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The production of high-quality ternary single-crystal materials for radiation
detectors has progressed over the past 15 years. One of the more common
materials being studied is CdZnTe (CZT), which can be grown using several
methods to produce detector-grade materials. The work presented herein
examines the effects of environmental conditions including temperature and
humidity on detector performance [full-width at half-maximum (FWHM)]
using the single pixel with guard detector configuration. The effects of
electrical probe placement, reproducibility, and aging are also presented.
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INTRODUCTION

Research into the development of room-tempera-
ture efficient x-ray and gamma-ray detectors origi-
nally emphasized the use of classical primary
materials such as silicon and germanium.1 In recent
years, research has focused more towards using
higher-Z devices such as CdZnTe (CZT) and CdTe
due to their high cross-section for photoelectric
absorption, small electronics package, and room-
temperature operation (no cryogenic cooling
requirement). Under specific growth conditions,
high-quality CZT crystals can be produced for use as
room-temperature gamma- and x-ray detectors.
Traditional methods for producing these materials
include, but are not limited to: modified vertical
Bridgman methods (MVB), the traveling heater
method (THM), and temperature gradient solution
growth (TGSG). Compared with traditional semi-
conductor radiation detectors such as silicon and
germanium, ternary compound semiconductors
such as CZT are advantageous due to their wide
range of physical properties and potential for room-
temperature operation.2

The use of CZT material as a gamma radiation
spectrometer is an optimal choice due to its wide
bandgap and high atomic number. Recent progress
has been made to improve material development
and, in some cases, has refined the research focus
for making and studying these types of materials.3,4

For example, problems with defects such as pipes
have been resolved; however, defects which occupy
smaller crystal volumes such as secondary phases
(SP) are presently one of the major concerns with
regard to gamma spectrometer performance, as
discussed and reviewed by Duff et al.5

The environmental operating conditions for CZT
detectors have mostly been overlooked in terms of
understanding overall detector performance. Room-
temperature detection of gamma and x-ray radia-
tion encompasses a range of atmospheric conditions,
so there is a need to understand performance under
such conditions. In addition to investigating per-
formance under various atmospheric conditions,
it should be established that performance-based
measurements (when evaluating materials such as
CZT for radiation spectrometers) need to be highly
reproducible with respect to time and electrical
probe placement. The overall distribution verifies
that a good baseline measurement has been estab-
lished for the material. It has been shown that(Received September 18, 2009; accepted March 10, 2010)
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atmospheric conditions have some effect on detector
performance, mainly based on the significant line-
width broadening of photoluminescence spectra
with increasing temperature.6,7 There have also
been studies that have investigated the influence of
temperature on electron mobility within the crys-
tal.8 In addition, there is some experimental infor-
mation in the literature that supports the theory
that temperature significantly affects CZT detector
performance.2,9 According to Greaves et al.,10 there
is significant degradation in detector performance
on both sides of 0�C, where the pulser remains
mostly unaffected by temperature. However, the
data presented by these researchers do not show a
decrease in detector performance with increasing
temperature, whereas when the temperature is
lowered, there is a decrease in detector perfor-
mance. In addition, no results have been reported
on the effects of relative humidity on spectrometer
performance of CZT single-crystal detectors.

In the work presented herein, we investigated the
effects of humidity and temperature on the perfor-
mance of the detector using a highly controlled
atmospheric chamber with an 241Am source to
generate gamma emission at 59.6 keV. We also
report herein the reproducibility of detector
measurements with both stationary and reapplied
electrical probes.

EXPERIMENTAL PROCEDURES

The CZT sample used in this study was grown
using THM with incorporation of 10% Zn, as
shown previously,11,12 and was provided by Redlen
Technologies (Victoria, BC, Canada). The CZT
crystal measured 10 mm 9 10 mm 9 2.1 mm and is
referred to as ‘‘Redlen 64039A.’’ The sample was
polished with standard techniques down to a clean
smooth surface with 0.05-lm alumina. Gold con-
tacts were sputtered onto the crystal in a single-
pixel geometry with a guard electrode13 to allow for
detector performance testing using a 241Am
(59.6 keV) gamma source (Fig. 1). The pixel was
7 mm in diameter with a gap of 250 lm.

