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ABSTRACT

The work deals with the epitaxial PbSe layers grown on the KCl substrates by the method of “hot-wall” molecular epi-
taxy over the range of layer thicknesses of 20 - 2000 nm. Special emphasis is put on the values of elastic deformations
that could be generated and frozen in epitaxial layers with the aim of influencing their energy spectra and optical pro-
perties. The maximum deformation at layers tension made up 57% of the initial mismatch between the layer and the
substrate (¢ = Aa/a = 0.015). In such a solid-state structure effective “negative” pressure is realized, which is justified
by increase in the tangential lattice constant and the forbidden gap width. This width correlates with the tangential lat-
tice constant (deformation) and corresponds to certain values of definite frequencies of direct electron transitions across

the forbidden gap.
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1. Introduction

Semiconductor layers at mismatch with the substrate
>0.01 are a promising field of the physics and materials
science of semiconductors.

In epitaxial heterostructures, the strained state depends
on the lattice mismatch and the difference between the
thermal coefficients of expansion of the substrate and the
epitaxial layer. In the result of the shift of energetic
bands and subbands because of deformations in strained
layers the forbidden gap width changes. In this connec-
tion, narrow-gap IV-VI semiconductors, characterized by
a significant relative change of the forbidden gap under
elastic stress, are of interest [1]. This feature allows ad-
justing the emission and photosensitivity spectra in a
wide IR region with the help of hydrostatic and uniaxial
pressure. If the layers of IV-VI semiconductors are
grown on the substrates with a larger lattice constant un-
der the conditions of their stretching, and not contracting,
by the substrate, i.e. under the conditions of effective
“negative” pressure, the forbidden gap width may in-
crease significantly. When such layers are doped with Cr,
In, YD, the shift of their levels to the depth of the forbid-
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den gap is observed as well [2]. These impurities stabi-
lize the Fermi level, and, for some compositions of solid
solutions of IV-VI semiconductors, it may be located in
the middle of the forbidden gap. This results in a signifi-
cant decrease in the concentration of current carriers and
in the realization of the quasi-dielectric state in the nar-
row-gap semiconductor with conservation of the charac-
ter of direct electron transitions across the forbidden gap.

The attainable stress limit in the layers is determined
by the initial mismatch between the layer and the sub-
strate. The calculated critical thickness at which the
complete relaxation of stresses in the layers with mis-
match of ~0.01 must take place abruptly is less than 20 A.
However, in actual cases, because of some barriers and
features of substrates, the accumulation of elastic energy
of the layers by defects (dislocations, cracks etc.) is re-
tarded, and only partial relaxation takes place. Hence,
though residual deformations decrease with the layer
thickness, they may come to light at the layer thicknesses
much greater than 20 A [3.4].

When growing PbSe on the KCl substrate (apps. =
6.126 A, agc = 6.290 A,fo = Aa/a = 0.026), we manage
to keep the stress (unrelaxed state) at the level of 20% -
30% of the complete mismatch at the layer thicknesses of
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>500 A. According to the calculation of deformation
effects in semiconductors, the increase in the forbidden
gap width in such supercritical nanolayers will make up
tens meV [5].

Similar structures may serve as a basis for designing of
highly sensitive high-temperature IR photodetectors. Un-
der the conditions of effective “negative” pressure, the
dielectric state can be realized for a wide range of new
compositions of solid solutions and respectively to cover
a wider IR spectral region. It is evident that, in this case,
the problem of obtaining the supercritical strained layers
and the related significant widening of the forbidden gap
of IV-VI semiconductors takes on great significance.
This paper is devoted to the investigation of just these
problems.

2. Epitaxial Layers and Investigation
Methods

Epitaxial PbSe layers on the KCl (100) substrates were
obtained by “hot-wall” molecular epitaxy. The tempera-
ture of the epitaxy source represented by polycrystalline
PbSe was 450°C - 510°C, the temperature of the KCl
substrate generally made up 240°C - 300°C. The layer
growth rate made up 0.5 - 2.0 nm/s depending on the
source temperature. The thicknesses of analyzed layers
varied from 20 to 2000 nm.

