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The plasma parameters and its homogeneity were measured in ECR planar plasma source with multipolar magnetic
field, which is created by three parallel magnetic bars of 12 cm in length consisted of set of the permanent magnets of
2 cm length. Geometry of the multipolar magnetic field is able to be changed by variation of the polarity and the
distance between separate magnets along the bars. For magnetic system with alternative orientation of the magnetic
field the plasma density up to 2.8%10' cm™ and the electron temperature about 20—-22 eV were measured within the area
~ 75 cm? at the distance of 2 cm apart the magnetic structure. The uncompensated ion flow with the energies of 16—18

eV was observed for all configurations of magnetic field.
PACS: 52.50.Dg; 81.15.Jj

1. INTRODUCTION

Development of microelectronic industry demands
technological advancements in plasma creation methods
to achieve the plasma parameters which would provide
high speed ion-plasma etching and thin film deposition on
large surfaces of the semiconductor materials. At present,
magnetrons, arcs, induction-, RF- and microwave
methods of plasma generation for technological use are
actively investigated [1-7]. Using permanent magnets on
the base of rare earth elements SmCos and Nd,Fe4B gives
new possibilities for design of plasma sources as planar
systems with different configurations of magnetic field.
Such sources are able to provide the treatment of sizeable
surfaces to satisfy the requirements of the industry [8,9].

In this paper, the influence of the multipolar magnetic field
topology in the ECR (Electron Cyclotron Resonance) planar
plasma source on the electron density, electron temperature
and the plasma homogeneity in the discharge is investigated.

2. EXPERIMENTAL SETUP

The experiments were carried out with the ECR planar
plasma source described in details elsewhere [9]. The key
feature of the source is that the multipolar magnetic field
has been created by 3 parallel rows of the rectangular
magnetic bars. In the gaps between bars the slot antennas
were disposed. Each magnetic bar was made of 5 separate
permanent magnets of 2 cm in the length. The polarity
changes of the magnets determined different topologies of
magnetic  configuration. The working pressure
(1.8 mTorr) and supplied RF power (about 300 W) were
not changed in experiments. Plasma parameters were
measured by moveable Langmuir and double probes, grid
analyzer and flat collectors.

3. EXPERIMENTAL RESULTS AND DISCUSSION

In these experiments we considered following magnetic
field configurations at the fixed dimensions of the magnetic
system: A- the magnetic field direction was retained along
each magnetic bar; B-separate magnets in the bars were
installed closely and they had alternate magnetic field
direction; C- the separate magnets in the bars were installed
with the gaps of 0.8 cm and the magnetic field direction was
altered from one magnet to other.

Calculations of magnetic field topography and
distribution of its components show that there is the range of
resonance magnetic field (875 Oe) where the fast electrons
determine evolution of the discharge originated for
configuration A. In this range realised at the distance of
0.1 cm from the magnet plane the fast electrons are trapped
on magnetic field lines and they oscillated in narrow zone of
the magnetic trap with arched geometry of nearby surface of
the magnets. At that, considerable part of the electrons is lost
on the magnets and antenna wall.

In the case of configurations B and C, an additional area
of the resonance magnetic field appears at the distance of
1.2 cm from the magnet plane. This area is important for the
discharge development Fast electrons, being trapped in the
magnetic traps, oscillate along the field lines which are away
on the larger distance from the magnets plane. Ft the same
time some electrons passed on the field lines of magnetic
traps oriented along the magnetic bars. With increasing the
trajectory length of the electrons the probability of the
working gas ionization increases too and the plasma layer is
formed more effectively.

Due to the curvature and the gradient of multipolar
magnetic field the electrons oscillated along the magnetic
field line undergo the gradient and the centrifugal drifts that
facilitate the plasma distribution along the entire surface of
the magnetic system. In the configuration A, the electron
drift directs along the magnetic bars and its direction changes
with transition from one magnetic trap to other. In the result,
the electrons leave on of the magnetic system edge and then
loss at the construction elements. As follows from the
discharge images the highest intensity is observed along
whole area of the magnetic system and it testifies high
ionization of the working gas in this range (Fig.1a).

For configurations B and C, the direction of the
longitudinal drift changes from one magnet to other and such
drift becomes unessential. The appearance of the
longitudinal arch magnetic traps drives the transverse
electron drift with respect to the magnetic bars direction
which changes from one trap to other. Thus the electrons are
allocated along all the surface of magnetic system.
Comparison of the discharge glow patterns indicates more
homogeneous plasma distribution for configuration C. The
estimations show that the transverse electron drift is higher
namely for it configuration (Fig.1 b and c).
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a
Fig.1. The microwave discharge glow for 3 configurations of the multipolar magnetic field:
a, b; c- corresponding magnetic configurations

Measurements of the plasma discharge parameters near
magnetic structures were performed for these three
configurations. The electron density (n.) and temperature
(T.) were determined from V-I characteristics of the double
electric probe located at the magnetic system center. The
measurements were conducted for different distances from
the magnet surface. Fig.2 shows the distribution of n.
demonstrating that plasma density decreases practically
linearly with the distance from the magnet surface. The
maximum plasma density up to 2.7-2.9x10"°cm® was
measured for the configurations B and C at the distance
(z) of 2 cm from the magnet surface.