The resolution of the peak was calculated by
dividing the FWHM of the energy peak by the energy

of the gamma source (59.6 KeV-241Am). Similarly,
the distribution was determined by calculating the
standard deviation for the measurements taken and
dividing by the average. To obtain the optical per-
formance data for the detector, an Amtek A250 CF
charge-sensitive preamplifier (Oak Ridge, TN) was
used in addition to an Ortek (Oak Ridge, TN)
amplifier. These instruments were coupled to a
multichannel analyzer (Cambera, Meriden, CT).

Atmospheric measurements were performed
using a modified performance box, where the
internal temperature and humidity were controlled
externally. The temperature was altered using a
microheating system that allowed the temperature
to be controlled from 0�C up to 50�C. During the
controlled-temperature experiment, humidity was
maintained at 0% by passing dry air through the
chamber to remove moisture from the air. To vary
the humidity, the sample was placed inside a sealed
atmospheric chamber, where the temperature and
humidity could be controlled and monitored.
Humidity was increased by placing water inside the
chamber and allowing it to evaporate. During
atmospheric measurements, no surface passivation
or protective encapsulation measures were taken to
protect the surface in any manner.

RESULTS AND DISCUSSION

Atmospheric Effects

The effects of relative humidity on detector per-
formance were measured to determine whether
optimal relative humidity was required to increase
detector performance. However, we observed very
little change in performance with respect to atmo-
spheric water content. The Redlen crystals were
measured without any protective coating or surface
passivation in order to determine the actual effect of
water vapor on the performance of the bare, exposed
crystal surface. Figure 2 shows the changes in
detector performance as the relative humidity of the
sample chamber was varied from 29% to 86%. The
temperature was maintained at 21.2�C throughout
the entire experiment. The average FWHM
observed for this humidity range was 3.60 ± 0.14 keV
with average pulser width of 2.51 ± 0.10 keV. The
average energy resolution of the detector over the
entire humidity range was calculated to be 6.04%.
Although the distribution of the measured values
was relatively high at 3.9%, this value remained
within the experimental error of the measurement.

In addition to investigating the effects of humidity,
we have also examined the performance of the
material in various temporal environments. The
temperature was varied from �5�C up to 50�C at a
constant relative humidity of nearly 0% to ascertain
the changes in material performance at these tem-
peratures. In Fig. 3a, the full-width at half-maxi-
mum (FWHM) of the peak is plotted as a function of
temperature while the bias was maintained at
either 200 V or 300 V. The average error in each

Fig. 1. A schematic of the single pixel with grounded guard detector
design, illustrating the configuration used for these studies. The pixel
is 7 mm in diameter with a gap of 250 lm.
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measurement was determined to be 1.54%, indi-
cating that the measurements were conducted pre-
cisely. The average error was calculated by dividing
the error by the total number of replications at each
statistical point. In Fig. 3b, the peak resolution rel-
ative to the gamma radiation energy is plotted versus
temperature at both 200 V and 300 V. The differ-
ences observed at the different applied voltage biases
indicate that there was an increase in carrier density
with increasing bias (electric field) that resulted in
better radiation spectrometer performance. Figure 3
shows that CZT detector performance was greatly
affected by temperature, with performance decreas-
ing with increasing temperature. When changing
temperature in conjunction with the bias, one expects
an increase in detector performance at higher bias as
well as a greater decrease in performance as tem-
perature increases, as was observed in the data.

In terms of resolution, the distribution in the
plotted value was calculated to be 1.54%. The tem-
perature plots show that there was a significant
increase in peak width (indicating a decrease in
detector performance) as the temperature increased
above 25�C. The peak width continued to increase at
an exponential rate as the temperature continued to
increase. However, the performance of the detector
increased slightly on lowering the temperature
below room temperature, consistent with literature
reports.4 Based on our data, we conclude that an
increase in temperature adversely affects detector
performance to well below an acceptable level, and
our results demonstrate that CZT detector materi-
als must be kept at 25�C or cooler to achieve
optimum performance.

