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    Abstract

        
            The goal of this program was to develop a revolutionary solid-state gamma-ray detector suitable for use in down-hole gas and oil exploration. This advanced detector would employ wide-bandgap semiconductor technology to extend the gamma sensor's temperature capability up to 200 C as well as extended reliability, which significantly exceeds current designs based on photomultiplier tubes. In Phase II, project tasks were focused on optimization of the final APD design, growing and characterizing the full scintillator crystals of the selected composition, arranging the APD device packaging, developing the needed optical coupling between scintillator and APD, and characterizing the combined elements as a full detector system preparing for commercialization. What follows is a summary report from the second 18-month phase of this program.
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                    Enriched Boron-Doped Amorphous Selenium Based Position-Sensitive Solid-State Thermal Neutron Detector for MPACT Applications

                    
                        Technical Report
                            Mandal, Krishna
                            

                    High-efficiency thermal neutron detectors with compact size, low power-rating and high spatial, temporal and energy resolution are essential to execute non-proliferation and safeguard protocols. The demands of such detector are not fully covered by the current detection system such as gas proportional counters or scintillator-photomultiplier tube combinations, which are limited by their detection efficiency, stability of response, speed of operation, and physical size. Furthermore, world-wide shortage of 3He gas, required for widely used gas detection method, has further prompted to design an alternative system. Therefore, a solid-state neutron detection system without the requirement of 3He will be very desirable. Tomore » address the above technology gap, we had proposed to develop new room temperature solidstate thermal neutron detectors based on enriched boron (10B) and enriched lithium (6Li) doped amorphous Se (As- 0.52%, Cl 5 ppm) semiconductor for MPACT applications. The proposed alloy materials have been identified for its many favorable characteristics - a wide bandgap (~2.2 eV at 300 K) for room temperature operation, high glass transition temperature (tg ~ 85°C), a high thermal neutron cross-section (for boron ~ 3840 barns, for lithium ~ 940 barns, 1 barn = 10-24 cm2), low effective atomic number of Se for small gamma ray sensitivity, and high radiation tolerance due to its amorphous structure.« less
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                    Gamma-ray detector properties for hostile environments

                    
                        Conference
                            Melcher, C; Schweitzer, J - IEEE Trans. Nucl. Sci.; (United States)
                            

                    The hostile environment of the borehole affects the performance of semiconductor and scintillator gamma-ray detectors in ways not usually encountered in laboratory applications. In particular, the scintillation efficiency of almost all inorganic scintillators decreases with increasing temperature, although the rate of this decrease varies by almost a factor of ten. The decreased scintillation output affects signal-to-noise, energy resolution, and gain control. The scintillation decay time also usually depends on temperature, thus affecting pulse shaping and counting rate. The emission spectrum may shift with temperature and, combined with the narrower response of high temperature photocathodes, requires that careful attention be paidmore » to the compatability of scintillator and photomultiplier. The shock and vibration encountered in the borehole is sufficient to damage detectors, and, consequently, mechanically rugged detectors and non-hygroscopic scintillators are preferred to avoid the need for special packaging that reduces detector size and performance.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Harsh-Environment Packaging for Downhole Gas and Oil Exploration

                    
                        Technical Report
                            Bansal, Shubhra; Cho, Junghyun; Durocher, Kevin; ... 
                            

                    This research into new packaging materials and methods for elevated temperatures and harsh environment electronics focused on gaining a basic understanding of current state-of-the-art in electronics packaging used in industry today, formulating the thermal-mechanical models of the material interactions and developing test structures to confirm these models. Discussions were initiated with the major General Electric (GE) businesses that currently sell into markets requiring high temperature electronics and packaging. They related the major modes of failure they encounter routinely and the hurdles needed to be overcome in order to improve the temperature specifications of these products. We consulted with our GEmore » business partners about the reliability specifications and investigated specifications and guidelines that from IPC and the SAE body that is currently developing guidelines for electronics package reliability. Following this, a risk analysis was conducted for the program to identify the critical risks which need to be mitigated in order to demonstrate a flex-based packaging approach under these conditions. This process identified metal/polyimide adhesion, via reliability for flex substrates and high temperature interconnect as important technical areas for reliability improvement.« less
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                    Detection of gamma-neutron radiation by solid-state scintillation detectors. Detection of gamma-neutron radiation by novel solid-state scintillation detectors

                    
                        Conference
                            Ryzhikov, V.; Grinyov, B.; Piven, L.; ... 
                            

