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ABSTRACT

We made one-dimensional detector arrays applying the newly developed Schottky CdTe technique. Two proto-
types are manufactured; one consists of eight pixels of 2 × 2 × 0.5 mm3 each (2 mm module) and the other
eight pixels of 25 × 2 × 0.5 mm3 each (25 mm module). The single element read-out test of the 2 mm module
showed an energy resolution of ∼ 1.7 keV at 59.5 keV, at 0 ◦C for the bias voltage of 400 V. The 25 mm modules
showed an energy resolution of ∼ 4.5 keV at 59.5 keV at 0 ◦C for the bias voltage of 300 V. Signals from the
four sets of the CdTe modules (32 pixels in total) are read out by the VA/TA chips made by IDE company. The
energy resolution of the 2 mm module is ∼ 3.0 keV on average at 59.5 keV at room temperature for the bias
voltage of 350 V. The 25 mm modules have an energy resolution of ∼ 6.1 keV on average at 122.1 keV at room
temperature for the bias voltage of 300 V. In view of these results, the manufactured arrays are promising as
spectroscopic detectors for hard X-rays and γ-rays. A few modifications are needed in the VA/TA chips to be
applied for the CdTe X-ray detector. Applications of CdTe detector arrays to a slit or coded-mask camera, and
an imaging polarimeter are stated.
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1. INTRODUCTION

The Compton Gamma-Ray Observatory explored the 30 keV − 30 GeV γ-ray sky. We realized that many
interesting γ-ray objects exist in the universe. However, γ-ray observation is still not accurate compare to that
of X-ray observation in both imaging and spectroscopy. Because of the lacking of sensitive detectors between
∼10 keV to ∼100 keV in the space observation, there is an unobserved window at this energy range.

Cadmium telluride (CdTe) has a great advantage for the application to the X-ray and γ-ray astronomy.1

The high atomic number of CdTe (ZCd = 48, ZTe = 52) ensures a high stopping power to high energy photons
between a few keV and a few hundred keV. Since the large band-gap energy (Eg ∼ 1.5 eV) enables operation at
room temperature, CdTe is ideal for use in space. For example, since some kind of devices are needed for cooling
the detectors, they will stress the cost, the size and the electric power of the satellite. With the excellent energy
resolution,2 CdTe would be a promising detector for the imaging and the spectroscopy of γ-ray objects.

One of the major problems in the CdTe semiconductor is the poor mobility-lifetime product of holes (µτ ∼

10−5
− 10−4 cm2/V) compared to that of electrons (µτ ∼ 10−4

− 10−3 cm2/V). The collection efficiency of holes
is so low that monochromatic X-rays produce a significant low-energy tail in the spectrum instead of a gaussian
peak. A bias voltage of several thousand V/cm would increase the collection efficiency of holes, but then the
leakage current becomes too high in the case of the conventional CdTe detectors which use an ohmic contact
material as an electrode.
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Figure 1. Schematic drawings of (a) the 2 mm module (the element size of 2 × 2 × 0.5 mm3) and (b) the 25 mm module
(the element size of 25 × 2 × 0.5 mm3). The cross section of both pixels is drawn in the upper section of (a). Negative
bias voltage is applied to the common cathode-pin. The charges are read out through the anode-pins, the voltage of which
are ground level. The X-rays irradiates the cathode (Pt) side. Because more X-rays stop closer to the cathode, the travel
length of the holes can be short in this configuration, which results in the better energy resolution. The mean free path
of the 60, 80, and 150 keV X-rays is 0.25, 0.54, and 2.5 mm, respectively.

The Schottky CdTe-diode, using indium as an anode electrode which forms a high Schottky barrier for the
holes, achieves a surprisingly low leakage current in reverse bias operation.3–6 This feature allows low-noise
operation even under a high bias voltage needed to improve the collection efficiency of holes. Therefore, the low-
energy tail is no longer present in the spectrum, and the Schottky CdTe-diode accomplishes a superior energy
resolution, as the details are described in ref.4.

Our aim is development of a hard X-ray all-sky monitor for the satellite based observation. We spotlight
CdTe as an imaging detector at the focal plane. For the first step, we made the prototype of one-dimensional
arrayed detectors. To fulfill our goal, the investigation of a total performance of the detectors including the
read-out circuit is necessary.