—o— al

24
20]
16]
1l ‘ ‘
87 i : _ 'a ' a' ]

Te, €V

Z,cm

Fig.2. Dependencies of plasma density and electron
temperature on the distance from the magnet surface;
a, b, c — means corresponding configuration

Lower value of plasma density for configuration A
(about 0.9x10" cm™ ) caused by leaving the fast electrons on
the periphery of the magnetic system due to longitudinal
drift. The pattern of the discharge glow (Fig.1a) confirms
this explanation. The difference in the plasma density
behavior for configurations B and C can be explained by
influence of the transverse electron drift that is in 1.5-1.7
higher for configuration C than for B. Therefore the plasma
density in the system centre is a little bit smaller and it
decreases faster with increase the distance from the magnet
surface.

b c

Electron temperature distribution along distance from
magnet system is shown in Fig.2. For A configuration the
electron temperature is changed linearly from 15 eV at the
distance of 2 cm from the magnet surface down to 11 eV at
z =8 cm. In the case of configurations B and C, the electron
temperature decreases rather sharply at the region between
z=2cm and z = 4 cm. It reaches 14 eV. At the distance
more than 4 cm the electron temperature decreases similarly
for all configurations. The maximum electron temperature
was obtained for configuration C and it amounted to 22 eV.
The difference in the values of electron temperature for
configurations A, B and C is determined by the trapping
properties of the longitudinal and transverse multipolar
magnetic traps in these configurations. The estimations of
the mirror ratio B/ Bmin for those magnetic traps give the
maximum magnitude for the longitudinal traps in
configuration C. Hence the longer electron lifetime is
achieved. This is in agreement with the distribution of the
floating potential measured at the different distances from
the magnet plane for three configurations (Fig.3). It is
obvious that for configuration C the floating potential has the
negative value only at the distance from 2 cm to 3.5 cm from
the magnet plane. At larger distance the floating potential has
the positive value that is the evidence of the electron losses.
The maximum floating potential (up to 18 V) was measured
at the distance of 4cm from the magnet plane for
configuration B.
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Fig.3. Plasma floating potential and the ion current density vs.
the distance from the magnet surface;
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a, b, ¢ - indicate corresponding configuration

The measurements of the energy ion distribution by the
retarding potential method demonstrated that the directional
ion flow with the energy up to 18 eV was formed in the
plasma for all magnetic configurations. The ion current
density amounted to 2.4 mA/cm® at the distance of 4 ¢cm
from magnet plane and then it decreased with moving away
from the magnet plane for configurations B and C. In
configuration A the ion current density increased with
moving away from the magnet plane and it amounted to 0.5
mA/cm? at the distance of 8 cm.. Such difference in behavior
of the ion current density for these magnetic configurations
is explained by the magnetic field topology. The magnetic
field magnitude is 320 Oe at the distance of 4cm from
magnet plane for configuration A whereas it comes to 25 Oe
for configurations B and C.

The plasma layer homogeneity was examined by the
movable electric probes turned in a circle of different
diameter in parallel to magnet plane. It was revealed that the
electron density and the temperature were uniform within
10 % in the area of 5 cm in diameter at the distance of 4 cm
from the magnet plane for configurations A and B, and ~
10 cm in diameter for configuration C.

The measurements of emissive ability of the plasma
discharge under the negative bias on the collector are
illustrated in Fig.4. Maximum value of the ion current
density up to 6.23 mA/cm* was received at the distance of
4 cm from the magnet plane for configuration C. Ion current
density decreased practically linearly with the distance
from the magnet plane down to 2.7 mA/cm’and at the
distance of 10 cm.

4.CONCLUSIONS
The results of the investigations show that the topology
of the multipolar magnetic field essentially effects to the
plasma parameters and its homogeneity. For configuration C

(separate magnets in the bars were installed with the gaps of

0.8 cm and the magnetic field direction is altered) the

uniform distribution of the plasma density about 2.8x10'°m"

and the electron temperature up to 22eV were
measured in the area of 75 cm® The ion flow with ion
energy of 18 eV was measured for all configurations. The
maximum ion current density up to 2.4 mA/cm® was
recorded for configuration C. Under the negative bias about

-1 kV at the flat collector the ion current density amounted to

6.23 mA/cm? at the distance of 4 cm from the magnet plane.

