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a b s t r a c t

Parylene coating was adopted on CdZnTe (CZT) detector as a mechanical protection layer after wet
passivation with hydrogen peroxide (H2O2) and ammonium fluoride (NH4F). Wet chemical passivant lose
their effectiveness when exposed to the ambient conditions for a long time. Parylene coating could
protect the effectiveness of passivation, by mechanically blocking the exposure to the ambient condi-
tions. Stability of CZT detector was tested with the measurement of leakage current density and response
to radio-isotopes. When the enough thickness of parylene (>100 mm) is adopted, parylene is a promising
protection layer thereby ensuring the performance and long-term stability of CZT detectors.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cadmium zinc telluride (CZT) is a commercial material for X-ray
and gamma-ray detectors operating at room temperature [1].
However, there are still some issues that need to be addressed to
further improve detector performance. One of them is corre-
sponding with the long-term stability after passivation [2].

Selective etching property of Br-based etchants leaves highly
conductive Te-rich layers on the surface. These Te-rich layers act as
a charge trapping center and degrade CZT detector performance.
The most commonway to solve this problem is to passivate the Te-
rich layers through a wet or dry passivation process. In both
passivation processes, Te atoms in Te-rich layers chemically react
with oxygen and are then converted to TeO, TeO2, and TeO3. Typical
wet passivation processes need chemical compounds rich in the
oxygen, such as hydrogen peroxide (H2O2), ammonium fluoride
(NH4F) or ammonium sulfide ((NH4)2S) [2e7]. The main disad-
vantage of wet passivation is that chemicals are not pure compared
to CZT material (6e7N purity). It can therefore contaminate the
surface of CZT detector. Dry passivation requires thermal treatment
with high temperature in oxygen atmosphere. When the CZT
by Elsevier Korea LLC. This is an
material is exposed to 200 �C for more than 20 min, it loses its
original high resistivity. Moreover, Te oxides initially form a stable
state in both processes, however it gradually destabilizes over time
in the ambient environment due to reacting with moisture and
carbon dioxide [2].

To solve the problem, we added the parylene coating process
after the conventional passivation processes. Parylene is an organic
polymer with high resistivity, dielectric strength, and is waterproof.
Moreover, it can form a uniform film on the surface of any sample
despite having any unusual geometry, such as holes or bumps [8,9].
These are why the parylene has widely been used as a protective
coating for challenging electronics, aerospace, and medical appli-
cations. Here, parylene coating was tested as itself or mechanical
protection layer after wet passivation with hydrogen peroxide and
ammonium fluoride.
2. Experiment

CdZnTe (Zn ¼ 10%) ingots were grown by Bridgman method
using a mixture of CdTe(6N), ZnTe(6N), and proper amounts of
compensating dopant (indium). We prepared ten CZT samples for
the experiments. Prepared samples are summarized in Table 1. Gold
electrodes were formed by an electroless method using an AuCl3
solution.

For wet passivation, CZT samples were immersed into hydrogen
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Table 1
Summary of CdZnTe detectors used in this research.

Sample W � D � H (mm3) Resistivity (U $ cm) Passivant Parylene (mm)

D1 5 � 5 � 2.4 1.2 � 109 HPP �
D2 5 � 5 � 3.6 4.7 � 109 AFP �
D3 5 � 5 � 2 3.1 � 109 AFP �
D4 5 � 5 � 2 3.0 � 1010 HPP 20
D5 5 � 5 � 2 3.1 � 109 AFP 20
D6 6 � 6 � 12 8.9 � 109 None 20
D7 5 � 5 � 12 1.0 � 1010 HPP 20
D8 5 � 5 � 12 1.2 � 1010 AFP 20
D9 6 � 6 � 10 1.0 � 1010 HPP 100
D10 6 � 6 � 10 1.7 � 1010 AFP 100

Fig. 1. Current density of D1 detector (a) and D2 detector (b) in the range of 10 ~ 100 V
as an immersion time in each passivant. Wop means ’without passivation’.
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peroxide passivant (HPP) or ammonium fluoride passivant (AFP) at
25 �C. The HPP and AFP were made up of H2O2(30%) þ H2O, and
NH4F þ H2O2 þ H2O (2.86 g, 8 mL, 17 mL), respectively [10,11]. The
optimal immersion times of CZT on HPP or AFP were selected as the
time exhibiting the highest resistivity in every 30 s steps. Electrical
resistivity of CZT detectors was measured by the Keithley 237
source measure unit.