In this paper, we report the performance of one-dimensional arrayed Schottky CdTe detectors in mainly two
parts. The first part is the single-element read-out tests of the CdTe module in several operational conditions,
and measured the leakage current. This experiment is important for studying the characteristics of CdTe itself
and the individual performance of each pixel. And the second part is the multi-channel readout of the CdTe
detector arrays using the Application Specific Integrated Circuit (ASIC) chip to investigate a total performance
of the detectors.

2. ONE-DIMENSIONAL ARRAY DETECTOR

We developed a prototype of one-dimensional arrayed detectors utilizing the Schottky CdTe-diodes. One of the
advantage of the arrayed detector is that being easy to manufacture. It doesn’t require complicated technology
for making like a strip or a pixel detector. And also as you can see in Fig. 1, our design is easy to extend the
arrays for building a larger area detector.

The CdTe detector arrays were fabricated by ACRORAD Co. for our design. The CdTe module is composed
of eight pixels of CdTe diodes, eight anode-pins (one for each pixel), and a common cathode-pin (Fig. 1). We
manufactured two different types of modules; one has the pixel size of 2 mm × 2 mm × 0.5 mm (2 mm module)
and the other 25 mm × 2 mm × 0.5 mm (25 mm module). Four sets of the modules (total 32 elements) were
produced for each type.

The 2 mm modules are intended to cover a two-dimensional area. The examples are the detector in the focal
plane or the detector for the 2-dim coded mask. The 25 mm modules are to cover the same area with fewer
detectors, when we need only one-dimensional information, for example, in the case of the detector for the 1-dim
coded mask.7



Figure 2. The energy resolution of the 2 mm modules
operated at 400 V in 0 ◦C of each element. The pixel
number is from 0 to 31. The dotted lines represent the
energy resolution of the single-pixel CdTe detector pro-
duced by Clear Pulse which has the same pixel size.

Figure 3. The leakage current of the 2 mm modules at
400 V in 0 ◦C of each element. The leakage current of
channel number 0 and 15, which are ∼ 500 nA and ∼

30 nA respectively, is not shown in this plot. The dot-
ted lines represent the leakage current of the single-pixel
CdTe detector produced by Clear Pulse which has the
same pixel size.

Negative bias voltage is applied to the common cathode-pin. The charges are read out through the anode-
pins, the voltage of which are ground level. The X-rays irradiate the cathode (Pt) side. Because more X-rays
stop in closer part to the cathode, the travel length of the holes can be short in this configuration, which results
in better energy resolution. The mean free path of the 60, 80, and 150 keV X-rays is 0.25, 0.54, and 2.5 mm,
respectively.

2.1. Performance of individual pixels

As the first step of examining the multi-channel read-out system of the CdTe detector, we studied the performance
of individual pixels of these CdTe modules. The main purpose of the experiments is to check the characteristics
of each mounted detector and see whether the energy resolution is in the same level which is reported on ref. 5.
The signal from the detector flows into a Charge Sensitive Amplifier (CSA) and is shaped by an ORTEC 572
amplifier. The shaping time was set at 0.5 µs.5 We used the CSA of Clear Pulse 5102BS for the both modules.

To minimize the polarization effect,2 the measurements were carried out at the low temperature (0 ◦C) and
short time period (within 30 minutes). The leakage current was measured by a KEITHLEY 239 High Voltage
source measure unit. We measured the leakage current at 60 s after the bias voltage was applied. We also
measured the capacitance of the pixels.

2.2. The 2 mm module

Most of the elements of the 2 mm module displayed no difference in performance as shown in Fig. 2. A bias
voltage of 400 V was applied and the operating temperature was 0 ◦C. The full width at half-maximum (FWHM)
energy resolution was 1.7 keV at 59.5 keV on average if we exclude the pixel number 0 which shows a bad energy
resolution (∆E ∼ 8 keV). The energy resolution of the test pulse input was ∼ 1.5 keV. According to ref. 5, the
energy resolution of the same pixel size is reported as ∼ 1.5 keV at 59.5 keV. Based on these results, we conclude
that the individuality of the elements is small enough to operate as a one-dimensional detector array.

As we can see in Fig. 3, the leakage current of the CdTe elements is ∼ 0.1 nA expect for several elements
showing high leakage currents. Since the most elements cluster around this value, the performance of 2 mm
module also seems to be stable with respect to the leakage current.

