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A new solid ion accelerator based on magnetron sputtering discharge is described. The ions of working gas are
used to bombard and sputter a cylindrical target made of metal or dielectric material. The sputtered atoms can be
ionized and extracted by an ion optical accelerating system. Tests have shown that the ion source can operate stably
for a long time that is principally defined by the target consumption. The mixed beam consisting of various solid
ions (B, C, Si, Ti, V, Fe, Ni, Ta, W) and ions of working gas can be obtained.

PACS: 52.30.Ex; 52.50.Dg; 52.75.-d

1. INTRODUCTION

The sources of ions of solid materials are used for
implantation of impurities and dopants, thin-film depo-
sition, material modification. Designs of metal ion
sources can be divided into several types depending on
the boiling-point and ionization potential of required
metals. If metal has low boiling temperature than metal
vapor can be obtained by moderate metal heating and
can be feed into the ion source having more or less typi-
cal design [1,2]. lIons of metals, which have a relatively
low ionization potential, can be obtained due to surface
ionization directly on the hot metal surface [3,4]. But
these methods applied for metals with a high melting
temperature provide only a little beam current. In this
case a vacuum arc ion source is convenient [5]. In this
source a metal vapor vacuum arc discharge is used for
plasma production. In this type of the ion source the
pulse duration reaches 100 us, pulse reiteration frequen-
cy is about 1 pulse per second and beam current is about
10 mA4.

Ions of different metals may be also obtained by
sputtering from an electrode in a discharge. It is clearly
that only sputtered-based sources have simple construc-
tion and can operate under room temperature. Owing to
configuration of the electrical and magnetic fields being
orthogonal, stable glow discharges and intense sputter-
ing of cathode material can be obtained in a magnetron
at low pressures.

In this paper the design and performance of the solid
ion source based on the hollow-cylindrical magnetron
sputtering discharge is described.

2. DESIGN

The sketch of the accelerator is presented in Fig.1. It
consists of an ion source with ion-optical accelerating
system and focusing lens. The basic elements of the
construction of the hollow-cylindrical magnetron sput-
tering ion source are the following: anode (1), cathode
block (2) and magnetic system (3).

The water-cooled end anode is made of non-magnet-
ic stainless steel and is electrically isolated from the
cathode block. The anode is powered and cooled
through the isolated vacuum feedthroughs in the bottom
of the cathode block.

The water-cooled cathode block of the ion source is
multi-functional. It is used as a housing of the ion
source, as a magnetic circuit, and as a cathode of the
discharge gap. The magnetic system, gas inlet and ex-
traction electrode are installed in the cathode block. The
cathode block consists of the water-cooled hollow-cyl-
indrical housing with end flanges made of magnetically
soft material (4) which also is used as a holder of
sputtered target (5). The target is fixed in the cathode
block by hold-down nut (6) and by electrode-extractor
(7).

The magnetic system (3) consists of a hoop with per-
manent magnets which is fixed on the cathode block
housing and magnetically soft end flanges of the cath-
ode block. The magnetic system produces the arch mag-
netic field with a peak intensity of 500 Oe near the in-
terior surface of the sputtered target.

The working gas pressure is adjusted in a range of
102...10° Torr. The working gas is fed through the
channels of the cathode block (8) into the cathode-anode
discharge gap.

The cathode can be capacitively coupled to a
13.56 MHz RF power supply with a power up to 2.5 kW
or can be connected to the DC power supply with a neg-
ative potential up to 1000 V with respect to the anode.
The electric field crossed with magnetic field and ap-
plied to the sputtered cathode (5) creates intense plasma
in the near cathode region. From this region argon ions
are extracted and accelerated by the cathode potential
and sputter the target surface mainly in the region of the
magnetic field arch. The parameters of the discharge in
the DC mode are the following: voltage of 500 V and
current up to 5 A. The density of the sputtered atoms
grows beginning at the cathode surface towards the
cathode axis. The electrons move also from the dis-
charge region across the magnetic field towards the sys-
tem axis where the electron current density is maximal
and the total current of electrons is a discharge one.
Thus, in this discharge configuration, both the density of
the sputtered atoms and density of electrons peak at the
system axis. This provides effective ionization of
sputtered target atoms. The extraction of ions is per-
formed by the electrode-extractor (7).
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Fig. 1. The sketch of the ion source with the ion-optical accelerating system and focusing lens. 1- anode, 2- cathode
block, 3- magnetic system, 4- water-cooled hollow-cylindrical housing with end flanges, 5 - sputtered target,

6 - hold-down nut, 7 - and electrode-extractor, 8 - gas inlet pipe, 9 - focusing electrode, 10 - accelerating electrode,
11, 12 — electrodes of electrode electrostatic formative lens, 13 - vacuum bellows joint, 14 - mechanical driver

The advantage of such a construction of the ion
source is fairly small losses of sputtered material owing
to isolation of the gas discharge volume. The non-ex-
tracted atoms are deposited on the target surface and can
be sputtered again. This fact, coupled with the absence
of hot cathodes in the source construction, provides a
greatly enlarged operational life of the target and oppor-
tunity to operate with chemically active working sub-
stances.

The ion optical accelerating system produces electric
field which extracts ions from the magnetron discharge
plasma and forms them into a beam. The electrode
shape of the acceleration system approaches to Pierce
geometry. It consists of electrode-extractor (7) installed
into the cathode block, focusing electrode (9) and accel-
erating electrode (10). The use of three-electrode ion
optical accelerating system is required for spatial stabil-
isation of the emissive plasma boundary at different ac-
celerating voltage in a wide range from 0.5 to 10 kV.

