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Influence of Surface Preparation on Scanning Kelvin Probe Microscopy and Electron
Backscatter Diffraction Analysis of Cross Sections of CdTe/CdS Solar Cells

H.R. Moutinho, R.G. Dhere, C.-S. Jiang, and M.M. Al-Jassim
National Renewable Energy Laboratory, Golden, CO 80401, USA

ABSTRACT

Electron backscatter diffraction (EBSD) provides information on the crystallographic
structure of a sample, while scanning Kelvin probe microscopy (SKPM) provides information on
its electrical properties. The advantage of these techniques is their high spatial resolution, which
cannot be attained with any other techniques. However, because these techniques analyze the
top layers of the sample, surface or cross section features directly influence the results of the
measurements, and sample preparation is a main step in the analysis.

In this work we investigated different methods to prepare cross sections of CdTe/CdS
solar cells for EBSD and SKPM analyses. We observed that procedures used to prepare surfaces
for EBSD are not suitable to prepare cross sections, and we were able to develop a process using
polishing and ion-beam milling. This process resulted in very good results and allowed us to
reveal important aspects of the cross section of the CdTe films. For SKPM, polishing and a light
ion-beam milling resulted in cross sections that provided good data. We were able to observe the
depletion region on the CdTe film and the p-n junction as well as the interdiffusion layer
between CdTe and CdS. However, preparing good-quality cross sections for SKPM is not a
reproducible process, and artifacts are often observed.

INTRODUCTION

EBSD [1] is performed inside a scanning electron microscope (SEM), where the
electrons from the beam are diffracted by the top layers of the material and collected by a
detector positioned close to the sample surface. To increase the yield of diffracted electrons, the
sample is tilted by 70°, which requires a flat surface to avoid surface features from preventing
the electrons from reaching the EBSD detector (the shading effect). Furthermore, because the
diffracted electrons come from the region close to the surface (about 20 nm deep), the quality of
the surface is a key parameter for obtaining good EBSD data. In addition to conventional
information, such as pole figures and inverse pole figures, EBSD provides unique information on
orientation maps and boundaries’ misorientation profiles, and it is the most reliable technique to
provide surface grain size information.

SKPM [2] provides measurements of the electrical potential and electric field distribution
on the sample surface. The technique provides maps of the surface potential simultaneously with
atomic force microscopy (AFM) topographic images, which allows for the correlation between
topography and electrical properties. As with EBSD, the advantage of SKPM over other
techniques is the high spatial resolution. When applied to cross sections of biased CdTe/CdS
solar cells, it reveals the location of the p-n junction and the distribution of the depletion region
on the CdTe film and also allows for studying the interdiffusion layer between CdTe and CdS.

Because these techniques analyze the surface of the sample, sample preparation is a key
step toward obtaining meaningful data. For instance, close-spaced sublimation (CSS) CdTe films
are too rough to provide good EBSD data because of shading effects. Polishing the films



produces a flat surface, but with poor quality, resulting in no Kikuchi patterns on the EBSD
detector and, consequently, no EBSD data. In previous work [3], we found that good samples
are produced by ion-beam milling, a combination of polishing and ion-beam milling, or
polishing and etching in bromine methanol solution.

Although there are no shading effects in AFM, the maximum vertical range of the tip is
about 7 um, requiring that sample features be no taller than about 4 um. However, because of
convolution between topography and surface potential data, steps should be as flat as possible
(no more than a few dozens of nanometers). Because of this, only samples that cleave provide
good cross sections with minimal preparation. CdTe/CdS films, which are deposited on glass,
require a polishing stage before any meaningful SKPM data can be obtained. After this, a light
ion-beam milling stage can also be applied.

In this work we investigate procedures to prepare CdTe/CdS solar cell cross sections for
EBSD and SKPM analysis, and report the information that can be obtained from the samples.

EXPERIMENTAL PROCEDURE

The samples used in this work had the following structure: Ag paste/Cu-doped graphite
paste/CdTe/CdS/i-SnO,/SnO,/glass. The samples received a standard vapor CdCl, treatment at
400°C for 5 min.

