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Abstract.  Silver antimony diselenide (AgSbQethin films were prepared by a thermal vacuum
evaporation technique onto quartz and glass substrates kept at room tempera@0e&j. The
as-deposited films were amorphous and transformed to a face centred cubic (FCC) polycrystalline
nature with the lattice constamt= 5.797+0.003A on post-deposition annealing above 423 K for

one hour in argon atmosphere. The optical constants (the refractive indexd the absorption

index k) of the films were determined for several samples of different thickness (180 nm—
270 nm), using spectrophotometric measurements of the transmitfamcel reflectance® at

normal incidence in the spectral range 500-2500 nm. These constants were also determined for
preannealed filmsT4, = 423 K (polycrystalline). The obtained values of boethand k were
independent of the film thickness within the above-mentioned thickness range. The refractive
index data fitted a single-oscillator model with high-frequency dielectric constants increasing
from 13 for the amorphous films to 15 for the crystalline films. It was found that the high-
frequency dielectric constart, has the same values as the lattice dielectric congtaniThe
analysis of the spectral behaviour of the absorption coefficient in the intrinsic absorption region
revealed the existence of an indirect allowed optical transition with energy gap 1.2 eV for
amorphous films and 1.03 eV for the crystalline films, respectively.

1. Introduction

There is now voluminous literature on semiconductor compounds with diamond or related
structure (e.g. zinc blende and chalcopyrite types). Much less attention has been given to
compounds with structure related to that of NaCl [1]. The ternary semiconductor compounds
either in single-crystal form or in thin-film form have received considerable interest owing to
their optical and electric properties. The importance of semiconductors in technology rests
on the fact that they are used in many applications, such as electronic and optoelectronic
devices [2-6]. Very little attention is paid to the compounds of the ty[&'&Y' of which
AgShSg is of special interest. Only a few papers dealing with the electronic properties of
thin AgSbSe films have been published. AgSkSs one of the semiconducting compounds
which have the NaCl-type structure [1, 7]. It is particularly disordered with selenium atoms
occupying the chlorine sites, while silver and antimony atoms are arranged at random on
the sodium sites.

Patel and coworkers [8, 9] have reported the preparation and crystallization of AgSbSe
films on various substrates. There are only very few data in the literature concerning
studies of structural and electrical properties of AgSffifes. To our knowledge the optical
properties of such films have not been studied before.
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In this paper, we report the structural properties of AgShBe powder form and in a
thin-film form, using x-ray and electron diffraction techniques. The optical properties, such
as the optical constanisandk, the high-frequency dielectric constasnt and lattice dielec-
tric constant,,, the absorption coefficient and the optical energy gap,, were determined
for AgSbSe films as deposited and after annealing. The effect of both annealing temperature
and the film thickness on these properties of AgShim films will be also investigated.

2. Experimental techniques

The bulk AgSbSg material was prepared by direct fusion of stoichiometric amounts of Ag,
Sb and Se (purity 99.999%) in a sealed, evacuated silica tub¢ @8). The tube was
heated in the following steps:

300 K24 473 K22 910 K (remaining constant 2 h)

211998 1300 K (remaining constant 2 h)

2% 910 K (remaining 4 h)> 300 K

with continuous vibrational shaking to ensure homogeneity of the sample. The finely
powdered material was analysed by x-ray diffraction (XRD): the resulting pattern was
carefully checked for the formation of a homogenous single phase.

AgSbSe thin films were prepared by direct thermal evaporation of fine-grained powder
from a molybdenum boat with a deposition rate of 3 nm en optically flat precleaned
qguartz or glass substrates, using a coating unit (Edward 306). The vacuum pressure was
maintained at 10* Pa and the substrates were rotated during the deposition process.
The film thickness was monitored by a quartz crystal thickness monitor (Edward, type
FTM4) and it was also measured interferometrically [10]. XRD was carried out by a
diffractometer (Philips PW 1373) using CuxKradiation ¢ = 0.1542 nm) which was Ni
filtered. A transmission electron microscope (JEOL type JEM 100 cx), operating at 60 kV
with a calibrated resolution 0.4 nm and an attached diffraction stage, was used for the
microstructure study.

