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Abstract - The paper presents the measurement on magnetic characteristics which are affected on the luminescence 
properties of semiconductor materials for optoelectronic device fabrication using Finite Difference Time Domain (FDTD) 
technique. The FDTD technique is a powerful tool for performance analysis by using MATLAB simulations. The 
performance of the magnetic characteristics for semiconductor material could be evaluated based on the outcomes from the 
simulation results. The verification for simulation results has been carried out based on the experimental results from the 
laboratory. 
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I. INTRODUCTION 
 
Recently, semiconductor researches are more 
attractive than other research fields. Semiconductor 
devices employ the charge of the carriers to achieve 
the desired functionality. In the centre of attention of 
the semiconductor spintronics are devices, which 
utilize the electron spin rather than the carrier charge. 
One of the most famous devices of contemporary 
charge-based electronics is the transistor. Similarly, a 
spin transistor [1] would be a target device for the 
research area of semiconductor spintronics. One 
precondition to make the establishment of a spin 
transistor (and moreover lots of other envisioned 
spintronic devices, e.g., the spin laser [2–4]) 
practicable, is the extremely proficient injection of a 
spin into the active device region. On the other hand, 
the realization of a extremely proficient spin injection 
into a semiconductor or a semiconductor region, 
correspondingly, is one of the most important 
challenges of contemporary semiconductor 
spintronics. There were lots of attempts by employing 
ferromagnetic metals (FMs) as a spin injector [5], but 
the resistivity mismatch is a immense challenge one 
has to conquer to relocate the spin polarization of the 
FM to the semiconductor [6]. 
 
The technical hitches utilizing metallic spin-injectors 
stimulated a sturdy interest in dilute magnetic 
semiconductors (DMS). In conjunction with a 
semiconductor the resistivity divergence is 
insignificant which allows for a very effective spin   
injection. Experimentally this was confirmed by 
Fiederling and co-workers [7]. The major challenge 
for the application of DMS in devices is to attain 
ferromagnetic behaviour with Curie temperatures 
well above room temperature. One intensively 
considered DMS is Mn-doped p-type GaN. The 
preparation of a model which would completely 
depict the magnetic properties of Mg-doped GaN is 
very intricate, particularly when taking into account 

the discrepancies in the experimental results. Several 
theoretical studies suggest different models to depict 
magnetic ordering in Mg-doped GaN. The 
approaches can in principle be divided into three 
groups: (i) crystal defects (nitrogen vacancies, 
nitrogen interstitials, gallium vacancies, etc.) 
mediating magnetic ordering over the crystal from 
one magnetic center to another [8–11]; (ii) presence 
of free charge carriers in the materials and co-doping 
with donors [12-14], (iii) coupling of the separated 
magnetic moments with magnetically neutral 
impurities (e.g., oxygen) which results in overall 
magnetic order in the scheme [10,14]. From the 
above models it appears that ferromagnetism might 
not be a property of Mg in an ideal GaN lattice but 
defects and impurities play a critical role. This is 
perhaps the reason why the experimental situation is 
so convoluted for this material scheme. 
 
In this paper, we will confer the magnetic properties 
of Mg-doped GaN for various simulation 
circumstances, trying to elucidate the function of the 
GaN growth technique as well as of defects and 
impurities on the magnetic properties. Finally, we 
will momentarily converse the uncharacteristic 
potentials observed with time in Mg-doped GaN 
structure.  
 
II. FINITE DIFFERENCE TIME DOMAIN 
TECHNIQUE 
 
Finite-Difference Time-Domain (FDTD) method is a 
recognized practice for the investigation of quantum 
devices in semiconductor technology for research 
purposes [15]. That practice can solve a discretized 
Schrödinger equation in an iterative progression. 
Nevertheless, the technique offers only a second-
order exact numerical clarification and needs that the 
spatial grid size and time step should convince a very 
limited condition in order to avert the numerical 
clarification from diverging. The details description 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-4, Apr.-2018, http://iraj.in 

Measurement on Magnetic Characteristics of Semiconductor Material (GAN) by FDTD Technique 
 

16 

on FDTD technique is discussed in the following 
sections. 
 
A.   Governing Equations of FDTD for Magnetic 
Fields 

The governing equations for finding the 
finite difference condition are mentioned in the 
following section. At first, the finite difference 
equations for Hx, Hy, and Hz for magnetic field 
expressions. 
 

  
B.   Governing Equations of FDTD for Electric  
Fields 
The second portion is to find the electric field 
expressions based on Ex, Ey, and Ez from Maxwell’s 
Equations. 
 

