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The possibility of using a magnetic mirror in the output gap of ion source with a closed electron drift to
generating of an additional gas discharge by using the electron-cyclotron resonance to compensate of the ion beam
space charge is studied. The first experiments have shown that an additional microwave discharge generated in the
region of the annular gap when the microwave power is applied. An additional plasma source of electrons provides
the maintenance and intensification of the gas discharge in the accelerator with an anode layer.
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INTRODUCTION

A common characteristic of all beam-plasma
systems is the separation of ions and electrons due to the
acceleration of the ionized substance. The main feature
of low and medium energy (E; < 10*eV) ion-beam
systems, which are mainly used in vacuum-plasma
technologies, is that the impact ionization of molecules
and atoms of the residual gas by an ion beam in the
transport region is insignificant and, as a consequence,
there are no electrons that can neutralize the space
charge of the ion beam. As a result, the electric fields of
the space and surfaces charges created by the beam
interfere with the efficient transport of ion beams under
low gas pressure conditions and lead to expansion,
deceleration and even beam locking in a case if the
virtual emitter is formed. To neutralize these effects,
electron injection into the ion beam in closed drift
accelerators additional thermal cathodes located close to
the output gap of cathodes-magnetic circuits are used.

A special feature of closed electron drift ion sources
(ion accelerators with anodic layer (AAL) and closed
electron drift ion accelerators with extended
acceleration zone ACDEZ) is magnetic mirror located
close to the output gap formed by the magnetically
conducting source cathodes. The electromagnetic
system creates the maximum magnetic field in the
annular gap of the accelerator. The main difference
between AAL and ACDEZ is that the maximum
strength of the radial magnetic field, which is
1500...2000 Oe for AAL, and 200...500 Oe for
ACDEZ.

To excite electron cyclotron resonance discharge at
cathode regions of AAL and ACDEZ it is necessary to
determine the operating frequencies of microwave
generators. An analysis of the distribution and magnetic
fields strength has shown that the industrial frequencies
2.45 GHz for AAL (resonance point at 875 Oe), and
560 MHz for ACDEZ (the resonance point at 200 Oe)
can be chosen.

The topology of the magnetic field in the radial
direction (in the direction of the cathodes-magnetic
circuits of the magnetic system) in these sources is
analogous to an open magnetic mirror.
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The design and experimental work to create a
plasma cathode was based on ion-beam sputtering
system (IBSS), which is shown in Fig. 1.

The distribution of the magnetic field in the AAL
along the distance of the discharge gap is shown in
Fig. 2. In the region close to anode and the outer section
of the accelerator, the radial component of the magnetic
field gradually decreases.
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Fig. 2. Distribution of the magnetic field strength close
to the discharge gap in the AAL
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It is attracted attention that there is magnetic field at a
considerable distance from the discharge gap, that is, in a
large part of the ion beam transport space close to the
accelerator cathode with a characteristic size d;<5cm.
The shape of the spatial distribution of the magnetic field
strength can be changed by changing the profile of the
cathodes-magnetic circuit of the AAL [1-4].

The purpose of this work is to develop a plasma
electron source that provides maintenance and
intensification of the gas discharge in the AAL, as well
as charge and current neutralization of the ion flux by
electrons using features of the design of sources of this
type.

The main idea of this project is using of a magnetic
mirror at the output gap of ion sources with a closed
electron drift to create an additional gas electron
cyclotron resonance discharge.

EXPERIMENTAL TECHNIQUE

To check this idea, modification of ion-beam
sputtering system (ILRS) based on a modified ALL
during sputtering conductive and dielectric targets has
been performed a schematic representation of which is
shown in Fig. 3.

The main design elements of modified ion source
are ring anode, cathode block and magnetic system,
sputtering target fixed on movable water-cooled holder.

The industrial power supply unit BP-94 (11) served
as the source of power supply for the ALL (discharge
voltage of 1...6 kV) and a magnetic system (0...5 A). It
is also possible to measure the current and floating
potential of the substrate holder.
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Fig. 3. Schematic diagram of the ion-beam sputtering
system based on the modified accelerator with an anode
layer:1 — vacuum chamber; 2 — substrate holder;

3 —sprayed sample; 4 — water-cooled annular anode;
5 — body-magnetic cathode block; 6 — water-cooled
holder of the sputtered target; 7 — magnetic field
solenoid; 8 — working gas supply; 9 — matching device
microwave generator; 10 — microwave generator;

11 — power supply unit AAL type BP-94

The vacuum system was assembled on the basis of a
series vacuum unit UVN-71P, which provided a
pumping speed of up to 1500 I/s in the pressure range
p=8-10"°...10° Torr and the ultimate of the residual gas
pressure 6-10°° Torr.

The ion source, due to ballistic focusing, formed a
cone-shaped ion beam with a vertex from the anode
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plane at a distance of 50 mm. The size of the ion beam
transporting space from the source to the surface of the
sputtered target could be controlled by varying the
target position from 15 to 30 mm, which allowed
changing the annular sputtering region on the target
surface.

The pressure of the working gas was regulated by a
needle inflow in the range p = 870°...10° Torr. The
working gas was introduced through the channels of the
cathode block into the discharge gap of the anode-
cathode.

