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ABSTRACT ZnSe thin films were deposited by pulsed laser abla-
tion on quartz substrate. The films were investigated by different
characterization techniques, such as X-ray diffraction, Raman
microspectroscopy, absorption, reflectivity, and photolumines-
cence spectroscopy. The XRD analysis showed the formation
of cubic phase polycrystalline films. The Raman spectra con-
firmed the formation of ZnSe by the presence of TO and LO
peaks at 202 cm™! and 252 cm™!, respectively. The analysis
of absorption and reflectivity measurements permits evaluation
of the band gap and excitonic energy at low temperature and
the temperature dependence of the energy gap. The photolumi-
nescence measurements indicated the possibility of obtaining
intrinsic band-band radiative emission up to room temperature.

PACS 52.38.Mf; 78.55.-m; 78.55.Et

1 Introduction

ZnSe is a [I-VI semiconductor with a direct band
gap energy of about 2.7 eV at room temperature. Such a prop-
erty makes ZnSe very interesting for optical devices emitting
in the blue spectral region [1]. It is also used as window ma-
terial in high efficiency solar cells, because its large band
gap permits a large number of photons to reach the absorber
layer [2]. High quality ZnSe thin films are usually grown by
epitaxial techniques ( such as MBE [3] and MOVPE [4]) on
GaAs substrates because of the negligible lattice mismatch
(0.27%) between these two semiconductors [4]. However, it is
interesting to study the deposition of ZnSe films by means of
simple and inexpensive techniques and using more commer-
cially available substrates, in view of the low cost production
of ZnSe based devices.

Many different techniques have recently been applied to
the deposition of ZnSe films: electrodeposition [5], photo-
chemical deposition [6], vacuum evaporation [7] and pulsed
laser ablation (PLA) [8]. In particular, PLA is a very interest-
ing and promising deposition technique, because it does not
require ultrahigh vacuum pressure (as MBE and MOVPE) and
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permits the congruent evaporation of Zn and Se and stoichio-
metric deposition of the ZnSe compound.

In the present paper we report on the optical properties
of ZnSe films deposited by means of PLA technique onto
commercially available quartz substrate. We remark that it
is difficult to grow high quality ZnSe onto quartz substrate,
due to the large lattice and thermal expansion coefficient mis-
match between the two materials. The quality of the deposited
films has been analysed by means of X-ray diffraction (XRD),
Raman, absorption, reflectivity and photoluminescence (PL)
techniques. The deposited films result in a polycrystalline and
highly oriented film with a cubic structure. PL emission is ob-
served from 20 K to room temperature. The analysis of the
optical properties as a function of the temperature indicates
that the radiative emission is due to band-band recombination.

2 Experimental

ZnSe films were grown on an amorphous quartz
substrate by laser ablation of a ZnSe solid target. A frequency
doubled Nd:Yag laser having a wavelength of 532 nm, a pulse
width of 10 ns, a laser fluence of about 10 J/cm? and a repe-
tition rate of 10 Hz was used as the pulsed laser source. The
substrate was mounted on a rotating and heated holder, posi-
tioned 3 cm from the target. Film deposition was performed
in an evacuated stainless steel chamber (residual pressure of
10~° mbar). During the growth, the substrate temperature was
kept at 400 °C and the deposition time was 30 min. The ZnSe
samples appeared adherent to the substrate. The thickness of
atypical film was about 300 nm (measured by a profilometer).

The X-ray diffraction (XRD) analysis was performed by
using the Cu K, radiation (A = 1.5406 A) from a conventional
0-20 diffractometer.

The Raman spectra were measured at room temperature
by means of a Raman confocal microspectrometer using the
488 nm line of an Ar ion as laser source and a notch filter
(200 cm™! line-width) to suppress the scattered laser light.
The Raman signal was detected by means of a cooled (T =
223 K) CCD and recorded on a personal computer. The laser
beam was focused, by an Olympus optical microscope with
a x 100 objective, on the ZnSe film, obtaining an illuminated
spot of about 1 wm diameter. Raman spectra recorded from
several points on the film surface were very similar to each
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other, indicating sample homogeneity. The laser power on the
sample surface was about 0.1 mW. The mean spectral reso-
lution was 4 cm™!,

Absorption and reflectivity measurements were per-
formed by using a 100 W tungsten lamp as the light source.
The samples were mounted in a He-closed cycle refrigerator
thermoregulated from 20 K to 300 K. The light transmitted
and reflected from the sample was analysed by means of
a double grating spectrometer (1 meV/mm of dispersion) and
detected by a GaAs cooled (—20 °C) photomultiplier. Photon
counting technique was used to record the spectra. As for the
PL measurements, the 325 nm line of a He-Cd laser was used
for exciting the sample in the standard backscattering geom-
etry. The light emitted from the sample surface was analysed
and detected by the same apparatus used for absorption and
reflectivity measurements.

