MAGNETRON WITH A CONCAVE HEMISPHERICAL CATHODE
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A magnetron set up with a hemispherical concave cathode has been worked out for the first time. The cathode
center of curvature was registered with the sputtered surface. An aluminum nitride film was sputtered by this magnetron
in the pulse regime. The pulse duration was about 2 ms. The film thickness was between 10 to 12 nm. The sputtering
rate was about 50 nm/s. The magnetron characteristics agree with a qualitative model of the magnetron.

PACS: 85.45.Db;85.45.Fd

In magnetron sputtering systems (MSS), flat or
convex (e.g., cylinder) cathodes are usually used [1-3].
But such cathodes provide rather non-uniform density of
sputtered atoms in the plane of a substrate, and the flux
value is 10 to 100 times less than that near the cathode
surface. If the cathode surface is concave from the side of
the covered surface, then the density of the atomic flux
directed on it can be considerably increased due to
increase of the spatial angle providing observation of the
cathode from the points of a covered object. Besides,
uniformity of the flux can be considerably increased.
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Fig. 1. The scheme of the magnetron with a hemispherical
cathode: 1 — cathode, 2 — constant magnet, 3 — system of
magnetic field lines,
4 — magnetic core, 5 — anode

Fig. 2. Photo of the magnetron discharge

We have investigated some characteristics of the
magnetron with a hemispherical cathode presented in
Fig. 1. When evenly sputtering all the surface of this
cathode in accord with the Lambert law [4], the density of
flux in the meridional plane is even, and its value is equal
to m for the unit “brightness” [5, 6]. The same figure
illustrates lines of magnetic field, which are built using
the data of measuring its radial component. With this
configuration and value of magnetic field, when the
pressure reaches 107?Torr the discharge arises at the
voltage 700 V and is quenched at 270...290 V. Fig. 2
shows the discharge view. It can be seen that the
discharge ignites almost evenly over the cathode area
except the segment of 7-mm diameter near the axis.

When sputtering, the substrate was practically located
in the cathode meridional plane. Using the total time of
sputtering 0.2 s, we obtained the aluminum nitride films,
transmission spectra of which are shown in Fig. 3. The
measured spectra have been presented with dots. The
transmission spectrum for normal incidence of radiation
that was calculated for the case of a dielectric film with
weak absorption [6] has been pictured there, too.
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Fig. 3. Transmission coefficients for the AIN film
sputtered on a glass substrate: in the center (1) and near
the cathode edge (2).

The solid line is an approximation of the curve 1

Choosing the refraction index and absorption coefficient,
we reached a satisfactory coincidence between the
experimental and calculated spectra for the film geometric
thickness 10 nm. It corresponds to the estimated
sputtering rate 50 nm/s. This value is more than one order
higher than that in magnetrons with flat cathodes. A
narrow dispersion of thicknesses testifies a satisfactory
uniformity of the film growth over the covered area.
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Beside continuous discharge, there is a small glowing
spot in its center. The glowing region is located inside the
cathode cup at the distance of 6 mm from the meridional
plane along the axis. Its diameter is no longer than 3 to
5 mm. It is fully probable that this cloud is related with
plasma radiation in caustics that arise due to presence of a
“mirror” component in angular distribution of sputtered
atoms [7,8]. To obtain a caustic in optics presents no
difficulties even for a small value of the mirror
component. The density of atoms in caustics can be
estimated by the following way. Let the characteristic
dimension of the cathode be L, and the caustic looks like
a filament with the diameter d; and a dot with the size d».
Then, in the filament and dot caustics the density of atoms
will be L/d, and (L/d>)* times higher than that at the
cathode surface. Beside caustics, the origin of this spot
can be related with intersection of electron trajectories
near the cathode center. But respective estimations give
values considerably smaller than the cathode radius.

As a result of these preliminary experiments, we
ascertained that magnetrons with concave cathodes can be
used to obtain even thickness over the area of sputtered
films in the reactive method.

Thus, using the magnetron with a concave
hemispherical cathode one can obtain a high rate of
sputtering the films of aluminum nitride, which more than
one order exceeds that in magnetrons with flat cathodes.
These sputtered films are even in their thickness over all
the covered surface. The obtained data give a basis to
construct an experimental model of the magnetron with a
concave hemispherical cathode to prepare films for
optical and semiconductor facilities. These results can be
used to efficiently sputter the film coatings in various

technologies. Perhaps, using these magnetrons one will be
able to obtain plasma clouds of a high density.

Further experiments will give an answer to the
question of advantages and lacks in the offered
construction of the magnetron with the hemispherical
cathode.
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MATHETPOH C BOITHYTBIM IIOJIY COEPUYECKHUM KATOJOM

b.B. Cmeuenxo, A.U. ll]ypenxo, I0.I'. 3aévan06

BriepBele co3pmaHa MoJenb MarHeTpoHa C IOJMyC(EepHYECKUM KaToJOM, BOTHYTHIM B CTOPOHY HAaIbUISEMOMN
MMOBEPXHOCTH. B HUMIyIbCHOM peXHMe HamblIeHa IUIEHKA HUTPUAA AalIOMUHHS, TONIIMHA KOTOPOW B IIEHTpE
3anbUICHHONM MUomaaku paBHa 10 HM, a BOmM3M kpas karoma — 12 M. Ckopocts HambuteHus — 50 HM/c.
XapaKTepUCTHKH MarHeTPOHA KAYECTBEHHO COOTBETCTBYIOT MOJICIIBHBIM PacuéTam.

MATHETPOH 3 YBI'HYTUM HAINIBC®EPUYHUM KATOAOM

b.B. Cmeuenxo, A.1. LHypenxo, I0.I'. 3a6’anoe

Briepiie cTBOpeHO MOJIETb MarHeTpOHY 3 HamiBCpepUUYHMM KaToIOM, IO YBITHYTHH y OiK NOBEpXHi, Ha SIKY
MIPOBOIUTHCS HAMOPOIIEHHS. B iMITyThCHOMY peXMMi HAIlOpOIIeHA IUTiBKAa HITPHIY AJIOMHUHHUIO, TOBIIMHA SKOi B
LIEHTPI 3arnopolieHoi obsacti nopiBHioe 10 HM, a mobnu3y kpas katoay — 12 um. llIBuakicts 3anopomienss — 50 Hm/c.
XapaKkTepHCTHKU MarHeTPOHY SKiCHO BiANIOBINAIOTh MOJICIEHIM PO3paxyHKaM.
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