Because of a significant mismatch between the crys-
talline lattices of the KCI substrate and the PbSe layer,
thin layers prove to be in the elastic-stressed state. In
spite of some relaxation, part of stresses persist, and the
unrelaxed state of the epitaxial layer is formed. The elas-
tic stresses are found by the deformations of the crysral-
line lattice.

The deformations in strained layers were assessed
from lattice constants determined by X-ray diffraction
patterns of the reflection from the crystal plane (400) in
the scanning mode 6 - 26 and calculated by the formula:

a=A/2sin0- (W’ +Kk* +1) =24/sin0 (1)

where A is the X-ray wavelength; 6 is the Bragg diffrac-
tion angle, 4, k, [ are Miller indexes. The lattice constant
determined in this way coincides with the tangential
component of the lattice constant of the epitaxial layer
[6]. The deformation ¢ in epitaxial layers in relation to
the PbSe monocrystal was determined as follows:

&€= (ar ~ Appse )/anSc (2)

and the deformation ¢’ in relation to the KCI substrate
was determined as:

g'z(aKm —a, )/aKCl‘ 3

The layer thickness was determined by measuring the
reflection of X-ray radiation from the planes of multiple
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orders, for instance, of (200) and (400) at the presence of
a layer and without it.

The forbidden gap width of strained and unstrained
epitaxial layers was studied by their optical characteriza-
tion. The index of refraction, and the reflection and ab-
sorption coefficients were determined sequentially by the
experimental data on the optical transmission. The for-
bidden gap width was determined by straightening ab-
sorption in each case. The optical transmission of the
layers was detected in the wavelength interval of 2.5 - 25
um with the help of double-beam prism-diffraction spec-
trophotometer SPECORD-75IR.

3. Results

The PbSe layers grown at the temperature of the KCI
substrate lower than 200°C had an amorphous structure.
With the aim of conservation of the unrelaxed state of the
layers, the temperature of the substrate was maintained
relatively low, generally over the range of 240°C -
300°C.

The growth of the layers thinner than 50 nm was better
controlled when the substrate was heated up from the
rear side with an incandescent lamp, and not under iso-
thermic conditions by using an electric heater as it was in
other cases.

In Table 1 the tangential lattice constants and the de-
formations in relation to the PbSe monocrystal (¢) and
the KCI substrate (¢') at different layer thicknesses are
listed. It is obvious that, as the layer thickness decreases,
the lattice constant and deformation ¢ increase, whereas
deformation €' decreases. This is also seen in Figures 1(a)
and (b). At the thickness of 20 nm, the deformation ¢
makes up 57% of the initial mismatch of PbSe with the
KCI substrate.

The residual deformations ¢’ in relation to the KCI
substrate could extend at the thicknesses beyond 250 nm,
as it is seen from Figure 1(b), but of our interest are the
layers for which ¢ > 0.001.

The structure of the layers, the existence of lead or se-
len oxides and of their compounds with chlorine on the
surface or in the depth of the layers was studied at X-ray
@ - 26 scanning of the layers of different thicknesses over
a wide range of 20 angles, 23° - 135°. As is seen in Fig-
ures 2(a)-(c), the position of the lines reflected from
crystal planes (200), (400) and (600) corresponds to the
changed lattice constant of PbSe (with the NaCl structure)
with increasing stress in the layers.

The absence of peaks with other orientations for the
layers of thicknesses >100 nm verifies the monocrystal-
line character of the layers. Neither oxides nor chlorides
are revealed in the X-ray spectra within the instrument
sensitivity.

For the thinnest layer SL-262 of 52 nm thick, splitting
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Table 1. Tangential lattice constants, thicknesses and relative mismatch-deformations for epitaxial PbSe layers grown on the

KCI (100) substrates (d =20 - 2000 nm).

