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Abstract 

 
This paper gives an insight into the need for radiation detection and the most commonly flexible and 
efficient radiation detector. It also examines bulk characteristics of 4H-SiC semiconductor radiation 
detector with Ni and Ti as metals for the contact. Bulk characterization of the device, including: doping 
concentration, electrons and holes behaviors, space charge and current densities were carried out. The 
modeling is conducted using Sentaurus Technology Computer Aided Design (TCAD) to examine 
charge transport in bulk 4HSiC material. Data obtained were further analyzed through Sentaurus 
visual, sentaurus Techplot and Excel to clearly determine the characteristics of the device. It is observed 
that when the semiconductor and metal are in contact, the Fermi-level is established where the doping 
concentration varied with either magnitude of the doping concentration or nature of the dopant. 
Similarly, Schottky and ohmic contacts and temperature effect were observed from the device 
characteristics which demonstrate that, the detector can withstand a temperature from the range of 
100K to 700K in no fluctuating state. 
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INTRODUCTION 
Global challenges due to healthcare management and security as a result of radiation from 
different sources are very essential to the stability of the entire world. All attempts, to find 
solution to these global challenges are becoming inadequate as a result of social control 
competition across the world(IAEA, 2004).  
 
Consequently, advancement in technology has produced steps to tackle some of the 
challenges through deployment of Physics principles which led to the development of 
radiation detector (Bell, 2015) which helps in identify the presence of radiation using a system 
called radiation detector. The detectors can be scintillation, gas or semiconductor radiation 
detectors (Ouseph, 1975; Ishikawa et al., 2008a; Milbrath et al., 2008). 
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Radiation detection is efficiently achieved using Helium Three (3He) (Agranovich & 
Maradudin, 1990). However, 3He proved to be expensive with a limited supply. Alternatively, 
semiconductor radiation detectors are more available, efficient and cost effective.  However, 
radiation detectors made of semiconductor materials exhibit an unusual behaviour  
(Ishikawa et al., 2008b), thus, affecting the energy resolution of the system, which is observed 
to arise from metal-semiconductor interface(Owens, 2014). 
 
Semiconductors are materials with conduction ability between an insulator and a conductor 
(Colinge, 2005). They have very low resistivity to be characterized as an insulator, at the same 
time, very high resistance to be referred as conductors. They are generally grouped into 
elemental and the compound semiconductors (Owens, 2012).   The elemental 
semiconductors are silicon (Si) and germanium (Ge) while the compound semiconductors are 
mostly formed from group II, III, V and VI elements of the Periodic Table. The compound 
semiconductors are Gallium Arsenide (GaAs), Cadmium Telluride (CdTe), Cadmium Zinc 
Telluride (CdZnTe), Silicon Carbide (SiC) etc (Owens, 2014). 
 
The operation of semiconductor device is fundamentally based on two energy bands known 
as valence and conduction bands. The valence band represents a given range of energies made 
of bounded electrons while the conduction band represents  energies due to unbounded 
electrons (Fiore, 2019). However, between the two, there is what is called forbidden energy 
(Band gap) (Colinge, 2005). The band gap is a representation of forbidden energy between 
valence and conduction band, it is the energy required to move an electron from the valence 
band to the conduction band (freeing electron from the binding energy) as demonstrated in 
Figure 1.  

 
Figure 1 : Energy band of semiconductor material (Colinge, 2005) 

 
It represents energy threshold for electron mobility whenever semiconductor materials are 
employed in manufacturing of a radiation detector, depending on the semiconductor material 
(Lutz, 1999). Most of the electronic devices are products of semiconductor materials and 
metals (Bell et al., 2018). Therefore, the choice of materials for metal contact in the formation 
of electronic device (radiation detector) largely depends on the characteristics of the 
semiconductor, the metals and the area where the detector can be deployed. 
 
In this work, Silicon Carbide is chosen as the material for the contact because of its hardness, 
wide band gap, high displacement threshold energy of 21.8eV and high thermal conductivity 
(Juvenal & Mendoza, 2013; Gerhardt, 2011). 4H-SiC was chosen because of its high electron 
mobility that is very essential in radiation detection applications (Juvenal & Mendoza, 2013; 
Wright & Horsfall, 2007). Titanium (Ti) and Nickel (Ni) are selected as the metals for contact 
because they are good in formation of reproducible Schottky Barrier Height values, ability to 
be used at elevated temperatures and excellent resistance to corrosion (Mooch, 1990). 
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Modeling of semiconductor devices instead of practical growth and development (fabrication) 
has a greater advantage. Simulation of the devices provide an insight and perspective towards 
possible errors and other factors that could come over after the development of the device 
experimentally, regardless of time and cost. Practical implementation of semiconductor 
device needed a series of engineering processes, wafers, well-equipped laboratory, materials 
and other consumables to complete the development of the process, which are quite 
challenging. Moreover, semiconductor device fabrication materials such as: GaN, SiC wafar 
and so on, that are grossly uncommon and commercially expensive. Therefore, modeling 
gives an alternative opportunity to implement different ideas and validate the ideas.  
 
