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ABSTRACT  

Conventional gamma cameras are heavy and occupy large volume for all required hardware components. Direct-
conversion solid-state detectors like cadmium zinc telluride (CZT) enable a compact design of gamma cameras. In 
addition, conventional gamma cameras require different collimators for different gamma-ray photon energies, and the 
change of collimators between studies sometimes disrupts the workflow. To ease this inconvenience (i.e., bulkiness and 
collimator change), we have recently developed a compact, CZT-based, energy-independent gamma camera that requires 
only one collimator to cover a broad range of photon energies. In this paper, we show our design parameters and system 
specifications as well as simulation studies that support our design principles.   
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1. INTRODUCTION  
Nuclear molecular imaging modalities such as single photon emission computed tomography (SPECT) and positron 
emission tomography (PET) have become indispensable in the management of human diseases. The primary reason is that 
these imaging modalities provide functional and physiologic information about the disease progression which is 
biologically relevant for the diseases so that clinical decision can be effectively based on the provided information.  
Direct-conversion solid-state radiation detectors such as cadmium telluride (CdTe) and cadmium zinc telluride (CZT) have 
been considered promising technologies for SPECT and PET. However, except for a few commercial imaging systems, 
CdTe or CZT is still considered more or less experimental or exploratory in terms of detector technology. The promise of 
these solid-state detectors mainly comes from their excellent energy discriminating capabilities as well as compact design 
capabilities because no bulky secondary photodetectors such as photomultiplier tubes (PMTs) are needed for radiation 
signal generation.  
Although PET and SPECT share a lot of common elements in radiation detection technologies, the medical utility of PET 
recently has been excelling that of SPECT lately. The scanner availability still favors SPECT over PET; however for 
several applications (e.g., cancer staging), PET is currently a preferred imaging modality where the scanner and related 
infrastructure (e.g., availability of PET radiopharmaceuticals) are present. Another perspective on this observation could 
be related to the view of PET offering a better image quality than SPECT.  
Our goal of developing technologies for SPECT instrumentation, i.e., gamma camera, is based on this observation. In 
order to make SPECT more attractive than what this imaging technology currently offers, there needs serious 
reconsideration for basic technologies used. CZT-based imaging technologies are now fairly mature, and there is a great 
potential that all gamma cameras can adopt CZT-based radiation detection technologies so that SPECT can compete with 
PET for applications that overlap between these two imaging modalities.  
With these goals in mind, we have designed and built a completely new compact CZT-based gamma camera that is easily 
scalable to a full clinically useful gamma camera. Our design principles for this compact camera include a new application-
specific integrated circuit (ASIC) that reads out signals from CZT detectors with adjustable energy windows covering a 
wide range of photons emitted by available SPECT radiotracers that have different energies of photon emissions (roughly 
in the range of 70 keV – 350 keV), and a single high-resolution and high-efficiency collimator that can be used for a wide 
range of energies without needing to change collimators between scans using different radiotracers (i.e., “energy 
independence”). Our system design included a carefully conducted Monte Carlo simulation, multiple iterations of ASIC 
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optimization, and assembly of the compact camera for basic system characterization. Finally, we concurrently developed 
an accelerated SPECT reconstruction algorithm using a high-performance computing (HPC) hardware for the system.  

2. SYSTEM CONFIGURATION
2.1 Pixelated CZT 

The CZT materials were fabricated by Redlen Technologies (Saanichton, BC, Canada) per our specifications to achieve 
high efficiency, high energy resolution, high spatial resolution (i.e., small pixel size), and stable room temperature 
operation. Each module (that was built into our compact camera) consists of 16´16 pixels with 1.6´1.6 mm2-pitch and 5-
mm thickness, (i.e., each module of CZT is 25.4´25.4´5 mm3). Figure 1 shows the fabricated CZT modules.  

Figure 1. Fabricated CZT detector modules: Cathode side (left) and fan-out connectors for anode signal connected to the 
readout electronics (right) are shown. 

2.2 ASIC 

The ASIC has adjustable gains for a 100, 200, 300, or 400 keV input energy range. It also contains six 10-bit global digital-
to-analog converters (DACs) to configure 3 independent energy windows. Other parameters for the ASIC include: 200- 
and 500-ns shaping time, 128 channels (so that 2 ASICs are necessary for each CZT module that has 256 channels) for 
which each channel has optimized input stage for 4-pF input capacitance with 1-nA leakage current from the detector, CR-
(RC)3 shaping circuit with 4-bit fine gain control, 3-bit DAC for threshold trimming for each threshold, 16-bit counter for 
each energy window, and 1-mW power consumption. Combined with the CZT detector module, the measured energy 
resolution at 140 keV was 3%. Figure 2 shows the drawing of the ASIC architecture.  

