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A transmission electron microscope and a scanning transmission electron microscope
were used to investigate the structural properties of CdS thin films. The monograin of CdS
thin film was looked at using TEM measurements. In the selected area, the diffraction
pattern of the CdS films shows a pattern of circular dots. This implies that the CdS films
have weakly preferred orientation properties, which is in good agreement with the data
from the XRD measurements. In this study, various measurement techniques using TEM
were utilized to study the structural properties of CdS thin films.

Keywords CdS thin film; XRD; ITO; TEM; STEM; structure property

Introduction

The importance of CdS thin films in the solar cells has been recognised for many years
[1]. To-date, it they have been used in the role of an interface layer. The inclusion of this
layer is essential for high efficiency solar cells, but its role has been the subject of much
debate. The reported band gaps for CdS are 2.42 and 2.62 eV for cubic and hexagonal
structures, respectively. Both cubic and hexagonal films can be deposited, but for solar cell
applications, hexagonal structured films are preferable [2]. Despite hexagonal CdS showing
a higher lattice mismatch with CuInSe2(1.2%) compared to that of cubic CdS (0.7%), the
hexagonal structure is more useful due to it’s suitable band gap and stability [3]. In the CBD
process, the influence of the deposition parameters on film formation, particularly the role
of NH3 on the film structure, are extremely critical.
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Ortega and Lincot [4] and Dona Herrero [5] observed the CdS formation mechanism
by studying the effect of various concentrations of CdSO4 and thiourea at different bath
temperatures on the growth rate of CdS films [6].

In this study we focus on investigating the structural properties of CdS thin films using
various TEM equipment and analysis techniques.

TEMs are capable of imaging at a significantly higher resolution than light microscopes,
owing to the small de Broglie wavelength of electrons. This enables the instrument’s user
to examine in fine detail objects as small as a single column of atoms, which is tens of
thousands times smaller than the smallest object resolvable by a light microscope. TEM
forms a major analysis method in a range of scientific fields.

The STEM operates in a very similar way to a scanning electron microscope (SEM).
A fine, highly focused beam of electrons scans over a thin specimen. Electrons which
pass through the sample can be collected to produce a variety of transmission images, but,
as with the TEM, backscattered electrons and X-rays are also produced. Secondary electrons
(SE) are produced too, giving yet another imaging mode. Such dedicated STEM instruments
are much more efficient than TEMs operating in STEM mode, they permit much higher
resolution microanalysis than was previously attainable in TEM and are also easier to use.
Thus under TEM conditions, similar images are obtained from the two instruments but
the images from the STEM are rather noisier. There is clearly little benefit in operating
the STEM in this non-optimum way. However, by using a much larger detector, the STEM
becomes much more efficient.

In this study it is investigated the CdS thin films structural properties by utilizing these
characteristic of various TEM measurement techniques.

Experimental

The CdS films were prepared using aqueous solutions of cadmium sulfate (3 mM), ammonia
water (1.5 M) and thiourea (0.15 M). Films were deposited on commercially available
indium tin oxide glass using an optimized solution temperature of 60, a pH of 11.5 and
a deposition time of 20 min. The complete deposition process and the mechanism of film
growth are described elsewhere [7,8].

The structural properties of the CdS thin films were investigated by using XRD (Philips
X pert pro X-ray diffractometer) with a primary wavelength of Cu-Kα1 1.5406 Å.

A transmission electron microscope (TEM) and a scanning transmission electron mi-
croscope (STEM) were also used to study the physical properties of the CdS thin films.

Specimens for study by TEM and STEM were prepared by Ion milling (FB2200 Hi-
tachi), this was performed using single beam 40 kV Ar+ ions. Tungsten was deposited
on the CdS films to preserve the sample before measurements were carried out. Com-
patible specimen holders for the FB2200 and STEM (Hitachi HD-2300) are provided for
specimen preparation with high precision and reliability. This arrangement allows milling
and microscopy without specimen repositioning when transferring the sample minimizing
specimen damage during repeated preparations and measurements.

For the TEM a FEI Tecnai G2 F20 microscope with a field-emission gun operating at
200 kV was used to acquire the HR-TEM images.