The samples were polished in a MultiPrep system from Allied High Tech Products, Inc.,
using diamond lapping films with 30, 9, 3, 1, 0.5, 0.25 and 0.1-um grits. Different polishing
solutions and procedures were tried, but the results were similar. A last step using 0.05-pm
alumina suspension was sometimes used, but again, the results of the analyses were similar.
After polishing, some samples were etched in bromine/methanol solution for 2 s, while other
samples were ion-beam milled on a Fischione system, model 1010 LAIMP. To avoid rounding
the film during the polishing process, the samples were sandwiched using epoxy and glass slide.
For the EBSD analysis, we used a conductive epoxy to diminish charging effects caused by the
electron beam. For the SKPM analysis, because we wanted to analyze the sample under different
bias conditions, we attached a wire to the back contact and used non-conductive epoxy to avoid
short-circuiting the solar cell. It is important to mention that the procedures reported in this work
may need to be modified for other materials and CdTe films deposited by other methods.

The EBSD analysis was performed in a SEM FEI Nova 630 NanoSEM using a EDAX
Pegasus/Hikari A40 system. The SKPM measurements were performed in a ThermoMicroscope
AutoProbe CP Research scanning probe microscope using Pt-Ir-coated Si tips.

RESULTS AND DISCUSSION

EBSD

We initially attempted to cleave (break) the samples, but no useful results were obtained
due to shading between the several layers that were formed. Next, we tried to polish the sample
and then etch using a bromine/methanol solution. This was the natural choice, because this
process had been used successfully before to prepare the surface of CdTe films for EBSD [3],
and a system for ion-milling cross sections was not available. The results are shown in Fig. 1. On



Fig. 1. Left: SEM image of the cross section of a CdTe/CdS cell after polishing and etching
with bromine methanol solution. From the top: graphite paste/CdTe/CdS-SnO,/glass. Right:
Image on the EBSD detector at the location marked by a green x on the SEM image.

the SEM image we notice that the films are not as flat as we would expect. Also, there is a step
between the graphite paste and the CdTe, and there is some residue on the surface of the CdTe
film. The image on the detector shows a strong shading effect (the bottom half of the detector is
dark, showing no detection of electrons) due to the step observed on the SEM image. On the top
part of the detector, although there is no shading, there are no Kikuchi lines, indicating that the
CdTe surface does not have good crystallinity. This is probably caused by the features on the
CdTe film observed on the SEM image. We tried to solve this problem by changing the polishing
process, but we were not successful. For every sample treated with bromine/methanol, there was
some deposit on the CdTe film and a step between the back contact and the CdTe observed by
SEM, and shading effects and no Kikuchi patterns observed on the EBSD detector. These
experiments allowed us to conclude that bromine/methanol attacks the back contact and the
epoxy, creating the step and leaving a residue layer on the CdTe, preventing EBSD data from
being acquired.

To solve this problem, we were able to adapt an ion-beam milling used to prepare
samples for TEM to mill our cross sections. The new cross sections were flat, without steps
between the back contact and the CdTe, and excellent Kikuchi patterns were observed on the
detector. However, we observed that, for strong ion milling, there was a small step between the
CdTe and CdS-SnO; films, which would cause some shading close to this interface. To avoid
this problem, we optimized the ion-beam milling process. Fig. 2 shows two inverse pole figure
orientation maps of CdTe cross sections. For light ion milling (left) it is difficult to clearly see
the film crystalline structure because only part of the damaged layer was removed. For
intermediate milling conditions (not shown), although the crystalline structure could be easily
observed, there was a lot of variation in the crystallographic orientation inside the grains. For the
optimized milling conditions, the data was excellent (right). Using polishing followed by ion-
beam milling, we are able to create good cross sections for EBSD on a routine basis.



Fig. 2. EBSD of the cross section of a CdTe/CdS solar cell. Left: Light ion-beam milling (4 kV, 4
mA, 5°, 10 min). Right: Optimal ion-beam milling conditions (5 kV, 5 mA, 6°, 30 min). Dark
lines denote grain boundaries, and red lines denote CSL X3 boundaries.

The analysis of the samples show that the CdTe film grows in a columnar way and has
small grains that nucleate in the first stages of film growth at the interface with CdS. Analysis of
pole figures shows that the film is randomly oriented. Almost every grain has few low-energy
coincidence site lattice (CSL) X3 boundaries [4]. These boundaries are twins, generated by a
rotation of 60° around a [111] crystallographic direction and have been observed before [5].

