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Abstract

The paper reports the growth of cadmium telluride (CdTe) thin films by pulsed laser deposition (PLD) using excimer laser (KrF, k=248
nm, 10 Hz) on corning 7059 glass and SnO2-coated glass (SnO2/glass) substrates at different substrate temperatures (Ts) and at different
laser energy pulses. Single crystal target CdTe was used for deposition of thin films. With 30 min deposition time, 1.8- to ~3-Am-thick films
were obtained up to 200 8C substrate temperature. However, the film re-evaporates from the substrate surface at temperatures N275 8C.
Atomic force microscopy (AFM) shows an average grain size ~0.3 Am. X-ray diffraction analysis confirms the formation of CdTe cubic
phase at all pulse energies except at 200 mJ. At 200 mJ laser energy, the films show hexagonal phase. Optical properties of CdTe were also
investigated and the band gap of CdTe films were found as 1.54 eV for hexagonal phase and ~1.6 eV for cubic phase.

PACS: 68.55.-a; 68.55.Jk; 71.55.Gs
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1. Introduction

Pulsed laser deposition (PLD) has been used for the
deposition of thin films of different materials, and it is
particularly suited for the deposition of high-quality films of
compound semiconductors [1]. The congruent ablation of
the constituent elements results in stoichiometric films with
properties comparable to those obtained from MBE. The
high kinetic energy (1-100 eV) enables the preparation of
thin films on low-temperature substrates due to high surface
mobility [2,3]. In PLD, the incident beam on the target
produces such a rapid temperature rise (N1011 K s^1) that
the stoichiometry of the target is maintained in the growing
film [3]. The electrophysical and structural properties of
films obtained by PLD depend strongly on a number of
parameters like the substrate temperature, the energy

distribution of the incident particles, the geometry of
substrate-target-laser beam set-up, type and characteristic
of the laser radiation, etc. [4].

Cadmium telluride (CdTe) films find applications in
various optoelectronic devices such as solar cells [5,6] and
for g and X-ray detection [7]. There is interest in growth of
high-quality CdTe thin films also for use as substrate for the
important infrared detector material HgCdTe, dilute magnetic
semiconductor, epitaxial layers and quantum well structures
[8,9]. This material in thin film form has been grown by
different techniques: atomic layer epitaxy [10], molecular
beam epitaxy [11] and pulsed laser deposition [12].

In the present study, CdTe films are grown using PLD
with a KrF excimer laser at different substrate temperatures
and at different energy pulses. The structural and optical
properties of CdTe films are investigated at different laser
pulse energies. The possibility of obtaining a hexagonal
phase, which is difficult to obtain otherwise [13,14], has
been demonstrated.
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2. Experimental details

A KrF Excimer Laser Lambda Physik Compex 201 (248
nm, 650 mJ, 25 ns, 10 Hz) was used to ablate a CdTe target
inside the vacuum chamber maintained at ~10~5 torr using a
diffusion pump. A low repetition rate of 5 Hz was used for
the incident laser beam for deposition of thin films. The
laser beam was focused on to the target rotating at 10 rpm.
The distance between the target and the substrate holder
inside the vacuum chamber was ~5 cm. The angle of
incidence of the laser beam was ~458 from the surface
normal. The substrate holder was fitted with a resistive type
heater to maintain the substrate temperature to a desired
value. No reactive gas was introduced in the chamber during
deposition.

A polished CdTe single crystal target was used for PLD.
The target was bonded on the programmable target holder
inside the PLD chamber using suitable silver paste. The
assembly comprising the target was heated at 300 8C for 30
min (before fixing to the target holder) for drying and proper
bonding of the paste outside the chamber. Two substrate
types were used to deposit the films; corning 7059 glass and
SnO2/glass. The substrate temperature used in the films
grown on corning glass was fixed at 200 8C and the laser
pulse energy was varied between 50 and 200 mJ, while the
laser pulse energy used to grow the films on SnO2/glass was
fixed at 150 mJ and the substrate temperatures were 100,
150 and 200 8C. In all growth, the deposition time was 30
min except for the films deposited at 200 mJ and at 200 8C
substrate temperature where the deposition time was 10 min.

The films were characterized for thickness measurement
and optical transmittance by UV-Vis-NIR spectrophotom-
eter (Model No. CARY 5E Varian). The morphology of the
films was characterized using atomic force microscopy
(AFM, NT-MDT Solver P47H) in the resonant mode
operating at 350 kHz and 38 nm amplitude. XRD patterns
were recorded on a Philips thin film diffractometer (Model
PW 3020) using Cu (Ka) 1.54 2 X-ray in grazing incidence
beam geometry. The incident X-ray beam made an angle of

Table 1
CdTe thin films on SnO2/glass

Substrate
temperature (8C)

100
150
200

Energy/
pulse (mJ)

150
150
150

Deposition
time (min)

30
30
30

Thickness
(Am, by
spectrophotometer)

3.39
2.35
1.82

1.58 with the sample. A graphite monochromator was used
in the secondary optics to minimize the background
fluorescences/scattering.

3. Results and discussion

A typical AFM image of the as-deposited films is shown
in Fig. 1. This particular image corresponds to the films
deposited on SnO2/glass at 150 mJ and at a substrate
temperature of 100 8C. This shows good morphology of the
deposited films with an average grain size of 0.3 Am. All
other deposited films showed similar AFM image. The
thickness (obtained from interference fringes in optical
transmission spectrum) of the films grown under different
growth conditions on SnO2/glass is shown in Table 1 and on
corning 7059 glass in Table 2. Films deposited were found
to be highly adherent, and the film thickness is dependent on
laser pulse energy, substrate temperature and deposition
time. As the laser pulse energy is increased from 50 to 200
mJ, there is a corresponding increase in the film thickness.
This is due to the increase in the flux of the ablated particles
from the target. However, as the substrate temperature
increases, the deposited films' thickness decreases due to re-
evaporation of particles from the substrate surface. The
deposition time was 10 min for the films deposited at 200
mJ and 200 8C to keep the thickness ~2 Am to measure the
high value of optical intrinsic absorption coefficient.