On the other hand, the leakage currents of the elements which are located at both ends of the module (pixel 0,
6, 7, 15, 24, 31) are more than ten times higher than those of the others. This result may be due to the handling
of the module. When we mounted the CdTe module, the edge might be damaged by our fingers or the handling
pressure might be concentrated at these points. We inspected the surface of the elements by a microscope and



Figure 4. The measurements of the capacitance of 2 mm
modules.

Figure 5. The energy resolution of the 25 mm modules
operated at 300 V at 0 ◦C of each element are shown.
The energy resolutions are calculated using 59.5 keV line
of 241Am.

Figure 6. The leakage current of the 25 mm modules at
300 V at 0 ◦C of each element are shown.

Figure 7. The measurements of the capacitance of 25
mm modules.

found that damages and dirts of the elements are severer at both ends. The careful treatments and the socket
mounting device are needed not to damage the elements at the edge.

We also measured the capacitance of the each pixel of the modules. The pixels located at the middle of
the modules are ∼ 1.8 pF and the pixels at the both ends are ∼ 1.4 pF since there is no capacitance from the
detector at one side (Fig. 4).

2.3. The 25 mm module

Fig. 5 shows the energy resolution measured by the 59.5 keV line of 241Am at the bias voltage of 300 V at the
temperature of 0 ◦C and the leakage current under the same condition. Each 25 mm module exhibits a stable
performance. Although the energy resolution scatters to some extent among the elements, its average value is ∼
4.5 keV; this is worse than that of the 2 mm modules because of the increase of the capacitive noise.

The leakage current is around 0.3 nA for most pixels (Fig. 6). The pixels of channel number 17, 18 and 25,
located at the edge of the modules, exhibits a higher leakage current, like in the case of the 2 mm modules. It
is only three times larger than that of 2 mm module, while the area is 12.5 times larger and the length of the
periphery is different by 54 mm/8 mm = 6.75. The leak current was not proportional to the area of the detector,
nor the length of periphery.

The capacitance of the 25 mm modules are shown in Fig. 7. The pixels of the middle part of the modules
are ∼ 15.5 pF and the pixels at the edge of the modules are ∼ 13 pF. So the capacitance of each pixel is about
10 times higher than that of the 2 mm modules. It is considered to be proportional to the detector area.



We have thus confirmed in detail the characteristics of individual pixels. The next step is to conduct multi-
channel readout.

3. MULTI-CHANNEL READOUT BY ASIC CHIP

The multi channel read-out system on satellites must be small and of low electric power. The VA/TA chips8

manufactured by Integrated Detector & Electronics AS (IDE AS) are small-sized, low-noise and low-electric power
read-out LSI. These chips are mainly developed for ground-based experiments and medical usages. Considering
application to the satellite-based astrophysics, we use the VA/TA chips as a read-out system of our CdTe modules.
The VA32C/TA32C is a self-triggered ASIC chip and can handle 32 channels simultaneously. The VA32C chip
consists of 32 channels of preamplifier, shaper, sample/hold, and an input and output multiplexer. The peaking
time is set to 2 µs. The dynamic range is ± 18 fC. The TA32C chip has 32 channels of fast 75 ns shaper which
is followed by a level-sensitive discriminator. The threshold of discriminator is externally adjustable and also
possible to select between usage for positive or negative input signal. Although the recent TA chips include
DACs for changing the offset of each channel, our TA32C doesn’t possess this mechanism.

Four sets of CdTe modules are connected in parallel to the input channels of one VA/TA board (Fig. 8). We
choose AC-coupled configuration for supplying detector bias. The capacitance of the coupling capacitor is 470
pF and the capacitor is mounted on VA/TA board. The bias resistor is 200 MΩ and also mounted on the board
(Fig. 8). The VA channel number is in the same order of the pixel number which we used for testing individual
pixels.

The bias voltage was applied externally to the detectors. The experiments were carried out in the room
temperature. We used the attached software for the data acquisition and the calibration of the VA/TA chip.
Since significant noise appeared on the cable connecting the PC and the VA-DAQ which controls the bias supply
for the VA/TA chip and possesses the ADC, we surrounded the cable with ferrite beads especially near the
connectors. After this treatment, the noise reduced dramatically and we could operate the VA/TA chip in a
much lower threshold.

