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The new type of multipurpose plasma source based on the surface wave sustained discharge is presented. The
plasma in the source is generated by the RF surface wave discharge excited by the antenna system placed inside a
cylindrical metal chamber. Charged particle acceleration is carried out by a quasi-stationary electric field due to DC
voltage applied to the cylindrical electrode mounted inside the chamber. The source can be used for production and
acceleration of ion as well as electron beams. The source has stable low-pressure operation in the range of applied
RF power from 50 to 1000 W and produce ion beam having a density up to 0.3 mA/cm? in the energy range from 50

to 200 eV and 3% homogeneity on the 300 mm diameter.
PACS: 52.50.DG

1. INTRODUCTION

Low-pressure (less than 10 mTorr), high-density
(more than 10° cm™) plasma sources which produce uni-
form (less than 5%) densities of ions and radicals over
large areas (more than 300 mm diameter) have recently
been important for plasma etching and deposition tech-
nology in the fabrication of ultralarge-scale integrated
(ULSI) circuits with deep submicron features [1,2].
Among the various types of plasmas (inductively cou-
pled plasma (ICP), electron cyclotron resonance (ECR)
plasma, helicon, etc. [3]), surface-wave plasmas (SWPs)
are one of the most promising candidates from the view-
points of cost performance, compactness and feasibility
of enlargement of high-density homogeneous plasmas
[4].

This paper presents a surface wave plasma source
for the production of high-density plasma over large ar-
eas without a magnetic field for plasma processing and
thin film preparation.

2. EXPERIMENTAL

The plasma source consists of a cylindrical housing
made of stainless steel, flat and cylindrical ring elec-
trodes, two round flat dielectric plates, high-frequency
electrical vacuum lead-ins, insulated substrate holder.
The internal diameter of the housing is 505 mm, height
is 215 mm, thickness of the end wall is 10 mm. The flat
ring electrode, the geometrical sizes of which can vary,
is placed on the interior side of the end wall between two
round flat dielectric plates with the diameter of 502 mm
and thickness of 4 mm. The cylindrical ring electrode
with an internal diameter of 492 mm and height of
80 mm has a wall thickness of 3 mm and is arranged
coaxially to the housing near the end wall. Both, the flat
and the cylindrical ring electrodes with excitation of
surface waves in different modes can serve as an anten-
na. The insulated substrate holder with the maximum di-
ameter of 498 mm is arranged on an opposite end of the
housing. In some experiments, to extract the ions from
the discharge volume the gridded electrode with a diam-
eter of 460 mm made of stainless steel is disposed from
above of the cylindrical electrode. The transparency of
the gridded electrode is approximately 50%.
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Fig. 1. Schematic diagram of the plasma source. 1 —
housing, 3 — cylindrical ring electrode; 4,5 — dielectric
plates; 6,7 — RF vacuum input, 8 — gridded electrode;

9,10,11 — flat ring electrgdes-antennas
3

Fig.2. Schematic diagram of the plasma source
1- housings, 3-cylindrical electrode, 4,5 - dielectric
gaskets; 6,7 - RF - vacuum feedthroughs, 8 — grid;

9,10,11 - antenna system

The distance between the end of the cylindrical elec-
trode and gridded electrode can also vary from 0 up to
100 mm. The DC or RF voltage with the frequency of
13.56 MHz can be supplied to flat or cylindrical ring
electrodes. The plasma source is mounted on the updat-
ed vacuum chamber of the base vacuum installation
such as UVN which allows to perform preliminary the
source evacuation to residual pressure 5x10° Torr. The
gas inlet system allows to support the working gas pres-
sure in range of 10...10”° Torr.

111



3. RESULTS AND DISCUSSION

The plasma source operates in a working gas pres-
sure range of 3%(102...10*) Torr with changing the RF
power in a range of 50...1000 W during the discharge
on surface waves with the mode 0 excited by a flat ring
electrode-antenna. In the selected geometry the condi-
tions are suitable for launching of the surface wave sus-
tained discharge. The probe measurements indicate that
the plasma density has a homogeneous distribution over
a diameter of 300 mm and varies in a range of 10°...
10" cm™ at electron temperature of 2...7 eV depending
on external parameters. Fig.3. shows the plasma density
distribution and electron temperature along the radial di-
rection of the system. Fig.4. shows the dependence of
plasma density and electron temperature on the input
power.