Thus, magnetic configuration C is preferred for the aims of

large-area ion-plasma etching and a deposition of thin films.
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BJUSAHUE MYJbTUNOJbHOU TEOMETPUA MATHATHOI'O 10JIA INIAHAPHOT'O
SUP-IVIASMEHHOI'O HICTOYHHUKA HA TTAPAMETPBI IIVTA3MbI

B.Jl. ®eoopuenko, B.B. Heoomapes, U.E. I'apkyma, A.B. Meoeedes, B.H. Tepewiun, b.A. Illeuyk

W3mepeHs! mapaMeTpsl IIa3Mbl U UX OJXHOPOIHOCTH B IUTaHapHOM OLIP- rra3sMeHHOM MCTOYHMKE ¢ MYJIBTHIIOIBHBIM
MarHUTHBIM TIOJIEM, KOTOPOE CO3/1aBAJIOCH INapalIebHBIMH MarHUTHBIMH CTEP)KHSAMH JUIMHHOW 12 cM, cocTosmx u3
OT/IETIbHBIX MOCTOSIHHBIX MarHUTOB 110 2 CM Ka)kKAbli. ['eoMeTpHst MyJIbTUIIOIEHOTO MarHUTHOTO TIOJISI M3MEHSUIACh 3a CUET
BI)I60pa TIOJIAPHOCTU OTACJIBHBIX MAarHuTOB M PACCTOAHUA MECKAY HHUMHU BAOJIbL MArHUTHOT'O CTCPIKHS. 21_]'[5[ MarHUTHOM
CUCTCMBI C HepeMeHHOﬁ BIOJIb CTCPIKHA OpHCHTaHHeﬁ MAarHMTHOIO IIOJI1 MarHUTOB M C 3a30pOM 0,8 CM MCXKIYy HUMU
IUIOTHOCT ILIa3MbI cocTapmia 2,8%10'° cM™ n onexrponnas temmeparypa 20—22 3B. Ilokazana OIHOPOIHOCTH HMApaMETPOB
IUIa3MBbI Ha TUIOMIAIM ~ 75 ¢M* Ha PAaCcCTOSIHUAM 2 CM OT MATHHMTHOM CTPYKTYPHI . JIjIst BceX KOH(HUIypamyuii MArHUTHOTO OIS
HaOMogaICcs HEKOMITCHCHPOBAHHBIN IOTOK HOHOB ¢ 3Hepruei 16—18 3B.

BILIMB MYJIbTAUNOJbHOI TEOMETPII MATHITHOTI'O ITOJIS INTAHAPHOTI'O
EIP-IINTA3MOBOTI'O JI?)KEPEJIA HA TAPAMETPHU I1JIA3MH

B.JI. ®eoopuenko, B.B. Ueoomapwos, 1.€. I'apkywa, O.B. Meoseocs, B.1. Tepewiun, b.0. Illeeuyk

[Mapamerpn mmasmm Ta i1 oxHopimHicTs Oynu BuMipsHi y maHapHoMmy EIIP- mmasmoBomy jmxepeni i3
MYJIbTUIIOJIbHUM MaI‘HiTHI/IM IIOJIEM, AKEC YTBOPIOBAJIOCH IapajlCIbHUMU MaFHiTHI/IMI/I CTPHMXKHAMU JOBKHUHOIO 12 CM, 110
CKJIQJAINCh 3 OKPEMHUX IIOCTIHHMX MarHiTiB 1mo 2 cM KOXHHMH. ['eoMeTpis MyJBTHUIOIBFHOTO MAarHiTHOTO IOJIS
3MIHIOBaJIacs 3a PaxXyHOK BapiloBaHHS MOJSIPHOCTI OKPEMHUX MArHITIB Ta BifCTaHI MK HMMH B3IOBX CTPIDKHS. J{ms
MAarHiTHO! CHCTEMH 3 MEPEMIHHOIO OPIEHTAIII€I0 MarHITHOTO IMOJISI MAarHiTiB B3JIOBXK CTPHXKHS Ta ¢ 3a30poM 0,8 cM Mix
HHMMH I'yCTUHA IUTa3Mu ckiragana 2,8<10'° cm™ ta enexrponna temmeparypa 20—22 eB. [loka3aHa 0XHOpIIHICTE TapaMeTpiB
IIa3MH  Ha IUIOMMHI ~ 75 cM® Ha BifcTadi 2 CM Bifl MarHiTHOi cTpyKTypu. Js ycix KoH(irypariifi MarmiTHOTO Moy
CIIOCTepiraBcs HEKOMIICHCOBAHHI ITOTIK 10HIB 3 eHeprieto 16—18 eB.
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