3.1. The 2 mm CdTe module

The simultaneous readout of 32 CdTe elements was successful as we expected. Fig. 9 shows the spectra of 241Am
at a bias voltage of 350 V. The CdTe elements made a row in the order of VA channel number. The 59.5 keV
γ-ray line and Cd/Te escape lines are clearly seen in spectra. The low energy lines like 23.6 keV γ-ray line and
17.6 keV Np Lβ line are detected at VA channel 11 and 18.

Because our VA/TA chip can register only one trigger level for 32 channels and the offsets of individual
channels were scattered, we set the threshold energy to the channel possessing the highest ADC offsets for
reducing false triggers. The threshold energy was around 20 keV in this measurement. Since the threshold
energy of each channel is scattered, the low energy peaks of 241Am are only seen in the spectra of VA channels
11 and 18.

In Fig. 10, the energy resolutions of the 59.5 keV line are shown. The best energy resolution is ∆E ∼ 2.9
keV of VA channel 17 and this value was ∆E ∼ 1.1 keV worse than single channel readout by the Clear Pulse
amplifier. The energy resolution of the VA/TA readout was by 1 ∼ 2 keV worse than those achieved in the
single channel read-out test (Fig. 2). There is not good agreement between Fig. 2 and Fig. 10. We believe that
the electrical noise around the VA/TA chip including the connecting cable and the ground problem of the high
voltage supply are the main sources of the poor performance.

The VA channels 4, 5, 6 and 7 exhibited degraded energy resolution compared to the others. Since no poor
performances were found for these pixels at the single read-out measurements (Fig. 2), the readout device of
VA/TA chip, for example VA amplifier, is considered to be the main source of the degradation.

Although several problems exist, the multi-channel readout of our CdTe module with the VA/TA chip has
provided a reasonable performance.
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Figure 8. The VA/TA board with four sets of 2 mm CdTe modules (total 32 CdTe pixels). The circuit from HV supply
to VA input (bottom).



Figure 9. The 241Am spectra of 2 mm CdTe modules read out by the VA/TA chip at a bias voltage of 350 V. The trigger
signals of VA channels 0, 1, 2, 3, 8, 15, 24, 30 and 31 were eliminated. There was no gain of the VA amplifier in the
VA channels 0, 1, 3, 8, 15 and 31. The noise levels of VA channel 2, which displayed a high noise level even without a
detector, 24 and 30 were high enough to increase the false triggers. The scale of horizontal and vertical axis is the same
for all spectra.

Figure 10. The energy resolution of the 59.5 keV γ-ray peak, corresponding to the spectra of Fig. 9.



Figure 11. The 57Co spectra of 25 mm CdTe modules by the VA/TA chip at the bias voltage of 300 V. The trigger
signal of the VA channels 0, 1, 2, 3, 8, 15, 21 and 31 were eliminated. The VA channels 0, 1, 2, 3, 8, 15, 21 and 31 were
eliminated from the trigger sequence. The VA amplifier showed no gain for VA channel 0, 1, 8, 15, 21 and 31. The dead
VA channel 21 occurred when we changed the socket for the detectors on the VA/TA board. The scale of horizontal and
vertical axis is the same for all spectra.

3.2. The 25 mm module

Because of the increase of the capacitive noise compared to the 2 mm modules, we tested the 25 mm module
using a higher threshold level and 57Co which radiates above 100 keV γ-rays (e.g. 122.1 keV and 136.5 keV). Fig.
11 shows the spectra of 57Co at a bias voltage of 300 V. The strong 122.1 keV line, 136.5 keV line and unresolved
Cd/Te escape peaks are clearly seen in the spectra. The energy resolutions of the prominent 122.1 keV peak are
plotted in the Fig. 12. The average energy resolution of the 122.1 keV peak is ∼ 6.1 keV. The threshold energy
was set at ∼ 80 keV. Operation with a lower threshold was difficult because of frequent false triggers. Because
there is no good correlation between Fig. 5 and Fig. 12, the noise would be dominated by the VA/TA chip.

The degradation of the energy resolution at VA channels 4 and 16 is caused by the poor performance of
pixels. According to the single read-out test, we already found that the pixels which correspond to VA channels
4 and 16 showed the unqualified energy resolution by the high leakage current.



Figure 12. The energy resolution of the 122.1 keV γ-ray peak, corresponding to the spectra of Fig. 11.

