
Appl. Phys. A 69 [Suppl.], S491–S493 (1999) / Digital Object Identifier (DOI) 10.1007/s003399900321 Applied Physics A
Materials
Science & Processing
 Springer-Verlag 1999

Synthesis and characterization of sodium chloride thin films obtained
by pulsed laser deposition
A. Arrieta 1, S. Mera1, R. Diamant1, M. Fernández-Guasti1, R. Sosa1, L. Escobar-Alarcón2, A.F. Muñoz1,
E. Haro-Poniatowski1

1 Departamento de Fı́sica, Universidad Aut́onoma Metropolitana Iztapalapa, Apdo. Postal 55-534, México DF 09340, Ḿexico
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Abstract. Sodium chloride thin films were synthesized by
pulsed laser ablation from monocrystalline and sintered tar-
gets. The structure of the films is characterized by X-ray
diffraction and their surface quality is characterized by scan-
ning electron microscopy. From thermoluminescence spectra,
two different types of defects are identified as cation vacan-
cies and chlorine interstitials. This thermoluminescence in the
UV-visible has been observed by heating the samples up to
600 K.

PACS: 81.15.Fg; 68.55.Jk

Alkali halide crystals are widely used in optical technology
as infrared windows and as radiation detectors. Alkali halide
films have been used to investigate the interaction between
molecules and surfaces in detail. For this purpose, epitaxial
NaCl thin films are grown on germanium crystals [1–4]. In
these cases, the material is evaporated in standard ultrahigh
vacuum systems. Ultraviolet laser ablation yields fromKCl
and KNbO3 have been measured; in the case ofKCl only
ions and atoms are observed as ablation products [5]. To our
knowledge, no attempts to synthesize alkali halide thin films
by the pulsed laser deposition method have been reported
before. Furthermore, thermoluminescence measurements per-
formed on the films reveal that the presence of defects de-
pends strongly on the irradiation wavelength.

1 Experimental procedure

1.1 Substrate and target preparation

CommercialNaCl powder was pressed at5 ton/cm2 to make
targets5 mm thick and20 mm in diameter which were ther-
mally treated in air at800◦C for 5 h afterwards. Cleaved
NaCl monocrystals grown locally by the Czochralski method
were also used as targets. The substrates were glass slides and
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silicon (100) wafers. Before deposition, the glass substrates
were cleaned using alcohol, acetone, and distilled water. The
silicon substrates were previously cleaned using anHF solu-
tion and with distilled water.

1.2 Experimental setup

The experimental setup consists of a vacuum chamber evacu-
ated by a diffusion pump and a mechanical pump. A pirani
and a cold cathode gauge were used to measure the pressure
of the vacuum chamber. Target and substrates were placed in-
side a vacuum chamber with a diffusion pump yielding pres-
sures of3×10−5 Torr. The target was rotated with an electric
motor which can make the laser beam irradiate the target over
a wider area instead of focusing on the same point during the
evaporation process. The laser lines used in these experiments
were the355 nmand266 nmof a pulsedNd:YAG laser using
power densities of the order of108 W cm−2. The pulse width
was10 nswith a repetition rate of10 Hz. The laser beam was
focused with a140 mmfocal length spherical lens; its inci-
dence angle was45◦. The distance between the target and
substrate was fixed at approximately60 mm.

1.3 Film characterization

The structural characterization of the deposited films was per-
formed by X-ray diffraction using a Siemens D-5000 diffrac-
tometer with aCuKα radiation source (λk = 1.5406Å). The
surface morphology of the films was observed with a scan-
ning electron microscope (Phillips XL30). Surface chemical
analysis was performed using energy dispersive X-ray analy-
sis (EDX). The thermoluminescent measurements were per-
formed in a Harshaw TLD system 4000.

2 Results and discussion

The samples deposited on glass substrates exhibit a higher
degree of orientation and a smoother surface than the sam-
ples deposited onSi substrates, as revealed by X-ray diffrac-
tion. The thin film morphology is strongly dependent on
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the irradiation wavelength; however, the nature of the target,
monocrystal or tablet, did not have much influence on the re-
sulting film.

