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Abstract—Chemical etching of CdTe crystals using hydrogen
bromide (HBr)-based etchant was studied and its effectiveness in
detector leakage current, gamma radiation detection performance
was compared with that of a conventional Br-methanol (BM)
etched detector. It was found that effect of surface leakage in total
detector leakage current was lower in the HBr-processed
detectors, and they also exhibited better radiation detection
performances than that of the conventional BM-etched detectors.
A slight variation in surface chemical states was found in these
differently processed crystals which could be related to the
observed differences in detector properties.

Index Terms— CdTe, Surface etching, Nuclear radiation
detector, Spectroscopy

I. INTRODUCTION

DTe and its alloy CdZnTe are now well recognized as the

most promising materials for the development of nuclear
radiation detectors operable at room temperature. Despite their
suitable material properties, the widespread use of these
detectors is hampered by the difficulties of the crystal growth as
well as detector fabrication technique. Both the crystal quality
and surface preparation during detector fabrication seriously
influence the detector performance [1-3]. There has been a
significant progress in the crystal quality improvements,
however, the surface processing techniques have been
remained essentially the same, which have impeded further
detector performance improvements. Current surface
processing procedure consists of mechanical polishing,
followed by chemical etching using bromine-methanol (BM)
solution to achieve a smooth surface [4-6]. Though this etching
process results a comparatively smoother surface, however, it
leaves behind regions of non-stoichiometric material and other
undesirable surface features because of its non-uniform etch
rate [4, 7-9]. These electrically active defects cause the surface
conductivity increase leading to increased surface leakage
currents and detector performance degradation [4,7-9]. These
surface defects further affect the metal-semiconductor interface
leading to the device to device performance variation and
affecting their long term stabilities [8]. Hence, there is an
urgent need to find a suitable surface processing technique that
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would mitigate those problems.

In this study, we used a hydrogen bromide-based (HBr)
etching solution to chemically etch the CdTe surface. This
etchant offers highly stable etching where the etching rate could
be varied by changing the solution composition. Moreover, it
does not attack the positive photoresist making it suitable
etchant in CdTe photolithography process. Our goal was to find
its effectiveness in the surface processing of the crystal and
study how it influences the detector leakage currents and the
radiation detection performances. It was found that this etchant
produce a uniform surface with small surface leakage currents,
making it promising for highly efficient detector development.
Here, we report on the properties of the HBr processed CdTe
detectors, and compare them with that of conventional BM
processed detectors.

Il. EXPERIMENTAL DETAILS

Several 5 mm x 5 mm x 0.5 mm sized, (111)-oriented high
resistivity detector grade CdTe crystals were used in this study.
They were Travelling Heater Method (THM) grown crystals
from ACRORAD, Japan. As crystals cut from the same wafer
were used for each set of experiments, we consider they have
similar bulk material properties. The HBr-etchant consists of a
mixture of hydrogen bromide, bromine and water at a
volumetric ratio of 17:2:34, whereas the BM-etchant is a 0.5%
Br-methanol solution. The samples were etched in respective
etchants at room temperature without stirring and then rinsed
thoroughly in methanol. The HBr and BM-solution etching
rates were 0.4 um/min and 0.8 um/min, respectively at room
temperature. The crystals were immediately loaded into
physical vapor deposition system after etching, where planar
gold contacts were deposited on two opposite surfaces as in Fig.
1(b). For surface leakage current analysis solid circular contacts
with different areas (radius varying from 100 to 600 um) were
deposited on one face of some crystals from each etch group,
while planar type contacts on the opposite side, as shown
schematically in Fig.1 (a). The process consistency was
maintained to ensure that device properties do not get affected
due to the crystal handlings and other process related factors.

Surface chemical states of the HBr and BM-etched samples
were analyzed in a PHI-500 (ULVAC-PHI) x-ray
photoelectron spectroscopy (XPS) using monochromatic Al
X-ray source. The current-voltage (I-V) measurements were
performed in a manual probe station connected to an Agilent
power device analyzer. Radiation detection tests were



performed in a standard set up consisting of a pre-amplifier,
shaping amplifier and a multi-channel analyzer, using **Am
gamma source.

Y-ray_ -ve bias

N\

Te-face

@ (b)

* Cd-face

readout
Fig. 1 Device structure used in this study. (a) Surface leakage current analysis,
(b) radiation detection test.