. Relative Relative
Substrate Source Growth Tangential Layer Layer  mismatch-deformation mismatch-deformation
No. Layer temperature temperature time t. s lattice constant thickness growth rate a—a.. , a -a .
T, °C T,°C ’ a, A d, nm v, nm/s &=——"%x10 &'=—+4—x10
anSe aKCI

1 SL-69 240 510 3600 6.126 (4) 1830 0.5 0 2.607
2 SL-216 240 450 300 6.136 (4) 193 0.6 0.163 2.447
3 SL-237 280 470 90 6.142 (1) 157 1.8 0.261 2.354
4 SL-277 240 470 30 6.149 (0) 181 6 0.375 2.406
5 SL-241 300 470 80 6.162 (4) 101 1.8 0.586 2.035
6 SL-258 300 470 77 6.172 (0) 83 1.1 0.751 1.876
7 SL-251 320 470 78 6.175 (4) 72 0.9 0.816 1.828
8 SL-255 300 470 75 6.177 (4) 68 0.9 0.833 1.797
9 SL-262 300 470 67 6.188 (2) 52 0.8 1.012 1.622
10 SL-185 240 450 360 6.203 (3) 41 0.1 1.257 1.383
11 SL-177 300 450 330 6.219 (5) 22 0.07 1.518 1.128

Layers SL-177 and SL-185 were obtained by heating up of the substrate from the rear side (by an incandescent lamp). Layer SL-277 was grown at the distance
of ~1 mm between the ampule end and the substrate, in the rest cases it was equal to 12 mm.

T T T T I

1.5} (a)

0.5

Relative mismatch (107)

0 | | | | 1
0 50 100 150 200 250
Layer thickness d (nm)

Figure 1. Dependence of the mismatch-deformation of the
epitaxial PbSe layer on its thickness: (a) In relation to the
PbSe monocrystal; (b) In relation to the KCI substrate.
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of the peaks at reflection from the (200) and (400) planes
was observed. This splitting could be referred to the ap-
pearance of texture with the increasing deformation and
to the partial transformation of the cubic lattice into the
tetragonal one.

An important issue is whether the lattice constant of
strained layers changes with time if they have been
stored at room temperature. The data on tangential lattice
constants of some layers measured a year apart showed
that, taking into consideration the measurement accuracy
of Aa = 0.0004 A, the lattice constants hardly changed.

The forbidden gap width of epitaxial PbSe layers was
determined by the optical transmission spectra, which
were processed according to the model of the Fabry-Pe-
rot interferometer. The transmission coefficient by inten-
sity is [7]:

T =

(1=7)(1=12 Jexp (25 -d)/[ (1=R)" +4Rsin’ p-d |

where 7] = Nppse — Nair/ Npbse T Nair 18 the reflection coeffi-
cient by the amplitude at the boundary between the PbSe
layer and the air, 7, = Nppse — Nic/Npose T Nkc 1S the re-
flection coefficient by the amplitude at the boundary be-
tween the PbSe layer and the KCl substrate;

R=nn, exp(Zﬁ[ 'd)’ﬂzanPbsC//lsﬂf =-af2.

“)
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Figure 2. Diffractograms of @ - 260 scanning of the PbSe layers of different thicknesses.

Here d is the thickness of PbSe layer, I—the wave-
length, a—the absorption coefficient of the PbSe layer, N
—refraction indexes of different media.

