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ISOPERIODIC HETEROJUNCTIONS BASED ON
Pb;..Sn,Se, PbSe Sy EPITAXIAL FILMS
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Institute of Photoelectronics of Azerbaijan National Academy of Sciences
370141, F.Agayev str., 555quarter, Baku

p-Pbx5n,Se/n-PbSe,,S,/BaF, isoperiodic epitaxial heterostructures have been obtained and peculiarities of growth and their electrical
and photoelectrical properties have been investigated. Epitaxial films have been grown by molecular beams condensation method at 10™ Pa
of vacuum, The data on structure of films were obtained by electronographic, X-ray diffractometric and electron-microscopic methods. The
heterojunctions are photosensitive in the spectral range 8+12 pm. Maximum of the photosensitivity is observed at the wave length
A=11,8 um. The observed displacement of the photosensitivity maximum in the short-wave length of the region of the spectrum is interpreted

by the increase of the condensation temperature of the upper layer.

Persisting interest in Pb,Sn,Se narrow gap solid solution
and their use in different fields of optoeletronics stimulates all
round research of their physical properties, playing a decisive
role in development of the infrared photoreceiver in the
atmospheric window from 8 to 14 um based this material
[1,2]. It is informed in [3] about photodiodes with the Shottky
barrier based on Pb;.Sn,Se (0.06<x<0.07) layers, obtained
on BaF, spallings, and the delectability is on one order higher
than for photodiodes based on Pb,,Sn,Se monocrystals. In
these layers the concentration of charge carriers is
(2+6)-10" cm™ at 77 K. Peculiarities of the growth and
electrophysical properties of Pb,,SnSe (x=0.03+0.07)
epitaxial layers doped by indium (N;,;=0.3+0.05 weight.%)
with various degrees of compensation, grown on BaF,
spallings, were investigated in [4,5]. The optical absorption
edge on the indium-doped (N,<0.08 weight.%) Pb,..Sn,Se
(x=0.07) epitaxial layers have been investigated in [6]. It is
necessary to note that, until recently, there were not
experimental works on the receipt and investigation of
photovoltaic srtuctures on the base of Pb,,Sn,Se thin films of
monocrystals or epitaxial films of Pb,.,Sn,Se solid solutions.
It is connected, apparently, with the absence of materials with
the lowered concentration (<10'® cm™). However theoretical
analysis of A"B"' solid solutions demonstrates a number of
advantages of Pb,..Sn,Se solid solutions for making of such
structures. The same experimental work on making of
Pbyg ¢38n, 7Se/PbSe heterojunctions, and investigation of their
electrical and photoelectrical properties for the first time was
published in 1997 [8]. Heterojunctions were produced by the
vacuum epitaxy method of PbSe films on the Pb,,Sn,Se
monocrystals. However, for creation of monolithic matrix
photoreceivers, producing isoperiodic heterojunctions based
on epitaxial layers on the dielectrical substrates are very
interesting. Such substrates allow to realize the electrical
decoupling of separate functional elements at the creation of
multi-elements devices. In this work we present results of
investigation of electrophysical and photoelectric properties
of p-Pbys3Sng¢7Se/n-PbSe heterojunctions obtained on the
basis of epitaxial films of above-mentioned solid solutions.

The films were grown by the molecular beams condensa-
tion method on the newly chiped off and polished sides of
BaF, {111,100} substrate, under a vacuum of about 10™ torr.
Lattices constants of contacting pairs have the identical value
(@posnse=apbses=6,19A).  Synthesized samples, doped by
indium (In), were used for receipt of p-Pb,..Sn,Se films with

low concentration of charge carriers (p<10"cm™). Perfection
of films structure was controlled by electronographic, X-ray
diffractometric and electronmicroscopic methods. The spectral
and volt-current characteristics have been investigated.

Fig.Ia. Electronogram and the electron microscopic photograph
of Pbg ¢38n, 7S¢ a) electronogram of the reflection,

Fig 1. Electronogram and the electron microscopic photograph
of Pby g38ng,07S¢ b) electron microscopic photograph of
the surface.

For the making of heterojunctions, at first, the thin p-Pb...Sn,Se
films with the thickness about 1+1.5 pm (Veong =7+8 B/s) were
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ploted on BaF, {111,100} substrate at the temperature
(400+450)%0.5°C by the method [4]. Measurements of the
half-width of x-ray diffraction swinging curves showed, that
the structural perfection of films is on the level of best
samples obtained by the method condensation of molecular
beams (W,,=100+150 angl.s.) and films grow in the plane
parallel to the base according to  [4-6]. Electronograms and
electromicroscopic photographs also confirm this fact.
Electronograms on reflection are characterized by reflexes
stretched from the shade to the sample. It testifies on relative
large dimensions of the blocks and on high crystalline
perfection, respectively (fig.1.a). The smooth surface without
second inclusions have been observed (fig.1.b) on the
electron-microscopic photographs. p-Pb,.,SnSe epitaxial
films with the mobility z=(2+3)-10°*cm*V-s and charge
carriers concentration p=2:10'°:3.10"%cm> on the BaF,
substrates, have been received with application of the
additional compensating Se steam source at the growth
process. The method with the additional source of selenium
allowed to lower the concentration of charge carriers and to
receive single phase films without second inclusions. Then
Pb,..Sn,Se (x=0.12) epitaxial films of the n-type conductivity
were grown without breakdown of the vacuum. Additional
compensating selenium source was used during this growth.
Pb,,SnSe films had the charge carriers concentration
n=3-10"+4-10" cm™ which was estimated on measurements
of Hall effect and photomagnetic effect. The n-type PbSe;.,S,
films were received at temperatures of condensation T=(250;
300; 350)°C. Mask with the size of gaps about 0.3 mm was
used for making of heterojunctions conducted in the united
technological cycle in the process of films growth.
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Fig.2. Volt-ampere characteristics of the p-Pby 5381 97Se/n-
PbSeq 88S0,12 heterojunctions.

