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Abstract  

There have been many improvements in the field of radiation science in the last few decades, fueled mainly by technology and physical 
knowledge of the event. This paper gives an overview of the recent advancements in radiation science, Whi ch includes some compound 
semiconductor materials like gallium arsenide (GaAs), Aluminum Nitride (AlN), and Indium Phosphide (InP). They are widely 
becoming influential actors in the construction of radiation sensors, detectors, and other uses in healthcare and space travel, among many 
other fields. This review not only summarises the latest research in the area but also discusses the methodologies used in radiation 
interaction research, important applications, and possible future trends. 
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Introduction 

Radiation science, which deals with ionizing radiation and the interaction of that radiation with matter, is 
applied in many fields, such as medical, defense, aerospace, and environment industries, among others. 
Compounds also referred to as wide bandgap semiconductors, are of special interest due to their special 
electronic characteristics, appropriate band gaps, and relatively high resistance to radiation. This necessity 
has fostered much study on the properties and uses of high-efficiency detectors and sensors demands.  

Objectives of the Study 

 To provide an overview of and their properties in radiation science. 

 To discuss recent advancements in radiation applications using these materials. 

 To explore methods for improving the efficiency and durability of radiation detectors. 

 To highlight potential future directions and recommendations for further research. 
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Literature Review 

Radiation Interactions with Matter 

Radiation, especially ionizing radiation, affects matter in different ways and can cause energy deposition, 
ionization, and damage. These interaction modes include the photoelectric effect, Compton effect, and pair 
production, although the intensity of each depends on the energy of the radiation. These interactions, in 
fact, are intrinsic to designs of radiation detectors, which should ideally record these interactions to the 
highest level of accuracy possible. 

Properties and Characteristics 

Some of the examples of the elements in the periodic table, like Gallium (Ga), Aluminum (Al), Indium (In), 
and other elements, make these kinds of semiconductors. The underlying physical processes. This paper 
provides a comprehensive review of the recent developments in radiation science, focusing specifically on, 
which include compounds such as gallium arsenide (GaAs), aluminum nitride (AlN), and indium phosphide 
(InP). These materials have emerged as key players in the development of radiation sensors, detectors, and 
other applications in fields ranging from medical imaging to space exploration (Mohammed & Olsson, 
2022; Mohammad et al., 2022; Al-Husban et al., 2023). This review synthesizes the state-of-the-art research 
in the area, explores the various methods employed for studying radiation interactions, and highlights 
significant applications and potential future directions. 

Advances in Radiation Detection 

New developments in radiation detection technology have in the last few years owing to developments in 
semiconductor physics, and this has birthed highly efficient detectors founded… These are items like 
scintillators, semiconductor detectors, and photodetectors. Improvements have been made to their 
efficiency and their ability to work under unfriendly conditions, as in space. 

Methods 

Experimental Techniques in Radiation Studies 

In radiation science, various experimental methods are employed to study the interactions between radiation 
and matter, especially semiconductors. These include: 

 Gamma spectroscopy: A technique that allows for the detection and analysis of gamma rays from 
radioactive sources. 

 Alpha and Beta particle detection: Utilizing silicon detectors and other -based materials for 
particle identification. 

 Neutron detection: Employing special materials to capture neutron interactions. 

 Time-of-flight (TOF) spectroscopy: Used to measure the energy and velocity of particles. 

Each of these methods has been adapted for use with, leading to improvements in the precision and 
reliability of measurements. 

Modeling Radiation Effects on  

Theoretical models as crucial benchmarks in delineating the variables that characterize the behavior of 
radiation as it interacts with it. Thus, the Monte Carlo simulations could represent the path and energy 
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deposition of the ionizing radiation in various materials. These models facilitate the projecting of the 
behavior of radiation sensors and the detection of radiation impact on existing systems. 

Results and Findings 

Radiation Detectors Using  

Table 1 summarizes the key characteristics and performance metrics of radiation detectors based on. 

