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ABSTRACT

In this work, thin films of Pbg9Sng;Se were deposited by thermal vacuum evaporation and pulsed laser
deposition techniques. XRD measurements reveal a cubic crystalline structure for the prepared powder
and deposited films. SEM micrographs show that the films consist of fine grains of size in the nanoscale.
EDX analysis confirms the compositional analysis of both powder and films. Both the optical and photo-
conductive properties of those films were studied for comparison. Free carrier absorption was observed
in the thermally evaporated films which were reduced by vacuum annealing at 773K for 1 h under as a
result of removing defects. The optical band gap of the thermally evaporated films was also reduced by
annealing which was explained by removal of a Burstein-Moss shift. A strong increase of band gap of
films deposited by pulsed laser technique was also abserved while it was explained by enegy gap confin-
ment effect associated with nanostructures of semiconducting materials. Photoconductivity measurment
shows that the photosensitivity of the pulsed laser deposited films is higher than those of the thermally
deposited films by five order of magnitude. While the photoconduction process of thermally evaporated
films is slower than that in pulsed laser deposited films.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

The IV-VI compound systems based on lead, Sn and Se are
important class of narrow band gap semiconductors that have
potentials applications in optoelectronics device [1-8]. Such appli-
cations are IR laser diodes and photo detectors working in the
wavelength range 3-30 wm. This IR spectral range can be cov-
ered either by change the Pb-Sn composition from 0.0 to 0.45
that the absorption edge of the compound decreases as composi-
tion increases or by partially replacement of the selenium atom
by tellurium [9-11]. Pb;_,SnySe system is a cubic crystal struc-
ture with direct band gap. Many techniques were used in order
to deposit IV-VI chalcogenides for different applications such as IR
thermal imaging [12-14]. The quite nearest reported material for
PbggSng1Se is the PbSe. PbSe monocrytalline layer deposited by
molecular beam epitaxial growth possesses carriers lifetime in the
range 10-20 s near the room temperature [15].

This carriers lifetime is obtained using the photoconductiv-
ity measurements of the rise and decay relaxation peaks. This
value is close to the single crystalline material which possesses
single carrier type and single scattering mechanism. The carriers
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lifetime depends upon many parameters such as temperature and
type of scattering process. Polycrystalline and/or nanocrystalline
materials possess different scattering processes. Carriers scatter-
ing process is predominated by grain boundaries which reduces
the carrier's mobility from several thousands to few cm?2/Vs
consequently the corresponding mean free path of carriers gen-
eration and recombination is then changed which reduces the
apparent carriers lifetime to longer value than in single crys-
talline material. Long-term carriers lifetime can be observed in
photoconduction experiment at lower light chopping. At higher
frequencies of light chopping the intrinsic or other carrier lifetime
process can be also observed. Deposition technique of chalcogenide
materials was found recently controlling the deposited film prop-
erties. Many reports in lead selenide and its ternary compounds
were deposited by chemical solution growth techniques [16-21],
molecular beam epitaxy, MBE [22-25], electrochemical deposition
[26], sol-gel technique [27], thermal evaporation [28,29], thermal
reduction method [30], hydrothermal synthesis [31] and colloidal
solution [32]. Each technique treats a specific problem such nano
architecting, nano devices, wide area, ease preparation, nano par-
ticles and colloide, respectively. Reports of composition control
by flash evaporation, thermal vacuum deposition and electron
beam evaporation techniques have been also performed [33-35].
Thermal evaporation was observed to produces good quality film
although flash evaporation technique was observed to control the
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composition better while the film structures is multi-layers. Elec-
tron beam deposition technique collects the two advantages that
control the composition and produces single continuous layer. The
aim of this work is to deposit PbggSng 1Se thin films under vac-
uum by two different deposition techniques such as pulsed laser
and thermal evaporation. The comparison between those films is
taken into account by studying the structural, optical, electrical and
photoconductive properties of those films.

