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[Undoped p-PbSe layers were epitaxially grown on CaF,(111) substrates at 485T, which
had good crystalline quality with smooth surface morphology as reported previously,
For the preparation of double layers, Pb, ¢4Sng ¢s5e(LTS) layers could be epitaxially
grown on top of PbSe layers at various growth temperatures ranging from 485C to 2007.
The relations between RHEED patterns and the growth temperature indicated that epitaxy
of LTS(111) can be maintained even at 2007, although RHEED patterns vary from streaky
to more spotty when the growth temperature is further reduced down to 200T. This epi-
taxial temperature is considerably lower as compared to that in the direct growth on
CaF,. In the results, epitaxial temperature of LTS could be reduced by growing on the
PbSe/CaF,. This may be attributed to the fact that the lattice mismatch between LTS
and PbSe is much smaller than that bteween LTS and CaF,, and the thermal mismatch is
negligible small for both these material combinations. PbSe can behave as a virtual
substrate available for subsequent growth of LTS. The X-ray rocking curves of the
Bragg(222) reflection for the upper LTS layers were measured and the FWHM values were
evaluated. The dependence of FWHM values for Bi doped layers on the growth temperature
indicated that the FWHM tended to increase when the growth temperature was reduced and
especially for LTS layers grown at below 3007, the FWHM became larger. The results
suggest that LTS is desired to grow at above ~300T, because the increase of FWHM
corresponds to deterioration of crystalline quality in epitaxial layers. PbSe layer
was undoped and p-type with hole carrier concentration of the order of 10'7cm™?® at 77K,
whereas LTS layer doped with Bi or Bi,Se; became n-type by adjusting the dopant flux
and the electron carrier concentration was estimated at the order of 10'%cm™ % and the
crystalline quality of LTS layer doped with Bi,Se; is not so different from that with
Bi in the case of concentration level ~10'®cm ®. From the SIMS analysis, the deviation
from the abrupt profile of Bi concentration was observed at the interface between LTS
and PbSe. This suggests possible diffusion of Bi from LTS side into PbSe side. The
depth from the interface to PbSe side where Bi concentration was reduced by one order
of magnitude, was estimated at <5004 in the case of doping time of 5 min. and the
growth temperature of 300 ~400T and tended to increase as the growth temperature
increased. The depth for layers doped with Bi.Se; was found to be somewhat smaller
than that for layers doped with Bi, Diffusion coefficient was roughly estimated from
the solution of diffusion equation for the constant concentration, resulting in the
value of the order of 10~ '°cm?/sec in the case of Bi diffusion from LTS(n ~10"%cm™?)
into undoped PbSe(p ~10"7cm~?) at 300 ~400T. This value is guite smaller than that of
junction diffusion in p-n junction with nonstoichiometric gradients for Pb-salts,
Therefore, the use of impurity doping with good carrier control, would be preferable
to that of nonstoichiometric gradient for junction device growth,

Electrical characterisation by C-V properties is in progress. ]



