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A new solid ion source is described. The ion source based on hollow-cylindrical magnetron sputtering discharge
produces the beam of various solid ions (B, C, Si, Ti, V, Fe, Ni, Ta, W) which are then extracted by an ion optical accel-
erating system. In this ion source DC discharge is used for generation of the ions of different metals and capacitively
coupled RF discharge with a frequency 13.56 MHz is used for generation of the ions of other solid materials.

PACS: 52.80.-s

1. INTRODUCTION

The sources of ions of solid materials are used for im-
plantation of impurities and dopants, thin-film deposition,
material modification. Designs of metal ion sources can
be divided into several types depending on 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 ion source
having more or less typical design [1, 2]. lons of metals,
which have relatively low ionization potential, can be ob-
tained due to surface ionization directly on the hot metal
surface [3, 4]. But these methods applied for metals with
high melting temperature provide only little beam current.
In this case vacuum arc ion source is convenient [5]. In
this source metal vapor vacuum arc discharge is used for
plasma production. In this type of the ion source pulse du-
ration reaches 100 us, pulse reiteration frequency is about
1 pulse per second and beam current is about 10 mA.

Ions of different metals may be also obtained by sput-
tering from an electrode in a discharge. It is clearly that
only sputtered-based sources have simple construction
and can operate under room temperature. Owing to con-
figuration of the electrical and magnetic fields being or-
thogonal, stable glow discharges and intense sputtering 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 hollow-cylindrical magnetron sput-
tering discharge is described.

2. DESIGN

The sketch of the ion source with accelerating elec-
trode is given in Fig. 1. The basic elements of the con-
struction of the hollow-cylindrical magnetron sputtering
ion source are the following: anode (1), cathode block (2)
and magnetic system (3).

The water-cooled end anode is made of non-magnetic
stainless steel and is electrically isolated from the cathode
block. The anode is powered and cooled through the iso-

lated vacuum feedthroughs in the bottom of the cathode
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block. The shape of the anode provides reduced redeposi-
tion of sputtered target material on surface of the isola-
tors.

The water-cooled cathode block of the ion source is
used as a cathode of the discharge gap and provides cool-
ing of sputtered target. The cathode block consists of the
water-cooled hollow-cylindrical cathode made of stainless
steel (4), which also is used as a holder of sputtered target
(5). The target is fixed in the cathode block by electrode-
extractor (6).
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Fig. 1. 1 —anode, 2 — cathode block, 3 — magnetic sys-
tem, 4 — water-cooled hollow-cylindrical cathode,
5 — sputtered target, 6 — electrode-extractor,
7 — accelerating electrode

The magnetic system produces arch magnetic field
with a peak intensity of 500 Oe near the interior surface
of the sputtered target.

The working gas (4r, H,, CH,) is fed through the
channels of the rear side of the ion source (not viewed on
Fig. 1) into the cathode-anode discharge gap. The work-
ing gas pressure in the discharge volume of the source can
be adjusted in a range of 107 - 10™* Torr.

The cathode can be capacitively coupled to a
13.56 MHz RF power supply with power up to 2.5 kW or
can be connected to DC power supply with negative po-
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tential up to 1000 V" with respect to the anode. The mag-
netic field, in conjunction with the electric field applied to
the sputtered target (5), create intense plasma in the near
target region. From this region working gas ions are ex-
tracted and accelerated by the cathode potential to cause
sputtering, mainly in the region of the magnetic field arch.

The accelerating electrode (7) produces electric field
which extracts ions from the magnetron discharge plasma
and forms them into a beam. The accelerating electrode
shape approaches to Pierce geometry.

The advantage of such a construction of the ion source
is fairly small losses of sputtered material owing to isola-
tion of the gas discharge volume. The non-extracted
atoms are deposited on the target surface and can be sput-
tered again. This fact and absence of hot cathodes in the
source construction provide much enlarged operational
life of the sputtered target and opportunity to operate with
chemically active working substances.

The extraction of ions is carried out by the electrode-
extractor (6).

3. THE ION SOURCE OPERATION

During experiments the discharge voltage (Uy), dis-
charge current (/4), pressure (p) were measured.

