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Background: This study focuses on the fabrication and characterization of quasi-hemispherical
Cdo.sZno. Te (CZT) detector for gamma-ray spectroscopy applications, aiming to contribute to
advancements in radiation measurement and research.

Materials and Methods: A CZT ingot was grown using the vertical Bridgman technique, fol-
lowed by proper fabrication processes including wafering, polishing, chemical etching, elec-
trode deposition, and passivation. Response properties were evaluated under various external
bias voltages using gamma-ray sources such as Co-57, Ba-133, and Cs-137.

Results and Discussion: The fabricated quasi-hemispherical CZT detector demonstrated suf-
ficient response properties across a wide range of gamma-ray energies, with sufficient energy
resolution and peak distinguishability. Higher external bias voltages led to improved perfor-
mance in terms of energy resolution and peak shape. However, further improvements in defect
properties are necessary to enhance detector performance under low bias conditions.

Conclusion: This study underscores the efficacy of quasi-hemispherical CZT detector for gam-
ma-ray spectroscopy, providing valuable insights for enhancing their capabilities in radiation
research field.

Keywords: CdZnTe, Spectroscopy, Quasi-hemispherical Detector, Gamma Ray, Semiconduc-
tor Detector

Introduction

Cadmium zinc telluride (CdosZno.Te [CZT]) detectors have emerged as prominent
figures in the field of room temperature semiconductor detectors (RTSD) [1, 2]. CZT (or
RTSD) finds extensive applications across various domains, including nuclear medi-
cine, medical physics, diagnostics, and nuclear detection [3-7]. Renowned for its strong
stopping power, high effective atomic number, stability under high voltage, as well as
sufficient transport properties and spectral performance, CZT has garnered significant
attention [1]. Notably, the mobility-lifetime product of electrons and spectroscopy on
662 keV gamma ray (Cs-137) has reached around 10" cm?/V and approximately 1% on
its energy resolution, respectively [8-10]. Achieving such paramount performances ne-
cessitates a comprehensive consideration of moderate processes and external parame-
ters such as fabrication techniques, electrode configurations, and external bias.

Spectroscopic-grade CZT crystals are typically grown utilizing melt-growing technol-
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ogies such as the traveling heater method and the Bridgman
technique [11, 12]. Throughout the CZT growth process, en-
deavors are made to maximize ingot volume and grain sizes
while maintaining the homogeneous material properties of
the ingot to ensure sufficient yield and the production of
large-volume detectors. Correspondingly, the fabrication
processes play a crucial role in transforming well-grown in-
gots into high-performance detectors.

In this study, we have designed quasi-hemispherical CZT
detector employing a series of fabrication processes. Subse-
quently, we elucidated the effects of each fabrication step,
the processing parameters, and gamma-ray spectroscopy of
Cs-137 at different externally biased voltages. Furthermore,
Co-57, Ba-133, and Cs-137 were introduced for spectroscopic
characterization. The CZT demonstrated commendable per-
formance in response properties, providing valuable guid-
ance for RTSD fabrication and the interpretation of gamma-
ray spectroscopy.

Materials and Methods

A CZT ingot with a diameter of approximately 5 cm was
grown using the vertical Bridgman technique. The Bridgman
furnace utilized in the process consisted of a single-zone
heater with a temperature distribution set at moderate levels.
For the synthesis of CZT, precursor materials included CdTe
(6N), ZnTe (6N), Te (7N), and In for electrical compensation.
The growth speed of CZT was maintained at 2.5 mm/hr.
Upon completion of the growth phase, a lengthy cooling pe-
riod of 72 hours was applied to mitigate stress and disloca-
tion, which result from thermal expansion.

Subsequent to growth, wafering and dicing were performed
using a wire saw, taking into account the grain boundary. Fol-
lowing this, mechanical polishing was conducted using ALO;
powder ranging in size from 5 pm to 0.3 pum. Chemical etch-
ing with Br in MeOH was then applied, followed by deposition
with a 5% AuCl; solution and passivation with NaCIO [11].

The detector geometry was set to quasi-hemispherical
configuration to ensure uniform charge collection and ex-
traction for a single charge carrier (electron) [13]. The config-
uration enables superior performance on their energy reso-
lution, by excluding the hole’s contribution poorer in CdTe-
based semiconductors [14].