2. Experimental procedure

Pure elements of Pb, Sn, and Se of 5N (Alfa Aesar GmbH & Co) were used in
the preparation of Pbg9Sng 1 Se ingot material. Appropriate weights of Pb, Sn, and Se
were chosen to produce composition at x=0.1 then they are mixed and poured in
a clean silica ampoule closed from one side. The ampoule was evacuated from the
other side at 10~4 Torr and sealed by wilding a narrow nick which was made before.
The ampoule was heated in a muffle under two temperature programs that were
suggested for safe and homogenous preparation of the material. The first program
has a final temperature around the melting point of selenium which is characterized
by a smaller rate and longer time spent at higher temperature. The second program
starts normally after cooling down without afraid of selenium vapor pressure incre-
ment because Se is then partially reacted with Sn, Pb or both of them. In the second
heating program, the temperature was increased until 1373 K and fixed 3 h at this
temperature. During the temperature rising and reaction process, the ampoule was
shacked up and down and rotated vertically every 15 min in order to homogenize
the reactants. The molten material was cooled down below the melting point at
1355K with high cooling rate by ambient in order to prevent segregation. After
cooling down to room temperature, the ampoule was broken and the ingot material
was collected in an agate mortar then crushed to fine powder. Two tablets were
prepared by hydrostatic press at 8 ton/cm? under vacuum in order to be used as the
material source. The first tablet was evaporated in a Mo boat under high vacuum
of 10-6 Torr using a standard Edwards A306 Auto coater with conventional rotary
and turbo molecular pumps. The evaporation process was optimized at evaporation
rate 10A/s and the heating current pass through the boat was 2.8-3.0 A. The sec-
ond tablet was evaporated by Pulsed laser deposition system. A XeCl pulsed laser
beam of wavelength 308 nm and energy 4] entered a quartz window. About 50,000
pulses were used in evaporation of the rotated tablet of the ingot material. The
substrates were supported on rotating disc holder during evaporation process in
both two techniques. The substrates were selected to be glass slides, single crys-
tals of KBr crystals and pressed polycrystalline powder of KBr. A standard cleaning
procedure was applied on both the glass slides and the silica tubes of the ingot
material preparation. Both the glass substrates and ampoules were cleaned several
times using ultrasonic cleaner, detergent, double distilled water and final washing
with ethanol, respectively. XRD measurements were performed using X-ray diffrac-
tometer of type Shimadzu 7000 maxima powder diffraction under the measurement
conditions of X-ray tube voltage was 30 kV, current was 30 mA, wavelength Cu Ka1
A=1.5406 A and the scan range was 5-90° with scan speed 1°/min. SEM of type
“Jeol-JSM-636 OLA” was used for studying the surface morphology of the deposited
films. The cross sectional image of the film-substrate interface was studied in order
to examine the film adhesion and determine the film thickness at different points
of the broken edge. Besides, EDX (Energy dispersive X-ray spectroscopy) technique
used for the composition of the powder and films. FT-IR of type Shimadzu 8400 was
used for studying the optical transmittance of the films and reference substrate was
also used. Photoconductivity experiment was constructed using a set of mirrors that
reflect and focus the light source. Tungsten-halogen lamp of power 20 W working
at 12V was used as wide spectral range light source. The filament emits the visible
region to near infrared region of the spectrum while the heated quartz envelop of
the bulb re-emit the far IR range.

3. Results and discussions
3.1. Structure

X-ray diffraction patterns presented in Fig. 1 show that the
ingot materials and all deposited films are polycrystalline struc-
ture. The calculated interplanar spacing, d (A) were compared with
those in the standard card of PbSe-SnSe solid solution cubic sys-
tems, Card No. [00-071-6518 for x=0.2, 01-071-6517 for x=0.4,
00-002-0588 for x=0, 00-001-0848 for Se, 00-014-0159 for SnSe
of the ICDDVIEW 2006 data base]. The calculated compositions
in between shows that those d-values and corresponding unit
cell dimension, a (A) which agree well with the Pb;_,SnySe at
composition, x=0.11. The corresponding hkl of the PbSnSe solid
solution were then identified as shown in Fig. 1. It was observed
that a trace of SnSe diffracted peak was probably found in the
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Fig. 1. XRD patterns of PbggSng;Se powder and thin films.

pulsed laser deposited film which belongs to the (41 1) orienta-
tion, while the other diffracted peaks for powder and films belong
to the PbSnSe phase at composition x=0.1. Powder material pos-
sesses a preferred orientation at (200) in which the crystallites
grown along this direction. The thin films deposited by pulsed
laser and thermal evaporation techniques were grown along the
(111) direction. Annealing of the films at 773K for 1h increases
the preferentiality while other peak intensities decrease except
the parallel planes (111) and (22 2). Pulsed laser deposited film
diffraction pattern is characterized by observable background due
to lower crystallinity and broadening in the diffracted peaks. Peak
broadening was studied in the rule of microstrain-crystallite size
relationship. The Williamson-Hall equation [36] was used in order
to determine the crystallite size as follows:

ﬂcos@:4nsin9+% (1)

where § is the broadening of the diffracted peak and equal to

\ /ﬁfample = Bliicon- Bsample is the measured broadening for sam-

ple and Bjjicon is the measured broadening for silicon single crystal
free from defects in order to eliminate the instrumental broadening.
Broadening was measured at peak width at half maximum inten-
sity of the diffracted peak. 7 is the microstrain, K is a shape factor
close to unity, A is the X-ray wavelength and D is the crystallite size.
Eq. (1) has two unknown parameters, they are the crystallite size
and microstrain. Plotting 8 cos 6 vs. sin 6 produces a straight line of
slope is 41 and intercept is KA/D in which the crystallite size can be
determined as represented in Fig. 2. Powder was found to be neg-
ligible microstrain with average crystallite size about 95 nm. Thin
films deposited by thermal evaporation possess crystallite size of
68 nm and lattice strain of 2.4 x 10~3. Annealing this film increases
the crystallite size to be 72 nm due to crystallite growth, besides
the effect was clearly noticed in reducing the microstrain to be
4.6 x 10~ due to crystallites relaxation by annealing. The crystallite
size of the pulsed laser deposited film was found to be 40 nm. This
small value of crystallite size may come from preventing the growth
process during pulsed vaporization and condensation of the evap-
orated material caused by the pulsed laser beam. In the other side,
the lattice strain in this film was found to be 5.9 x 10~4. According
to X-ray measurements, it can be concluded that the deposition
by thermal evaporation technique of PbSnSe produces low strain
if annealed, while the obtained crystallites is bigger. At both low
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Fig. 2. Williamson-Hall rule for lattice strain and crystallite size determination for
PbgsSng 1 Se films.

strain films, the average crystallite size of thermal evaporated and
pulsed laser deposited films were 72 nm, respectively.

3.2. Compositional analysis and surface morphology

The calculated elemental ratio using standard less analysis (ZAF)
and the atomic percentages were measured by EDX technique. The
comparison between the theoretical calculated composition from
the materials weighing before preparation and the measured com-
position by the EDX is represented in Table 1. It was noticed that
excess Se was observed in both powder and thin films at the sur-
face. This indicates that Se may be accumulated near the surface
while their amount does not exceed 4-5%. The other observation
is that there is high similarity between powder, thermal vacuum
deposited films and pulsed laser deposition films in their chemical
composition. This indicates that the composition is well controlled

(a) 30 KV, x = 25000, 0.1 pm
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Table 1
EDX analysis of PbgoSng;Se material.

Sample Xtheoretical Pb% Sn% Se% Xexperimental

Powder 0.1 42.34 5.48 52.18 0.124

Film deposited by 0.1 41.57 5.67 52.76 0.120
thermal evaporation

Film deposited by PLD 0.1 41.08 533 53.59 0.115

by the used preparation techniques. Three different magnified
images of the films surfaces were performed, besides cross sectional
imaging of the films at broken edge for film thickness measurement
and film adhesion to the substrate. These images are presented
for thermally evaporated films and pulsed laser deposited films as
shown in Figs. 3 and 4, respectively. It was observed that the film
surface structure consists of fine and compact grains of size in the
range 50-70 nm. Besides, there were no cracks or peels observed
at the film surfaces. The cross sectional images of the film show
the two parallel surfaces structure. The thicknesses of the films
were 290 nm and 115 nm for thermally evaporated and pulsed laser
deposited films, respectively. Also there was a good adhesion and
high film coverage on the substrate.

3.3. Optical properties

The optical transmittances of the PbggSng 1Se films were mea-
sured in the FT-IR spectrophotometer are represented in Fig. 5.
These films were deposited on IR transparent substrate made from
KBr pressed powder and BaF, crystals cleaved at (11 1) plane. It
was observed that film deposited by thermal vacuum evapora-
tion technique and the annealed film contains interference fringes,
while the pulsed deposited film did not contain. The contribution
of film thickness on the interference fringes is then clear. It was dif-
ficult to increase the film thickness in the pulsed laser deposition
process unless depositing for longer time, besides deposition for
shorter time in the thermal evaporation technique is not preferable
due to perturbation in evaporation rate. When the thermal evapo-
rated film annealed at 773 K for 1 h, the absorption edge are shifted
towards the longer wavelengths. A small absorption process occurs

(b) 30 KV, x = 40000, 0.5 pm

(d) 30 KV, x=15000, 1 um

Fig. 3. SEM of Pbg¢Sng;Se thin film deposited on glass substrate.
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(c) 30 KV, x=100000, 0.1 pm