The transmittancg” and reflectanceR at normal incidence for AgSbh$dilms were
recorded using a UV-VIS—-NIR double-beam spectrophotometer 3101 PC (Shimadzu,
Japan), attached with a specular reflection stage (V-shape) with incidence &ngfe 5
spectral range 500-2500 nm. Af; and I, are the intensities of the light passing through
the film—quartz system and through the reference quartz, respectively, then [11,12]

1
T=-"01-R,) (1)
Ifi
whereR, is the reflectance of quartz. In addition, if the intensity of light reflected from the
sample reaching the detectorljs and that reflected from the reference Al mirrofjg, then

R= iRAl —T?R, 2)
Ia
where R, is the reflectivity of the reference (Al mirror). From the measufed® and the
film thicknesst, the values of the refractive indexand absorption indek were computed
by a special computer program [13] based on minimizing')? and(A R)? simultaneously,
where

(AT)? = |Tiupy — Toxpl? (3)
(AR? = |Rux) — Rexpl? (4)
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Figure 1. X-ray diffraction pattern of AgSbhSein a powder form.
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Figure 2. X-ray diffraction patterns of AgSbSe a—Amorphous thin film, b—polycrystalline
thin film, in comparison with c—powder form.

whereT,,, andR,,, are the experimentally determined valuesToénd R respectively and
Tk and R, 1) are calculated values @f and R, using the Murmann exact equations [14].

3. Results and discussion

The x-ray diffractogram obtained for AgSbSeomposition in a powder form is represented
in figure 1. Careful analysis of x-ray diffraction pattern indicates the polycrystalline nature
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(b)

Figure 3. (a) Transmission electron micrographs of AgSp3bms of thickness 50 nm with
magnificationx3500. (b) The electron diffraction pattern of the region shown in (a).

of the cubic structure phase with lattice parametet 5.797+ 0.003A. The values of peak
positions and their correspondirigvalues confirm the FCC structure. These values are in
agreement with that reported by Gelkral [1, 7] and by El-Zahed [15]. Figure 2 illustrates
that the typical x-ray diffractograms of the as-deposited (300 K) AgShSe films of thickness
400 nm are non-crystalline (curve a), while those annealed in argon atmosphere for one
hour at7, = 423 K become polycrystalline (curve b). The x-ray diffraction pattern for
AgSbSe in a powder form is given in the same figure (curve c) for comparison. Analysis
of the x-ray diffraction shows that these films have the polycrystalline nature of an FCC
phase. The same results were obtained by electron diffraction studies of AgfibSeto
check the crystalline nature of films. Figure 3(a) and 3(b) shows the transmission electron
micrographs and the corresponding selected area electron diffraction patterns for AgSbSe
films of thickness 50 nm annealed in argon atmosphere at tempefatue423 K for an
hour.

Since the as-deposited AgShS#ms are non-crystalline, while the preannealed films
have a polycrystalline nature, it was interesting to investigate the optical properties of
AgSbSe films in both cases, i.e. for as-deposited and annealed films.
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Figure 4. The spectral distribution of th&,, and R, for AgSbSe thin films of different film
thicknesses measured in the spectral range of 500-2500 nm for as-deposited samples.

The spectral behaviour of the normal incidence transmittdfygeand reflectance;,
for as-deposited non-crystalline AgShS#ms and for the same films after post-deposition
annealing a4, = 423 K in an argon atmosphere for one hour (i.e. for crystalline AgghSe
films) in the wavelength range 500-2500 nm are shown in figures 4 and 5 respectively. At
long wavelengths in the transmission regibs R = 1, which indicates that the investigated
films become transparent and homogenous on the one hand and that no scattering or
absorption of light exists on the other.

The refractive and absorption indicesandk of AgSbSe films were determined from
the absolute values of the measured transmittance and reflectance of the quartz substrate
as given by equations (1) and (2). The determined values ahd k were computed
via Muramann’s exact equations as mentioned above. Figures 6 and 7 represent the two
dependences(1) andk (i) for amorphous (curves a) and polycrystalline (curves b) AgshSe
films. From these figures the following can be concluded.

(i) Both n and k are practically independent of film thickness in the thickness range
185-270 nm.

(i) The discrepancy in bothh andk can be attributed to the experimental errorslin
R and film thickness.

(iii) The optical constants andk were slightly affected by the annealing temperature.