In Figure 3(a) is shown the spectrum of optical trans-
mission of layer SL-69 (1.83 um thick), which is suffi-
cient for observation of interference peaks. In this case,
the following relation holds:

2Nd = mA. )

The indexes of refraction were determined for six
maximums m = 1, 2, -+, 6 and corresponding minimums
and were extrapolated to higher photon energies (Figure
4(a)). Then the reflection coefficients by the amplitude 7,
and r, (Figures 4(b) and (c)) and the absorption coeffi-
cient o from expression (4) were determined sequentially
at known values of transmission coefficients. The ob-
tained results are listed in Table 2. Here are also given
the absorption coefficients by free carriers (a.cq), Which
were assessed by equating them to the absorption at high
wavelengths. The squares of differences (o — ocfr_m)2 and
[(1/y)(a— aﬁ_car)]z, where a is the total absorption (band-
band absorption plus the one by free carriers), and 1/y
considers for degeneracy (the concentration of current
carriers in the layers makes up about 5 x 10" ¢cm™) and
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increases the absorption, for instance, at band edges. At
the high concentration of current carriers, the absorption
begins at the level higher than Fermi one (the absorption
edge). For restoring the absorption spectrum inpure semi-
conductor, we multiply (& — @j...r) by factor 1/y — o' =
(1/y) (¢ = f.car), The dependence of 1/y on the Fermi
level at given E, and T was presented in work [8]:

1/ {1+ (EF_E)} E=hv-E ©)
y = exp——, E=hv—
kT g

Here Ep-Fermi level, E,-the forbidden gap width. At
the high concentration of current carriers in PbSe, the
calculated value of the Fermi level Er in the unstrained
layer was determined to [9,10] and made up 50 meV. In
the result of straightening of absorption coefficients, de-
pending on the photon energy, the absorption edge and
the forbidden gap width was determined in unstrained
PbSe (SL-69) both in degenerate and nondegenerate
cases (Figures 5(a) and (b)). The corresponding values
were 325 and 286 meV, and they served as approximate
data for the analysis of strained layers.

The spectrum of one such PbSe layer SL-277 (0.18 pm
thick) is shown in Figure 3(b). In this case, the spectrum
varies monotonically at a slight inclination with the
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Figure 3. Optical transmission spectra of the PbSe layers of different thicknesses: (a) d = 1.83 pm; (b) d = 0.181 pm.

Table 2. Data on the processing of the optical transmission spectrum of layer SL-69 (PbSe/KCl; d = 1.83 pm).

1

No. A, pm Texp a,cm’ A fr-car» em!' (a— af,4_m,4)2, cm? 1y (0 = Cprcar) 1/y, cm™ (@ =[(a— Ofy-car)’ 1P em?  hv, meV
1 7.81 0.281 6236 6233 4.47E+00 50.2 106 1.13E+04 159
2 7.09 0242 5427 3982 2.09E+06 39.4 56,901 3.24E+09 175
3 6.17 0.37 3832 2463 1.88E+06 26.7 36,526 1.33E+09 201
4 5.49 0.223 3511 1752 3.10E+06 18.5 32,546 1.06E+09 226
5 5.05 0.371 3351 1343 4.03E+06 13.9 27,862 7.76E+08 246
6 4.55 0.192 2981 1020 3.85E+06 9.5 18,536 3.44E+08 273
7 429 0.431 2516 856 2.76E+06 7.6 12,599 1.59E+08 289
8 3.85 0.162 3513 668 8.10E+06 4.9 14,024 1.97E+08 322
9 3.64 0.194 5235 580 2.17E+07 3.9 18,374 3.38E+08 341
10 3.31 0.082 7404 465 4.81E+07 2.8 19,134 3.66E+08 374
11 3.24 0.103 8060 430 5.82E+07 2.5 19,358 3.75E+08 383

wavelength. Unlike the spectrum of the SL-69 layer 1.83
um thick, over the entire wavelength range of 2.5 - 25
um, the necessary condition for appearing of resonance
peaks A/2N < d is not met, and the half-wave does not fit
in the layer.

Based on the indexes of refraction for the unstrained
layer (Figure 4(a)), the optical characterization of the
strained layer was performed in the same way. The cor-
responding. results are listed in Table 3. Comparing the
data presented in Tables 2 and 3, it should be noted that,
as the layer thickness decreases, the absorption by free
current carriers increases, and the absorption minimum in
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the spectrum shifts towards high energies.

