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P-TYPE ZINC SULPHEIDE PRODUCTION BY ION IMPLANTATION OF SILVER.
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Shumilov V., Generalov Yu.p.
(P.N,Lebedev Physical Institute Academy of Sciences Of the USSR)

The thebretical analysis of the problems of p~type zinc
sulfide production by means of silver ion implantation inelu-
ding the calculation of the radiation defects distribution
profiles and the thermodynamic calculations of the equilibrium
seli-compensation under the annealing determines the techndlo—
gical conditions when the p=~type conductivity obtaining is pos-
sible in this material,

The calculation by Monte-Carlo method has shown that the
distribution profiles of implanted silver atoms and the radiaw
tien-induced defects namely ones of the vacancies and intersti-
tial atoms (VS’ Sis Zny, Vﬁn) in both sublattices during the
ion implantation are more favoursble for the formation of the
isolated acceptor centres Aan then for the compensated asso-
ciators (Vgdg,, ).

It is connected with the Ffact that the point radiation-in-
duced defects concentration at the maximum of the silver atoms
distribution is determined by ralations: v2n> Znig Vs- Si<.Ag.
Coulomb and Firsov potentisls were used as scattering potenti-
als.Displacement energies of Zn and S etoms out of their
lattice sites were taken 15 ev and 9 ev [1] respectively.

For each case of scattering a kind of centre was played by ta-
king into account the differemce in differential cross section
of scattering,
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At the following annealing of the radiation-induced de-
fects it is possible an appearance of the thermodynamically
equilibrium self-compensation of acceptor cetres by sulphur
vacancies. At the usual temperature conditions of the ZnS do-
ping (the temperature above 1000°0) the self-compensation is
determined by the unfavourable relationship between the band-
gap and the enthalpy of the compensating native defects forma-
tion.

The fulfilled thermodynamical calculations have shown
that at the sufficient low temperatures of doping the formation
of compensating vacancies becames disadvantageously from the
energy point of view. The intensive self-compensation processes
start at the temperatures above 500°C. Hence this temperature
ig a limit one for the annealing of the ion implanted zinc sul=-
phide in the sulphur vapours.

Phe experimental data confirm in general the correctmness
of these calculations. The specially unoriented ZnS single
crystals grown from the melt with resistivity of order
107% Ohmecm were implanted by Ag-ions with the 50-60 kev ener-
gy end the dosage 10 = 107% en™2, The sample temperature was
50-~70°C throughout the implantation,

In the 400-450°C temperature range of annealing in sulphur
vepours the implanted samples were of hole conductivity with

the resistivity 'IO3 - ‘105 Chmecm. At the annealing temperature
above 450°C the n~type of conductivity is observed. The annea=
ling in argon vapours results in the p=-type but at the same
annealing temperatures and dosages the resistivity is one or
two order higher then after the amnealing in the sulphur va=—

pours.
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