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ABSTRACT

Conductive atomic force microscopy (C-AFM) is a
recently developed technique that applies an electric voltage
between a very sharp tip and the sample, permitting the
study of the electrical properties of the sample with very
high spatial resolution. It also provides current-voltage
measurements at well-defined spots. C-AFM is applied
simultaneously with atomic force microscopy, providing
topographic and current images of the same region. In this
work, we analyze CdTe/CdS samples, before and after
CdCl, treatment, and after bromine/methanol and
nitric/phosphoric etches. The as-deposited samples show
grains with different contrasts, indicating that the material is
not electrically uniform. The CdCl, treatment resulted in
less conductive grain boundaries, suggesting a relative
decrease in the conductivity at these locations. After the
bromine/methanol etch, the conductivity at grains
boundaries was higher than inside the grains, whereas for
the nitric/phosphoric etch the conductivity increased over
the entire surface.

1. Objectives

The objective of this work is to introduce and demonstrate
how C-AFM, a recently developed analytical technique,
derived from atomic force microscopy (AFM), can be used
to study the electrical properties of solar cell materials and
devices. We used C-AFM to investigate CdTe/CdS solar
cells, before and after CdCl, treatment, and after the
standard etching processes used for device fabrication.

2. Technical Approach

The solar cells used in this work had the following
structure: glass\SnO,\CdS\CdTe. The CdS was grown by
chemical-bath deposition and the CdTe by close-spaced
sublimation. The cells were treated with vapor CdCl, for 5
min at 400°C. Some cells were etched in a 0.5% bromine in
methanol solution (BM etch), for 2 s, and rinsed in
methanol; other cells were etched in a phosphoric acid:nitric
acid:deionized water (88:1:35) solution (NP etch), until
bubbles started to form on the surface (between 30 and 45
s), and then rinsed in running deionized water.

The samples were analyzed before and after the
treatments using C-AFM. C-AFM uses the same set up of
an AFM, in which a very sharp tip is scanned over the
sample surface. An electrical potential is applied between
the tip and the sample surface, and the resulting current is
measured [1,2], giving rise to a current image. Unlike
conventional analytical techniques, C-AFM can provide
information on the electrical properties of the samples with
high spatial resolution. Another advantage is that the

current image is simultaneously generated with a
corresponding topographic image, which allows for a direct
correlation between electric properties and topographic
features. An additional capability of this technique is the
acquisition of current-voltage (I-V) curves from very small
areas of the surface.

3. Results and Accomplishments

For most samples, the small contact area between the tip
and the sample surface resulted in the current flowing
through a very small area of the surface, and spreading
inside the CdTe. For this reason, the current was very
sensitive to variations of the property of the CdTe film on
the surface, and this was reflected in the current image.

The topography and current image of an untreated CdTe
film can be observed in Fig. 1. Notice that, although the
grain structure can be observed in both images, it is clear
that the topography does not have a significant influence on
the current image. This observation is very important,
because it means that there are no artifacts in the current
images caused by topographic features. The current image
shows that the CdTe film is not electrically uniform, and
that some grains conduct more than others. Furthermore,
there is not a significant difference between the current at

Fig. 1. Topographic (top) and current (bottom) images of
an untreated CdTe/CdS solar cell.
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grain boundaries and intragrain material. The changes in
conductivity for different grains are probably related to
different doping levels and/or different carrier mobilities,
which are caused by differences in defect structure. I[-V
measurements indicated that there was a rectifying junction
between the tip and the sample surface, probably due to the
presence of an oxide layer.

After the CdCl, treatment, there were no striking changes
in the current images. Nevertheless, there was a slight
decrease in the current at grain boundaries. This is possibly
related to a lower density of charge carriers at these
locations, which has been previously observed by Visoly-
Fisher et al. [3].

The BR etching process resulted in different current
images, with a relative increase in the current at grain
boundaries, when compared to the intragrain material (Fig.
3). This was probably caused by preferential etching of the
grain boundaries, which had been observed by Danaher et
al. [4]. Measurements with different polarities of the dc bias
indicated that the contact between the CdTe surface and the
tip was still rectifying, with the exception to grain
boundaries. These results show that the BR etch, in the
conditions performed here, is not suitable to produce a
uniform ohmic contact on the film surface.

The results of the NP etching process are shown in Fig. 3.
Contrary to the BR etch, this process increased the
conductivity of the surface as a whole, resulting in a
significant increase in the current in the C-AFM images. At
the same time, it resulted in a decrease in the spatial
resolution of the C-AFM images, because the current
collected by the tip now comes from a larger area of the
surface. The increase in the current is due to the formation
of a highly conductive Te-rich layer on the CdTe surface
after the NP etch [5]. I-V measurements performed in many
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Fig. 2. (a) C-AFM image of a CdTe/CdS solar cell after
BR etch. (b) Linescan taken at the line indicated in (a).
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Fig. 3. C-AFM image of a CdTe/CdS solar cell after NP
etch.

spots resulted in a straight line, confirming the ohmic
character of the surface. These results indicate that the NP
etch is suitable for the formation of an ohmic contact on the
surface of CdTe.

We have also noticed a strong effect of illumination on
the current images of NP-etched samples, which was related
to photo-generated carriers separated at the CdTe/CdS
junction. These measurements can be used to measure the
open-circuit voltage of the cells. Currently, we are
investigating this effect, as well as performing C-AFM
measurements on cross-sections of the cells, to investigate
the effect of the etching process into the material.

4. Conclusions

We have demonstrated the applicability of C-AFM to
study the electrical properties of CdTe/CdS solar cells with
high spatial resolution.

As-deposited CdTe is not electrically uniform, with
different grains having different conductivities. After the
CdCl, treatment, the grain boundaries become less
conductive than the intragrain material, but this effect was
reversed at the surface after the BR etch. The NP etch
promoted an increase in the conductivity, and created an
ohmic contact over the whole CdTe surface.
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