SKPM

For the SKPM measurements, to avoid the problems observed in the EBSD analysis, we
did not use bromine/methanol etching. The best results were obtained by polishing or polishing
followed by a light ion-beam milling, which provided very similar data. Some of the results are
displayed in Fig. 3, which shows representative linescans of the potential (left) and electric field
(right) on the cross section of CdTe/CdS cells. The figure on the left shows that there is a sharp
decrease in the potential at the interface between CdTe and CdS. As the reverse bias is increased,
there is an increase and spread in the potential inside the CdTe film, corresponding to the
expansion of the depletion region with reverse bias. As expected, the potential drop inside the
SnO, film is small. The figure on the right shows the electric field inside the device obtained by
taking the first derivative of the potential linescans. There is a strong electric field at the junction,
which is caused by the higher doping interdiffusion layer created during the formation of the
device. The existence of this layer was confirmed by transmission electron microscopy (TEM)
[6]. The position of the p-n junction coincides with the maximum of the electric field. The
expansion of the depletion region on the CdTe with the increase in reverse bias is also observed
in the figure. We applied Poisson’s equation on the straight part of the electric field on the CdTe
film on polished samples, and we were able to calculate the doping for several samples [6]. The
calculated values varied from 1.1x10'* to 3.3x10"* em™, which agrees well with values reported
on the literature for CdTe.

Analyzing Fig. 3, we notice that the electric field at forward bias is negative, when it
should be positive. This indicates the existence of an inversion layer on the CdTe/CdS surface,
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Fig. 3. Left: Linescans of the surface potential on the cross section of a CdTe/CdS solar cell
after polishing and ligh ion-beam milling under different bias conditions (inset). Right:
Corresponding linescans of the electric field.

which is caused by pinning of the Fermi level due to surface states. These surface states are
affected by the sample preparation method, and only-polished samples present even stronger
effects, such as a negative electric field at 0 bias. These results serve as a reminder that SKPM
analyzes the surface of the sample, and care is needed when comparing the results with the bulk
of the sample. Unfortunately, this is not the main problem. Fig. 4 shows linescans of the surface
potential and electric field for another CdTe/CdS solar cell after polishing. The most striking
feature on the surface potential linescans (left) is the crossing of the curves on the right (SnO,
region). During the analysis, the SnO; film is grounded, and the reverse and forward biases are
applied on the back contact. Because there is a drop in potential from where the SnO; is
grounded to where the tip starts scanning, the linescans on the SnO, side are supposed to be
slightly separated, as in Fig. 3. However, the theory cannot explain the behavior or the linescans
on the SnO, side observed in Fig. 4. Furthermore, on the electric field linescans (right), we don’t
see a clear increase in the depletion region on the CdTe film as the reverse bias is increased, and
we cannot explain the large electric field on the SnO; film, which is related to the strange shape
of the potential signal on that region. We measured the efficiency parameters of the cell in Fig. 4,
and V. before sample preparation and after analysis was around 800 mV, and efficiency was
around 9.5%, which shows that the device was working during the measurements. We analyzed
many samples and could not predict when a sample would behave like in Fig. 3 or Fig. 4. The
conclusion is that we cannot reproduce the polishing/ion-beam milling process to the level
required by SKPM. This problem makes it difficult to analyze unknown samples because it is
difficult to separate results due to the sample properties from artifacts caused by the preparation
process. Currently we are investigating new methods to prepare cross sections for SKPM.

CONCLUSIONS

Although etching with bromine/methanol solution produces good surfaces for EBSD
analysis of CdTe, when applied to cross sections it attacks the film structure, resulting in large
steps and contamination, and no useful EBSD data.
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Fig. 4. Left: Linescans of the surface potential on the cross section of a CdTe/CdS solar cell
after polishing under different bias conditions (inset). Right: Corresponding inescans of the
electric field.

We developed a reliable procedure to prepare cross sections of CdTe/CdS solar cells for
EBSD, which consists of polishing followed by ion-beam milling. An optimization of the milling
parameters is important for the fabrication of good quality samples with just a small step
between the SnO,/CdS and CdTe films. Very good EBSD data can be routinely obtained,
revealing the columnar character of the CdTe growth and details on the crystallographic structure
of the film, such as grain size and boundary characteristics.

The best procedure to prepare cross sections of CdTe/CdS solar cells for SKPM was by
polishing and polishing with a light ion-beam milling. Good SKPM data was obtained showing
important aspects of the junction, such as the intermixed layer between CdTe and CdS, and the
location of the p-n junction. However, the sample preparation process is not reliable, and the
results are not always reproducible. Improvements in sample preparation will be needed before
this technique can be used in a routine basis to study CdTe/CdS junctions.
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