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Fig. 10. Test result for a typical 16� 16 pixel CdZnTe monolithic detector array. The left pane shows the count-rate as a function ofßux (tube current). This
is followed by stability and uniformity tests at a constant maximum tube current (400� A ). The right pane shows the counts distribution at maximum current
indicating the response uniformity of the device.

pixels was measured by gradually increasing the x-rayßux
(tube current) to a maximum at a constant rate. For a well
behaving pixel this results in a nonlinear response curve at
higher ßux where the photon arrival frequency approaches
the peaking time of the bi-polar shaping ampliÞer (#1). In
this regime the count-rate of the system is limited by pulse
pile-up and electronics dead time. This simple effect can be
approximately described with the

(1)

bi-parameter nonlinear function, where is a measure of the
relative detection efÞciency of the pixel and is a parameter
proportional to the inverse of the signal pulse width. Depending
on the type and concentration of electrically active lattice de-
fects some devices show a rapid decline of the count-rate at a
critical photonßux (#2). This device polarization phenomenon
is caused by the formation of space charge in the volume of the
CdZnTe crystal due to the trapping of the charge carriers gener-
ated by the x-ray photons. The polarization occurs at a photon
ßux where the rate of electron-hole generation by the x-ray pho-
tons exceeds the removal rate of this charge by drift and recom-
bination.

The count-rate uniformity of the device is measured at
the maximum x-rayßux that a particular device can operate
(#3). The count-rate uniformity is visualized as a count-rate
histogram where the width of this histogram is a quantitative
measure of response uniformity of the device.

To assess the stability of a given device we operate the device
at the maximum count-rate for an extended period of time and
measure the count-rate variation over time. The width of the
histogram of thecount-rate differencesat the end and at the
beginning of the stability test gives a quantitative assessment
of the device stability (#4).

Fig. 10 shows test results from a typical 1616 pixel
CdZnTe monolithic detector array. The left pane shows the
count data collected from the 256 pixels per the test protocol
described above (Fig. 9). In theÞrst segment the x-rayßux
was increased linearly by increasing the tube current at a
constant rate to the 400 maximum. The proportionality
of the count-rate (and hence photonßux) to the tube current

was veriÞed by placing a detector at a larger distance from the
x-ray source and performing the tube current ramp at very-low
count-rates. In the next segment the same photonßux was
maintained for a period of time (1 to 60 min). In theÞrst
segment we see the typical nonlinear increase of the count-rate.
In the second segment where the photonßux was constant the
count-rates of the individual pixels did not change appreciably
indicating excellent device stability. In this example, all 256
pixels are operating and show similar non-linearßux-depen-
dence of the count rates. The maximum stable count rates
range from 600,000 counts/s/pixel to 1,100,000 counts/s/pixel.
The right pane of Fig. 10 shows the count-rate distribution
histogram of the device. This distribution is close to Gaussian
and is characterized by a 10% standard deviation. The average
count-rate is about 850,000 counts/s/pixel. Considering the
0.5 0.5 mm effective cross sections of the individual detector
elements (pixels) this count-rate corresponds to about 3,400,000
counts/s/mmat the highest photonßux at 400 tube current.
The maximum count-rate is limited by the ns transit
time of the carriers and 190 ns peaking time of the ampliÞer
and the resulting pulse pile-up and electronics dead-time and
is signiÞcantly less than the throughput of the CdZnTe detector
device.

The raw count-rate non-uniformity of the device is worse
than what is typically acceptable in x-ray imaging applications.
Nevertheless, because all pixels of the device show nearly the
same count-rate dependence on the photon-ßux it is relatively
straightforward to develop an effective calibration and non-uni-
formity correction in the downstream data acquisition system
or image reconstruction software. In addition the simple func-
tional form of theßux dependence allows the measurement of
the true throughput of the CdZnTe detector array independent
of the pulse pile-up and electronics dead-time caused count-rate
deÞcit at higher photonßux.

Fig. 11 illustrates the uniformity and non-linearity (ßux de-
pendence) correction applied to the same device. The individual
pixel count-rate vs. photon-ßux (tube current) curve wasÞtted
by the bi-parametric nonlinear response curve (a pair of,
values was obtained for each pixel). The individual pixel counts
were then re-normalized to the curve generated by substitution
of the average , values into the above equation as shown
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