I1l. RESULTS AND DISCUSSION

Fig. 2 shows the detector leakage current density at a fixed
applied bias of 45V as a function of perimeter to area (P/A)
ratio of the circular contacts. For a detector structure consisting
of different sized circular contacts (Fig. 1(a)), the total leakage
current density (J) which comprises the surface and the bulk
components can be expressed in the following way [10]:

J=Jg+ s (PIA) @)

where, Jg and Js are the bulk and the surface components of the
total detector leakage current. P and A are the perimeter and
area of the circular contacts. For a fixed applied bias, total
current density increases with the P/A ratio if the surface
component is dominant, however, remains same when the bulk
component is dominant [10]. Fig. 2 shows the current density
changes with the P/A ratio for the BM-etched detector, however,
it remains nearly the same for the HBr-etched one, which
indicates the effects of surface leakage is small in HBr detector.
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Fig. 2. Leakage current of the HBr and the BM-etched detectors measured at
45V bias as a function of perimeter to area (P/A) ratio of the circular contacts.

The total leakage currents of HBr and BM-etched detectors
as a function of applied biases are plotted in Fig. 3. Current
increases with applied biases in both detectors, however, the
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Fig. 3. Leakage current of the HBR and the BM-etched detectors as a
function of applied bias, measured at room temperature.

characteristics show some asymmetries. The leakage current
was lower when positive bias was applied to the Cd-face of the
crystal. This type of characteristics in high resistivity p-type
CdTe or CdznTe is previously discussed in the literature
[11,12]. The Au/CdTe/Au detector structure creates a blocking
cathode when a negative bias is applied on the Te-face of the
crystal, thereby restricting electron injection from the contact
into the bulk, and the anode on the Cd-face less blocking (+ve
voltage axis in Fig. 3). Thus currents will be controlled by holes
entering from the anode contact. However, if the polarity is
reversed, the Au-Cd cathode will be more injecting and Au-Te
anode will be more blocking (-ve voltage axis). The higher
current for the BM-processed detector in Fig. 2 could be due to
higher concentrations of surface states formed on its surface
(explained later in this paper), which lowers the barrier height
at the Au-Te cathode, allowing electron injection [11,12].
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Fig. 4. A comparison of the spectroscopic performances of the HBr and the
BM-etched detector measured at room temperature with different biases.

Fig. 4 compares spectroscopic performances of these detectors
at three different applied biases. The measurements were
carried out at room temperature using?**Am gamma source in



exactly identical conditions, with measurement configuration
shown in Fig. 1(b). The 59.5keV photopeak obtained from the
HBr-etched detector shows higher total counts and the peak
shape improves with the bias. The BM-etched detector, on the

other hand, has lower photopeak counts and its shape is inferior.

This indicates trapping and recombination of generated carriers
before they are collected at the contacts. The difference in the
surface conditions of these differently processed detectors
could be the reason for the observed difference in the detector
properties. In order to verify this surface chemistry of these
differently etched crystals was studied using XPS. Care was
taken while preparing and loading the samples into the XPS
chamber so that their exposure to the ambient air was
maintained at very short and exactly the same duration.
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Fig. 5. XPS spectra of the Te3d peak of (top) BM-etched and (bottom)
HBr-etched CdTe surface.

The result of XPS analysis in Fig. 5, which was performed
without sputtering the surface with Ar-ion, showed that surface
of BM-etched sample had a small but distinct peak of tellurium
oxide, however, no such peak was observed in the HBr-etched
sample. Also the peak intensity of the elemental oxygen (O1S)
was stronger and Cd-related peak was slightly weaker in the
BM-sample than in HBr-sample (not shown here). The TO,
peak was mostly removed with a 1-min sputtering of the
BM-sample. However, in contrast to HBr-sample traces
amount of oxygen was still present in it. The BM-etching of
CdTe has been described by oxide-dissolution reaction, which
proceeds by oxidation of the surface atoms followed by
chemical dissolution of the oxidized product [13]. Similar
mechanism can be expected for the HBr-etchant. However, the
observed difference of TeO, and the elemental oxygen contents
suggests that they are responsible for the formation of surface
states in the BM-etched samples affecting the detector
performances. However, it needs further verification and
details on these are in progress.

IV. CONCLUSION

Chemical etching of CdTe crystals using HBr-based solution
was studied and its effectiveness in detector leakage current and
gamma radiation detection performance was compared with
that of a conventional Br-methanol (BM) processed detector.
The result showed that the HBr-etched detector exhibits lower
surface leakage current than the BM etched, and also offers
better radiation detection property. XPS results showed small
but distinct TeO, peak and higher elemental oxygen from the
BM-etched CdTe surface, however no TeO2 peak was
observed in the HBr-etched surface. We suggest that larger
surface states on the BM etched crystal possibly due to partial
TeO, formation is responsible for its inferior performance, thus
making HBr-etchant a better choice.
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