(d) 30 KV, x = 30000, 0.5 um

Fig. 4. SEM of PbgoSng;Se thin film deposited on glass by PLD.

below the band edge (at long wavelength) in the un-annealed film
which was observed from the transmittance curve while anneal-
ing process eliminates it. Generally, absorption process at longer
wavelength below the band gap is a contribution of the free carrier
absorption as results of high carriers concentration. The transmit-
tance of the pulsed laser deposited film was observed to be high in
both absorption and dispersion region. The absorption coefficient
« is calculated from the optical transmittance directly using the
film thickness measured by the cross sectional image of the SEM.
The optical band gap, Eg, is a critical parameter that governs the
absorption process given as follows:

hv

100

T (%)
3
1

2 1. Thermal vacuum deposited film
10 2. Annealed thermal vacuum deposited film
1 3. Pulsed laser deposited film
0 T T T T T T T T T

0 5 10 15 20 25
A (um)

Fig. 5. IR optical transmittance of Pbg9Sng 1 Se films deposited on KBr pressed pow-
der.

where B is constant, hv is the incident photon energy. The band gap
was determined by plotting (ahv)? vs. hv in the direct transition
of PbSnSe system. A straight line is produced near the absorption
edge region whose intercept on the abscissa at the band gap. Fig. 6
represents the plots of (ahv)? vs. hv for films deposited by ther-
mal vacuum evaporation and pulsed laser deposition techniques,
respectively. The band gaps were found to be 0.14 and 0.26eV
for thermally evaporated film and pulsed deposited film, respec-
tively. While annealing of the thermally deposited film at 773K
for 1 h reduces the band gap to be 0.12eV as shown in Fig. 7. The
Pbg¢Sng 1Se band gap is in the range 0.11-0.12 depending on com-
position fluctuation due to high sensitivity of the absorption edge
to the composition. Band gap of the annealed film of 0.12eV is
considered as the nearest value of the PbygSng;Se band gap. The
calculated band gap of the pulsed laser deposited film is much
higher than in thermally deposited film. Besides, both of them
are deviated from the band gap of PbggSngSe semiconducting

2.5x10°
1| ®m Thermal Vacuum evaporated film
® Oulsed Laser deposited film

2.0x10° -
1.5x10°

1.0x10° 4

(ahv)? (cm2eV?)

5.0x10° -

000 005 010 015 020 025 030 0.35 040
hv (eV)

Fig. 6. (ahv)? vs. hv of PbggSng 1 Se film as deposited films.
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Fig. 7. (ahv)? vs. hv of PbyoSng 1 Se annealed film deposited by thermal evaporation
technique.

material. Although the band gap is a characteristic property of the
semiconductor and govern the optical properties, it may be shifted
according to important reasons such as the energy gap confinement
phenomena in nanostructured materials and the other increment
of band gap by Burstein—Moss effect. In the first case, if the crystal-
lite or particle size is comparable with the Bohr exciton radius of
the PbggSng 1Se, then the charged carriers are confined in a space
which is too small to interact with each other. The contribution of
such interaction is to increase the band gap by the energy of the
interaction. The band gap is then calculated by the Brus formula
[37,38]:

h? 1.8e2
moD? ® 4meoerD

0.248 x 4m2e*m,
2h2(4meoer )

Eq(D) = Eg pui + 3 (3)
where my is the effective mass. Egp is the energy gap of bulk
material. The term (h2m/8m,D?) is the quantum localization (i.e.
the kinetic energy term). It obviously shifts Eg(D) to higher ener-
gies. The term (—1.8e2/4peye.D) is due to the screened Coulomb
interaction between the electron and the hole, it shifts E¢(D) to
lower energies. The last term in Eq. (3) is a size independent due to
spatial correlation effects and it is usually small in both the value
and the effect on E¢(D) [39-43].