Straightening of the absorption coefficients in the de-
generate case results in the value of the absorption edge
equal to 372 meV, whereas for the non-degenerate case
the forbidden gap width makes up 340 meV. This means
that, at the deformation ¢ ~ 0.04 (appse = 6.149 A), the
forbidden gap width increases by 54 meV. This increase
can be considered as minimal, but with consideration for
the change in the index of refraction at deformation, ac-
cording to the calculation, the forbidden gap width in-
creases by 74 meV and may make up 360 meV.

In Figures 6(a) and (b) is shown the dependence of
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Figure 4. Dependences of the index of refraction of PbSe (a),
and reflection coefficients r; at the semiconductor—air
boundary (b) and r,—at the semiconductor-substrate boun-
dary (c) on the photon energy.

squares (o — opf»mr)z and [(1/y)-(a — oq,r,.w,.)]2 on the photon
energy hv for SL-277.

4. Discussion

The deformations determined by the tangential lattice
constants are associated with the mismatch in the lattice
constants between the layer and the substrate. If the de-
formations were determined by the discrepancy between
the coefficients of thermal expansion of PbSe and KClI,
because of the two-fold excess of axc; over apyse (akcr =
3.7 x 107 degf]; appse = 1.8 x 107° degfl), the layers
would shrink and respectively the lattice constant of
PbSe would be less than 6.126 A (or more precisely, be-
cause of the discrepancy between the coefficients of

Copyright © 2012 SciRes.
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Figure 5. Dependence of the squares of the absorption coef-
ficients in the unstrained PbSe layer SL-69 on the photon
energy: (a) In the degenerate case; (b) In the nondegenerate
case.
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Figure 6. Dependence of the squares of the absorption coef-
ficient in the strained PbSe layer SL-277: (a) In the degen-
erate case; (b) In the nondegenerate case.

thermal expansion, the layer shrinks slightly, whereas the

effect of tension is much higher). At high concentration
of nonstoichiometric defects of (1 - 5) x 10" ¢cm™, they
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Table 3. Data on the processing of the spectrum of layer SL-277 (PbSe/KCl; d = 0.181 pm; N = Npps,).

No. 2, pm Toop o em ' G, cmM (00— Opear)’, 1/y (@ =[(0t = Opocar) (/PP e kv, meV
1 5.000 0.213 39,609 39,550 3.53E+03 13.30 6.24E+05 248
2 4.000 0.185 22,426 21,884 2.93E+05 5.72 9.60E+06 310
3 3.700 0.179 18,707 18,157 3.03E+05 420 5.34E+06 335
4 3.571 0.176 18,035 16,681 1.83E+06 3.66 2.45E+07 347
5 3.509 0.175 17,756 15,974 3.18E+06 3.42 3.70E+07 353
6 3.448 0.174 17,386 15,307 4.32E+06 3.19 4.41E+07 360
7 3.390 0.174 17,282 14,706 6.64E+06 2.99 5.95E+07 366
8 3.333 0.173 17,282 14,137 9.89E+06 2.81 7.82E+07 372
9 3.279 0.173 17,598 13,612 1.59E+07 2.65 1.11E+08 378
10 3.252 0.173 17,936 13,359 2.09E+07 2.57 1.38E+08 381
11 3.226 0.173 18,318 13,113 2.71E+07 2.50 1.69E+08 384
12 3.125 0.172 20,414 12,212 6.73E+07 224 3.36E+08 397

are likely located in dislocation nuclei, and the character
of their movement changes from sliding to “crawling”,
i.e. it proceeds with braking because of a higher diffusion
coefficient. As this takes place, the accumulation of the
elastic energy of layers by dislocations and hence the
relaxation of stresses is retarded. For relatively low tan-
gential lattice constants (¢ < 6.150 A), their values in-
crease with the increasing growth rate of the layers (Ta-
ble 1, SL-277).