Pulse height spectra of the detector were acquired by irra-
diating Co-57, Ba-133, and Cs-137 radioisotopes onto the
cathode side of the detector, while signals were collected
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from a positively biased anode electrode. The utilized nucle-
ar instruments included a CRZ-110 preamplifier (Cremat
Inc.), CR-200 shaping amplifier (Cremat Inc.), Easy-MCA-8k
(Amptek), and Ortec 659 (AMETEK Inc.) power supply. Cus-
tomized sample holders were used to minimize the distance
between the CZT and the preamplifier. Spectroscopic prop-
erties were measured after passivation under various bias
voltages to observe the effects of external voltages. All mea-
surements were conducted at 25 °C to eliminate tempera-
ture-induced effects.

Results and Discussion

Fig. 1 illustrates the progression of specimens through var-
ious fabrication steps. In Fig. 1A, cut wafers are depicted,
showcasing distinct twins, grains, and their boundaries [15].
Volume defects such as inclusions and dislocations tend to
accumulate at both grain and twin boundaries [15, 16], pos-
ing challenges for device performance when crystals with
such defects are utilized in detector fabrication. Conse-
quently, CZT must be extracted from regions within single
grain to ensure optimal device performance. Subsequently,
the extracted specimens are cut into hexahedron dimen-
sions to facilitate appropriate device configuration and elec-
tric field for charge collection generated by radiation, as de-
picted in Fig. 1B. During this process, mechanical damages
and cracks may occur at the specimen edges, potentially im-
peding device configuration and performance.

To mitigate these macro defects, a lapping and polishing
process are undertaken employing a polisher, SiC polishing
pad, and suitable abrasives like alumina (Al.Os). This process
not only enhances electrical and surface quality of crystalline
by eliminating rough surface imperfections but also ensures
finer surface processing [17]. Following polishing with fine
abrasives down to 1 um or 0.3 pm, the surface achieves suffi-
cient smoothness for camera photography as shown in Fig.
1C. Herein, the used camera was reflected by the smooth
surface of CZT crystal, indicating very small roughness.

Mechanically processed specimens undergo chemical
etching using a Br in MeOH solution, as depicted in Fig. 1D.
This step aims to further smoothen crystal surfaces and
eliminate micro-sized defects induced by mechanical fabri-
cation, albeit at the expense of surface stoichiometry. Any
non-stoichiometry induced by chemical etching is later
compensated for during passivation after deposition. The
smoother surface resulting from this process facilitates elec-
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Fig. 1. Photographs of specimens at each step in a series of fabrication processes such as (A) wafering, (B) dicing, (C) lapping/polishing, (D)
chemical etching, and (E) deposition. Specific device configuration is in Supplementary Fig. S1.

trode deposition on the crystal surface, ensuring homoge-
neous electric field distribution [18].

Fig. 1E showcases photographs of masking and electroless
deposition to form the quasi-hemispherical configuration as
illustrated in Supplementary Fig. S1. The quasi-hemispheri-
cal detector in this study was achieved through iterative pro-
cesses including re-polishing, re-etching, re-depositing, and
re-passivating the crystal as utilized in Park et al. [11]. Fur-
thermore, the electrical and transport properties measured
with quasi-hemispherical CZT configuration cannot directly
represent the material’s properties. Thus, the entire material
properties such as resistance and mobility-lifetime product
are confirmable with Park et al. [11], containing the measure-
ments with planar- or bar-type CZT crystals grown under the
same conditions as this study.

Fig. 2 depicts the response properties of the quasi-hemi-
spherical CZT detector to 662 keV gamma rays emitted from
Cs-137 radioisotopes under various external voltages. In Fig.
2A, the spectral results demonstrate the ability to distinguish
the photopeak of 662 keV irrespective of voltages exceeding
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500V, corresponding to an electric field of 833 V/cm. The en-
ergy resolutions ranged from 10.5% to 4.5% with biases rang-
ing from 500 V to 1,400 V, allowing for clear differentiation of
the photopeak of 662 keV gamma rays. Higher external volt-
ages exhibit improved performance in energy resolution and
clearer shapes of photo- and backscatter-peaks. Broadening
of peaks in the energy spectrum of semiconductor detectors
originates from “incomplete charge,” distinct from the origi-
nally generated charge amount by radiation. This incomplete
charge arises from charge losses due to carrier recombination
and trapping, influenced by semiconductor defects. Never-
theless, higher voltage facilitates faster carrier velocity (LE),
enabling carriers to reach each collecting electrode swiftly
and reducing exposure time on trapping centers [19-21].
Consequently, enhancements in bias voltage led to in-
creases in peak centroid, peak height, peak-to-valley (P/V)
ratio, and a decrease in valley count (Fig. 3 and Supplemen-
tary Table S1). These effects are discernible through over
lapped spectra plots under various voltages, as illustrated in
Fig. 2B, Supplementary Figs. S2 and S3. The photopeaks at
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Fig. 2. Spectroscopic properties of quasi-hemispherical CdosZno.Te (CZT) detector depending on the externally biased voltages obtained
with Cs-137 radioisotope: (A) three dimensional plot (B) overlapped plot extracted from Supplementary Fig. S2 for clarifying. The different
Y-axis scale of Fig. 2B shows 32 keV gamma rays as shown in Supplementary Fig. S3. The physical dimension for the detector is 12 mm x