4. DISCUSSION

The individual performances of the 2 mm CdTe modules and the 25 mm CdTe modules using CSA of Clear
Pulse were ∆E ∼ 1.7 keV and ∆E ∼ 4.5 keV at the 59.5 keV γ-ray line, respectively. The multi-channel readout
of the CdTe modules using the VA/TA chip displayed ∆E ∼ 3.3 keV at the 59.5 keV line for the 2 mm modules
and ∆E ∼ 5.9 keV at the 122.1 keV line for the 25 mm modules.

One problem is the degradation of energy resolution. According to the catalogue, the noise of the VA chip
is (40 + 12/pF) e− rms. If we use the capacitance of 2 mm CdTe pixel of 1.8 pF (Fig. 4), the noise combining
the pixel and the VA/TA chip is 61.6 e− rms. Here we ignore the stray capacitance of cables. This noise level
corresponds to ∆E ∼ 0.5 keV FWHM at 59.5 keV. The statistical fluctuation of electron-hole pair production is
∆E ∼ 0.8 keV FWHM at 59.5 keV using the Fano factor for CdTe9 of 0.4 and the average energy for electron-hole
creation in CdTe of 4.33 eV/pair. The noise level of the VA/TA chip including the statistical fluctuation of pair
production is expected to have an energy resolution of ∆E ∼ 0.9 keV at 59.5 keV in the 2 mm module, while
the experimental resolution of ∆E ∼ 3.3 keV at 59.5 keV is much worse than it. If we convert our results of
3.2 keV FWHM for the 2 mm module and 6.0 keV FWHM for the 25 mm module into the rms noise, it would
be (290 + 33/pF) e− rms. As we mentioned in the previous section, the removal of the noise in the cables and
the grounding of the high voltage supply was insufficient. We need to improve them to achieve an ultimate
performance for the VA/TA chip.

Next possibility of degradation is that the coupling capacitor is not having enough capacitance compared to
the detector capacitance. The capacitance of the coupling capacitor was determined by the balance of the noise
of VA/TA chip. Since the capacitance of the coupling capacitor is usually in the order of 1000 pF, we should
test with much larger capacitance of the coupling capacitor to see the effect to the energy resolution.

Another issue is about the way to supply the high voltage to the detectors. A cross-talk is possible when we
apply the high voltage commonly and it also causes the degradation of the energy resolution. We can avoid the
cross-talk by applying the high voltage through individual bias resistor for each detector. However, the electrical
pattern of our current module (Fig. 1) was not designed to put individual bias resistors. It is important to see
the effect of cross-talk and the impact to the energy resolution in future.

Although the difference of the offset of each channel was the problem in our experiments, recent TA chip (e.g.
TA32CG) has a mechanism of correcting the offset. We need to test whether this offset correction could reduce
the threshold level to few keV level in the case of 25 mm modules. The few keV threshold level is necessary to
do the complementary observation with the other all-sky monitor especially in X-ray range.11



5. APPLICATION OF CDTE ARRAY DETECTORS

After the improvements stated in the previous section, we are planning applications for space-use γ-ray detectors.
One of the application for our CdTe array detector is one dimensional hard X-ray camera with the slit or coded
mask (Fig. 13). The camera of high sensitive all-sky monitor mission in the X-ray (0.5-30 keV) called MAXI
(Monitor of all X-ray Image)11 is composed of one dimensional position sensitive detector and a long rectangular
slit. The X-ray sky is swept by this narrow slit in every orbit. It is possible to perform the all-sky survey in the
hard X-ray range just using our CdTe one dimensional array as a position sensitive detector in the same manner
as MAXI. If we use the coded aperture instead of the slit, the position of the source is determined from the
mask pattern of the source. The successful mission combining one dimensional position sensitive proportional
counter and the coded mask is HETE-2 (High Energy Transient Explorer 2)12 which is dedicated to observe the
astrophysical phenomenon called Gamma-ray Burst.