I S

%

!

|
N

¢

™

£-

Fig.3. lon density and electron temperature distribution

along the radial direction of the system p = 2007

Torr, P = 100 W, working gas was
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BY-mowynocms, Bm
Fig.4. Plasma density and electron temperature versus

input power. p= 2 010~ Torr, working gas was argon

An ion beam density in the presence of the RF bias
applied to the substrate holder, which was studied by the
system of flat directional probes, reached 0.1 mA /cm?
with homogeneous distribution over the diameter of
300 mm. In the case of applying the positive DC bias to
the cylindrical electrode, the dependencies of ion cur-
rent to the substrate holder at typical external working
parameters of the plasma source has a linear character
within the range of DC bias from 0 to 1000 V. The spa-
tial distribution of ion current density is homogeneous
over a diameter of 300 mm. The total ion current to the
substrate holder with a diameter of 467 mm reaches the
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value of 2 4 with an average ion energy of 200 eV’

The carbon films having evident diamond-like prop-
erties were synthesized on the glassceramic substrate
surface from the mixture of cyclohexane and hydrogen.

The wave identification problem needs for addition
studying. Therefore we calculate the RF-field for the
configuration similar to the planar reactor. In spite of
the fact that an electric field is enough for ionization
maintenance, the linear approach is traditional for am-
plitude distribution calculation and dispersion character-
istics [4-6]. Since the electromagnetic wave length in
vacuum is about 4 U 10 m at the generator frequency
13.56 MHz the quasi-stationary condition is fulfilled (
A >> L, L is the dimension of the region under consid-
eration) so we supposed that the electric field is poten-
tial one.

It was supposed that the time dependence of un-
known values u(r,t) is determined as follows
u(r,t)= U(r)exp(iwt) (w = 2nv , where V is the gen-
erator frequency), the equation for an RF-potential can
be written in the following form:

O@0y)+ ;—’ZD“w = -4nQ, )
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Where £=1- - . <
w(w + lvcull)

is the permittivity of cold

plasma, O is the extraneous charge density, V., is the

effective electron collision frequency, V, is the thermal
electron velocity.

Fig.5. Calculated plasma potential profiles for the
plasma source on the surface waves. 1 — glass disks;
2 —RF electrodes; 3 — metal housing, 4 — cylindrical
ring electrode; 5 — isolator; 6 — gridded electrode;
7 — plasma

The boundary conditions were chosen in the follow-
ing form [6]:
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0y, -emiy,| =0, (3)
where 7 is the normal vector to the interface S, ¥ , is

the RF plasma potential, ¢ ; is the potential in di-
electrics.

The solution of equation (1) was found numerically
with the help of finite-difference equations obtained by
the method of streams [6]. Fig.5 shows the calculated



plasma potential profiles for the plasma source on the
surface waves.
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Fig.6. RF potential distribution normalized by the an-
tenna potential for an optimized antenna geometry at

electron temperature T, = 5 eV, N . =30n,, n, isthe
resonance plasma density, for the generator frequency
it is equal to 2.28x 10° cm™

The plasma permittivity varies in the range from a
minimum value —100 up to the 1 near the boundary. The
plasma potential reaches the maximum value on the
surface where the plasma resonance condition is
satisfied.

At the far distances from the antenna the potential
distribution is nearly the eigen solution of equation (1)
with zero right part. The significant voltage dropping
towards the axis is distinct that has been found out
experimentally. Taking into account the electron
pressure here is essential. The RF potential distribution
normalized by the antenna potential for optimized
antenna geometry is shown in Fig.6.