 
 
III. IMPLEMENTATION OF FDTD        
MEASUREMENT   
   

 
Figure 1: Block Diagram of Main FDTD Loop 

 
The implementation for FDTD simulation have been 
carried out with the help of MATLAB for update of 
Magnetic field from Electric Field and update of 
Electric Field from Magnetic Field based on the six 
governing equations for 1D FDTD methods. 

IV. SIMULATION RESULT 
 
The simulation results are analyzed and discussed in 
the following sections. 
 
A. Potential Vs Time for Dirichlet Boundary 
Condition with FDTD Techniques 
Based on the simulation results of Fig.2 for potential 
with respect to time for dirichlet boundary condition 
with FDTD method, the potential changes is started 
from 1 second to 8 seconds with 1V to 0V, 
respectively. We can easily observe the potential 
changes depend on the medium of dielectric interface 
for measurement with FDTD techniques.  
 
According to the measurement, the structure is like 
free-space/dielectric/free-sapce means Air/GaN/Air 
interface for FDTD measurement. For the starting 
condition on measurement with FDTD, the potentials 
have been high but when the magnetic field passes 
through GaN materials the potentials have been down 
until the next junction of Air. The results say that the 
dirichlet boundary condition with FDTD method 
pointed out the magnetic properties would be 
appeared on the junction of Air/GaN/Air and the 
Relative Magneto-resistance would be easily 
observed from that simulation results. Figure.2 
illustrates the potential with respect to time for 
dirichlet boundary condition with FDTD Method. 

 
Figure 2: Potential with respect to time for Dirichlet Boundary 

Condition with FDTD Method 
 
B. Ez with respect to x for Measurement on free-
space/dielectric/free-space  
Figure.3 shows the simulation results of Ez with 
respect to x for free-space/dielectric/free-space for 
measurement. We can easily found that the Electric 
field dispersion from air to GaN material but the 
different frequency of field. The left side is for air 
and the right side is for GaN sample. The Electric 
field dispersion could be affected for measurement on 
magnetic properties of Air/GaN/Air junction with 
FDTD techniques. The simulation results have been 
completed based on one dimensional condition for 
measurement. The electric field in the GaN sample is 
stronger than air medium. It means that the magnetic 
actions occurred in the GaN sample with its optimal 
stage. 
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Figure 3: Simulation Results of Ez with respect to x for free-

space/dielectric/free-space for Measurement 
 
C. 1D FDTD Simulation for free-
space/dielectric/free-space Condition 
Figure.4. show the Simulation Results for free-
space/dielectric/free-space Condition with 1D FDTD. 
This simulation results say the magnetic field 
dispersion between Air/GaN/Air junctions could be 
observed at the optimal stage. The magnetic field 
passes through the Air/GaN/Air junctions with 1D 
FDTD techniques by using MATLAB. The time steps 
for simulation purposes are 1500 for that case. We 
could easily observe the remaining magnetic field in 
the GaN sample for measurement. The strong 
magneto-resistance actions occur in the GaN sample 
after completing the measurement. 

 
Figure 4: Simulation Results for free-space/dielectric/free-

space Condition with 1D FDTD 
 

 
Figure 5:  Relative Magneto-resistance at Temperature of 4.2K 
 
D. Magnetization Loop of Semiconductor Material 
(GaN) 
Figure.5 mentions the magnetization loop of 

semiconductor material. There are two approaches for 
measurement on non-annealed stage and annealed 
stage for magnetic properties. These results say that 
some observation. It is noteworthy that we observe 
the large magnetic moment per Mg ion not for pure 
oxygen implantation but only after the hydrogen 
concentration in the GaN was reduced by thermal 
annealing.  Please note that our results do not 
unambiguously prove the importance of the oxygen, 
because annealing the Mg-implanted sample might 
also result in a high effective magnetic moment. 

 
Figure 6: Magnetization Loop of Semiconductor Material 

 
CONCLUSION 
 
The measurements on magnetic properties for 
semiconductor material like GaN by using FDTD 
technique have been presented in this paper. The 
FDTD techniques are very effective for optical, 
electronic and magnetic properties of semiconductor 
materials. We found that the relative magneto-
resistance at Temperature of 4.2K is supported to 
observe the magnetic loop for specific semiconductor 
material like GaN for optimal condition. We can 
easily find the magnetic properties of semiconductor 
material based on the magnetic loop. The verification 
has been conducted based on the experimental results. 
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