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THE DIELECTRIC PROPERTIES OF THE ZnS FILMS
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The dielectric properties of the ZnS films obtained by magnetron sputtering on the glass and the mica are considered. Beginning from the
thickness of 150 A. the films were solid. The dependence of dielectric constant on thickness shows the decrease of ¢ in the range of 0.1 mkm
and less. The frequence dependence of tgé increases. and versus the electrode resistance media it decreases. The moisture effect on the di-

electric loss tangent is also shown.

1. INTRODUCTION

The dielectric properties of films are of great Interest both
in studies of electroconductivity of such films and their appli-
cation in different devices.

The description of dielectric properties in literature refers . L. .

mainly to thick films intended for preparation of condenser in
microelectronics. It is clear that for the condenser with a high
capacity the films of low thickness and high dielectric con-

stant are necessary. As the solid films of a very low thickness ;; g

with permanent properties are very difficult to be prepared.

~ films doe$ not nearly affect their properties. In the case of

cracking and shelling of these films under the effect of me-
chanical tension, their effective dielectric constant becomes lower.
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rather thick films (more than 500 A for oxide films) are usu- . iglevef [ /

ally used in condensers. Thus, the study of temperature and
frequency dependences of dielectric constant and dielectric
tangent of the ZnS films is the purpose of the present paper.
The thin films of ZnS were obtained, by the magnetron sput-
tering method in argon medium {1}.

The mica and glass were used as the substrates. The alu-
minum and golden electrodes were used as the contacts. The
structure and morphology of films were controlled by elec-
tron diffraction camera.

2. RESULTS AND DISCUSSION

Theoretical calculations show [2] that the dielectric con-
stant of films is independent of the thickness up to several
atomic layers. This fact was confirmed experimentally [3]
with organic films of cadmium stearate with perfect structure
and thickness to 24 A. The dielectric properties of the dielec-
trics films are estimated according to the results of a simul-
taneous measurement of capacity and dielectric tangent. The
dielectric loss coefficient measured is composed of the di-
electric losses of different mechanisms and the dielectric loss
at series connection of electrode resistance with capacity.

The contribution of electrode resistance to electroconduc-
tivity depends on frequency and this fact should be taken
into account. That is, in order to decrease the dielectric loss
coefficient at high frequencies, the metallic electrodes of low
resistivity should be used.

When deposited from the vapor phase, the atomic accu-
mulation takes place during the growth. As a result, the thin
films (200 A) are usually porous and the dielectric constant
values of such films decrease rapidly with decrease in thick-
ness [4]. The dielectric constant (&) of the ZnS films is shown
in fig.1. When the film porosity effect on the dielectric con-
stant is appreciable, the film thickness depends on the way
and conditions of film deposition. In the case of ZnS, this
thickness decreases with decrease of the substrate tempera-
ture. For the mica substrate it is lower than for the glass. A
high inner mechanical tension usually existing in deposited
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Fig.1 The dependence of dielectric constant on the ZnS film
thickness: 1) Al-ZnS-Al on the mica at 25°C:
2) Al-ZnS-Al on the glass at 25°C:
3) Al-ZnS-Al on the glass at 300°C.
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Fig.2 The frequency dependence of dielectric loss in the ZnS
films: 1) The solid line — without account of the electrode
resistance:
2) The dash line — with account of the electrode
resistance.

The electric field applied to the thin film of the dielectric is
usually of the order of 10° V/m that is close to the breakdown
voltage value. If the polarization in the dielectric does not
correspond to the change of the field, the dielectric losses, as
is known, appear. Principally, the dielectric losses refer to the
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bulk properties and should be independent of the thickness if
the structural defects are not involved into any relaxation
mechanism. If the film is not very thin, the thickness does not
affect the dipole reorientation. The dielectric losses can be
varied by stoichiometry, Therefore, their magnitudes strongly
depend on the deposition conditions. As the temperature in-
creases and depending on the material of electrodes that dif-
fuse in the dielectric film, the intensive increase in losses is
observed [5]. The frequency dependence of the loss coeffi-
cient measured with the ZnS condenser of 1000 pF in capac-

! ity i§ shown in fig.2. The increase of the losses:at high fre-
quencies is due to unaccounted electrode resistance.

The solid lines in fig.2 denote the data without account of
electrode resistance, while the dash line denotes the data with
account of electrode resistance. The dielectric loss in such
films ¢an be explained by excess concentration of vacancies.
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The dependence of dielectric loss has the maximum at 200
and 450 K correspondmg to the activation energles of 0,15
and 1,12 eV.

Subsequent to film deposition, their dlelectnc losses in-
crease with the film aging. The loss coefficient and the capa-
city are higher, the lower the frequency. Hence, one can say
that at frequencies below 100 Hz a certain relaxation mecha-
nism takes place, while at frequencies about ~ 1 Hz the de-
pendence of (&) and tgd has the form of the plateau which
can be considered as the mechanism attributed to the joint
action of the two mechanisms of losses, at least.

The absorbed moisture considerably increases the capac-
ity and the dielectric loss even in the case of material insolu-
ble in water. This increase of capacity and the dielectric
losses is probably due to the effect of principal mechanisms
of the change of € and tg¢&.
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ZnS NAZIK TOBOQOSININ DIELEKTRIK XASSOLORI

Magqaleda maqgnetron tozlandirma iisulu ile siise ve sliida tizerinde alinmmg ZnS nazik tebegasinin dielektrik xassolorino baxilmigdir.
Qalinhg1 150 A —den boyiik tebaqgaler selt tebaqaler idi. Tebaqalerin dielektrik niifuzlugunun qalmhgdan asthlig gosterir ki. 0.1

mkm-dan kigik qalinhqlarda ¢ azalir. Dielektrik itkisi tgd tezlik artdigca artir. ancaq elektrodlarin miigavimetini nazera alsaq, azalir.
isde hamginin su buxarlarinin dielektrik itgisi tg&~ya tasiri gostarilmisdir.
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Sl JHIEKTPHYECKHUE CBOMCTBA IUIEHOK ZnS

PaccMOTpeHB! AM3IEKTPHYECKHE CBOUCTBA MACHOK ZnS, NofAy4€HHbIX MarHETPOHHBIM PaclblICHHEM Ha cTekne W cone. [lnenku Gbun
CIVIOWIHBIMHA, HauuHas ¢ TonmMAsl 150 A. Tonmennas 3aBHCHMOCTD IMNEKTPUIECKONH POHMIIACMOCTH MOKA3BIBACT YMEHBUICHHE, £ HauH-
Had ¢ 0.1 MKM U MéHbIIE. 3aBUCHMOCTbL £gS 4acTOTHI BO3PAcTAeT: a ¢ y4éTOM CONPOTHRBIEHHS 3NEKTPONOB, yMeHpwaercs. [lokasaHo Tak-

)K€ BAMSAHHE BJIar¥ Ha tgd AUIIEKTPHUYECKHMX NOTEPD.
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