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Abstract Chemical etching and chemo-mechanical polishing are techniques used to remove surface defects and damages
caused by cutting and mechanical polishing of cadmium zinc telluride (CdZnTe) nuclear detector materials. Etching and
chemo-mechanical polishing processes often form thin films on the surfaces of the CdZnTe wafers. While several studies
have been done on etching and chemo-mechanical polishing using different chemicals, there is a lack of reporting on the uses
of the same chemical solution to study the effects of these two-surface processing techniques. This paper focuses on
comparing the effects of chemical etching and chemo-mechanical polishing on the electrical properties of CdZnTe detectors
using the same chemical solution: bromine-methanol-ethylene glycol. Three CdZnTe samples were cut from the same region
of the ingot, mechanically polished, and used to studying the two surface processing techniques. The current-voltage
experiments on the samples gave a measured bulk resistivity of 2.6 x 10'° Q-cm for mechanical polishing, 1.6 x 10'° Q-cm for
chemical etching, and 3.5 x 10'® Q-cm for chemo-mechanical polishing. The variations in the measured resistivity for the
different surface processing techniques are due to the additional contribution of surface currents to the measured bulk current.
The spectral response measurements of the 59.5-keV peak of Am-241 gave a full-width-at-half-maximum (FWHM) of 30.4%,
20.7%, and 30.8% for the mechanical polishing, chemical etching, and chemo-mechanical polishing respectively. In this
study, the chemo-mechanical polishing process resulted in a lower measured bulk current. The chemical etching process gave
a better spectral resolution (FWHM = 20.7%), and a higher charge-carrier mobility—lifetime product of 0.86 x 10~ cm*/V
compared to 0.62 x 10° cm*/V and 0.64 x 10~ cm?/V for mechanical and chemo-mechanical polishing processes respectively.
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are deposited on two opposite planner surfaces.

In previous experiments, our atomic force microscopy
(AFM) results showed that the surface-area roughness of
the CdZnTe wafer was reduced from 9.25 nm root mean
square (RMS) for mechanical polishing, to 2.50 nm RMS
after etching in 2% bromine-methanol solution [5]. The
chemical etching of CdZnTe wafers has been reported to
result in a Te-rich surface layer that is subject to oxidation
[3-7].  The  chemical etching  process  using
bromine-methanol solution has also been observed to

1. Introduction

Cadmium zinc telluride (CdZnTe) has found applications
in X-rays and gamma-rays detection in medical imaging
[1, 2], astrophysics [2], and national security. The CdZnTe
detector device fabrication involved cutting wafers of
desired sizes from the crystal ingot, followed by polishing,
surface treatment, and deposition of electrical contacts.
During the cutting of wafers from the CdZnTe ingot,

defects are induced on the surfaces. Rough surfaces
increase leakage current and create charge-carrier trapping
centres that limit the performance of CdZnTe detectors
[3, 4]. The CdZnTe wafers are mechanically polished to
produce very smooth surfaces. Further smoothening is
accomplished through etching of the surfaces by dipping in
about 1% to 2% bromine methanol solution before contacts
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increase the surface leakage current [3], which in turn, adds
to the measured bulk current. The bromine-methanol
solution induces surface features that make them more
conductive [3]. We have reported improvements through
the usage of a bromine-based passivated etchant where the
residual Br is removed from the surfaces to generate
nonconductive smooth surfaces, and the wuse of
non-bromine-based etchants for treating the polished
surfaces [8]. We also replaced the chemical etching in
bromine-methanol  solution  with  chemo-mechanical
polishing using hydrogen bromide in hydrogen peroxide
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solution, and also using bromine methanol ethylene glycol
solution [9, 10]. The etching and chemo-mechanical
polishing processes often form thin films on the surfaces of
the CdZnTe wafers. The properties of the thin films
influence the amount of surface current that is added to the
measured bulk current.

Extensive research has been done on etching and
chemo-mechanical polishing using different chemicals
[3-10], but there is a lack of reporting on the uses of the same
chemical solution to study the effects of these two
surface-processing techniques. This paper focuses on
comparing the effects of chemical etching and
chemo-mechanical polishing on the electrical properties of
CdZnTe detectors using the same chemical solution:
bromine-methanol-ethylene glycol.