The values of: andk shown in figures 6 and 7 represent the average values determined
for films of different thickness. The high-frequency dielectric properties can be attributed
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Figure 5. The spectral distributions of{;) and R, for AgSbSg thin films of different
thicknesses measured in the spectral range of 500 nm to 2500 nm for samples annealed at
423 K for one hour in argon atmosphere.
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Figure 6. The spectral distributions of(1) of AgSbSe thin films (a) for as-deposited samples
and (b) for samples annealed at 423 K for one hour in argon atmosphere.

to a simple classical single oscillator, so the following relation can be used [16, 17]:

n2 —1 %

= —=1-— 5
n?—1 (M) ©)

where ny, is the refractive index of an empty lattice at an infinite frequency agds

an average oscillator position. Plotting?[— 1]~* versusi~2 fits a straight line at longer

wavelengths (figure 8) for the amorphous (curve a) and polycrystalline (curve b) AgSbSe

films. Extrapolating these straight lines yields = n2 equal to 13 and 15 for the

[e¢]
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Figure 7. The spectral distribution of(1) of AgSbSe thin films, (a) for as-deposited samples
and (b) for samples annealed at 423 K for one hour in argon atmosphere.
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Figure 8. The relation betweemf — 1]~ and1—2 for AgSbSg thin films (a) for as-deposited
samples and (b) for samples annealed at 423 K for one hour in argon atmosphere.

amorphous and crystalline AgSbSBIms respectively. The real dielectric constant can
be represented by the following relation:

€1 =€ — BA\? (6)

where ¢; is the lattice dielectric constant ard = n? — k2. A shown in figure 9, the
above-mentioned relation is represented by a straight line (a) for amorphous and (b) for
polycrystalline AgSbSefilms. By extrapolation of these lines toward slower values.of
the point of interception of the ordinate & = 0 yieldse; = 13 for amorphous (curve a)
and 15 for crystalline (curve b) AgSbs@ims respectively.

The spectral behaviour of the absorption coefficiesmt £ 47k/A) shows that the
absorption edge shifts to the lower-energy side after annealing the as-deposited films at
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Figure 9. Variation of the real dielectric constant;§ as a function ofA? for AgShSg thin
films (a) for as-deposited samples and (b) for samples annealed at 423 K for one hour in argon
atmosphere.
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Figure 10. The dependence of léghv) on log(1/A) for the as-deposited AgSbsehin films.

423 K for one hour. The intrinsic absorption edge was examined using the equation [18]

ahv = A(hv — E,)". ©)

x = % and 2 for direct and indirect allowed optical transitions respectively. In order to

know whether there is one type of optical transition or more that can exist in AgShifie
amorphous films, a graphical representation ofiddg) against logl/A) must be carried

out. As shown in figure 10 this relation indicates the existence of one type of optical
transition. Figure 11 represent bothiv)? = f(hv) and (ahv)¥? = g(hv) for AgSbhSe

thin amorphous films. It is obvious that the second relation yields a straight line indicating
the existence of indirect optical transition with an energy ﬁp: 1.2 eV. Figure 12
illustrates both the above relations for polycrystalline AgSbfims: the linearity of the
second relation indicates the existence of allowed indirect optical transition with an energy
gapE¢ = 1.03 eV.
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Figure 11. The dependence ait/iv)? and («hv)¥2 on photon energyh) for the as-deposited
AgSbSg thin films.
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Figure 12. The dependence afviv)? and (ae/v)¥2 on photon energyhp) for the AgSbSe
thin films annealed at 423 K for one hour in argon atmosphere.

4. Conclusion

In this research the original material of AgShSeither in powder or in a thin-film form

after being annealed in argon for one hour at 423 K, has polycrystalline nature corresponding
to an FCC phase with lattice parameter 5.797+0.003A. However, AgSbSgthin films,

as deposited, have amorphous nature.

The optical constants determined for amorphous and crystalline AgSbi$s were
found to be independent of the film thickness in the thickness range 185-270 nm. The
high-frequency dielectric constart, of amorphous AgSbSefilms is found to be 13
and increased to 15 for polycrystalline films. The same values were arrived at for lattice
dielectric constang; .

The energy gap of the existing allowed nondirect optical transition in amorphous
AgSbSe films is found to be 1.2 eV and it is decreased to 1.03 eV for polycrystalline films.
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