10

Discharge current 1, (V)

450 500 550

300 350 400

Discharge voltage U (V)

Fig 2. Voltage-current plots under different pressures:
1—p=300" Torr, 2 — p=80~ Torr, 3 —p=3007 Torr

The discharge was initiated in the area of sputtered
target under such conditions: voltage was in range of
U;i=325+530 V' and the discharge current changed in
range of [4=03+8 A4, pressure was in range of

p=5010"*+ 50107 Torr . Figure 2 shows typical volt-

age-current plots under different pressures.

The electron current density distribution along radius
of hollow cylindrical sputtered cathode under different
discharge parameters was also measured (Figure 3). It can
be seen that the electron current reaches a value of dis-
charge current at the system axis, i.e. the stream of elec-

trons from the discharge region travels across a magnetic
field in radial direction toward the system axis. The
stream of sputtered atoms is formed and travels also to-
ward the cathode axis where the sputtered atom density
peaks. Thus, in the given 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 and enhanced current density of
extracted solid ions.
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Fig. 3. The current density distribution along the beam
radius: 1 —14=5 A, 2 — 15,=8 A. The pressure was p=3[]
107 Torr

4. CONCLUDING REMARKS

A new solid ion source is described. The ion source
based on hollow-cylindrical magnetron sputtering dis-
charge produces the beam of various solid ions (B, C, Si,
Ti, V, Fe, Ni, Ta, W) which are then extracted by an ion
optical accelerating system. In this ion source DC dis-
charge is used for generation of the ions of different met-
als and capacitively coupled RF discharge with a frequen-
cy 13.56 MHz is used for generation of the ions of other
solid materials.
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JUKEPEJIO TBEPJOTIJIBHUX IOHIB HA BA3I IIOPOKHBOI'O HUJITHAPUYHOI'O
PO3IINJIIOBAJIBHOT'O MATHETPOHHOI'O PO3PANY
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M.O. Azapenkos, O.A. biziokos, 1.0. bizioxkos, B.B. bookos, A.€. Kawaba,
K. Kpizep, K.M. Cepeoa, 1.K. Tapacog

OmnmcaHo HOBE JUKEPETIo TBEPIOTUIBHUX 10HIB. J[epero i0HIB Ha 0a3i MOPOKHBOTO IITIHAPHIHOTO PO3MMITIOIOYOTO
MarHeTPOHHOTO PO3psAAy TeHepye Mydok pisHux TBeppoTinmeHUX ioHiB (B, C, Si, Ti, V, Fe, Ni, Ta, W), ski moTim
BUTSTAIOTHCSl 10HHO-ONTUYHOIO NPHUCKOPIOIOYOI0 CUCTEMOIO. Y IIbOMY 10HHOMY JDKepeli JUisi TeHepamii 10HIB pi3HUX
METaJiB BHKOPHCTOBYETHCS PO3PS IOCTIHHOTO CTpyMy, a sl TeHepalii iOHIB IHIIMX TBEpAWX MaTepialiB
BUKOPHCTOBYEThCSI eMHICHUI BU-po3psin 3 wacrororo 13,56 Mru.

NCTOYHHUK TBEPAOTEJBbHBIX HOHOB HA BA3E IIOJIOTO MWJINHAPUYECKOT' O PACIIBLJIN-
TEJBHOI'O MATHETPOHHOTI' O PA3PSIJIA

H.A. A3apenkos, A.A. buswkos, H.A. buszioxos, B.B. booxos, A.E. Kawaba,
K. Kpuzep, K.H. Cepeoa, U.K. Tapacoe

OmnucaH HOBBIM UCTOYHUK TBEPAOTEIbHBIX HOHOB. VICTOYHUK HOHOB Ha 0a3e MOJOro HMUIMHAPHYSCKOTO PACIIBIIUTEb-
HOTO MarHETPOHHOTO pa3psa MPOU3BOIUT MYUOK pa3IHIHBIX TBepAoTensHBIX MoHOB (B, C, Si, Ti, V, Fe, Ni, Ta, W),
KOTOPBIC 3aTE€M H3BIICKAIOTCS MOHHO-ONITUYECKON YCKOPHUTENBHOM cHCcTeMOr. B 3TOM MOHHOM UCTOYHUKE JUIs TeHEpa-
MU MOHOB PA3IMYHBIX METAJIOB UCIIOIB3YETCS Pa3ps MOCTOSTHHOTO TOKA, a JIIs TCHEepaluid HOHOB JIPYTHX TBEPIIBIX
MaTepHaJIoB UCTIONb3yeTcst eMkocTHOM BU-paspsa ¢ yactoToit 13,56 MI'm.
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