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Polycrystalline thin films of PbS grown on glass substrates previously coated with PbS colloidal particles
in a polyvinyl alcohol solution were obtained by chemical bath deposition (CBD). The X-ray diffraction
procedures showed evidence of polycrystalline films of cubic PbS with a preferred normal orientation of
the planes [100] with the growth direction. The film texture showed a strong influence of the initial condi-
tions of the surface. Moreover, changes in colour, morphology and grain size of the films were observed
by optic and atomic force microscopy (AFM). Rutherford backscattering spectrometry (RBS) showed a
dependence of the thickness and roughness of the PbS films with the growth initial conditions. A kinetic
growth model is proposed to explain the changes in the structure and morphology of the PbS.
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1 Introduction

Polycrystalline PbS thin films are currently attracting general interest, mainly due to their potential as
infrared detector materials [1-3]. These films can be obtained by several methods [4, 5], but chemical
bath deposition (CBD) is just one of the more utilized due to its low cost and the quality of the obtained
films. The manufacture of advanced electronic devices with desired physical properties requires the
availability of growth semiconductors films with controllable compositions, sizes, shapes and orienta-
tions. Indeed, it is known that photosensitive response of the PbS films depends on its structural charac-
teristics [1, 6]. Oriented crystallization of nanoparticles was observed in the growth of PbS nanocrystals
mediated by surfactant polymer templates [7—10].

In this paper, we study the influence of a buffer thin layer of polymeric solution with PbS colloidal
particles on the growth of polycrystalline thin films of PbS by chemical bath deposition (CBD). Elemen-
tal composition, composition profile distribution and stoichiometry of PbS thin films were determined by
Rutherford backscattering spectrometry (RBS). In addition, for a better morphological characterization,
the topography and structure of the films were characterized by grazing incidence X-ray diffraction data
(GIXRD) and atomic force microscopy (AFM).
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2 Experimental details

The method for growing PbS thin films has been described in detail elsewhere [6]. Before the introduc-
tion of the glass substrates into the growth solution, it were: A) mechanically cleaned with detergent; B)
(A), and immersed in a solution of polyvinyl alcohol, thiourea, SH, and Pb(NO;), for 24 h; and C) (B),
and dried in air for 10 min. Afterwards, the substrates are introduced immediately in the chemical bath
for 50 min. The samples were identified by the corresponding letter to the initial treatment of the sub-
strate surface (A, B and C).

The RBS analysis of the samples was performed with 2.0 MeV 4 He+ ions using a 4 MV Van de
Graaff KN-4000 accelerator. A surface barrier detector with 18 keV FWHM was positioned at an angle
of 165°. The RBS spectra were analyzed using the RUMP code [11]. Every single step of the growth
process was studied (substrate, treated substrate, seeding process and PbS deposited layer), making pos-
sible a better simulation of the multilayer RBS spectra of the analyzed samples.

The AFM images were obtained with a Nanoscope Il microscope (Digital instruments) operating in
taping mode. The grain size and shape measurements were determined by applying the Watershed tech-
nique [12], together with a shape factor algorithm [13]. The shape factor, defined as SF=41A/P*, P being
the perimeter of the grain and A its area, was used to obtain information about the shape of a grain. The
rugosity values (R) were also determined.

Grazing incident X-ray diffraction measurements (GIXRD) were performed in the PbS films using the
CuKoa radiation of a o-diffractometer (Siemens model D5000). The detector was equipped with a Soller
slit for thin films and a LiF monochromator.

3 Results and discussion

All the PbS films had black color, however they become darker and with a mirror-like surface (from A to
C) in dependence of the substrate treatment, which was confirmed by optical and atomic force micro-
scopies.

It was detected that a great amount of precipitated material appears into the bath initially, when mix-
ing the components of the growth solution. Then, the precipitation process diminishes gradually and the
growth solution becomes transparent. If a substrate with the treatment A is introduced into the bath after
the initial precipitation process (when the growth solution is transparent), the growth of PbS film gener-
ally does not take place. The growth of the PbS film on substrates with these treatments was observed
when the substrates were introduced in the growth solution during the initial stage of the mix, when the
precipitation process had not finished. Therefore, this condition is necessary to obtain a catalytic surface
on the substrate. On the other hand, the PbS film growth always takes place on a substrate with the
treatment B or C. This is due to the existence PbS germs on the substrate as a result of the seeding proc-
ess. Therefore, the thin film growth occurs if a catalytic surface is available on the substrate surface, even
though the precipitation does not take place into the bath.