Fig. 2 shows the X-ray diffraction of CdTe films
deposited on glass at 150 mJ with different substrate
temperatures from 100 to 200 8C in a step of 50 8C. At
200 8C, h111i orientation is preferred over other orienta-
tions. Films showing preferred orientations were inves-
tigated further by varying the laser pulse energy.

At 50 mJ, the phase is completely cubic. However, as the
laser energy increases, there is a gradual shift in the peaks
and at 200 mJ the shifted peaks corresponds to hexagonal
phase (Fig. 3). Since the peaks are broad and most of the

Table 2
CdTe thin films on corning 7059 glass

Fig. 1. The AFM image of CdTe on SnO2/glass at 150 mJ and at Ts=100 8C
(plane view).

Substrate
temperature (8C)

200
200
200

Energy/
pulse (mJ)

50
150
200

Deposition
time (min)

30
30
10

Thickness
(Am, by
spectrophotometer)

1.81
3.15
1.52
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Fig. 2. X-ray diffraction of CdTe films on SnO2/glass substrate at different
temperatures and at 150 mJ.

peaks of hexagonal and cubic phases overlap, the presence
of mixed (hexagonal and cubic) phases cannot be ruled out.
However, the presence of peak at 2h=22.378 corresponding
to the hexagonal (100) orientation shows definite presence
of hexagonal phase. CdTe films prepared using Nd:YAG
[15] show only cubic phase. Phase of the CdTe seems to be
sensitive to the pulse energy.

The films showing a cubic phase have a lattice constant
6. 48 2 [16]. However, the films showing hexagonal phase
have the lattice constants a=4.58 2 and c=7.47 2. These
values are in good agreement with the reported values [16].
The advantage of PLD is to produce species with higher
electronic states (non-reachable by any other chemical
equilibrium technique) that tends to produce a metastable
material, which is normally unattainable under thermal
conditions [4]. The hexagonal phase stabilization is usually
difficult to form due to its metastable nature [13]. The
energy difference between zinc blende (ZB) and wurtzite
(WZ) structure for CdX (X=S, Se, Te) compounds are very
small (b9 meV/2-atom). Generally, size-induced phase
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Fig. 4. Transmittance for CdTe films deposited on glass at different energy
pulses and at 200 8C substrate temperatures.

transition has been observed in mesoscopic materials [17]
and the formation of GaAs nanocrystals by PLD has been
reported [18]. Bandarunayake et al. [14] reported the size-
induced phase transitions from cubic to hexagonal for CdS
and CdSe nanoparticles which were synthesized from the
organic route, but for the CdTe nanoparticles, there was no
such phase variation. This shows the difficulty in growing
hexagonal phase of CdTe films. So in the case of our films,
the formation of hexagonal phase may be present due to the
formation of nanocrystalline materials. The crystallite size
obtained from peak width of XRD curve using Debye
Scherrer formula (d=0.94k/B cos hB) comes out to be ~10
nm, where d is the crystallite diameter, k is the wavelength
of Cu K(a) X-ray radiation (1.54 2), B is the full width at
half maximum (FWHM) of the peak and hB is the Bragg
angle. In the cubic CdTe films, the crystallite size is between
20 and 30 nm. It should be noted here that while AFM
shows the grain size, XRD gives the actual crystallite size
and the two can be different.

Generally, in compound semiconductors, there is a
problem of stoichiometric film growth. In other thermal
vapourisation thin film deposition techniques, the kinetic
energy (KE) of the impinging particles onto the substrate is
of the order of 0.1 eV, but in the case of PLD, the KE of

1.6x1010"

5k

® 1.2x1010-

8.0x109-

I

1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Fig. 3. X-ray diffraction of CdTe films deposited on glass with varying laser
energy pulses and at 200 8C substrate temperature.
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Fig. 5. Band gap of CdTe at different energy pulses.
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atoms are of the order of several thousands. Therefore, the
use of non-thermal chemistry opens up the possibility to
work from chemical equilibrium and select more favorable
conditions. In the present case for laser-deposited films, the
energy of the deposited ions is higher leading to greater
surface mobility and better stoichiometry.

Films deposited at all incident laser energies show a
sharp edge (Fig. 4) corresponding to a well-defined band
gap. CdTe band gap with increasing pulse energy has been
shown in Fig. 5. The low interference fringe contrast for the
films deposited at 150 mJ and at 200 8C substrate
temperature is mainly due to improper film-substrate
interface and spatial thickness inhomogeneity. It is clear
from the graph [(ahm)2 vs. hm] that the band gap for the
hexagonal CdTe is ~1.54 eV, while for the cubic CdTe is
~1.6 eV. It should be noted that the band gap of cubic CdTe
bulk is 1.5 eV at 300 K [19]. The slight increase in the band
gap is attributed to small nanocrystallite size as determined
by XRD.

4. Conclusions

CdTe thin films were deposited by PLD using KrF
excimer laser. By optimizing the growth conditions,
morphologically smooth films were obtained. Phase
transition is possible with PLD technique for reducing
lattice mismatch between hetero junction materials. CdTe
cubic and hexagonal phases have been formed at
optimized conditions. The structural and optical properties
of the films deposited at different deposition conditions
show the suitability of these films for its use in photo-
voltaic and other optoelectronic devices. High-efficiency
solar cell devices need better grain size of CdTe and hence
modification in deposition conditions as well as post
deposition treatment of the films will be required for that
purpose.
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