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ABSTRACT 
 
A linear CdZnTe pad detector array with approximately 1 mm2 pad area has been developed. The detector has a wide energy 
range from about 20 to 200 keV. To read out these detector arrays, a fast, low-noise monolithic mixed signal ASIC chip has 
been developed. A prototype x-ray imaging system consisting of the CdZnTe detector array and the monolithic ASIC chip 
has been fabricated and tested. In this system, the detectors are abutted against each other to form an approximately 1 m long 
linear array. The system has been used to take preliminary scanned images of complex objects at various energies. New 
results from this system will be presented. 
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1. INTRODUCTION 
During the past several years, Cd1-xZnxTe (x ��� � � � ��� 	 
 �
��� � � � ����� � � � -pressure Bridgman method,1 has become the x-ray 
detector material of choice for many applications involving photon energies up to several hundred keV. The high atomic 
numbers of the two main components, Cd (Z = 48) and Te (Z = 52), lead to an excellent photoabsorption efficiency; the 
energy at which the photoelectric cross section drops below the Compton scatter cross section is approximately 250 keV, 
compared to 60 keV for Si and 150 keV for Ge.2 Low leakage even at or slightly above room temperature and good energy 
resolution are further advantages, even though charge trapping and low hole mobility reduce the resolution compared to the 
theoretical limit set by charge carrier statistics. 
Linear CdZnTe (CZT) pixel detector arrays with approximately 1 mm2 pixel area have been developed for pulse-mode 
detection of x-rays at high rates up to one million photons per second. Each array consists of two rows of 16 pixels; to 
minimize surface effects, the total width of the array was increased to 4 mm, providing 1 mm guard strips on either side of 
the two pixel rows. 
To read out the detectors, a fast, low-noise monolithic mixed-signal ASIC has been developed. Each of the chip’s 32 
channels consists of a charge-sensitive amplifier, followed by five comparators and binary counters. This arrangement, 
combined with a fast readout of the counters, enables us to perform simultaneous high-flux x-ray absorption measurements at 
multiple energies with duty factors above 95%. 
We have designed and built a detector arm for a prototype high-throughput automated baggage inspection system (ABIS). 
ABIS is designed to generate multi-energy pseudo-CT images of the objects under inspection and analyze the CT data using 
a neural-network algorithm that identifies suspicious items. The detector arm consists of 64 detector arrays abutted linearly, 
for an overall array size of 2 × 1024 pixels. First test images have been taken with this detector arm. 
The following sections describe in detail the characteristics and performance of the CZT detector arrays, the readout ASIC, 
and the prototype detector arm. 
 

2. THE CZT DETECTOR ARRAY 
Each of the CZT detector arrays designed for ABIS has 32 pixels, arranged in two rows of 16 pixels, as shown in Figure 1. 
The pixel structure is generated by a corresponding pad structure in the metallization on the anode (bottom) side of the 



detector, where each pad has an area of 0.9 × 0.9 mm2, with 0.1 mm pad-to-pad spacing, for an overall pitch of 1 mm. The 
pads at the ends of each row are shortened slightly to provide 0.1 mm separation from the edges of the detector material. The 
cathode consists of a 1.95 mm wide metallization layer spanning the length of the detector. The detector thickness is 
1.75 mm. The overall width of the detectors is 4 mm, leaving 1 mm wide strips of CZT acting as guard structures on either 
side of the two pixel rows.  
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Figure 1. The linear CZT pixel detector. 

The detectors are mounted on an alumina substrate that is 16 mm long, 14 mm wide, and 0.6 mm thick. Low resistance traces 
connect the pixels to wire-bond pads located on the long edges of the substrate (Figure 2). The pad pitch is 300 µm. A 
connection pad for the detector bias supply is located in the corner of the substrate; it is connected to the detector cathode by 
four bond wires. The detector is mounted on the substrate using a conductive silicone adhesive that provides the electrical 
contact between each pixel and the corresponding via on the substrate. The flexibility of the silicone material helps reduce 
mechanical and thermal stresses that would result from a more rigid epoxy material. 

 

Figure 2. Substrate layout for the linear CZT pixel detector. 

Initial detector prototypes were investigated to determine dark currents, signal rise times, and spectral characteristics.3 
Typical dark currents range between 0.5 and 1 nA at a bias voltage of 500 V; results obtained in production testing are 
consistent with these values. The measured signal rise times varied between values of 200 ns at bias voltages up to 200 V and 
100 ns at 500 V. Sample source spectra for 241Am and 57Co are shown in Figure 3. The energy resolution measured at 60 keV 
(a) is approximately 6% (FWHM); at 120 keV (b), charge trapping effects lead to a broadening of the peak, to approximately 
8% (FWHM). 
At high photon flux, the noticeable effects of charge trapping can go beyond the decrease in energy resolution that is 
indicated in Figure 3. Charges that are trapped and then released with some delay contribute a slow signal component that 
leads to signal pile-up, limiting the photon rates that the detector can handle. In more extreme cases, the detector polarizes, as 
trapped charges generate an electric field in the detector material that counteracts the external field and thus prevents charge 
 



     

Figure 3. Spectra of 241Am (a) and 57Co (b) obtained with a prototype of the linear CZT pixel detector. The detector bias applied was 500 V 
in both cases. 

collection at the electrodes. It is known that grain boundaries in the CZT act as trapping centers, increasing the likelihood of 
polarization, but even detectors that are prepared avoiding grain boundaries do occasionally suffer from this problem. At 
present, we are not aware of any other material characteristic that would allow us to predict polarization; the only remedy 
consists of high-flux tests of the finished detector. 
 