Figure 1 shows the RBS spectra of all the analyzed samples. The film thickness values are shown in
Table 1. The films have a constant Pb:S 1:1 stoichiometry through the thickness. However, the left tail of
the Pb signal peaks reveals differences in the film roughness; longer left tail means higher roughness of
the films. In this sense, the sample B has the larger roughness value and the sample C the lowest one.
The thickness and the roughness are parameters that also reveal peculiarities of the deposition process.
The deposition over substrates with the treatments A does not take place unless a nucleation layer is
created and a catalytic surface of the semiconductor is available. In the cases B and C the deposition can
occur almost once the substrate is introduced into the growth solution. Thus, the beginning of deposition
process in the case A is retarded as compared with cases B and C. Moreover, the growth in the case A is
affected by the poor adherence of the PbS clumps on the glass substrate. For these reasons samples B and
C are thicker than sample A (Table 1).

In Fig. 2 are shown the X-ray diffraction pattern of the PbS thin films. The XRD analysis showed a
galena type cubic structure for all the samples. In addition, the intensity distribution of the X-ray diffrac-
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Fig. 1 RBS spectra of the PbS/glass analyzed films. The Fig. 2 Normalized X-ray diffraction pattern of PbS
arrows indicate the staring position of the Pb and S  thin films with different substrate treatments.
elements.

tion peaks deviates drastically from the characteristic distribution of the bulk PbS powders, with the
exception of the sample A. It can be noticed that the relative intensity of (200) diffraction peak with
respect to the other peaks is much stronger in the other samples (B and C). The analysis of the intensity
distribution evidences a preferred orientation with (100) diffraction planes parallel to the substrate sur-
face, in the way as the substrate is coating with colloidal PbS particles in a polyvinyl alcohol solution
and then dried. From these results is confirmed that the film texture has a strong influence on the initial
conditions of the substrate surface. The more oriented film corresponds to the sample C.

The orientation process could be the result of long range interactions among substrate, polymeric
chains, water molecules and PbS germs. Our results were independent of the way as the substrate surface
was dried, even when the dried process was carried out at vacuum. Moreover, when introducing a sub-
strate in the growth solution when the surface is not completely dry (condition C), the obtained layer has
an inhomogeneous coloration. In the regions where the surface was even wet the layer was dark gray and
rough, and in the dry regions was black and with a mirror-like surface. The structural characteristics of
these regions (wet and dry) are in correspondence with the ones obtained for the conditions B and C,
respectively. Therefore, the orientation process could be related with capillary forces, which are more
intense in the dry front.

Table 1  Thickness (as measured by RBS); mean grain size, roughness R (30x30 prnz), and shape fac-
tor SF (5x5 um?) for the analyzed PbS samples.

RBS Thickness Mean grain size R
Sample s 5 SF
(10" atom/cm” | nm*) (nm) (nm)
A 1650+10 | 46043 950 + 60 100 0.58 £0.01
B 3500+10 | 97543 680 + 100 225 0.4+0.02
C 2650+10 | 78343 500 + 85 34 0.63+0.01

* Thickness values in nm were calculated considering the PbS density values as 3.5885 x 10 atom/cc.

Figure 3 shows the AFM images of the PbS thin films. Watershed (WS) patterns were generated from
this AFM images to identify the grain boundaries. The roughness values R and shape factor SF values
are also presented in Table 1. A significant difference in the films topography is obtained in dependence
of the condition of the initial growth surface. The SF values are roughly close to SF = 0.60, that corre-
sponds to a triangular shape of the grains. Previously, highly oriented triangular PbS crystals were re-
ported using the Langmuir-Blodgett technique [14]. The grain size differences among the samples with
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Fig. 3 AFM images of the PbS thin films (5x5 pm?).

respect to the influence of the initial stage of the growth surface can be explained attending to the differ-
ences in the growth during the nucleation or induction period. When the substrates are immersed into the
growth solution, the first monolayer of PbS is formed from the nucleation centres or PbS germs created
during the initial precipitation process (condition A) and during the seeding process (conditions B and
C). By controlling the surface concentration of germs, it is possible to control the grain size and the grain
size distribution of the final product. Moreover, the amount of effective nucleation centres created during
the initial precipitation process is smaller (treatment A) than the amount created in the seeding process
(treatments B and C), which is confirmed from the mean grain size results (Table 1).

4 Conclusions

Polycrystalline films of cubic PbS with a preferred (100) lattice plane orientation parallel to the substrate
surface were obtained by chemical bath deposition, by coating the surface of glass substrates with a col-
loid in a polymeric solution. The orientation increases when a thin layer of polyvinyl alcohol with PbS
colloidal particles onto the substrate is dried. Changes in morphology, composition, grain size and thick-
ness were characterized by different techniques. The results of this work give some enlightenment about
the character of the interactions related to the orientation process of the germs of PbS in the interface and
propose a simple way to obtain oriented-semiconductor-films.
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