3 Results and discussion

The XRD spectrum of the ZnSe film deposited on
quartz substrate is shown in Fig. 1. It can be observed that the
XRD pattern shows a prominent peak at 27.2 degrees, corres-
ponding to the diffraction from the (111) plane. No other XRD
peak is evident in the scanned angular range.

The lattice plane spacing d can be calculated by the Bragg
formulad = A/2sinf [9], where X is the X-ray wavelength and
0 is the Bragg angle; it results in d = 3.2759 A. The lattice pa-
rameter a is determined for a cubic structure by the following
expression [9]:

1 (W +E+P)

2= 2 M
where h, k, [ represent the Miller indexes of the lattice planes.
By considering that &, k, I =1, 1, 1 for the ZnSe film, a lat-
tice parameter value a = 5.6740 A is obtained. This value is
in good agreement with that reported in the literature (a =
5.6687 A [10]).

The full width at half maximum (FWHM) of the observed
XRD peak is about 0.38°. Such a value can be used for cal-
culating the average crystalline size D, using the Debye—
Scherrer relationship D = 0.9A/(FWHM) cos 6 [11]. The ob-
tained D value is 21 &2 nm. Therefore, the ZnSe film is
polycrystalline and grows highly oriented with zincblende
structure.
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FIGURE 1 XRD spectrum of a ZnSe film deposited on quartz substrate
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FIGURE 2 Raman spectrum of a ZnSe film deposited on quartz substrate.
The attribution of the peak to TO, LO phonons is reported

200 600

Figure 2 shows a Raman spectrum of a ZnSe film, where
the intense peak at 252 cm™! can be attributed to the longitu-
dinal optical (LO) phonon mode of ZnSe [10]. The presence
of such a feature confirms the formation of a ZnSe lattice
with crystalline quality. The peaks at about 202cm™! and
500 cm™! are due to transversal optical (TO) phonon mode
and to the replica of the LO phonon mode (2LO), respectively.

Figure 3 shows the absorption (dots), reflectivity (trian-
gles) and PL (dashed line) spectra at T = 20K of a ZnSe
film in the near band gap region. The reflectivity spectrum
is characterized by a dispersion line with a well defined dip:
it can be assigned to the free excitonic resonance, in agree-
ment with the analysis performed in [4]. In the same spectral
range, the absorption coefficient spectrum shows a monotonic
increase versus energy and no spectral features. Therefore, we
deduce that the absorption curve is due to band-band tran-
sition, with no excitonic contribution. The PL spectrum is
characterized by a broad peak centred at 2.765eV. The at-
tribution of such a PL band can be clarified if the excitonic
and band gap energies are known. Therefore, in order to ob-
tain the excitonic energy value of the ZnSe film we have fitted
the experimental reflectivity data to a model which takes into
account the presence of a surface layer depleted of excitons
(dead layer), as described in [12, 13]. According to this model,
the spectral reflectivity R(E) can be expressed by the follow-
ing expression:

ria +ryze?t?

R(E) =rr", =
(£) 1 4+ rparpze?if

2

with 6 = 27wd/\y, where Ap, is the light wavelength within
the medium, d is the thickness of the dead layer, rj» = (1 —
5:/ 2) /A +£:/ 2) is the reflection coefficient at the air-dead
layer boundary, ry; = (83/ 2 'ﬁ) / (53/ 2 177) is the reflection
coefficient at the layer-bulk boundary, & is the background
dielectric constant (&; = 8.3 for ZnSe [9]), 7 = n + ik is the
complex refractive index, whose real (n) and imaginary (k)
parts are related to the real (&1) and imaginary (g;) parts of the
dielectric function ¢ = ¢ + ie, by the following equations.
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The dielectric function € = €| + i¢; can be represented, in the
damped harmonic oscillator model [14], by the expression:
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where € is the background dielectric constant for w — oo
(600 = 5.6 for ZnSe [10]), A is the polarizibility, I" a broad-
ening parameter and wy = E /A the circular frequency corres-
ponding to the exciton energy Ej.