After ignition of the discharge, when the discharge
gap is filled with charged particles, the pattern of the
distribution of the electric field changes and is
determined not only by geometric dimensions, but also
by discharge conditions: magnetic field strength,
accelerating voltage, working gas pressure, etc. Under
the conditions of our experiments, the Hall parameter
was a7, >>1, the mobility of electrons across the

magnetic field is sharply limited and a layer of negative
space charge is formed at the anode, in which
practically all the voltage drop in the discharge is
concentrated.

Under conditions of limited mobility of electrons,
the external electric field localized in the anode layer
performs work mainly over ions formed in the processes
of ionization of the atoms of the working substance by
electron impact. The energy of singly charged is
determined by the expression &, = 0.2...0.3 eV.

To form a plasma cathode-source of electrons, it is
necessary to provide conditions for the existence of a
discharge at the electron cyclotron resonance in the
region of the annular gap of the AAL magnetic circuit.
For this, capacitance type antennas can be used, which
create the maximum intensity of the microwave electric
field in the region of the circular slit of the magnetic
cores-cathodes of the AAL. These can be disks or rings
located axially symmetric to the discharge gap of the
ALL. In our experiments, a disk water-cooled holder of
a sputtered target was used as microwave antenna (6).

To match the microwave generator with the antenna
and plasma load, a microwave matching device was
developed, designed and assembled on the basis of a
transition with matching mobile pistons (Fig. 4). An
operation of ion-beam sputtering system with an
additional electron-cyclotron resonance discharge is
shown in Fig. 5.

Fig. 4. Image of the microwave matching system
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shape glowing corresponds to a changing of the
magnetic profile in the output gap when the current in
the magnetic system changes. An additional plasma
source of electrons provides the maintenance and
intensification of the gas discharge in the accelerator
with an anode layer, as well as the charge and current
neutralization of the ion beam by the electrons.
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NCIIOJIb30BAHHME JIEKTPOHHO-IHUKJIOTPOHHOI'O PESOHAHCHOI'O PA3PAIA
JJISI KOMIIEHCAIIMA OBBEMHOI'O 3APSIJIA B MOHHO-JTYYEBBIX
PACTIBUIMTEJIBHBIX CUCTEMAX

A.A. buzwkos, U.K. Tapacos, A./]. Hubucos

N3yueHa BO3MOXXHOCTH HCIOJIB30BAHUS JIOBYIIKH IPOOOYHOTO THIA B BHIXOAHOM 3a30p€ MCTOYHHKA MOHOB C
3aMKHYTBIM 3JIEKTPOHHBIM JIpel(oM /I T'eHepaluy AOIOJIHHUTEIFHOTO Ta30BOTO pa3psiia C HCIOJIB30BAHHUEM
3NEKTPOHHO-IUKIOTPOHHOIO PE30HaHCAa M KOMIIEHCAllMH MPOCTPAaHCTBEHHOrO 3apsiia MOHHOro mydka. IlepBble
9KCIEPUMEHTHI TOKa3aji, 4TO IeHepupyeTcs nomnoiaHuTenbHbi CBU-pa3psn B obigacTu KOJBIEBOTO 3a30pa IMpH
nogaue CBY-momntHoCTH. JlONMOTHUTENBHBIN IUIA3MEHHBIN HCTOYHHUK 3JICKTPOHOB o0eclednBaeT MOJjepKaHue U
MHTEHCH(HKAIUIO Ta30BOTO Pa3psaaa B yCKOPUTENE C aHOJAHBIM CIIOEM.

BUKOPUCTAHHA EJJEKTPOHHO-IIUKJIOTPOHHOI'O PE3OHAHCHOTI'O PO3PALY
JJA KOMIIEHCALII OB'€EMHOI'O 3APAAY B IOHHO-TPOMEHEBHUX
PO3NUJIIOBAJIBHUX CUCTEMAX

O.A. Bizoxos, LK. Tapacos, 0./]. ivicos

BuBYeHO MOXJIMBICT, BHKOPHUCT@HHS IACTKM NPOOOYHOrO THIy Y BHUXIJIHOMY 3a30pi JpKepena 10HIB 13
3aMKHYTHM €JIEKTPOHHUM Jper(oM Jisi reHepallii 10JaTKOBOTO Ta30BOT0 PO3psiay 3 BUKOPUCTAHHSM eJIeKTPOHHO-
IUKJIOTPOHHOTO PE30HAHCY Ta KOMIICHCAIlil IPOCTOPOBOTO 3apsAay 10HHOTO ITydKa. [lepii ekcriepuMeHTH TI0Ka3aH,
0 TeHepyeThes noaatkoBuii HBU-po3psia B 06macTi kimbiieBoro 3azopy mpu nogadi HBU-notyxHocTi. JlogaTkoBe
TUTa3MOBE JDKEPENIO eIEeKTPOHIB 3a0e3neduye miITPUMKY Ta iHTeHCH]IKaIlifo Ta30BOro po3psay B INPUCKOPIOBadi 3
AQHOJHUM ILIAPOM.
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