Results and Discussion

In order to study the structural properties of the CdS thin films, XRD measurements were
carried out on the CdS thin films grown by the method described above. There are two
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Figure 1. The X-ray diffraction (XRD) patterns of the CdS films grown at various temperatures.

crystalline phases, hexagonal and cubic in the cadmium sulfide fabricated by the CBD
method 2. As shown in Fig. 1, the CdS films contain several diffraction peaks, indicating
that the films are polycrystalline. The peak at 2θ = 26.6◦ is associated with a mixture of
hexagonal (0 0 2) and cubic (1 1 1) planes. This primary peak appears in both specimens.
The peaks at 2θ = 24.84◦, 28.18◦, and 43.71◦ correspond to the hexagonal (1 0 0) plane,
(1 0 1) plane, and (1 1 0) plane respectively. It is concluded that CdS thin films grown on
ITO using the default method only contains hexagonal phase.

Sample preparation for TEM and STEM microscopy follows the method described
above. After the FIB process, the compatible sample holder allowed STEM analysis to be
performed without sample transfer or repositioning.

Figure 2 shows the dedicated STEM image and the image from a TEM operating in
STEM mode (b) bright field images and dark field images taken by the dedicated STEM
(c) of the CdS thin films grown on ITO with tungsten metal protection layer deposited. By
comparing the bright field images of the dedicated STEM and the TEM operating in STEM
mode, the dedicated STEM images clearly show individual grains of the thin films and
also have no blurring. In addition to this crystal plane being arranged parallel to each other
within grain can be detected. The dedicated STEM has a significant benefit that it can look
at much thicker samples than is possible with the TEM. This is because as electrons travel
through the sample, they lose energy depending on the thickness of the sample. In the TEM
there is an objective lens below the sample and electrons of different energies are focused on
different positions—this results in the well-known effect of chromatic aberration. This leads
to a blurring of the image and a loss of resolution and contrast. In STEM, however, there is
no lens below the sample so there is no defocusing effect. Bright field STEM can therefore
satisfactorily image samples up to a few microns in thickness at 200 keV, compared to only
about 0.5 micron for a TEM at the same energy. With this ability to image thicker samples,
sample preparation is simplified and there is a better chance of finding the feature of interest
in the viewable volume. For our specimens significant blurring occurred under condition,
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Figure 2. The dedicated STEM bright field image (a) and the image from a TEM operating in STEM
mode (b) and the dedicated STEM dark field image (c) of the CdS thin films grown on ITO.

TEM operating in STEM mode. It implies that our specimen is not enough thin to be suitable
for TEM measurement. In spite of this the dedicated STEM can supply an important
information about the structural properties due to the fact described above. The STEM
also offers significant benefits in dark field operation with a unique imaging mode, High
Angle Annular Dark Field (HAADF) imaging (Fig. 2(c)). The inner angle of the annular
darkfield detector is made so large (30 milliradians) that no Bragg diffracted electrons
are collected. The images therefore come from elastically scattered electrons which have
passed very close to the atomic nuclei in the sample. High (single atom column) resolution
is possible with no unwanted diffraction contrast which can mask structural information.
The HAADF signal is directly proportional to the density and thickness of the specimen
and proportional to Z3/2 where Z is the atomic number. Thus it is possible to produce images
which show contrast due to variation of mass-thickness (i.e. the signal is proportional to
the number of atoms) or Z contrast images (where the signal is proportional to the atomic
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Figure 3. TEM Micrograph of the CdS thin film grown on ITO glass. Fast Fourier Transform (FFT)
image (Fig. 3 inset).

number of the sample). From these optimized hardware of dedicated STEM, as shown
in Fig. 2(c) within CdS thin films the darkest contrast portions reveal various grain size
apparently. The grain size of the CdS thin films is widely distributed between 10 nm and
50 nm.

Figure 3 shows the TEM Micrograph of the CdS thin film grown on ITO glass. A
Fast Fourier Transform (FFT) image (Fig. 3 inset) was also acquired in order to verify
which kind of crystal structure is present in the CdS thin films. It shows that a hexagonal
crystalline structure is the dominant crystal plane.

Figure 4 represents the selected area diffraction (SAD) pattern of the CdS thin film
(area indicated in Fig. 2b) grown on ITO glass. A SAD pattern of the CdS thin film shows
a semi-circular pattern. This implies that the CdS thin film has a small crystal size and
weakly preferred orientation properties, these results are in good agreement with the TEM
micrograph and XRD pattern data.
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Figure 4. The SAD pattern of the CdS thin film (area indicated in Fig. 2 b) grown on ITO glass.

Conclusions

In summary, we fabricated CdS thin films on an ITO substrate by using the chemical bath
deposition method. TEM and STEM were used to investigate the structural properties of
the CdS thin films. HAADF signal reveals the darkest contrast portions exhibiting various
grain size distributions between 10 nm and 50 nm. A SAD analysis exhibits that the CdS
thin film has a small crystal size and weakly preferred orientation properties.
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