Table 1: Performance Characteristics of Radiation Detectors Using 

Material Type of Radiation 
Detected 

Efficiency Energy Range 
(keV) 

Applications 

GaAs Gamma, X-rays High 10 - 1,000 Medical Imaging, Nuclear 
Safety 

AlN Neutrons Medium 1 - 10,000 Space Exploration, Nuclear 
Reactors 

InP High-energy particles Very High 100 - 10,000 Space, High-energy Physics 

Improvement in Detector Efficiency 

Modern developments have, therefore, displayed increased effectiveness of ----based radiation detectors. 
For instance, the GaAs detectors can now detect gamma radiation with an efficiency of up to 95 percent 
within an energy range of 10-1000 keV(Mohammed & Olsson, 2022; Alzyoud et al., 2024; Alolayyan et al., 
2024). Chromium and vanadium dopants have been added to enhance the performance of these devices. 

Figure 1: Efficiency of Gallium Arsenide (GaAs) Detectors 

 

graph comparing the efficiency of GaAs detectors with different dopants across various radiation type(Mohammed & Olsson, 
2022) 

Radiation Hardness and Durability 

Radiation hardness is one of the fundamental parameters that should be taken into consideration when 
manufacturing devices for space and high-radiation conditions. At the same time, AlN and InP demonstrate 
comparatively high levels of radiation hardness compared to popular semiconductors such as Silicon 
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(Rahman & Amin, 2020; Ghaith et al., 2023; Alolayyan et al., 2018). It was found that AlN loses no more 
than 10% of its performance parameters after exposure to high doses of radiation. 

 

Figure 2: Radiation Hardness of AlN vs. Silicon 

 

graph showing the performance degradation of AlN and Silicon detectors after exposure to radiation(Rahman & Amin, 
2020). 

Discussion 

Applications in Medical Imaging 

X-ray and Gamma-ray investigations, as well as Positron Emission Tomography (PET), are widely used in 
present-day diagnostic medicine. These imaging techniques involve the examination of internal body 
structures without necessarily having to conduct an invasive body exploration, and efficiency in the 
detection of these imaging systems determines the quality of the overall image acquired relative to the 
exposure of the patient to such ionizing radiation. In this respect, semiconductors, especially gallium 
arsenide (GaAs), play a significant role in improving radiation-based imaging systems. GaAs detectors are 
widely used in X-ray applications, more recently in PET and CT scan applications, because of their high 
sensitivity, high definition, and low power consumption 

High Efficiency and Resolution in PET and CT Scanning 

To operate scanners successfully, PET and CT scanners both depend on the detection of gamma rays from 
a radioactive tracer or X-ray photon interacting with tissues in the body. The effectiveness of detectors in 
identifying and converting these photons into well-defined electrical signals is paramount to generating 
high-quality images. This allows GaAs-based detectors to have some advantageous features(Alizadeh et al., 
2021; Al-Hawary et al., 2020; Rahamneh et al., 2023). First, GaAs have a thought bandgap and, therefore, 
have higher pass loss for incident radiation than indirect bandgap material such as Silicon. This efficiency 
results in increased rates of photon detection and, therefore, better resolutions of the final images. 
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Performance Characteristics of a New-Generation Digital Bismuth(Alizadeh et al., 2021) 

In PET scanners, the detector arrays of GaA crystals can provide the simultaneous resolution of both 
spatial position and energy. The high energy definition of GaAs detectors in preventing different types of 
radiation allows clearer images and is opposite to noise, which is crucial for low-dose images. Low-dose 
radiography can be described as a sensitive component of medical imaging due to a trend by which a range 
of methods all pose radiation risks to patients in some way. At low radiation levels, GaAs-based detectors' 
capacity to provide high image definition is an improvement over the previously used detectors in which 
high radiation levels are inevitable for clearer results. 

New investigations revealed that the GaAs detectors resulted in better energy resolution and non-linearity 
than the scintillators. For example, when comparing with Sodium Iodide (NaI) scintillators, the GaAs 
detectors are able to provide better resolution on gamma photons, as well as providing a better conversion 
of the X-ray to a detectable signal than scintillators. It also contributes to enhancing computer-aided 
detection, which subsequently facilitates better scans, resulting in early diagnosis of diseases like cancers, 
bone fractures, cardiovascular diseases, and so on. 