3. THE READOUT CHIP 
To read out the CZT detectors at high photon rates, we have developed a dedicated fast, low-noise mixed-signal ASIC. Each 
of the FESA (Front-end Electronics for Spectroscopy Applications) chip’s 32 readout channels can process individual photon 
signals at rates up to one million counts per second and more. Figure 4 shows a block diagram of a readout channel on the 
FESA chip. The input stage consists of a charge-integrating amplifier with continuous reset. The feedback resistor is realized 
as an active circuit; its transconductance, and thus the shaping time of the input amplifier, is controlled by an externally 
supplied current. The input amplifier is optimized for a detector capacitance of 2 pF. It is followed by a gain stage with 
digitally controlled gains and baseline offsets. This allows us to compensate for pixel-to-pixel variations in the detector signal 
as well as for process variations on the chip itself. The output signals from each amplifier chain are fed into five comparators, 
operating at different thresholds, whose outputs, in turn, are connected to binary counters. The 160 counters on each chip are 
enabled by asserting the chip’s CNTEN input; this allows data taking to be synchronized with the x-ray source. After each 
count period, the counter data are read out by shifting a bit through a serial shift register, which causes the corresponding 
counter to be connected to the output bus; the total readout time can be kept to less than 25 µs. With typical count intervals 
on the order of milliseconds, this leads to deadtimes of at most a few percent. 
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Figure 4. Simplified block diagram of a readout channel on the FESA chip. 

For test and calibration purposes, each FESA channel can be connected, by a digitally controlled switch, to a global test 
signal input. Also for test purposes, any one channel at a time can be connected to an analog output buffer that is in turn 



connected to a test output pad for inspection of the shaped and amplified signal. The control signals for the test inputs and 
outputs and for the amplifier gains and offsets are loaded into the chip through a shared shift register and then strobed into 
dedicated latches. 
The five comparator thresholds, which are common to all channels, are determined by externally supplied voltage levels. The 
comparators and counters can be tested independently of the amplifier section with the help of a separate test signal input that 
feeds directly into the comparators. Enabling this test input disconnects the amplifiers from the comparators, to avoid any 
interference between the test signal and any real detector signal. Also for test purposes, the output signals from any one 
comparator at a time and its associated counter can be routed to a test output pad and to the data lines respectively. 
Figure 5 shows a FESA chip mounted on a ceramic carrier. The wire-bond pads for the detector inputs are visible at the 
bottom center of the carrier. Solder leads along the long sides of the substrate are used to make the connection to the printed 
circuit board. Unlike the prototype shown here, the chips used in the detector arms built for the ABIS system (cf. section 4 
below) are protected mechanically and from ambient light by an opaque epoxy that covers the chip itself and the wire bonds 
connecting it to the ceramic substrate. 

 

Figure 5. Ceramic hybrid with a FESA chip. 

 
4. PROTOTYPE DETECTOR ARM FOR BAGGAGE SCANNING 

We have designed and built prototype detector for use in the ABIS project. Each arm holds 64 CZT detector arrays, arranged 
linearly to make up a “super-array”  of 2 × 1024 pixels. The arm consists of eight identical detector module boards, each 
equipped with eight detector arrays, read out by eight FESA chips. (However, for geometric reasons, two chips share the 
readout of two arrays, each reading one row of pixels.) Figure 6 is a detail image of a module board, showing the 
arrangement of the FESA chips on both sides of the detector arrays. These modules have circuitry to control data acquisition, 
readout, and transfer, to control the chip configuration, and power supply circuitry. A simplified block diagram of a detector 
module is shown in Figure 7. When the detector arm is in data acquisition mode, the COUNT signal, which is supplied 
through the intra-arm data bus, is distributed to the CNTEN inputs of the FESA chips. The falling edge of the COUNT signal 
causes the Readout Controller to initiate readout of the counter data into two FIFOs, each of which serves four FESA chips. 
By interleaving the data from the four chips, we are able to read them in essentially the same time, between 20 and 25 µs, as 
would be required for the readout of one FESA chip. Once this readout step is complete, the counters can be reenabled and 
the data are transferred along the intra-arm data bus to a dedicated arm control board and from there to the readout computer 
via a serial fiberoptic link. To minimize any noise that might be picked up by the FESA chips, the intra-arm data bus uses 
low-voltage differential signals (LVDS). The data transfer, which is coordinated by the control board in order to avoid 
conflicts between the module boards, takes slightly more than 100 µs per module board. Adding a small time window for 
control transactions, this means that the minimum time between successive falling edges of the COUNT signal that the 
system can handle is about 900 µs for a fully equipped arm. 
Eleven DACs on each detector module provide the comparator threshold voltages (five per row of FESA chips) and the 
current that controls the signal shaping times (one, common to all chips). A twelfth DAC controls the amplitude of a test 
pulser signal that can be used for diagnostic purposes. These DACs are configured by the Configuration Controller, as are the 
gain and offset registers on the FESA chips. The configuration data and any control commands are sent from the control 
computer to the arm control board via a proprietary PCI interface board; from there, they are distributed to the appropriate 
detector modules. The Command Decoder, Configuration Controller, and Readout Controller are implemented on a field-
programmable gate array 