The obtained heterojunctions with charge carriers
concentrations (p=2-10'%:3-10"7 em™; n=3.10""+4.10" cm™)
have rectifying properties (fig.2). The volt-ampere
characteristics of the heterojunctions show that the insulation
current strongly depends on the degree of structural
perfection of the p-layer. The straight branch of the volt-
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ampere characteristic at small displacements (=30+100 mV)
is submited to the exponential law J=J,-exp(eU/BKT). The
coefficient B changes in the range from 2.0 to 2.5 at 7=77 K,
that is characteristic for the generation-recombination process
of the current leaking through the region of the space charge
[10]. In the region of high straight displacements ({=100+130 mV)
the current leaking is determined by the tunnelling (=9+10).
The spectral dependence of p-Pb,.Sn,Se/n-PbSe,.,S, photo-
sensitivity at =80 K is shown on fig.3. The reduction of the
charge carriers concentration in PbSe,,S, thin film leads to
the decrease of nonequilibrium defects in the n-type layer
and, at the same, time stimulates appearance of the photo-
sensitivity peak in the short-wave range of the spectrum with
the maximum at A=7,8 um in the spectral characteristics of
heterojunction photo reply.

J, mat
4
| 77K
2k
| .
100 200 U mv

Fig. 3. Spectral dependence of the p-Pbyg;Sngg7Se/n-PbSe S 12
heterojunction photosensitivity.

The shift of the photosensitivity maximum to the short-
wave region is observed with the increase of the condensation
temperature (T) on the spectral characteristics of hetero-
junctions produced at T,=(250; 300; 350)°C. Indeed, such
increase of T, leads to decrease of the concentration of
nonequilibrium defects in the n-layers and, at the same time,
stimulates processes of atomic diffusion in the contact region
of heterojunction components. Apparently, in accordance
with work [8], the diffusion of tin become noticeable from the
base to the growing layer of PbSe .S, at temperatures of
condensation more than 300°C. As a result, the blurring of the
metallurgical border occurs. In this case geometrical
dimensions of blurring regions are comparable with the extent
of regions of the spatial charge and the heterojunction
acquires characteristics of the varizon structure that leads to
the shift of the photosensitivity maximum of heterojunctions
at the temperature growth of their making. Thus, for practical
applications, heterojunctions are interesting, manufactured at
the condensation temperature T,<300°C with the spectral
distribution of the photosensitivity determined by characteris-
tics of heterojunction components in basic regions.
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Pb1.xSnsSe, PbSe1.«Sx EPITAKSIAL TOBOQOLORI OSASINDA iZOPERIODIK HETEROKECIDLOR

BaF: altlglart uzerinde p-PbixSnxSe/n-PbSer-xSx izoperiodik epitaksial heterokecidler ahnmis, onlarin elektrik ve fotoelektrik
xassolori todqiq edilmisdir. Epitaksial toebegeler molekulyar destenin kondensasiyas1 metodu ile 104Pa vakuumda yetisdirilmisdir.
Tobegelerin struktur milkemmalliyi elektronoqrafik, rentgendifraktometrik ve elektronmikroskopik metodlar vasitesi ile
Oyrenilmigdir. Alinmis heterokegidlor spektrin 8+12 mkm dalga oblastinda fotohessadirlar. Fotohessahgin maksimumu dalga

uzunlugunun A=11,8 mkm qiymstine uygun gelir. Gésterilmis dir ki, yuxan s-tip tebaganin kondensasiya temperaturu artdigca,
fotohessasligin maksimumu qisa dalgalar oblastina teref siiriigiir.

W.P. Hypues, X.JI. xxanunosa, H.B. ®apamxkes, A.M. Hazapos

MN30NEPUOJUUYECKHUE F'ETEPONIEPEXOABI HA OCHOBE
3MHUTAKCHAJIbHBIX IIVIEHOK Pb,_Sn,Se, PbSe,.S,

[TonyueHB! H30NIEPUOANIECKHE IMUTAKCHANILHBIE TETEPOCTPYKTYpPhl p-Pby,Sn,Se/n-PbSe,.,S,/BaF,, uccienosansl UX 3MeKTPOPH3UUIEC-
KK H (POTOSTEKTPUYECKHE CBOMCTBA. DTMTAKCHATTLHBIE MIIEHKH BBIPAUIEHBI METOZI0M KOHICHCALMH MOJIEKYIAPHBIX ITy4KoB B Bakyyme 107 ITa.

CTpyKTypHOE COBEPLIEHCTBO TMIEHOK KOHTPOJIHPOBANOCH EKTPOHOTPADHYECKHM, PEHTIEHOAMPPAKTOMETPUIECKHAM 1 JNIEKTPOHHOMHK-
POCKONUYECKMM METOAaMH. M3TOTOBIEHHBIE reTEpONepexXobl 0Ka3anuch GoTodyBCTBUTENBHBIMI B 06nacTH criektpa 8+14 MxM. Maxcu-
MAIbHOE 3HAYCHHE (POTOUYBCTBHUTENILHOCTH Hab/IONAETCA NP IuHE BOMBHBI A=11,8 MkM. ITokasaHo, 4TO ¢ yBE/IMYEHUEM TeMMepaTyphl
KOHIEHCALMK BEPXHETO CNOS MAKCHMYM (DOTOUYBCTBUTEIFHOCTH CMELIIAETCA B KOPOTKOBOIHORYHO 06NacTh.
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