.
Average ion energy is within 40-80 eV in this process. Oxygen ion flow
18 well unfocused to enable operation over large surface. Typical ion
current density distribution along radius of plasma beam (r) at S00 mm
distance (X) from the source is shown in Fig. 4.

Higher ionization is obtained during plasma source operation on argon
and nitrogen. Typical volt—-ampere chart for CDAP on nitrogen is shown

in Fig. 5, and distribution of ion current along radius (at X=500 mm)
=it . 6

In precision plasma technology the ion treatment uniformity
requirement is critical. While conventional CDAP produces a
distinctive plume, as shown in Fig. 7, curve 1, the corrective
magnetic system provides more uniform Ji distribution along radius
(curve 2). Above relationships were obtained ip CDAP operation on
xenon at Ua=300 V and Ia=2 A. Similar charts were obtained during an
accelerator operation on argon as well.

Oxides are widely used in thin-film optical coating technology. When
they are evaporated by an electron beam, part of molecules dissociate,
that affects stoichiometry of deposited material. This will
deteriorate optical performance. When sputtering oxides in chemically
active oxygen plasma environment, evaporated material properties are
restored, thus enabling to make higher quality optics. Fig. B shows
relationship between reflection factor (T) and wave length ( ), taken
using a sample of narrow band optical filter, manufactured using a
M70T02. When sputtering non-oxide material usage of argon plasma is
preferred, and Ar is supplied into anode unit of M70TO2.
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Frioy ta couting substrate iz cliwan=d Ly au iwi: Leaw. This enhancss
adhesion and mechanical strength of deposited material. Thin-film

rating 12 mede togethor with ion beam trealment. As & result,
vtystallization centers on surface are broken and Jdeposited laye:
becomes homugenecus and having much less MACH T e S, ety gl
miuch less sensitive to humidily, which le=ads to mure stahle Spectr ol
Par amelers Duy wacudum, and. in &iy. that = ildustrated i Fig.9.
Huticeable #ffect of ion treatment on optical performance was observed
ety daE el G010 Idens Ty e UL RS Tad 2 canll b el

_ONCLUSION

i. EDB "Fakel"” and NTIFPME MAI lLiave developed the plasmae suutce MTOTOZ,
operating on uxygen and wther gases.

2. Investigation testing of this plasma source usage in thin-film
vptical coating technology was accumpl ished.

According to "Hauser Techno Coating Europe B.V." (Netherlands), M70TO2
usage allows Lo manufacture high quality optivs. Promising 1s usag= of
plasma source in manufacturing of different functional and decorative
coatings.
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