PbSe semiconducting material is characterized by large Bohr
exciton radius of 46 nm [44,45]. At low composition, x=0.1, this
value does not change far from 46 nm and the energy gap confine-
ment effect starts at crystal size close to this value while this effect
decreases at higher crystallite size. The grain size measured by SEM
cannot be considered due to the size of the particle surface and
each particle may contained more crystallites. The X-ray diffrac-
tion measurement shows that the average crystallite sizes of the
as deposited and annealed films are in the range 68-72 nm while a
thin film deposited by pulsed laser technique is 40 nm. Crystallite
sizes in the range 68-72 nm are considered to have minor contri-
bution for absorption edge shift because the average crystallite size
is much higher than the Bohr exciton radius of PbSnSe system. In
the pulsed deposited film, the average crystallite size is close to
or below the Bohr exciton radius i.e. The band gap or the absorp-
tion edge will be affected strongly by this critical crystallite size
[46]. Although the band gap of the annealed film that deposited
by evaporation is shifted below the un annealed film by 0.02 eV
while there is no energy gap confinement effect in these two films.
The decrease of transmittance at longer wavelength is governed

C.B

7® X
K

Fig. 8. Energy band diagram and optical transition across a band gap with
Burstein-Moss shift.

only by free carriers absorption which was eliminated by annealing,
i.e. annealing reduces the defect density and consequently reduces
the free carriers concentration. According to high carriers concen-
tration of un-annealed film and/or lower effective mass of those
materials (in the range 0.1-0.3 depends on the composition), The
Burstein-Moss effect plays an important role in semiconductors
with high carrier concentration and/or low density of state effec-
tive mass. At low density of state effective mass materials such
as Pb-Sn chalcogenide systems, increasing the charged carriers
concentration moves the Fermi level towards the valance band in
p-type semiconductor, (our case). Further increase in charged car-
riers concentration moves the Fermi level inside the valance band
and the system transformed to be degenerate semiconductor in
which the occupation above the Fermi level in the valance band
becomes lower and the top of the valance band becomes empty.
Fig. 8 explains the transition process from a point far from the zero
wave vector in the energy band diagram. Transition of carrier by
absorption of photon starts at a point around the Fermi level not
from the top of the valance band. In this case, the photo excited car-
rier transit at point other than k=0 in the momentum coordinate
and the total difference between the lower state and higher state is
observed as the energy gap with higher value than the nondegen-
erate case. The measured energy gap is then equal to the optical
band gap of the material and twice times of the Fermi level in
case that conduction band and valance band are symmetrical, In
our annealed film, the resultant energy gap was about 0.12 eV due
to transformation from the degenerate state to the nondegenerate
state. This means that annealing process of the thermally evapo-
rated films decreases the carriers concentration by defect removal
in which the overall improvement of the film properties was hap-
pened. In the case of pulsed laser deposited films, there is no free
carrier absorption due to high homogeneity of the chemical com-
position of the film because each laser pulse is high enough to
evaporate the Pb, Sn and Se stiochiometric amount from the source
by a pulse. So that defects caused by inhomogeneity are minor in
this case. Fluctuation of the chemical composition in the thermal
vacuum evaporation process requires annealing process at 773 K
for 1 h to remove those defects.
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Table 2
Photoconductivity of the pulsed laser deposited and thermal evaporated films.

Thermal vacuum
evaporation

Pulsed laser deposition

Thickness (d) 0.115 pm 0.185 pm

Width (w) 1.1cm 1.035cm

Length (1) 1.05cm 1.05cm

R 1.36 M2 2.2kQ2

Ry 1MQ 2.07k2

Pdark =Rs-w x d]l 0.164Q'cm™! 04x103Q Tcm!
Ogqark=1/p 61Q Tcm! 25002 'cm!

t 18.5ms 15.5ms

Aoy from the curve 1x107Q1cm™! 25%x10°10Q-1cm!
Photosensitivity (Ao /oo) 1.6x10°8 1x10°13

3.4. Photoconductive properties

The dark conductivity and resistivity were firstly measured for
both films deposited by thermal evaporation and pulsed laser depo-
sition techniques. The shape of the deposited films was controlled
during the deposition process by masks. The film dimensions and
corresponding resistivity are represented in Table 2. The resultant
dark conductivity of the thermally evaporated film was found to
be 2500 2! cm~! while the dark conductivity of the pulsed laser
deposited film was 6.1 -1 cm~1. This result is compatible with the
free carriers that found in the thermally evaporated films which
contribute directly to the overall carriers concentration. Conduc-
tivity contains two main components; they are the mobility and
carriers concentration for each type of conduction. It was believed
that mobilities of the two films are close to each other because of
the polycrystalline structure, small grain size and the same over-
all composition and they were deposited on the same substrate.
So that the difference between them is considerably low. The fre-
quency dependence of photoconductivity is hyperbolic function of
the frequency and lifetime and follows the equation [47]:

Ao = Aoy tanh (4le) (4)
where Ao and Aoy are photoconductivity and its steady state
value (at very low chopping frequency). It is normally determined
by extrapolation of low frequency dependence photoconductiv-
ity. Normalization of the photoconductivity and plotting it with
the chopping frequency results a hyperbolic curve as shown in
Fig. 9. According to Eq. (4), at the point of tanh(1) equal 0.76
of the normalized photoconductivity axis, one can determine the
carrier lifetime which equal 1/(4f). The carriers lifetime in the
both films are in the same order of magnitude and equal 18.5
and 15.5ms for films deposited by pulsed laser deposition and
thermal vacuum evaporation, respectively. It is also observed that
those lifetimes are lower than the characteristic carrier lifetime
of the single crystal about several s [15]. this means that our

A —

1.0

0.9
0.8

0.74
Thermal vacuum deposited film

0.6
0.54 /

Normalized photoconductivity

04 Pulsed laser deposited film
0.3
0.24
[ )
0.1 -
[ ) |
0.0 — T T T T T T T — T T

T
0 20 40 60 80 100 120 140 160
chopping fequency (Hz)

180 200

Fig.9. Chopping frequency dependence of photoconductivity for Pbg oSngSe films.

measurements of frequency dependence of photoconductivity in
the frequency range 0-200Hz are limited to measure only the
long-range lifetime. Long-range carrier lifetime is the character-
istic generation-recombination duration time across the grains. It
occurs only as a resultant of scattering process by grain boundaries
scattering. There are many scattering processes and corresponding
carrier lifetimes while the only observed at this frequency range
and room temperature is the long-term carrier lifetime. The char-
acteristic carrier lifetime of single crystallite can be observed at
much higher chopping frequency which is out of our experimen-
tation measurement conditions. There are several reports on the
IV-VI materials such as Pb;_,SnyTe with different compositions.
They were deposited by thermal, flash and electron beam evapo-
ration techniques that their carriers mobilities was much smaller
than single crystal while their long-term carrier lifetime domi-
nates the photoconduction process at room temperature and lower
chopping frequency [33-35]. It can be concluded that thin poly
and nanocrystalline film deposited by the mentioned technique
possess photoconduction relaxation curves that are controlled by
long-term carrier lifetime. Then the photocarriers are mainly gen-
erated and recombined at the interfaces between grains higher than
generation and recombination inside the grain itself. The difference
in carrier lifetimes of both films deposited by thermal and PLD
evaporation shows a difference in the long-term carrier lifetime
itself. Besides this observation was noticed in the rise-decay relax-
ation curves. The dynamic of the rise and decay curves were taken
by fast digital camera at the same chopping frequency from the
oscilloscope and represented in pictures of Fig. 10. It was observed

Fig. 10. Photoconductivity relaxation curve (a) thermal evaporated film (b) pulsed laser deposited film.
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that, the pulsed laser deposited film has minor noise (high signal to
noise ratio) while in the thermally deposited film the noise is seen
clearly at the relaxation curve. Besides, the rise and decay curves are
slower than those for thermally deposited film. Table 2 summarizes
the photoconductivity parameters and results. The most impor-
tant result is that the photosensitivity which the photoconductivity
divided by the dark conductivity which governs the photoconduc-
tor performance and signal to noise ratio in photo detectors device
application. Thin films or photoconductor deposited by thermal
vacuum deposition has photosensitivity smaller than the photo-
conductor deposited by pulsed laser technique by five orders of
magnitude. This indicates the high photosensitivity and strong
performance of such IR photoconductor deposited by thermal
deposition technique for signal detecting process. This difference is
attractive for high photosensitivity thermal imaging applications.
It is also important to mention that photoconductors deposited by
thermal evaporation technique has carriers lifetime shorter than
that of film deposited by pulsed laser technique. This result is also
attractive for high speed optoelectronics with lower photosensitiv-
ity in compared with photoconductors deposited by pulsed laser
technique.

4. Conclusions
From the above comparative study it can be concluded that:

1. Thermal vacuum evaporation and pulsed laser deposition tech-
niques produce PbggSngSe thin films with good quality and
considrable high performance with some difference in their
optoelectronic proerties.

2. Energy gap of thermally deposited films increased due to
Burstein-Moss effect and free carriers were also abserved and
both of them were reduced by annealing at 773K for 1 h.

3. Energy gap of pulsed laser deposited film was highly increased
due to confinment effect of band gap in nanosized PbygSng Se
thin films.

4. Thermally deposited films possesses faster optoelectronic pro-
cess than the pulsed laser deposited film while the later are more
photosensitive one.
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