Consequently, Sentaurus TCAD is a robust semiconductor device simulation tool that is well-
suited for modeling of a semiconductor based electronics device and is chosen for the 
task(Mohapatra et al., 2020; Nabil et al., 2020). 
 
Accordingly, when a metal and semiconductor materials are in contact, or a p-type and n-type 
material forming a junction, a barrier is established at the interface (junction) which is essential 
to the performance of electronics device as a result of transition of holes and electrons from 
one material to other (Batra, 1989). The potential barrier created at the junction is important 
in the determination of electrical properties of the semiconductor radiation detector. Applying 
an external voltage to the junction in the forward biasing mode, the current flows and the 
Femi-level of the semiconductor pinned in to that of metal as in Figure 2(a and b) with no flow 
in the reversing mode, the contact is termed Schottky (rectifying in nature) (Batra, 1989; Milnes 
& Feucht, 1972), and is controlled by bias-dependent changes of the potential barrier height 
at the interface region. The Schottky current characteristic is given by: 

    (1) 
Where Io is the reverse bias saturation or leakage current, T is the absolute temperature, k is 
Boltzmann’s constant, q is the electronic charge, V is the bias voltage across the detector, and 
n is the ideality factor. 

                               
(a)     Metal            interface      semiconductor 
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(b)    Metal             interface        semiconductor  

Figure 2 (a and b): Energy band in Metal and Semiconductor (Colinge, 2005)   

 
When the work function of the metal contact matches the work function of the semiconductor, 
leaving no potential barrier at the interface the contact is referred to as Ohmic (Milnes & 
Feucht, 1972; Owens, 2012). In this case, the junction exhibits very low resistance that is 
independent of the applied voltage and is expressed as:       

𝑅 =
𝑣

𝐼
            (2) 

The barrier height of metal-semiconductor systems depends on the metal work function ( ), 

electron affinity of the semiconductor (  ) and the work function of the metal ( ) (Milnes & 
Feucht, 1972). The transmission of electron from metal to semiconductor interface that possess 
a barrier is expressed as 

∅𝐵 =  ∅𝑚 − ∅𝑠                (3) 
If the process is reversed, the barrier becomes: 

      ∅𝐵 =  ∅𝑚 − 𝑋𝑠                 (4) 
Hence, the barrier established at the interface is represented by equation (4). 
Furthermore, Semiconductor-Semiconductor junction N-type and P-type regions are created 
from the same material doped with different doping concentration on the same substrate, 
especially in the case of a P-N junction diode. 
 
METHODOLOGY  
The silicon carbide (4H – SiC) of two surfaces; silicon rich face and carbon rich face (c-face) 
was used. The uniformly doped epitaxial layer was used to create n-type polarity (region) that 
established the Schottky contact. The donor-concentration on the substrate were nitrogen 
active concentration of 3 × 1017 cm-3 and 5 × 1020 cm-3 in magnitude. Two metals (Ni) and 
Titanium (Ti) were applied as the contact metals with a rectangular shape geometry.  
 
The Simulations were done with the aid of TCAD which is a physics-based device consisting 
of models for most of the Physics parameters relevant to electronic device (Nabil et al., 2020; 
synopsis, 2015). The simulations were performed in 2D and It provided surface, electrical and 
thermal characteristics of the device (Parent, 2014;Folkestad et al., 2017).  
 
A rectangular 2D of 4H-SiC detector of dimensions 0.25µm × 0.21µm was modeled in 
Sentaurus TCAD environment. The device is formed as N-type and doped with Nitrogen 
Active Concentration of magnitude 3.0 x 1017 establishing epitaxial region of 0.25µ𝑚 ×
0.075µ𝑚 on the Si face of the substrate with no buffer in between. The part of the substrate 
region is also doped with Nitrogen Active Concentration of a magnitude 5 x 1020 cm-3 of a 
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dimension0.25µ𝑚 × 0.2µ𝑚. Nickel of 0.25µ𝑚 × 0.005µ𝑚 is deposited on top of the epitaxial 
layer and titanium at the bottom of 0.25µ𝑚 × 0.005µ𝑚.  

 

Result and discussion  
The characteristics of the detector is defined by mesh build in it. Hence, the mesh inside the 
device as shown in Figure 3 where the size of the mesh exhibit uniform and fine nature 
responsible for the accuracy of the detector surface structure resolution and the results as a 
whole. Hence, it is also observed that, the better the mesh the longer the simulation time and 
the better, the resolution. Therefore, the behaviour of the mesh is determined by the exchange 
between the simulation duration and simulation accuracy.  
  