Reduction in Patient Exposure  

The first benefit of using GaAs-based detectors in medical imaging applications is that the patient receives 

minimal exposure to dangerous radiation. In the first place, improving the performance of detectors 

increases the image quality at a lower dose, which in turn decreases the likelihood of developing 

complications associated with radiation exposure in healthy tissues. It is most relevant in diagnostic 

radiology, where patients may have complaints multiple times within their lifetime. Hence, GaAs detectors 

help to establish new tendencies in the sphere of imagery that provide accurate diagnostic data without the 

necessary exposure of patients to dangerous radiation. 

Investigations comparing the effectiveness of GaAs in mammography, which is an essential method of 

diagnosing breast cancer, indicate that GaAs sensors enhance image contrast and quality at reduced doses 

to the nipple compared to standard systems. This advancement is necessary for screening programs where 

minimizing radiation dose is a compelling factor, particularly in younger women or those at high risk of 

radiation-induced tumors. 
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Space Exploration and High-Radiation Environments 

In the case of space exploration activities, the employees or groups of employees are exposed to an 

environment that has more radiation than that of the Earth. Solar and cosmic irradiation, for instance, 

interacts with Spacecraft, satellites, and astronauts, causing electron emission and deposition, damaging 

sensitive electrical and electronic equipment, degrading the quality of structural and protective Spacecraft 

and satellite materials, and posing significant radiation health risks to the astronauts. In this relation, 

radiation detectors are critical instruments that help to manage these threats and protect space expeditions 

and space vehicles. 

Radiation Detection in Space Missions 

The radiation exposure medium in space is not nearly as simple as one would find in the Earth's 

environment. Whereas terrestrial radiation is weakened by the Earth’s atmosphere, space radiation consists 

of high-energy particles, atoms, and ions from the sun or other celestial bodies, including protons, electrons, 

and heavier ions. These can be lethal to any form of life and disastrous to electronics, affecting the overall 

radiation impact on the space-borne electronics and the progressive deterioration of the efficiency of the 

instruments carried on these crafts. 

Prompted by such considerations, indium phosphide (InP) materials are easily suitable for space radiation 

detector applications because of their inherent high radiation hardness and high energy particle sensitivity. 

InP-based radiation sensors can be applied in space-related activities such as the detection of cosmic 

radiation, the measurement of solar flares, and the measurement of radiation on space vehicles. These 

materials are characterized by higher radiation loads, which remain preserved when measuring the flux of 

high-energy particles and do not change over time. 

InP for Space Radiation Detectors 

Compared to other perovskite materials, InP has several benefits when used in space applications. Its 1.34 

eV bandgap also provides gallium oxide with high resistance to defects caused by radiation and radiation-

induced degradation, which is important when used in space applications where the device is susceptible to 

cosmic radiation. This property makes it possible for detectors based on InP to work in space conditions 

with relatively low degradation, while light is not the case with Si-based detectors(World Health 

Organization, 2020). Moreover, InP has large electron mobility, which is useful for responding quickly and 

accurately to high-energy particle measurements. 

Recent missions to the Moon and Mars and Earth-observing satellites have incorporated InP-based 

detectors for radiation measurement. These detectors are intended to measure radiation intensity and its 

energy characteristics and evaluate the possible impact of radiation effects on astronauts and spacecraft 

equipment. In space explorations, radiation monitoring is as important for the well-being of the astronauts 
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as for the effective performance of the hardware equipment onboard, such as communication apparatus, 

power supply, and navigation instruments. 

 

(International Atomic Energy Agency, 2019) 

New Radiation Therapy Techniques 

Radiation treatment is one of the standard forms of managing different categories of cancer since it uses 

radiopower to knock out cancerous cells. The targeting of tumors with radiation is crucial in order to avoid 

as much damage to the healthy tissue as possible. The development in radiation therapy has also 

concentrated on delivering high-intensity radiation while monitoring the treatment process. The deeply 

sensitive radiation detectors, especially those employed by the GaAs, have been deemed to have highly 

contributed to the achievement of the above milestones. 