Reproducibility Studies

The reproducibility of our detector performance
measurements was investigated based on the

FWHM of the 241Am peak at 20�C and 48%
humidity, as shown in Fig. 4a. The guarded single-
pixel configuration produced an average FWHM at
these conditions of 3.44 ± 0.03 keV with the pulser
measuring at 2.44 ± 0.04 keV. A spectrum of the
best performance data point is shown in Fig. 4b,
with the peak at 59.6 keV and the pulser shown at
83 keV. Relative to the energy of the gamma emis-
sion, this peak width produces an energy resolution
of 5.77%, making this a high-performance detector.
For the graphs shown herein, the actual starting
time was set at the initial completion of the CZT
polish and Au contact deposition. The setup and
instrument calibration time between sample prep-
aration and the first detector measurement was
approximately 2 h.

After 3 months of ambient storage with no special
control of the local atmosphere, the sample was

Fig. 3. Detector performance for measuring 241Am gamma radiation
as a function of temperature: (a) FWHM peak and (b) resolution (%),
as determined based on the energy of the gamma radiation source.
Humidity was maintained at nearly 0%.

Fig. 2. Plot of the FWHM of the detector peak (squares, left Y-axis)
and electronic pulser (triangles, right Y-axis) as a function of relative
humidity (%). The cathode was kept constant during the humidity
study, and the average temperature was 21.2�C.
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retested to determine the effect of aging on the
gamma radiation detector performance at 24.6�C
and 55% relative humidity (Fig. 5). These condi-
tions differed only slightly from those of the initial
measurements (20�C and 48% relative humidity).

Following storage, the peak width of the detector
was measured to be 3.59 ± 0.04 keV, indicating a
slight decrease in performance in the material over
the aging timeframe, with a detector resolution of
6.02%. In addition, the pulser peak width had also
increased to 2.51 ± 0.04 keV. A spectrum from the
best performance data point is shown in Fig. 5b
with the peak at 59.6 keV and the pulser at about
83 keV. We attribute this decrease in performance
to the slight increase in temperature at the time of
the measurement compared with our initial mea-
surements, as described in the previous section.

Electrical Probe Placement Reproducibility

Previous literature reports indicate that both the
quality of the surface and the quality of the contact
between the external electrical probes and the Au
on the crystal surface14,15 greatly affect the perfor-
mance of the crystal. To avoid discrepancies caused
by the placement of external electrical probes, the
reproducibility of probe placement on the surface
was determined by removing and reapplying the
external electrical probe at the anode contact. The
results are shown in Fig. 6. The temperature and
humidity were held constant during these mea-
surements at 21.2�C and 52.8%, respectively. The
electrical probes were replaced a total of three
times, with five detector measurements per-
formed between each replacement. In section A
of Fig. 6, the average peak width was determined
to be 3.39 ± 0.06 keV with a pulser width of

Fig. 4. (a) Detector performance measurement of as-polished CZT
material 2 h after preparation, as determined by the FWHM of the
peak (squares, left Y-axis) and pulser (triangles, right Y-axis). Zero
time indicates when the crystal was taken out of vacuum after pol-
ishing and photolithography. (b) The spectrum (including pulser)
from the best data point versus energy, normalized to 59.6 keV at
the peak.

Fig. 5. (a) Long-term stability of CZT stored in ambient conditions,
as measured by the change in the FWHM, indicated by squares for
the sample (left Y-axis) and by triangles for the pulser (right Y-axis).
Zero time indicates when the crystal was taken out of vacuum after
polishing and photolithography. (b) Spectrum (including pulser) from
the best data point plotted versus energy, normalized to 59.6 keV at
the peak.
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2.45 ± 0.05 keV, which is equivalent to a resolution
of 5.69%. In section B of Fig. 6, the average peak
width was determined to be 3.87 ± 0.05 keV with a
pulser width of 2.72 ± 0.05 keV, which is equiva-
lent to a resolution of 6.49%. In section C of Fig. 6,
the average peak width was determined to be 3.84 ±
0.05 keV with a pulser width of 2.67 ± 0.03 keV,
which is equivalent to a resolution of 6.44%. In
section D of Fig. 6, the average peak width was
determined to be 3.68 ± 0.08 keV with a pulser
width of 2.62 ± 0.04 keV, which is equivalent to a
resolution of 6.17%. The increase in the FWHM of
the peak and pulser observed between sections A
and B was caused by slight physical damage
(scratching) to the surface of the crystal during
probe replacement. Surface damage caused by im-
proper placement of the external probe on the sur-
face caused a similar effect as seen previously,
resulting in an increase in resolution of the crystal.7

