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Abstract - The paper presents the lifetime measurement on GaAs material for optoelectronic devices. The energy dispersion 
of GaAs is considered for analyzing the material characteristics and Fermi-dirac function for that material for performance 
evaluation for optoelectronic devices. And then we investigated the energy bandgap of GaAs, Si, and Geas a function of 
temperature for confirmation. The lifetime measurements for GaAs material with 2.32-2.42eV with 267nm and 400nm 
wavelength and 2.53-2.63eV with 267nm and 400nm wavelength with time-resolved photoluminescence measurement with 
the help of MATLAB are analyzed in this paper. The simulation results have been confirmed by the experimental results for 
measurements. 
 
Index terms - Lifetime Measurement, GaAs Material, Optoelectronic Devices, MATLAB, Band Structure Engineering, 
Fermi-Dirac Function. 
 
I. INTRODUCTION 
 
Photonic materials, such as those used to make light 
emitting diodes, are found to luminescence when 
stimulated with short pulses of laser from a nitrogen 
laser. Light is emitted at several different discrete 
wavelengths, each having a characteristic lifetime 
uniquely associated with both the excited state where 
fluorescence originates and the temperature of the 
photonic materials like GaAs. This temperature 
dependence of the emitted luminescence lifetime can 
be used as a means to measure the temperature of an 
object at a distance. This relatively new technology is 
used to remotely measure temperature as a non-
contact method in difficult situations where 
measurement by other means would be nearly 
impossible due to factors such as the sample's speed, 
distant location and inaccessibility, or environment. 
The objectives of this computational experiment are: 
(1) to study and investigate the principles of 
luminescence lifetimes, (2) to learn computational 
techniques for measuring lifetimes, (3) to study and 
investigate the energy pathways in a solid that 
luminescence when laser excited, (4) to measure and 
analyze the temperature dependence of luminescnce 
light lifetimes (of a particular wavelength) emitted 
from a photonic material excited with a pulsed laser 
source, (5) to learn the proper use of a digital 
sampling oscilloscope to optimally measure a time 
signal response, (6) to learn computer-based data 
acquisition and analysis procedures for measuring 
temperature dependent lifetimes, and (7) to learn a 
practical application for this technique [1].  The 
purpose of this experiment is to study the physics 
behind this technology and, in the process, to learn 
some measurement techniques. One of this simulation 
experiment's goals is to teach the mechanisms 
responsible for the temperature dependence of the 
measured lifetimes. By doing so, the method explains 
the energy pathways involved in the excitation and 

de-excitations following luminescence, as well as 
other mechanisms competing with the pathway of 
luminescence. 
 
II. SIMULATION SETUP AND 
IMPLEMENTATION OF LIFETIME 
MEASUREMENT 
 
There is a number of specific doped photonic 
materials like GaAs in which the lifetime of the 
luminescence from certain emission lines is 
dependent on temperature. In order for the lifetime 
measurements to be a practical indicator of 
temperature, it is desirable for the lifetime to have a 
linear or a simple logarithmic dependence on 
temperature. A semi-logarithmic plot of 
computational data for lifetime τ versus temperature, 
T, in degrees Kelvin for photonic materials of GaAs 
could be analyzed.Time-resolved photoluminescence 
(PL) can offer important information about point 
defects in semiconductors. A non-exponential decay 
of PL after a pulse excitation usually indicates that 
the PL band is associated with a donor-acceptor pair 
(DAP) recombination [2]. Shallow donors commonly 
have the largest contribution to the DAP transitions 
because of their larger Bohr radius. In particular, 
many PL bands in un-doped GaN are attributed to 
transitions from a shallow donor to different 
acceptors at low temperature. With increasing 
temperature, electrons are emitted from the shallow 
donor to the conduction band, and transitions from 
the conduction band to different acceptor levels 
become dominant. The acceptor levels are expected 
to cause an exponential decay of PL after a pulse 
excitation, with a characteristic lifetime inversely 
proportional to the concentration of free electrons [3]. 
Figure.2 shows a non-radiative recombination process 
represented by coordination coordinate model. The 
vertical axis represents the energy of the action state 
and Q of the horizontal axis is the grating 
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displacement. For non-radiative transition through a 
deep level by any impurities, theoretical analysis is 
the name of the present model in III-V 
semiconductors. The (gs) is the ground state. (f.e + 
f.h) is one of the electrons in the conduction band, is 
one of the holes in the valence band exist. It 
represents the excited state to be standing, (t.e+f.h) or 
( f.e + t.h) is electrons or holes capture of the non-
radiative recombination centers. The two states 
represent the non-radiation activation energy for the 
transition to capture the state and the ground state 
(g.s). The transition with a phonon emission 
overcomes the potential energy from the excited state 
to electrons (holes) capture state. And it also 
overcomes the potential energy of the electron 
(positive Hole) captured, a transition to the ground 
state accompanied by a phonon emission. As the heat 
source acoustic phonons with energy comparable is 
needed to thermally activate and excited carriers in 
excited states are captured in the non-radiative 
recombination centers. For non-radiative 
recombination rate is energy activation, it is 
considered as a potential candidate for the activation 
energy source. Depending on the energy supply 
probability, and phonon transport process of 
peripheral non-radiative defects, the phonon 
occupation state are considered that it is necessary to 
take into accounts [4-6].  
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Fig.1. Non-Radiative Recombination Process by the 

Configuration Coordinate Model 
 
III. SIMULATION RESULTS AND 
DISCUSSION 
 
A. Energy Dispersion of Semiconductor Material 
Fig.2 illustrated the energy dispersion of 
semiconductor material of GaAs. The results say the 
energy dispersion from valence band to conduction 

band with the gap of energy from stage to satge. 