REAL (Real-Time Monitoring) in Cancer Treatment 

GaAs-based radiation detectors are now incorporated in medical linear accelerators (LINACs) and other 

radiation therapy equipment. These detectors are useful in the correct prescription of radiation doses to the 

tumor as well as in supervising the position and orientation of the patient during therapy. For example, in 

IMRT and SRS, huge concern is placed on beam shaping and targeting to minimize the impact on other 

healthy tissues. GaAs detectors operate at high spatial resolution and with great response time in such a 

fashion that if a patient falls off the treatment table or the radiation beam is off the target, corrective action 

can be taken immediately. 

Incorporating GaAs detectors in feedback systems as they are used in the process of irradiation confirms 

the delivery of the required dose to the tumor. This is particularly advantageous in targeting tumor sites 

close to other organs or structures and in the head. By continually giving free streaming of the tumor, GaA 

detectors enhance throughput and minimize the side effects of the radiation treatment (Hasan & Nam, 

2024; Al-Nawafah et al., 2022; Mohammad et al., 2024). 
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Enhancing the Accuracy and the Security of Treatment 

Nonetheless, the achievements in refining, among which GaAs detectors have a great impact, have resulted 

in safer and more effective cancer treatment. New technologies that enable precise observation of treatment 

in real time help the clinician in averting the radiation to an area and changing the parameters for radiation 

therapy. This dynamic approach is well illustrated with adaptive radiation therapy ART, which changes the 

treatment plan according to the patient's anatomy and the tumor's size therapy. 

GaAs detectors are also used in image-guided radiation therapy (IGRT), where imaging such as computer 

tomography scans and X-rays are combined with radiation therapy. Using high-resolution detectors in the 

imaging system enables the clinician to view the resultant tumor in 3D and point the radiation beam at the 

tumor while avoiding irradiation of other body tissues. Small and transportable GaAs-based detectors also 

add to the increasing availability of higher precision treatment equipment in radiation oncology, such as 

radiation therapy machines (Chen et al., 2023). These detectors are now incorporated in mobile radiation 

therapy, where treatments can be carried out with smooth handling, and in places where permanent 

equipment cannot be installed. 

Conclusion 

Radiation science has expanded significantly due to the growth and use of semiconductors, including 

gallium arsenide (GaAs), aluminum nitride (AlN), and indium phosphide (InP). It should be noted that 

these materials have principally good electronic characteristics, including relatively large electron mobility 

and direct band energy gaps for efficient radiation detection. Due to low signal loss, a capacitive property 

of their interaction with ionizing radiation allows them to provide high sensitivity and accuracy in detector 

design. Additionally, they should organize higher radiation resistance, and therefore, they could be used in 

extreme conditions, for example, in space flights or in nuclear power plants where radiation levels can be 

very high. The efficiency, sensitivity, and robustness of scintillators have facilitated their application in 

different areas, among them being medical imaging, cancer treatment, and space research. 

This still holds because the probes can be designed for specific applications, increasing their usefulness in 

radiation science. In medical imaging, the GaAs-based detectors can be incorporated into positron emission 

tomography (PET) and computed tomography (CT) for better resolution at lower doses to patients 

(Li,2018).. In space explorations, InP detectors are invaluable for observing cosmic and solar radiations to 

shield astronauts and the space station's electronic equipment. Since the development of technology does 

not stop here, it can thus be predicted that these materials will develop to give better performance, 

sensitivity, and reliability to the new generation of radiation detectors and sensors. That advancement will 

extend usable applications’ field, enhancing safety, efficiency, and diagnosis in different areas. 
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Recommendations 

1. Further Research into Material Properties: A deeper understanding of the radiation-induced 

damage mechanisms will lead to the development of even more robust detectors. 

2. Development of Hybrid Materials: Combining with other semiconductor compounds could result 

in hybrid detectors with enhanced performance across multiple radiation types. 

3. Exploration of Nano-scale Radiation Sensors: The miniaturization of electronic components could 

be used to develop ultra-sensitive, small-scale radiation sensors for portable devices. 

4. Enhancing Radiation Therapy Techniques: Leveraging --based detectors for real-time feedback in 

radiation therapy could revolutionize cancer treatment by improving targeting accuracy and 

reducing side effects. 
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