Overall, the peak and pulser FWHM showed less
than a 2% distribution for each section, indicating

Fig. 6. Reproducibility of electrical probe placement on CZT material
as a function of the FWHM of the peak (squares) and pulser (trian-
gles). The vertical dashed lines indicate where the contact was
removed and replaced. The different sections created by contact
replacement are labeled A, B, C, and D.

Table I. Data from Figs. 2–6, allowing direct comparison of each value based on the various analysis
parameters

Variable Tested
Applied
Bias (V) Replication

FWHM (keV)
Peak Error (±)

FWHM (keV)
Pulser Error (±)

Short-term reproducibility 300 10 3.437 0.028 2.437 0.040

Aging stability 300 5 3.590 0.044 2.510 0.038

Humidity (30%) 300 10 3.509 0.134 2.414 0.054
Humidity (48%) 300 13 3.468 0.063 2.449 0.043
Humidity (50–55%) 300 50 3.650 0.135 2.538 0.101
Humidity (76–84%) 300 6 3.642 0.061 2.517 0.083

Electrical probe placement reproducibility A 300 5 3.390 0.058 2.452 0.049
Electrical probe placement reproducibility B 300 5 3.868 0.055 2.716 0.044
Electrical probe placement reproducibility C 300 5 3.840 0.046 2.670 0.033
Electrical probe placement reproducibility D 300 5 3.678 0.085 2.616 0.040

Temperature (0�C) 300 3 3.389 0.060 2.232 0.636
Temperature (10�C) 300 3 3.397 0.015 2.305 0.599
Temperature (20�C) 300 3 3.541 0.093 2.439 0.607
Temperature (30�C) 300 3 3.936 0.080 2.744 0.657
Temperature (40�C) 300 3 4.868 0.087 3.531 0.738
Temperature (50�C) 300 3 6.568 0.038 4.618 1.224

Temperature (�4�C) 200 3 3.611 0.025 2.274 0.733
Temperature (0�C) 200 3 3.609 0.031 2.210 0.767
Temperature (5�C) 200 3 3.604 0.049 2.308 0.711
Temperature (10�C) 200 5 3.361 0.080 2.285 0.044
Temperature (15�C) 200 3 3.649 0.091 2.277 0.754
Temperature (20�C) 200 8 3.652 0.032 2.344 0.047
Temperature (25�C) 200 3 3.709 0.028 2.380 0.728
Temperature (30�C) 200 3 4.084 0.201 2.687 0.778
Temperature (35�C) 200 3 4.049 0.062 2.728 0.725
Temperature (40�C) 200 3 4.419 0.024 3.259 0.657
Temperature (45�C) 200 3 4.897 0.109 3.701 0.704
Temperature (50�C) 200 3 5.530 0.111 4.515 0.683

The sample is a Redlen crystal (64039A) with Au contacts in single-pixel geometry on the anode.
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very little variation in the measurements. The dis-
tribution between probe placement in the last three
sections was <3%, and we conclude that replacing
the electrical probes on the Au contacts multiple
times does not have a significant effect on detector
performance, unless the crystal is damaged during
probe placement.

CONCLUSIONS

Herein, we have addressed CZT detector perfor-
mance with respect to measurement reproducibility,
long-term stability, and reproducibility of electrical
probe placement in an effort to verify that detector
performance is unaffected by these factors. The data
from these measurements have been assembled into
Table I for reference. To our knowledge, this is the
first systematic study showing the changes in CZT
detector performance as a function of changing
atmospheric conditions, specifically humidity and
temperature. Humidity had little effect on detector
performance, whereas increasing temperature dra-
matically decreased the performance of the mate-
rial. In contrast, a decrease in temperature below
freezing had no statistically significant effect on the
performance of the material over the temperature
range investigated herein.
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