4. CONCLUSIONS

A surface wave plasma source for the production of
a large-diameter, high electron density and low electron
temperature plasma at low pressure without using a
magnetic field for plasma processing and thin film
preparation is considered. The DC or RF voltage with
the frequency of 13.56 MHz can supply the source. Nu-
merical analysis of electric field distribution over the
processing chamber in the linear approach was made
and compared to experimental results obtained.
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MJIASMEHHBII ICTOUHUK HA IOBEPXHOCTHBIX BOJTHAX JIJISI IOJIYUYEHUSI MOHHBIX
N JIEKTPOHHBIX ITYYKOB

H.A. A3zapenkos, A.A. bBustokos, A.B. I'anon, B.Il. Onegup, A.E. Kawaba, K.H. Cepeoa, H.K. Tapacos

IIpencTaBieH HOBBIN THII MHOTOIEIEBOTO IJIA3MEHHOTO HCTOYHUKA HA OCHOBE pa3psa Ha OBEPXHOCTHBIX BOJI-
Hax. [Imasma B mcTounmke rerepupyercs BU-pa3psmom Ha MOBEPXHOCTHBIX BOJNHAX, BO30YKIAEMBIM C IIOMOIIBIO
AHTCHHOW CHCTEMBI, PACIIONIOKEHHON BHYTPH IIMITHHIPHYCCKON KaMephl. Y CKOpPEHHE 3apsHKCHHBIX YaCTHUI[ OCYIIe-
CTBJIIETCSI KBA3UCTALIMOHAPHBIM 3JIEKTPHUUECKUM II0JIEM 3a CYET IMOCTOSHHOIO HAMpsKEeHUs, NPUIOKEHHOTO K IH-
JMHAPHYECKOMY 3JIEKTPOJLY, PACIIOJIOKEHHOMY BHYTPH KaMepbl. ICTOYHNK MOXKHO HCIIOJIB30BATH VIS OIYyYEHUS 1
YCKOPEHHsI KaK MOHHBIX, TaK U JJIEKTPOHHBIX My4YKOB. VICTOUHUK CTaOMJIBHO paboTaeT NpH HU3KOM JaBJICHUH B
nuanaszoHe npuinokeHHoit BU momuocty ot 50 mo 1000 BT u reHepupyeT MOHHBIA MYyYOK C IJIOTHOCTBIO IO
0,3 MA/cm® B manasone suepruii (50...200) 5B npu 3% oaHopoaHocTy Ha quametpe 300 Mm.

IINTABMOBE JKEPEJIO HA IIOBEPXHEBUX XBWJISIX J1JISA OJEPKAHHS IOHHUX 1
EJIEKTPOHHUX ITYYKIB

M.O. Azapenxos, O.A. biztoxos, O.B. I'anon, B.II. Onegip, A.€. Kawmaéba, K.M. Cepeoa, L.K. Tapacoe

[IpencraBiieHo HOBUIA TUI 0araToliILOBOTO IIA3MOBOI0O JPKEpelia Ha OCHOBI pO3psily Ha OBEPXHEBUX XBHIISX.
[Tazma y mxepedri cTBoproeThest BU-po3psioM Ha HOBEpXHEBUX XBIJISX, IO 30Y/KYETHCS 3a JOOMOT'OF0 aHTEHHOT
CHCTEMH, sIKa MICTUTBCS BCEPEIMHI LMIIHIPUYHOI KamepH. [IpHCKOpeHHs 3apsKEeHUX YaCTHHOK 3JIHCHIOETHCS
KBa3iCTAI[IOHAPHUM CJICKTPHUYHUM TOJIEM 3aBASKH CTaJii HANPYy3i, SKa MPUKIAICHA J0 IHIIHAPHYHOTO SICKTPOLY,
0 MICTUTBCS y Kamepi. J[Kepermo Mo)KHa BHKOPHUCTOBYBATH JJIsl OTPUMAHHS Ta MPUCKOPEHHS SK 10HHUX, Tak 1
€JIEKTPOHHHX My4KiB. J[>Kepeno cTabinbpHO mparroe Mpu HU3bKOMY THCKY B Aiana3oHi npukiageroi BU moryxHocTi
Big 50 no 1000 BT i renepye ioHHmi my4ok 3 ryctuHoro o 0,3 MA/cM® B nianasoni enepriii (50...200) eB mpu 3%
omHOpimHOCTI Ha HiameTrpi 300 MM.
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