The mirror morphology of the layers, their continuity
and the absence of cracks allow us to use a model of the
Fabry-Perot interferometer when processing the trans-
mission spectra. In Ref. [11], in similar layers roughness
(graininess) was observed; the mean-square size of ridges
made up about 20 nm. As the estimation showed, the
abovementioned model is appropriate in this case as well.
Actually, the interferometric requirements satisfy the
condition that the mirror roughness was less than the
wavelength in the medium reduced by an order of mag-
nitude. For the layers under study, the wavelength, for
instance, of 2.5 um at the index of refraction N =5, 1 =
500 nm and it exceeds the roughness (50 > 22) even be-
ing reduced by a factor of ten.

The model of the Fabry-Perot interferometer is used
just as for the analysis of transmission spectra for the
layers for which the condition A/2N < d, i.e. the half-
wave is less than the layer thickness, is fulfilled (in this
case the interference peaks are revealed) so for the thin
layers when the transmission increases monotonically
with the increasing wavelength.

As mentioned above, the forbidden gap width of epi-
taxial layers was determined by sequential determination

Copyright © 2012 SciRes.

of the index of refraction and the reflection coefficients
from adjacent media (the air and the substrate), and the
absorption coefficient of the layer. For thin layers (SL-
277), when there are no resonance peaks in the transmis-
sion spectra, the index of refraction for the expanded
spectral region to a first approximation is determined by
the data on thicker layers (SL-69). The second approxi-
mation is the determination of the index of refraction in
the strained thin layer by the relationship

AN = (dN/dE)-AE,, where the derivative dNV/dE is esti-
mated by a change in the index of refraction in different
compositions of the IV-VI semiconductors, and AE,—
via the deformation ¢ at known deformation potentials
and elastic constants.

For determination of the forbidden gap width of the
epitaxial layers, two types of straightening of the squares
of absorption coefficients were analyzed [12]: 1) o =
fhv) and 2) (ahv)* = ).

The quadratic dependence of the absorption coefficient
on the photon energy is fulfilled for direct electron tran-
sitions. In the IV-VI semiconductors such transitions are
effected at the absorption coefficients of >3000 cm ™' [13].
In this connection and with account for that, in general,
E(hv) = 300 - 400 meV, the straightening of the squares
of the absorption coefficients is carried out by their va-
lues in the interval from 10"to 5 x 10% cm™ for the first
type, and from 10" to 5 x 10" cm™? for the second type.

The data on the straightening for layer SL-69 per-
formed by the second version are listed in Table 4 and
shown in Figure 7. Here a" = (a — 0.c0r):(1/y)-hv. Com-
paring the character of straightening in the first and the
second cases, it can be noted that, by the number of ex
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Table 4. Data on the processing of the transmission spectrum of layer SL-69, type of straihtening (ahv)* = fthv).

No Aum Ty "