Three-electrode lens (10, 11, 12) with the internal
diameter of 30 mm is used for additional ion beam fo-
cusing. The lens insulators are shielded from the beam
to prevent charging and spark track formation. Three-
electrode lens shape and focus the ion beam in a drift
space to the position of a diaphragm. The inner diameter
of the diaphragm is 3 mm. The lens with a large diamet-
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Fig.2. Voltage-current plots under different pressures:
1 —p=300" Torr, 2 — p=800* Torr, 3 — p=3007 Torr
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er provides high-quality ion optical properties of the
beam with minimum spherical aberration.

3. THE ION SOURCE OPERATION

During experiments the discharge voltage (Us), dis-
charge current (/) and pressure (p) were measured.

The discharge was initiated in the area of the sput-
tered target, under such conditions: voltage was in the
range of Uy;=325...530V and discharge current
changed in the range of /4=0.3...8 4, pressure was in
the range of p= 500™...5007 Torr. Fig.2 shows typical
voltage-current plots at different pressures.

The electron current density distribution along the
radius of the hollow-cylindrical sputtered cathode at dif-
ferent discharge parameters was also measured (Fig.3).
It can be seen that the electron current reaches a value
of discharge current at the system axis, i.e. the stream of
electrons from the discharge region travels across a
magnetic field in radial direction towards the system ax-
is. The stream of sputtered atoms is formed and travels
also towards the cathode axis where the sputtered atom
density peaks. Thus, in the given discharge configura-
tion, both the density of sputtered atoms and the density
of electrons have the peak at the system axis. This pro-
vides the effective ionization of sputtered target atoms
and the enhanced current of extracted solid ions.
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Fig.3. The current density distribution along the beam
radius: 1 —1u=5 A, 2 — 1x=8 A. p=3007 Torr
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YCKOPHUTEJIb TBEPJOTEJIbBHBIX HOHOB HA BASE MATHETPOHHOI'O
PACHIBUIMTEJIBHOI'O PA3PSITIA

H.A.A3apenxoe, H.A.bu3tokos, A.E.Kawaéba, K.H.Cepeoa

IpezncraBiieH HOBBIH YCKOPHUTEIb TBEPIOTENLHBIX HOHOB Ha 0a3e MarHeTPOHHOTO PaCIIbLIMTENILHOTO pa3psiaa. B
TAKOM MOHHOM HMCTOYHHKE MOHBI pab0Uero raza MCIOJB3YHOTCS Ui O0MOApAUPOBKH U PACHBUICHHS IHJIHHAPHYE-
CKOU MHUIIICHH, CIICTAHHOW M3 METallJIa WIIK TUAJICKTPUYECKOro MaTepraia. PacibUieHHbIE aTOMbI MOTYT OBITh HOHH-
3UPOBAHBI U U3BJICUCHBI HOHHO-ONTHYECKON YCKOPSIONICH CUCTeMOM. VIcbITaHNs TIOKa3ajIK, YTO HOHHBIH HCTOYHHUK
MOJXKET YCTOHYMBO pab0TaTh B TEUCHUE JUIMTEIBHOTO BPEMEHH, KOTOPOE MPEUMYIIECTBCHHO ONPEACIACTCS PacXo-
noM mumieHd. [Tomy4yeHsl cMenaHHbIe HOHHBIE ITyYKH, COCTOAIINE U3 PA3IUYHBIX TBEPIOTEIBHBIX HOHOB (B, C, Si,
Ti, V, Fe, Ni, Ta, W) u nonoB pabouero rasa.

IMPUCKOPIOBAY TBEPJOTIJIBHUX IOHIB HA BA3I MATHETPOHHOI'O
PO3IMUJIIOIOYO0I'O PO3PANY

M.O. Azapenkos, 1.0. biztokos, A.€. Kawmaba, K.M. Cepeoa

[IpencraBiieHo HOBUI MPUCKOPIOBAaY TBEPAOTLILHUX 10HIB Ha 0a3i MarHETPOHHOTO PO3IHIIIOIOUOr0 po3psny. B
TaKOMy 1OHHOMY JDKepelli 10HM po0o4oro ra3ly BHKOPHUCTOBYIOTbCS Ul OOMOapIyBaHHS 1 pPO3MMIIIOBaHHS
MarepiaiB, SIKi BUKOPUCTOBYIOTBCS SIK ILMJIIHIPUYHA MillleHb. PO3MuiieHi aTOMH 10HI3YIOTBCS i €KCTparyroThCs
IOHHO-OITHYHOIO TPHUCKOPIOIOUOI0 CUCTEMOI0. BumpoOyBaHHS NOKa3zanu, IO 10HHWUH NPUCKOPIOBAY MOJXKE
CTaOLTBHO TIPAIOBATH MPOTITOM JOBroro 4acy 0Oe3 aHISKuX MpobieM 1 moTpedye Juimie 3aMiHH PO3MIIIOBAHOT
MimreHi. OTpuMaHi My9KH Pi3HOMaHITHUX TBEPAOTUIRHUX i0HIB (B, C, Si, Ti, V, Fe, Ni, Ta, W) 3MilIanux 3 ioHaMH
pobodoro razy.
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