Figure 2. ASIC architecture diagram showing the details of one channel. At the very front end, there is the charge sensitive 
amplifier, followed by the main amplifier. The shaping and baseline holder (BLH) circuit [1] is also shown. The signal from 
the main amplifier is fed into 3 pairs of comparators. If the signal amplitude is between the two thresholds in one energy 
window, the counting logic will generate a pulse to clock the 16-bit counter. Locally the threshold can be adjusted by the 3-
bit DAC, and globally the course gain and shaping time of the amplifier can be further adjusted.  
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The fabricated 128-channel ASIC had the die size of 7.5´5 mm2. The two ASICs per each 16´16-pixel CZT module were 
attached to a 25.4´25.4 mm2 interposer board that was connected to the detector module via three 100-pin low-profile 
connectors. Figure 3 shows the fabricated ASIC and the interposer board containing two wire-bonded ASICs on the 
connector size of the CZT detector module shown in Figure 1. 

Figure 3. Fabricated 128-channel ASIC (left) and wire-bonded ASICs on the interposer board (right). 

2.3 Compact camera design 

A ‘mini’ 2´2 compact camera demonstrating the energy-independent imaging capability was built using a FX3 
microcontroller (Cypress Semiconductor Corp., San Jose, CA) connected via the USB 3.0 protocol to data acquisition 
computer running Linux. A compact high-voltage (HV) generator was integrated into the camera, making the mini-camera 
highly portable. Figure 4 shows the schematic diagram of the controller connecting the ASICs and computer, and Figure 
5 shows the partially populated mini-camera assembled without a collimator.  

Figure 4. Schematic diagram of the mini-camera connected to a 2´2 CZT detector array. 
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Figure 5. Mini compact CZT gamma camera with the 2´2 CZT detector array partially populated (two CZT detectors are 
shown). 

 

2.4 High-efficiency tungsten (W)-collimator 

Ae high-efficiency and high-resolution energy-independent tungsten (W) collimator was built by Nuclear Fields (Des 
Plaines, IL) per our design specifications based on extensive Monte Carlo simulation studies [2]. The painted 16´16 pixel 
collimator is shown in Figure 6. The basic design principles for this collimator were the highest total relative sensitivity 
(TRS) that covers the photon energies of Co-57, Tc-99m, I-123, and In-111, resulting in the hole length of 23 mm and the 
hole sizes of 0.65´0.65 mm2 with the square shape to match the CZT detector pixel by one-to-one correspondence to 
achieve true digital recording of photons.  

 

 

Figure 6. The 16´16 tungsten collimator with the holder built to be connected to the CZT detector module and electronics.  

 

2.5 GPU-optimized SPECT reconstruction algorithm  

The reconstruction algorithm using Monte Carlo simulated projection data that are based on the system design parameters 
showed comparable image qualities between a wide range of radioactive sources simulated [2]. The same algorithm that 
was written in C was further optimized for speed using compute unified device architecture (CUDA) on HPC-GPU [3]. 
The speed improvement is summarized in Figure 7. 
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Figure 7. Speed improvement using CUDA GPU for maximum-likelihood expectation maximization (MLEM) and ordered 
subsets EM (OSEM) SPECT reconstructions using NVIDIA Tesla M2070 (Santa Clara, CA).  

 

3. CONCLUSION 
We have designed and built an energy-independent compact CZT-based gamma camera including a modular and pixelated 
CZT detectors, low-power (1 mW), low-noise photon-counting ASIC, Monte Carlo simulation based single collimator that 
covers a wide range of photon energies, and accelerated image reconstruction algorithm using CUDA on GPU. Some 
future works include experimental testing of fully assembled mini (2´2 array) gamma camera, further refinement of ASIC 
design that can include list-mode data acquisition capability and high count-rate for high flux gamma and x-ray photon 
counting, and full clinical-scale gamma camera manufacturing.  

4. ACKNOWLEDGEMENT 
This work was supported in part by the U.S. Department of Health & Human Service, National Institutes of Health Grant 
R01 EB012965, the International Science & Technology Cooperation Program of China under Grant no. 2013DFB30270, 
and the National Natural Science Foundation of China under Grant nos. 81201114 and 91330102. 

REFERENCES 

[1] Y. Chen, Y. Cui, P. O'Connor, Y. Seo, G. S. Camarda, A. Hossain, U. Roy, G. Yang, and R. B. James, "Stability of 
the Baseline Holder in Readout Circuits for Radiation Detectors," Ieee Transactions on Nuclear Science, vol. 63, pp. 
316-324, Feb 2016. 

[2] F. H. Weng, S. Bagchi, Y. L. Zan, Q. Huang, and Y. H. Seo, "An energy-optimized collimator design for a CZT-based 
SPECT camera," Nuclear Instruments & Methods in Physics Research Section a-Accelerators Spectrometers 
Detectors and Associated Equipment, vol. 806, pp. 330-339, Jan 11 2016. 

[3] D. Mitra, H. Pan, F. Alhassen, and Y. Seo, "Parallelization of Iterative Reconstruction Algorithms in Multiple 
Modalities," 2014 Ieee Nuclear Science Symposium and Medical Imaging Conference (Nss/Mic), 2014. 

 

Proc. of SPIE Vol. 10393  103930S-5
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 8/23/2018
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