Prior to the parylene coating, plasma etching using a mixture of
N2 þ O2 þ CF4 (35, 315, 35 sccm) was done for 10 min to enhance
the adhesion between CZT and parylene. The parylene coating
machine consists of three main parts, namely the vaporizer, pyro-
lyzer, and deposition chamber. The parylene dimer, which is a
source material, is vaporized at 180 �C in the vaporizer. When the
parylene gas flows to the pyrolyzer, the dimer decomposes ther-
mally to a monomer between 650 and 690 �C. The pyrolyzed par-
ylene gas becomes polymerized at room temperature in the
deposition chamber and is uniformly deposited on the CZT sample.
The parylene was coated to the sample which is passivated with
HPP or AFP.

The pulse height spectra of the passivated CZT detectors were
measured by the CRZ-110 preamplifier(Cremat Inc.), CR-200
shaping amplifier (Cremat Inc.), and multichannel analyzer
(MCA). The effect of temperature-induced changes in energy res-
olution and resistivity was excluded by maintaining the detector
temperature at 25 �C throughout the whole experiment.

3. Results and discussion

The CZT sample whose surface has been treated with chemical
etching based on Br-solutions exhibits lower resistivity than that of
themechanically polished CZT due to the selective etching property
of Br. €Ozsan et al. [12] states that thin TeO2 layer maintains high
surface resistivity. In the case of Chen’s research [10], a TeO2 layer of
only 2e4 nm in thickness reduced the current density and
improved spectroscopic properties of the specimen. Much research
has successfully proved the effectiveness of the Te-oxide layer [4]
[e] [7,13] [e] [15]. In addition, wet passivation is a typical method of
oxidizing the CZT surface. However, the formation of the oxide layer
was saturated at certain immersion times. Furthermore, the
leakage current density may increase if the immersion time ex-
ceeds the saturation point. Consequently, an appropriate wet
passivation time should be found depending on the Br contents and
etching time, that is, Te-rich layer thickness.

Fig. 1 represents the leakage current density of D1 and D2 de-
tectors that have been passivated after 2% BreMeOH etching for
60 s depending on the immersion time in HPP and AFP. In the case
of D1 which was passivated with HPP, the current density
decreased while the immersion time increased up to 180 s (open
circle in Fig. 1 (a)). The leakage current density of D1 detector did
not change so much depending on the immersion time. On the
other hand, the current density of D2 detector passivated with AFP
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decreased to 300 s of immersion time (close triangle in Fig. 1 (b)).
The optimal immersion times in HPP and AFP are 180 and 300 s,
respectively and valid only for CZT sample etched by 2 % BreMeOH
for 60 s.

To evaluate the stability of passivation, the leakage current
density of D1, D2, and D3 detectors were observed for a month. D1
detector was republished and passivated again with HPP for 180 s.
Also, a newdetector D3 passivatedwith AFP for 300 s was added for
evaluating stability. The reason for adding D3 detector was to figure
out whether continuous and discontinuous processes affect the
stability of passivation or not. All three detectors were kept in the
ambient environment.

Fig. 2 shows the leakage current density of the three CZT de-
tectors at 100 voltage over time. All detectors showed the lowest



Fig. 2. Current density of D1, D2, and D3 detectors at 100 V for a month after the wet
passivation. First symbols at each detector mean current density shortly after passiv-
ation, not before passivation.

Fig. 3. Pulse height spectra of Am-241 taken with D1 detector (a) and D3 detector (b)
as a progress of time after each passivation. Wop means ’without passivation’. Each
spectrum has the same photoelectric peak maximum corrected.
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leakage current density after 1 day and it increased gradually in
time within a month. Although D1, D2, and D3 detectors had
different absolute values of leakage current density, the values
increased twice within a month of observation. Also, there was no
significant difference in the continuous or discontinuous passiv-
ation processes. This means that if the total immersion time is the
same, the same passivation effect is applied to the detector.

Fig. 3 shows the pulse height spectra of Am-241 taken with D1
and D3 detectors as a progress of time after passivation. Both de-
tectors demonstrated the improved energy resolutions about 6 ~7 %
for Am-241 gamma peak of 59.5 keV after passivation. In addition,
their energy resolution was kept stable for a month.

Parylene coating was implemented to improve the stability of
wet-passivated (D4-5,7-10) or just Br-etched CZT detectors (D6).
The dimensions of bar type (D6-10) were additionally introduced
for easily identifying an impact of passivation due to their larger
surface than planar type’s (D4, D5). The stability of parylene coating
was evaluated with leakage current density at 100 V.