2. Experimental Procedure

Three CdZnTe samples (1, 2, and 3), each sized 6 x 6 x 2
mm®, were cut from the same wafer of the bulk ingot. The
three samples (samples 1, 2, and 3) were mechanically
polished with 800-grit and 1200-grit silicon carbide abrasive
papers, followed by polishing on MultiTex pads with
decreasing size alumina powder to 0.9 um. Sample 1 was
used as the control, sample 2 was chemically etched in
bromine-methanol-ethylene (BME) glycol solution, and
sample 3 was chemo-mechanically polished in BME glycol
solution. The chemical etching was done by dipping and
slowly moving the CdZnTe sample in the BME glycol
solution in a circular motion for about 2 minutes. The
chemo-mechanical polishing was accomplished by polishing
the wafer on felt pad using BME glycol solution. The
chemo-mechanical polishing time for each surface of the
wafer was about 1 minute.

To enable current—voltage (I-V) measurements, gold
contacts were deposited on the two opposite planner surfaces
of each CdZnTe sample. This was accomplished by using a
pipette to put an appropriate size drop of 5% gold chloride
solution on the planner surface. The -V measurements were
made using a customized current-voltage probe in a metal
box that is connected to a Keithley Picoammeter/Voltage
Source.

After the -V measurements, we recorded the spectral
responses of the three samples for Am-241 gamma line at an
applied voltage of 150 V. The set-up consists of a standard
eV Products’ brass holder used to secure the detector against
a beryllium window with a gold-plated spring contact. The
brass holder was connected to a multi-channel analyser
(MCA) through a pre-amplifier and a shaping amplifier.
Each CdZnTe detector was irradiated with a sealed Am-241
gamma-ray source, and the generated signal was recorded
through the MCA and stored for processing and analysis.

3. Results and Discussion

The I-V curves for the surface processing techniques are

shown in Figures 1-3. We expect the electrical properties
and spectral responses of the three samples to be similar
since they were cut from the same wafer of the CdZnTe
ingot. Any difference in these electrical properties and
spectral responses would be due to the surface processing
techniques and the electrical contacts. The measured bulk

leakage currents include contributions from surface
currents.
Table 1. Electrical resistivity for the CdZnTe samples as calculated from

current-voltage measurements

Electrical resistivity range

Surface process (Q-cm)

Mechanical polishing only 2.6x10"-53x10"

Mechanical polishing followed by

0 10
chemical etching 16x107-1.8x10

Mechanical polishing followed by

10 _ 10
chemo-mechanical polishing 3:5x107-4.0x10

The I-V curve for the mechanical polishing followed by
chemical etching (Figure 2) showed a perfect ohmic contact,
but it resulted in an increased measured current compared to
that of the control sample (Figure 1). In contrast, the
mechanical polishing followed by chemo-mechanical
polishing gave a near-ohmic contact -V (Figure 3), and a
decrease in the measured current compared to the control
sample (Figure 1). The electrical resistivity range for each
sample is shown in Table 1 for both positive and negative
applied voltage.

On the average (using positive and negative applied
voltages), the chemical etching process increased the
measured electrical resistivity while further increase was
measured for the chemo-mechanical polishing process, as
well. The variations in the measured resistivity for the
different surface processing techniques are due to the
additional contribution of surface currents to the measured
bulk current.
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Figure 1. I-V plot of the CdZnTe sample 1: Mechanical polishing only
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Figure 2. -V plot of the CdZnTe sample 2: Mechanical polishing
followed by chemical etching. The curve showed a perfect ohmic contact,
but an increase in the measured current compared to Figure 1
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Figure 3. [I-V plot of the CdZnTe sample 2: Mechanical polishing
followed by chemo-mechanical polishing. The curve showed a decrease in
the measured current compared to Figure 1, and contrary to Figure 2 where
chemical etching increased the current

Figures 4 — 6 show the spectral responses of the CdZnTe
samples to irradiation with a sealed Am-241 gamma-ray
source for the three surface processing techniques. The
applied bias is 150 V, and the shaping time is 1 ps for all
three samples. The full-width-at-half-maximum (FWHM)
for the 59.5-keV energy peak of Am-241 is 30.4% for the
mechanical polishing only, 20.7% for chemical etching, and
30.8% for chemo-mechanical polishing. Thus, the chemical
etching gave a better spectral resolution. The 59.5-keV
energy peak remained stable at about the same channel
number for the three surface processing techniques.