Fig.2. 
Energy Dispersion of Semiconductor Material of GaAs 

 
B.   Function of Fermi-Dirac Integral 
Fig.3 shows the function of fermi-dirac integral for 
semiconductor material. The results of the function 
say that the best-fit condition of experimental one and 
the simulation results for reference 1 to 3 materails 
like GaAs, Si, and Ge met the optimal solution for 
Fermi Level identification. 
 

 
Fig.3. Function of Fermi-Dirac Integral for Semiconductor 

Material 
 
C. Function of Fermi-Dirac Integral 
Fig.4 demonstrates the energy bandgap of GaAs, Si 
and Ge as a function of temperature.  
 
The change in band-gap energy as a function of 
temperature is shown with the associated result 
figures. The eleven materials are tested for the band-
gap as a function of temperature.  
 
In Figure 4, the band-gap energy is the main factor 
for the temperature dependence of diode voltage. The 
inspection of the figures reveals that the temperature 
increases, the energy gap of the semiconductors 
decreases. Therefore, the energy gap is time 
dependent for the materials of the device. As the 
temperature increases, the energy band-gap of GaAs, 
Si and Ge also decreases. Among the materials, 
indium Ge has the lowest energy band-gap.         
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Fig.3. Energy Bandgap of GaAs, Si and Ge as a Function of 

Temperature 
 
The energy band gap of semiconductors tends to 
decrease as the temperature is increased. This means 
that the interatomic spacing increases when the 
amplitude of the atomic vibrations increases due to 
the increased thermal energy. This effect is quantified 
by the linear expansion coefficient. 
 
D.  Lifetime Measurement on GaAs for 2.32-
2.42eV  
These results point out that there is no interaction 
between these two radiation mechanisms or the deep 
levels, and that the lower level of the transition 
causing the yellow luminescence is an energy states 
independent of the acceptor sates.  Further, the 
original defect levels causing these two peaks at 2.32 
eV and 2.53 eV are spatially separated.  Figure 4 
shows the time developments of the luminescence 
intensities in the regions of 2.32 – 2.42 eV for the 
excitation of the 267 nm and 400 nm lines.   
    

 
Fig.4. Lifetime Measurement on GaAs for 2.32-2.42eV at 

267nm and 400nm Wavelength 
 
E.   Lifetime Measurement on GaAs for 2.53-
2.63eV 
Figure 5 shows the time developments of the 
luminescence intensities in the regions of 2.32 – 2.42 
eV and 2.53 – 2.63 eV for the excitation of the 267 

nm and 400 nm lines.  This result indicates that the 
luminescence lifetimes at the two energy regions for 
the excitation of 400 nm line is the same, which 
indicates that a single luminescence mechanism 
dominates for the excitation of 400 nm. On the other 
hand, the time developments for the excitation of 267 
nm exhibit different decay rates between the two 
energy regions.  It was also found in another 
measurement that as the excitation power increases, 
the decay rate in the energy range of 2.53 – 2.63 eV 
becomes greater accompanied by the growing of the 
higher energy peak.  This greater decay rate is 
approximately the same with the value obtained by 
the excitation of 400 nm as shown in the incipient 
time region in Fig. 5.  Thus, this higher energy peak 
originates from the same mechanism causing the 
luminescence by the 400 nm excitation. 
 

 
Fig.5. Lifetime Measurement on GaAs for 2.53-2.63eV at 
267nm and 400nm Wavelength 
 
CONCLUSION 
 
The luminescence lifetime measurement on GaAs 
sample for optoelectronic device has been analyzed in 
this paper. We formulated the energy dispersion for 
semiconductor material based on the parabolic 
approximation for GaAs material And then the 
Fermi-dirac integral for semiconductor material have 
been evaluated based on the mathematical modeling 
from the experimental results. The simulation results 
of energy band gap for GaAs has been examined by 
comparing with the Si and Ge materials. The lifetime 
measurement on GaAs for two wavelengths of 267nm 
and 400 nm have been conducted for two difference 
energy levels like 2.32-2.42eV and 2.53-2.63eV for 
measurements. The results confirmed that the lifetime 
measurements on GaAs have been completed based 
on the theoretical work done. The differences in these 
dependencies can be explained by the time 
dependence of the concentration of free electrons, or, 
otherwise, should be attributed to the time 
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dependencies of the carrier-capture coefficients. The 
characteristic PL life-times and the lifetime of holes 
in the valence band can be predicted using a 
measurement model. 
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