Another application of our CdTe array detectors is an imaging polarimeter. We designed a polarimeter to be
put at the focal plane of the hard X-ray mirror13 for the observation of celestial objects radiating polarized hard
X-ray. As shown in Fig. 14, the 52 squared plastic scintillators are used as scattering matter and the angular
distribution of Compton-scattered X-ray is mesured by 32 CdTe detectors surrounding the scintillators. To detect
the position of Compton scattering, i.e. position of incident X-ray, the signal of Compton loss is recorded by the
multi-pad (8 × 8) photomultiplier whose each anode-pad is located just behind the individual scintillators (2.3
mm square). The VA/TA chips can be used not only for CdTe readouts, but also for photomultiplier readouts. In
this configuration, it is possible to measure polarization, image and spectrum of the X-ray source simultaneously.
It works as an imaging polarimeter.

The bundle of the plastic sintillators forms approximatedly a circle of 9.2 mm in radius. This corresponds to
the field of view of hard X-ray mirror (∼10’ in diameter). The pixel size corresponds to ∼1’ and is comparable
to the imaging size of the X-ray mirror. The energy range for polarization detection is 25 – 80 keV. In the low
energy the cross section of the photoelectric absorption is much larger than that of Compton scattering. As the
energy goes up, the photo-electric cross section goes down and it crosses over the scattering cross section at ∼
25 keV in the case of plastic. Thus the energy range of this polarimeter is above 25 keV. Below 25 keV it works
as a simple imager. The energy resolution of the plastic scintillator is poor in this range. The upper observable
energy is limitted by the reflective power of the mirror and the stopping power of CdTe. The former is 78.5 keV
due to Pt K-edge, and the thickness of CdTe (0.5 mm) is chosen to stop X-ray upto 80 keV.

The length of the plastic is chosen 40 mm to scatter ∼ 60 % of the incident X-ray. The longer plastic
increases the scattering efficiency, but then the transmitting scintillation light to the photomultiplier decreases,
which degrades the imaging capability of Compton scattered X-ray. Also a long CdTe pixel results in a worse
energy resolution. In the case of 2 × 40 mm CdTe, the formula derived in the previous section gives 11.3 keV
FWHM. It has to be improved, but it is already good enough for our polarimeter to detect above ∼ 20 keV.

In order to work as an “imaging” polarimeter, the Compton loss in the plastic scintillator must be large
enough to be detected. The Compton loss of 90 degrees scattering is 1.7, 2.9, 6.3 and 10.8 keV for 30, 40, 60 and
80 keV, respectively. According to a study of the long (40 mm) plastic scintillator, the detecting efficiency of 5.9
keV X-ray is 80 %,10 which leads to detection efficiencies of 20 % at 1.7 keV and 50 % at 2.9 keV. Therefore we
can conclude it works as an “imaging” polarimeter above ∼ 30 keV.

Below 30 keV the plastic scintilator is simply a non-imaging scatterer. For that purpose, Be scatterer is more
efficient as a polarimeter because the cross-over point of photoelectric absorption and Compton scattering is 18
keV for Be. Since the e−1 length of scattering is 30.6 mm, it might be a good idea to replace the head ∼ 10
mm of plastic scintillator with a Be column in order to increase the polarization-detection efficiency in the low
energy band (18-30 keV). Then the energy range for polarization detection is extended to 18 – 80 keV. The 10
mm Be scatters out 28 % of X-ray. On the other hand, X-ray input to plastic scintillator decreases to 0.72 and
the scattering efficiency of the plastic scintillator also decreased from 0.61 to 0.51 due to shortened length. In all,
although the scattering efficiency has a small increase from 0.61 to 0.65, the imaging capability in high energies
degrades largely from 0.61 to 0.37. It is an option to be chosen by the energy band of our interest.
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Figure 13. Schematic figure of slit (left) and 1-dim coded mask (right) camera using long CdTe pixles..

Figure 14. Schematic figure of imaging polarimeter.



6. SUMMARY

For the purpose of application to hard X-ray and γ-ray astronomy, two different kinds of one dimensional CdTe
arrays have been investigated. Both types of CdTe arrays showed the good performance in the single-channel
read-out test. We also examined the multi-channel readout using the VA/TA chip. Operating in the restricted
conditions (e.g. high threshold level), we confirmed the normal behavior of the VA/TA chip. The spectra obtained
with the VA/TA chip clearly discriminated γ-ray lines of 122.1 keV and 136.5 keV. However, the degradation of
the energy resolution was found when using the VA/TA chip as a read-out system of our CdTe detector arrays.
Several improvements of the electronics around the high voltage supply could be the solutions for this problem.
Applications of CdTe detector arrays to a slit or coded-mask camera, and an imaging polarimeter are stated.
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