2.1 X-ray diffraction

The X-ray diffraction results are shown in Fig. 1. In Fig. 1a,
the X-ray diffraction pattern of theNaCl film deposited on
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Fig. 1a–c.X-ray diffraction of a NaCl/glass oriented thin film;b NaCl/Si
polycrystalline; andc NaCl polycrystalline target

a glass substrate is presented. It shows two peaks at 2θ =
31.8◦ and66.2◦. These peaks are assigned to the (200) and
(400) planes respectively. The fact that only these peaks
are observed suggests that the films have grown oriented in
the direction of the (l00) plane in accordance with the re-
sults reported in reference [6]. Figure 1b shows the diffrac-
togram of theNaCl thin film deposited on silicon; in this case
three peaks at 2θ = 27.4◦, 31.7◦, and45.6◦ are observed in
the diffraction pattern. These peaks correspond to the (111),
(200), and (220) reflections and correspond to a polycrys-
talline film. In addition a band centered at69◦ is present;
this band is associated to the silicon substrate. As a refer-
ence, the diffractogram presented in Fig. 1c corresponds to
theNaCl (tablet) target, and clearly shows that it is polycrys-
tallineNaCl.

2.2 Surface morphology

In Fig. 2 the surface morphology of the thin films obtained
upon irradiation at355 nmon glass and silicon substrates is
shown. The typical surface morphology of the obtained thin
films deposited on glass substrates shows a smooth surface
with dispersed cubic particles as can be observed in Fig. 2a.
The size of these cubic particles ranged from approximately
400 nm to 800 nm in contrast to the observations reported
in [6] where the sizes are in the range of 10 to100 nm. The
films deposited on silicon show a more irregular surface as
can be observed in Fig. 2b. Furthermore, the composition of
the underlying film and splashed particles was measured by
EDX. In both cases, the results corresponded toNaCl. As
observed by other authors, moisture may damaged the micro-
crystals. Originally, they have sharp corners which become
slightly rounded under moisture exposure. Long exposure
to moisture transforms the cubic microcrystals into particles
having an almost spherical shape [6].

2.3 Thermoluminescence measurements

In this paper we report preliminary results on the influence of
the laser beam wavelength (at 266, 355 and1064 nm) on the
thermoluminescence (TL) of freshly deposited thin films of
NaCl obtained by the laser ablation ofNaCl powder targets.
The thermoluminescence signal observed in ourNaCl films
lied in the range of 300 to600 K.

TL is the light emitted by a solid as a result of heating.
It is a defect-related phenomenon due to the presence of pre-
viously induced defects. A simple model or explanation that
accounts for it is difficult because of the wide variety of ef-
fects involved. In the case ofNaCl/Si (1064 nm) presented
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Fig. 2a,b. SEM images ofa NaCl/glass oriented thin film andb NaCl/Si
polycrystalline
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Fig. 3. Thermoluminescence signal of three differentNaCl films

in Fig. 3a, only one intense TL peak at about450 K show-
ing a long tail on the low temperature side was detected. It
is interesting to note that this emission takes place at tem-
peratures as low as25 K. Similar signals have been measured
previously in irradiated, nominally highly pureNaCl single
crystals. This emission has been frequently associated with
the recombination of mobileCl-interstitials with ion vacancy
centers. Throughout the movement of mobile lattice defects,
at some stage in the process light is emitted in the course
of thermal relaxation. However, this interpretation is still the
subject of controversy [7]. The intensity of the TL peak is
reduced when using355 nmto irradiate the target and its pos-
ition shifts slightly, peaking at approximately460 Kas shown
in Fig. 3b. Finally, the sample obtained upon irradiation at

266 nm exhibits a low intensity in the TL signal (Fig. 3c)
shifting further to425 K.

From the preliminary results above, it seems reasonable
to assume that the differences observed as a function of the
incident laser wavelength could be related to the number of
defects present in our samples. The defects depend on the
variation in the quantity of ablated material and on its de-
gree of excitation. The strongest TL signal is observed for
the polycrystallineNaCl/Si sample. In this case the grain
boundaries can be a source for the strong TL signal. For
theNaCl/glass samples which are highly oriented (less grain
boundaries) the TL signal decreases significantly. These re-
sults suggest that the TL technique can be used as a tool to
characterize the structural order of theNaCl films. However
further experiments need to be performed in order to inves-
tigate the relation between the TL signal with the different
deposition parameters.

2.4 Conclusions

In this paper, preliminary results on the deposition ofNaCl
thin films on glass orSi substrates by pulsed laser deposition
are reported. The films are characterized by X-ray diffrac-
tion, scanning electron microscopy, and thermoluminescence.
The films deposited on glass are highly oriented. The films
deposited onSi are polycrystalline. Furthermore, thermolu-
minescence measurements reveal that defects are induced in
the deposition process which are dependent on the irradiation
wavelength and on the substrate material.
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