Fig. 4 shows the leakage current density of D4 and D5 detectors
towhich parylene coating was adopted after BreMeOH etching and
each passivation. After a month, two detectors showed the higher
current density more than 2 times of the primary value. This ten-
dency appeared at D6-8 detectors in Fig. 5 regardless of the pas-
sivants type. The current density of D6 detector started to increase
rapidly from 7 days after applying parylene coating and reached
700 nA/mm2 after 42 days. Also, the leakage current density of D8
detector started to increase from 7 days later and reached about
15 nA/mm2 after 42 days. The leakage current density of D7 de-
tector was kept at 0.15 nA/mm2 for 7 days, however, it slightly
started to increase within a month.

D4-8 detectors received thermal treatment at 65�C for 3 h to
remove moisture that would be present on their surfaces. Half-
closed symbols in Figs. 4 and 5 mean the current density after
thermal treatment. All the thermally treated samples showed the
decreased leakage current density compared to previous values but
were not restored to the initial values. It indirectly shows that the
parylene coating (20 mm) cannot preventmoisture effectively in the
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ambient condition. The thickness (20 mm) of parylene coating
adopted to the D4-8 detectors was much thinner than previous
(150 mm [8]) although the paper was not focused on the protection
of the surface. Therefore, the moisture and carbon dioxide pene-
trated the thin parylene layer in the ambient air and reacted with
the passivation layer.

Closed symbols in Fig. 5 represent the leakage current density of
D9 and D10 detectors towhich we additionally carried out parylene
coating process with thickness of 100 mm after passivation in HPP
or AFP. The results of thin parylene coating show the increase of
leakage current density within 2 weeks, so the observation of the
thick parylene coating for 2 weeks can prove the effectiveness of
thick parylene. Leakage current density of D10 detector slightly
increased in the early part of progress, however it reached a lower
leakage current density than the first value within 1 week and was
kept stable. Leakage current density of D9 detector shows a new
trend of the continuously decreased leakage current density. In
consequence, the thick parylene coating of 100 mm well protected



Fig. 4. Current density of planar detectors at 100 V in the progress of time after the
parylene coating (20 mm). First data in the x-axis were taken shortly after parylene
coating and Half-closed symbols mean that the sample was annealed with tempera-
ture of 65�C for 3 h.

Fig. 5. Current density of bar detectors at 100 V in the progress of time after the
parylene coating (20 or 100 mm). First data in the x-axis were taken shortly after
parylene coating and half-closed symbols mean that the sample was annealed with
temperature of 65�C for 3 h. While thin parylene coating could not protect the surfaces
of CZT, thick parylene coating succeeded in keeping the current density stable in spite
of exposure to the ambient air.

Fig. 6. Pulse height spectra of Cs-137 takenwith D10 detector as a progress of the thick
parylene coating after wet passivation with AFP. For the measurements, a virtual Frisch
grid was fabricated to D10 detector. WP means ’with passivation’, and before parylene
coating.
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the wet-passivated surface from degradation taken by reaction
with moisture and carbon dioxide.

For further proof of the thick parylene coating effect, the spec-
troscopic property of D10 detector wasmeasured as shown in Fig. 6.
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If the moisture penetrates the parylene coating, the spectroscopic
property will be degraded over time. However, the energy resolu-
tion for Cs-137 gamma peak of 662 keV was kept stable within
measurement error for 2 weeks. Adding to the result of electrical
property, the result of the spectroscopic property proved that the
parylene coating (>100 mm) could protect the wet-passivated sur-
face of CZT layer. Also, it was confirmed that the parylene could be a
good dielectric layer, which is a part of VFG fabracation [8].

4. Conclusions

We carried out the wet passivations with HPP and AFP for 2% Br-
etched CdZnTe(CZT) crystal for 60 s to identify the optimal wet
passivation time. The optimal immersion time of HPP and AFP were
180 and 300 s, respectively. Inwet passivations, current density was
low and exhibited the improved pulse height spectra within 24 h
after passivation. While thin parylene coating after optimal wet
passivation failed to maintain the improved physical properties of
CZT, the thick parylene coating succeeded to maintaining the
properties. The parylene coating with thickness of 100 mm could
protect the wet-passivated surface of CZT from reaction with
moisture and carbon dioxide.
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