12 mmx 6 mm. a.u., arbitrary unit.
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Fig. 3. Quantitative performances, including (A) the count and ratio of peaks/valleys, and (B) the peak centroid and energy resolution (ER), as
a function of bias voltage. Specific values are presented in Supplementary Table S1. a.u., arbitrary unit; P/V, peak-to-valley.

channels ranging from 350 to 380 exhibit shifts with increas-
ing bias due to the aforementioned reason, resulting in
sharper peak shapes as the tails at low bias voltages re-stack
onto the peak centroid. This phenomenon correlates with
increases in P/V ratio, energy resolution, and peak height as
shown in Fig. 3. Similar effects are observed in the Compton
edge and backscattering peak, respectively located at chan-
nels 120 and 260. While the backscattering peak initially re-
sembles an edge at 500V, it becomes distinguishable with
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higher voltages. The Compton edge also becomes clearer
with increased voltages. The final energy resolution on 662
keV emitted from Cs-137 radioisotope measures at 4.4%,
comparable to commercial CZT detectors.

Fig. 4 illustrates the response properties of the quasi-hemi-
spherical CZT detector to various gamma-ray sources; the
gamma-ray energies span from 32 keV (Cs-137), 81 keV (Ba-
133), 122 keV (Co-57), 303 keV (Ba-133), 356 keV (Ba-133) to
662 keV (Cs-137).
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Fig. 4. Spectroscopic properties of quasi-hemispherical CdoeZno.1Te (CZT) detector obtained with various radioisotopes: (A) Co-57, (B) Ba-
133, and (C) Cs-137. External voltage was 1,400 V, which corresponds to 2,333 V/cm. a.u., arbitrary unit; ER, energy resolution.

In Fig. 4A, the pulse height spectrum from the Co-57 ra-
dioisotope emitting 122 keV and 136 keV gamma rays is pre-
sented. A notable energy resolution of 8.96% at 122 keV gam-
ma rays is achieved, and the peak of 136 keV gamma rays is
also distinguishable. This property is particularly significant
as common planar CZT detectors often struggle to differenti-
ate the gamma-peak of 136 keV [22].

Fig. 4B displays the resultant spectrum from the Ba-133 ra-
dioisotope, revealing photopeaks at energies of 81, 303, 356,
and 383 keV. All peaks of Ba-133 are distinctly obtained with
the quasi-hemispherical CZT detector, demonstrating its ca-
pability across a wide range of gamma-ray energies.

Fig. 4C showcases the response property of the CZT detec-
tor with the Cs-137 radioisotope emitting gamma rays at en-
ergies of 32 keV and 662 keV. Both peaks appear in the spec-
trum with sharp shapes, consistent with the explanation
written in Fig. 2.

Overall, the response properties to gamma-rays spanning
a wide energy range from 32 keV to 662 keV demonstrate
sufficient energy resolution, indicating the efficacy of the
quasi-hemispherical CZT detector in gamma-ray detection.
However, there is room for improvement in defect properties
such as dangling bonds, inner native defects, and Te inclu-
sions, particularly considering the high electric field (2,333
V/cm) applied to maintain detector performance [16, 21, 23-
25]. The high transport property, determined by crystal de-
fect properties, is crucial for ensuring adequate performance
under relatively lower bias conditions [21].

Conclusion

This study demonstrates the successful fabrication and
characterization of a quasi-hemispherical CZT detector for
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gamma-ray spectroscopy applications. Through a series of
fabrication processes and varying external bias voltages, the
detector exhibited paramount response properties across a
wide range of gamma-ray energies, with sufficient energy
resolution and peak distinguishability. Despite the notable
performance, further improvements in defect properties are
warranted to maintain high detector performance under rel-
atively low bias conditions. Overall, the findings underscore
the efficacy of the quasi-hemispherical CZT detector and
provide valuable guidance for enhancing its capabilities in
gamma-ray detection and spectroscopy applications utiliz-
ing RTSD.

Supplementary Materials

Supplementary materials can be found via https://doi.org/
10.14407/jrpr.2024.00073.
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