The fit parameters were the excitonic frequency wy, the
broadening parameter I”, the dead layer thickness d and the
polarizibility A. The (2) describes quite well the experimen-
tal data, as can be seen in Fig. 3 (continuous line along R plot)
and yields an excitonic energy of 2.7477 £0.0002eV. This
value is lower with respect to the excitonic energy of ZnSe
single crystals (2.801 eV [10]). Such red shift is related to
the lattice mismatch and the difference in the thermal expan-
sion coefficient between the film and substrate, which result in
a shrinkage of the band gap. An estimate of the energy gap E,
value can be obtained by analysing the absorption spectrum in
Fig. 3 according to the Elliot theory [15, 16], by considering
the contribution of the continuum interband transition:

oo

«(E) ocC/ dE-
Eq

1 I

5
_e—27rz (E_Eg)2+1ﬂc2 ( )

where 72 = R/(E — E,), R is the Rydberg energy, C and I
are an amplitude and broadening parameter, respectively. The
performed fit is illustrated in Fig. 3 (continuous line over «
plot). By considering C, E; and I, as fitting parameters (R has
been fixed to 20 meV [10]), we have obtained an E, value of
2.7702 £0.0006eV. Such a value is lower than the literature
value of the energy gap of ZnSe single crystal (2.820 eV [10])
for the same reasons discussed above. Therefore, the PL band
can be attributed to band-band recombination. The excitonic
recombination is lacking because local electric fields related
to structural disorder dissociate excitonic complexes.

PL spectra at different temperature are reported in Fig. 4.
It can be seen that the intensity of the band-band emission
decreases with increasing temperature, due to the increase of
thermally activated nonradiative recombination mechanisms.
Nonetheless, the intrinsic PL. emission persists up to room
temperature.

In order to obtain the temperature dependence of the
energy gap, we have performed and analysed the absorp-
tion measurements at different temperature from 20K to
300 K. Some of these measurements are illustrated in Fig. 5a
(points), with the fit (continuous line) to (5) in the near band
gap region. The reflectivity measurements have also been
performed and analysed at different temperatures, in order
to obtain the temperature dependence of the excitonic en-
ergy. However, we believe that the analysis with (2) bet-
ter reproduces the experimental data for lower temperatures
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FIGURE 3 Absorption coefficient (dots), reflectivity (triangles) and PL
(dashed line) spectra of a ZnSe film at 7 = 20 K. The continuous lines are
least squares fit of the absorption and reflectivity data to (5) and (2), respec-
tively. The arrows indicates the vertical axis (left for absorption coefficient
and PL spectra, right for reflectivity spectrum) which is related to each
spectrum
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FIGURE 4 PL spectra at different temperatures of a ZnSe film deposited on
quartz substrate

than for larger ones, because of the thermal dissociation
of excitons. Therefore, we have analysed (continuous line)
the reflectivity data (points) up to 100K, as illustrated in
Fig. 5b.

The energy gap presents a red shift and broadening as
the temperature increases, due to electron-phonon interac-
tion [17]. The equation (5) fits the experimental data well in
the near band gap region for all the examined temperatures.
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FIGURE 5 Absorption (a) and reflectivity (b) spectra of a ZnSe film at

different temperatures. The continuous lines are least squares fit of the ab-
sorption and reflectivity data to (5) and (2), respectively

The obtained E, values are shown in Fig. 6 (points). These
data have been fitted (continuous line) by means of a Bose—
Einstein expression, usually used to describe the thermal red
shift of the energy gap E(T) [17]:

2
Ey(T) = E,(0)— ——2 (6)

0
exp T -1

where ap represents the strength of the electron—phonon in-
teraction and 6 is a temperature corresponding to the average
energy of the phonons involved in the process. The equation
(6) fits well to the E, values as a function of the temperature.
The value obtained for 6 parameter (214 & 24 K) is lower than
the 6 corresponding to LO phonons (350 K). This suggests
the contribution of both acoustical and optical phonons to the
shrinkage of the band gap.

4 Conclusion

We have reported on the structural and optical
properties of ZnSe films deposited onto quartz substrate by
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FIGURE 6 Temperature dependence of the band gap (circles) and excitonic
(triangles) energies of a ZnSe film deposited on quartz substrate. The band
gap and excitonic energies have been obtained by fitting of the experimental
absorption and reflectivity spectra to (5) and (2), respectively. The continu-
ous line is the best fit of the band gap data to (6). The obtained values of
the fitting parameters are: £(0) =2.770£0.001 eV; ag = 0.043 +0.006 eV;
0=214+£24K

means of PLA technique. The ZnSe films grow polycrys-
talline and highly oriented, although the large lattice and ther-
mal expansion coefficient mismatch between the film and the
substrate. The crystalline quality is indicated both by a quite
narrow XRD peak and by the presence of well resolved LO
and TO peaks in the Raman spectrum. The absorption and
reflectivity measurements yield the band gap and excitonic
energies, which result lower than the literature value of ZnSe
single crystals. This result is related to the strain caused by the
lattice mismatch. The presence of intrinsic band-band emis-
sion in the PL spectra from low temperature to room tempera-
ture indicates the good optical quality of the deposited films.
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