The mobility—lifetime product, ut, was extracted using the
Hecht equation [11], from the best fit of the pulse height of
the 59.5-keV gamma peaks taken at different bias voltages;
see Figures 7 — 9. As shown in Table 2, the mobility—lifetime
product values are in good agreement with the energy
resolution of the 59.5 keV peak of Am-241. The best energy

resolution (smallest FWHM) corresponds to the highest
charge carrier mobility—lifetime product. The value of prt is
0.62 x 10° cm?/V for the mechanical polishing only, 0.86 x
107 cm?/V for chemical etching, and 0.64 x 10~ cm?/V for
chemo-mechanical polishing. This showed that the sample
that is chemically etched has a better mobility— the lifetime
product for charge carriers.

Table 2. Energy resolutions (measured as FWHM) and charge carriers’
mobility—lifetime products of the CdZnTe samples

Mobility—lifetime FWHM for
Surface process product (x 107 59.5 keV of
cm?/V) Am-241
Mechanical polishing only 0.62 30.4%
Mechamf:al pollshmg followed 0.86 20.7%
by chemical etching
Mechanical pollshmg follf)w?d 0.64 30.8%
by chemo-mechanical polishing
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Figure 4. The spectral response of mechanically polished CdZnTe sample
using a sealed Am-241 source
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Figure 5. The spectral response of CdZnTe sample mechanically polished
followed by chemical etching in bromine-methanol-ethylene glycol solution.
The energy resolution is improved to 20.7% from 30.4% in Figure 1
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Figure 6. The spectral response of CdZnTe sample mechanically polished
followed by chemo-mechanical polishing with bromine-methanol-ethylene
glycol solution. There is no significant change in energy resolution
compared to Figure 1
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Figure 7. The mobility-lifetime product of the mechanically polished
CdZnTe detector is about 0.62 x 10~ cm?/V, as extracted from the best fit of
the pulse height to the applied voltage using the Hecht equation [11]
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Figure 8. The mobility-lifetime product of the chemically etched CdZnTe
detector is about 0.86 x 10 cm?/V, as extracted from the best fit of the pulse
height to the applied voltage using the Hecht equation [11]
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Figure 9. The mobility—lifetime product of the chemo-mechanically
polished CdZnTe detector is about 0.64 x 10° cm?/V, as extracted from the
best fit using the Hecht equation [11]

4. Conclusions

We compared the effects of chemical etching and
chemo-mechanical polishing on the electrical properties of
CdZnTe detectors using the same chemical solution,
bromine-methanol-ethylene glycol. The three CdZnTe
samples used in this study were cut from the same region of
the ingot. Therefore, their electrical properties and spectral
responses should be similar, and the recorded differences
are mainly due to the surface processing techniques and the
electrical contacts. Distinctive results for the current-voltage
measurements were obtained with a negative applied voltage,
which showed that the chemical etching technique increased
the leakage current (bulk plus surface contributions)
immediately after the process. In contrast, the
chemo-mechanical polishing process decreased the leakage
current. These results were further confirmed, for negative
applied voltage, by the measured bulk resistivity of 2.6 x 10"
Q-cm for mechanical polishing, 1.6 x 10" Q-cm for
chemical etching, and 3.5 x 10" Q-ecm for
chemo-mechanical polishing. The spectral response
measurements of the 59.5-keV peak of Am-241 showed the
best energy resolution for the chemical etching process,
which has a FWHM value of 20.7%, compared to 30.4% for
mechanical polishing and 30.8% for chemo-mechanical
polishing.

The chemical etching process also exhibited the best
charge transport properties, with the best mobility—lifetime
product of 0.86 x 10~ cm?/V, compared to 0.62 x 10~ cm*/V
for mechanical polishing and 0.64 x 10° cm?V for
chemo-mechanical polishing. The 59.5-keV energy peak
remained fairly stable at about the same channel number for
the three surface processing techniques.
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