   
Figure 3: Structure of 4HSiC device indicating the meshing 

 

  
Figure 4: Meshing size ant time take for the mesh building  

 

Space Charge 
Metal semiconductor interface formation initiate Fermi level pining which in turn initiates 
charge transfer of electrons from the semiconductor to the metal that led to the formation of 
space charge within the semiconductor. It is observed in Figure 5 that, the space charge is 
formed at the interface between the bulk and epitaxial regions (i.e at the region with high 
doping concentration and the region of lower doping concentration). This is because at these 
regions with two dissimilar magnitudes of doping concentration close to one another, form 
an important concentration gradient which leads to difference in charge carrier concentration 
sideways to the spatial dimension as shown in Figure 5. This reaffirms that, the more the 
impurities the more the space charge and vice-versa which give rise or fall of drift current 
across the entire detector as supported by Kwon et al. (2019).  
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Figure 5: Detector characteristics in terms of space charge 

Hence, it can also be established that, epitaxial region appeared to be schottky due to the low 
magnitude of spaced charge at the region. On the other hand, the high space charge region 
appeared to be ohmic. Therefore, the modelled device demonstrates schottky contact at the 
region where Ni is the contact metal due to the epi-nature of the region and ohmic at the 
region where Ti is the contact metal because of higher magnitude of the space charge.  
   
Subsequently, the impact of the metal contact is visible particularly at the epitaxial region 
showing the field distribution from where the metal end, down to the heavily space charge 
presence, thus proving the presence of the metal at the top of epitaxial region as the basic 
component of the detector manufacturing.  

        
Figure 6: Space charge thickness to breakdown voltage  

 
Similarly, it can be seen in Figure 6 that increase in the thickness of the epitaxial-layer results 
to increase in the breakdown voltage. This is as a result of rise in the thickness of the depletion 
region which in turned gives rise to the increase in electric field. 

 

Barrier height ideality factor and temperature 
The whole result in Figure 7 reveals that, as the temperature is increased from 100K to 700K 
at the interval of 50K there was a corresponding decrease in schottky barrier height and an 
increase in ideality factor. 
 
The barrier height and ideality factor are very key to the current voltage characteristic that 
give optimum account on electrical behaviour of the device. Equation 1 and .2 clearly establish 
the role of ideality factor and barrier height to electrical properties of the device respectively.  

𝐼 = 𝐼𝑜 (𝑒𝑥𝑝 (
𝑞𝑉

𝑛𝑘𝑇
) − 1)      (5) 
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Where I is the schottky current, Io is the reverse bias saturation or leakage current, T is the 
absolute temperature, k is Boltzmann’s constant, q is the electronic charge, V is the bias across 
the detector, and n is the ideality factor. 

 𝐼𝑜 = 𝑇2𝐴0𝐴exp(
𝑞ф

𝑘𝑇
)        (6) 

Where ф is the Schottky barrier height, A and A0 are rectifier and Richardson constants 
respectively. 

 
   
 

 

 
Figure 7: Characteristics of schottky barrier height and ideality factor with change in temperature  

The decrease in barrier height and upswing in ideality factor with temperature is in agreement 
with thermionic emission theory as corroborated by Abubakar (2016) but contrary to the 
findings of (Bekaddour et al. 2023;Adoun et al. 2019) where they signify abnormal 
characteristic in the barrier height and ideality factor with increase in temperature according 
to their findings, the deviation from the thermionic is as a result of atomic interaction and 

homogeneous nature of the metal semiconductor interface.  
The deviation from the thermionic emission is as a result of atomic interaction and 
inhomogeneous nature of the metal semiconductor interface (Bekaddour et al., 2023; Adoun 
et al., 2019). 
 
Current Voltage Characteristic 
The current voltage characteristics show the behaviors for both Ni/4H-SiC/Ti interfaces. We 
can observe that, the relationship proved to be ohmic at the heavily doped region as depicted 
in Figure 5, revealing the impact of temperature. A schottky characteristics at the lightly 
doped region is noticed in Figure 5 also revealing the effect of temperature. This finding has 
supported the claim made by Rama, et al (2018) where he posited that “the presence of heavily 
doped semiconductor layer under the metal makes the contact more ohmic”. 
 
We can now conclude that, contact between semiconductor material always prove to be 
schottky unless the device is subjected to another scientific or engineering process to make it 
ohmic. The result further demonstrated that, the current voltage behaviour depends on the 
generation and recombination rates in relation to the inter facial defect as earlier stated by  
(Karsthof et al., 2020).  
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Figure 8: Current voltage characteristics. 

CONCLUSION  
An electronics device (4H-SiC based Radiation Detector) is modeled using Sentaurus TCAD. 
Bulk characterization was conducted based on physics parameters namely: doping 
concentration, electrons and holes mobility, space charge, electrons and holes velocities and 
electric field. From the bulk characterization it is noticed that, schottky nature of the contact 
is formed at epitaxial region of the detector and as the doping concentration increase the space 
charge increased. The increase in doping concentration also leads to hole and electron mobility 
decreasing due to frequent carrier collisions with impurity. It also confirms that, motion of 
electron toward one direction and holes in the opposite direction leads to the inducement of 
charge to transverse within the device.  
 
At 700K temperature the total current density exhibits abnormal behaviour which is believed 
to be a product of high temperature adverse effect on device. 
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