O Opears (@ Opa)s  [(@ Opear) VT Y
~1 2 ) Y

—_ . . _ N . 2 — - . . 2
@~ @)1 [0 areY VY [@= Gy IFL

cm cm cm cm cm cm cm
1 7.81 0.281 6236 6233 4.47E+00 1.13E+05 50.2 106 1.13E+04 2.84E+08 159
2 7.09 0242 5427 3982 2.09E+06 6.39E+10 39.4 56,901 3.24E+09 9.90E+13 175
3 6.17 0370 3832 2463 1.88E+06 7.57E+10 26.7 36,526 1.33E+09 5.38E+13 201
4 549 0223 3511 1752 3.10E+06 1.58E+11 18.5 32,546 1.06E+09 5.39E+13 226
5 5.05 0371 3351 1343 4.03E+06 2.43E+11 13.9 27,862 7.76E+08 4.68E+13 246
6 455 0.192 2981 1020 3.85E+06 2.86E+11 9.5 18,536 3.44E+08 2.56E+13 273
7 429 0431 2516 856 2.76E+06 2.30E+11 7.6 12,599 1.59E+08 1.33E+13 289
8 385 0162 3513 668  8.10E+06 8.41E+11 4.9 14,024 1.97E+08 2.04E+13 322
9 3.64 0.194 5235 580 2.17E+07 2.52E+12 3.9 18,374 3.38E+08 3.93E+13 341
10 331 0.082 7404 465  4.81E+07 6.75E+12 2.8 19,134 3.66E+08 5.13E+13 374
11 324 0.103 8060 430 5.82E+07 8.55E+12 2.5 19,358 3.75E+08 5.50E+13 383
perimental points participating in the straightening and 9 | T : : ' L.
by the obtained values of the forbidden gap width for . [(& ~ 0otp ) hv]*10" (a) |
pure non-degenerate PbSe at 7= 300 K, they are similar: .,
286 and 291 meV, respectively (error in the determina-
tion of E, is 5 - 6 meV). In Ref. [12] both types of 6 - 7
straightening for the IV-VI semiconductors were dis- ~ 5 F -
cussed, and it was demonstrated that at hv = E, they pro- g 4| .
duce similar results. z 5L |
. . . =} c
For more precise correspondence with the experiment 2
at hv > E,, it is suggested to revise the assumptions about 2
. . |5 " A
the constancy of the matrix element and the quadratic s 1 E, =318 meV
law of dispersion (i.e. of the independence of the pro- g L : L
bability of electron transitions and the density of states g 9 |- (am10” (b) 4
from the effective mass) when deriving the correspond- 2 ¢l i
ing formulae. For thin layer SL-277 a similar picture is .
observed: the widths of forbidden gaps for both types of <
straightening are almost the same, 340 and 343 meV, (in 5 °I N
the limits of the error), respectively. The absorption edge % 5 - B
for the first type increases by 32 meV, whereas for the AR 4
second type—by 24 meV. 3 - |
By and large both types of straightening showed the 5
increase in the forbidden gap width of £, > 70 meV with
account for the dependence of the index of refraction on L= ¢ E,=291meV .
the deformation ¢ = 0.004. L L L1 L '
It should be noted that in our investigation it was taken 200 250 300 350 400
into consideration that, at high concentration of current Photon energy (meV)

carriers, the absorption coefficient by free carriers is about
~A* [12]. For such absorption the section increases with
decreasing layer thickness, and for SL-277 (d = 0.18 pm)
it makes up 5 x 107'® cm”. A significant increase in the
absorption coefficient by free carriers of PbSe equal to
10°cm™ at A = 5 pum and in the absorption sections at the
same thickness of layers was reported in Ref. [11].

Thus, the effective “negative” pressure in the strained

Copyright © 2012 SciRes.

Figure 7. Dependence of the squares of the absorption coef-
ficients in the unstrained PbSe layer SL-69 on the photon
energy at straightening type (ahv)* = f{hv). (a) In the de-
generate case; (b) In the nondegenerate case.

layers is justified by increase in the tangential lattice

constant and the forbidden gap width, which mainly en-
hances as the thickness of layers reduces.
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Conclusions

Thin strained PbSe layers were grown on the KCl
substrates by the method of “hot-wall” molecular
epitaxy. The deformations occurring in the layers are
associated with the mismatch of lattice constants be-
tween the layer and the substrate. The maximum de-
formations at layer stretching made up 57% of the
initial mismatch (¢ = 0.015).

The deformations in the layers are estimated by the
changes in tangential lattice constants with which the
forbidden gap width correlates. The increase in the
forbidden gap width for, as an example, the layer with
deformation & ~ 0.004 made up 54 meV, with account
for the change in the index of refraction at the defor-
mation of 74 meV.

To different deformations correspond certain fre-
quencies of direct electron transitions. If previously a
wide IR spectral range was covered by producing the
complex heterostructures on the basis of multicom-
ponent materials [14], the resolution of this problem
in the strained layers is much simpler from the stand-
points of research and technology and becomes quite
promising.
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