                    It is known that solid-state scintillators can be used for detection of both gamma radiation and neutron flux. In the past, neutron detection efficiencies of such solid-state scintillators did not exceed 5-7%. At the same time it is known that the detection efficiency of the gamma-neutron radiation characteristic of nuclear fissionable materials is by an order of magnitude higher than the efficiency of detection of neutron fluxes alone. Thus, an important objective is the creation of detection systems that are both highly efficient in gamma-neutron detection and also capable of exhibiting high gamma suppression for use in the role ofmore » detection of neutron radiation. In this work, we present the results of our experimental and theoretical studies on the detection efficiency of fast neutrons from a {sup 239}Pu-Be source by the heavy oxide scintillators BGO, GSO, CWO and ZWO, as well as ZnSe(Te, O). The most probable mechanism of fast neutron interaction with nuclei of heavy oxide scintillators is the inelastic scattering (n, n'γ) reaction. In our work, fast neutron detection efficiencies were determined by the method of internal counting of gamma-quanta that emerge in the scintillator from (n, n''γ) reactions on scintillator nuclei with the resulting gamma energies of ∼20-300 keV. The measured efficiency of neutron detection for the scintillation crystals we considered was ∼40-50 %. The present work included a detailed analysis of detection efficiency as a function of detector and area of the working surface, as well as a search for new ways to create larger-sized detectors of lower cost. As a result of our studies, we have found an unusual dependence of fast neutron detection efficiency upon thickness of the oxide scintillators. An explanation for this anomaly may involve the competition of two factors that accompany inelastic scattering on the heavy atomic nuclei. The transformation of the energy spectrum of neutrons involved in the (n, n'γ) reactions towards lower energies and the isotropic character of scattering of the secondary neutrons may lead to the observed limitation of the length of effective interaction, since a fraction of the secondary neutrons that propagate in the forward direction are not subject to further inelastic scattering because of their substantially lower energy. At these reduced energies, it is the capture cross-section (n, γ) that becomes predominant, resulting in lower detection efficiency. Based on these results, several types of detectors have been envisioned for application in detection systems for nuclear materials. The testing results for one such detector are presented in this work. We have studied the possibility of creation of a composite detector with scintillator granules placed inside a transparent polymer material. Because of the low transparency of such a dispersed scintillator, better light collection conditions are ensured by incorporation of a light guide between the scintillator layers. This guide is made of highly transparent polymer material. The use of a high-transparency hydrogen-containing polymer material for light guides not only ensures optimum conditions of light collection in the detector, but also allows certain deceleration of neutron radiation, increasing its interaction efficiency with the composite scintillation panels; accordingly, the detector signal is increased by 5-8%. When fast neutrons interact with the scintillator material, the resulting inelastic scattering gamma-quanta emerge, having different energies and different delay times with respect to the moment of the neutron interaction with the nucleus of the scintillator material (delay times ranging from 1x10{sup -9} to 1.3x10{sup -6} s). These internally generated gamma-quanta interact with the scintillator, and the resulting scintillation light is recorded by the photo-receiver. Since neutron sources are also strong sources of low-energy gamma-radiation, the use of dispersed ZnSe(Te) scintillator material provides high gamma-radiation detection efficiency in that energy range. This new type of gamma-neutron detector is based on a 'sandwich' structure using a ZnSe composite film and light guide with a fast neutron detection efficiency of about 6%. Its high detection efficiency of low-energy gamma-radiation allows a substantial increase (by an order of magnitude) in the efficiency of detection of neutron sources and transuranic materials by means of simultaneous detection of accompanying gamma-radiation. The design and fabrication technology of this detector allows the creation of gamma-neutron detectors characterized by high sensitivity at relatively low costs (as compared with analogs using oxide scintillators) for portable inspection systems. The sandwich structure can be comprised of any number of plates, with no limitations on thickness or area.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Replacing NaI with CdZnTe in Radioxenon Detectors for Nuclear Explosion Monitoring

                    
                        Technical Report
                            Streicher, Michael
                            

                    Radioxenon collection and monitoring provide valuable information about nuclear weapon testing and nuclear power accidents via forty detection stations around the world. These stations are operated to enforce the Comprehensive Test Ban Treaty which seeks to ban all forms of nuclear weapons testing. Radioactive xenon is produced via nuclear reactions in nuclear reactors or nuclear weapons. However, the ratios of xenon isotopes vary based on the production mechanism, so by accurately detecting these ratios, the source of the radioxenon can be ascertained. Current detection systems use sodium iodide (NaI) scintillators to detect photons in coincidence with a plastic scintillator tomore » detect electrons in order to reduce background and increase sensitivity. However, NaI detectors have relatively poor energy resolution which increases the likelihood of recording a false positive. Furthermore, the photomultiplier tubes used to read out both scintillators are known to drift as a function of temperature, reducing the accuracy of the energy measurement when they are deployed in challenging environments. Other systems use high-purity germanium spectrometers to detect radioactive xenon, but these must be cryogenically cooled which is difficult to maintain at the remote sensing stations. Semiconductor detectors, like high-purity germanium (HPGe), inherently offer better energy resolution. However, a class of semiconductors can be operated a room-temperature while still achieving excellent energy resolution. The most promising of these “room-temperature semiconductor detectors” is CdZnTe. The gamma-ray energy resolution of CdZnTe is seven times better than NaI which will reduce the minimum detectable concentration of radioxenon in a sample, improving international authorities’ ability to sense nuclear weapon detonations. In the first phase of this effort, CdZnTe detectors were used to detect electrons with energies between 40 keV and 150 keV which are of interest for electron-photon coincidence measurements of radioactive xenon. Furthermore, the system design was altered in order to increase the efficiency of the system for both photons and electrons by removing intervening material and reducing energy thresholds. Rough strategies for discriminating electrons and photons in a single detector volume were developed. Electronics designed to achieve more compactness, ruggedness, and higher energy resolution were contrived. Several detector thicknesses were studied in order to determine the optimal size weighing cost and detection efficiency. Improving radioxenon sensors will improve the health and safety of the general public. The Comprehensive Test Ban Treaty’s goals are to reduce nuclear fallout, limit nuclear proliferation, and reduce the number of deployed arms around the world. Improved radioxenon sensors will help achieve these same goals while improving the intelligence capabilities of the United States of America and her allies.« less
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