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Abstract.The concept of luminescence has been a fascinating concept to mankind. The goal of this paper is 
to provide insights into the mysterious phenomenon of photoluminescence occurring from natural crystal 
lattice materials through electron radiation processes. The research methods used in the study involve the 
detection, identification, and interpretation of the structure, the working principle of the luminescence con-
cept, and the application of the concept of luminescence from written materials. The methods extracted from 
the materials involve biological and biochemical lab methods based on the existence of  phosphorescence, 
chemiluminescence, bioluminescence, and finally fluorescence. The study paper also highlights the differ-
ences between LEDs and LASERS, which are the main types of luminescence producing semiconductor de-
vices. Their variations are presented in aspects of their working principle, the type of luminescence they 
produce, the respective output power, and the speed, transmitting distance & cost of each. Photolumines-
cence is a concept whose applications are widespread in the physical and chemical processes of our daily 
activities. Therefore, it is important to have a sufficient understanding of the successful applications of lu-
minescent enhancement. 

1. Introduction  

The principle of luminescence occurs in the third-
generation semiconductor materials, for which photoe-
lectric applications are required. But the third generation 
of semiconductor materials used in different photoelec-
tric instruments, luminous intensity form path are differ-
ent. In this paper, the general luminescence principle of 
the third-generation semiconductor and its application in 
different optical instruments are suggested. The factors 
that lead to different luminescence intensity paths or 
forms was discussed through studies on luminescence 
principles. The methods that can be used to effectively 
improve luminous emission efficiency are very signifi-
cant in applying the third-generation semiconductor[7]. 
Through this research, scientists in the future design can 
improve the luminous efficiency of photoelectric instru-
ments related products, energy saving, and environmen-
tal protection. 

2. Principles of Semiconductor Lumi-
nescence 

The luminous principle can be collectively referred to as 
the luminescence, which is emitting light or photo re-
sponsiveness of such materials without any influence 
from heat or “cold light”. Some of the light-emitting 
devices which operate under this principle include light-
emitting diodes (LEDs) and photo-responsive devices 
such as solar cells and photodetectors. These devices 
emit light through the optoelectronic process, in which 

electrical energy is converted to optical energy in semi-
conductors [1]. 

2.1. Photon release during luminous 

The creation of photoemission involves the excitement 
of an electron from the ground state (E1). During the 
transition of the electron from the excited state (E2) to 
the ground is a double state system, in which a photon is 
released as shown in figure 1 below. 

 

Figure1 Photon Emission 

2.2. Photoelectric converting principle 

The ground state of semiconductors is referred to the 
electrons in the valence band whereas the electrons in 
the excited state are called the conduction band. There-
fore, this creates a minimum amount of energy which is 
required to excite an electron from the ground to the 
excited state. In the luminescence of semiconductor ma-
terials, electrons are similarly excited to higher states 
like the conduction band and subsequently decay to the 
ground state. However, the excitement of these semicon-
ductors van is of several types depending on the type of 
luminescence, for instance, photoluminescence, electro-
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luminescence, among others. However, in our case, we 
are more concerned with LEDs and Lasers, which fall 
under the electro-luminescence devices. They involve 
the conversion of electrical energy into light emission, 
hence producing light. 

3. Electrical process During Semicon-
ductor Luminescence 

The Electroluminescence is a product of the active re-
combination of electrons and holes in a semiconductor 
material. The excited electrons discharge their energy in 
form of photons (light). Before the recombination pro-
cess, the electrons and holes may have been separated by 
either doping the semiconductor material to create a p-n 
junction(in semiconductor electroluminescent devices 
such asLEDs) or else by excitation in which an impact of 
electrons at great energy is enhanced by a robust electric 
field, for instance, in electroluminescent displays[2].   

The process is therefore is an instantaneous optical 
process and also an electrical process. All these occur in 
the p-n junction of the semiconductor, where the exciting 
electric current generates electron-hole pairs. The subse-
quent recombination of electron-hole pairs, therefore, 
results in the emission of light. The quantum efficiency 
of these electroluminescence materials can however be 
very high indirect bandgap semiconductors having low 
crystal defects density. Averagely, a single photon is 
obtained for every electron-hole pair or every electron 
excited into the device. Therefore, this produces photon 
energy and the color of the emitted light, all of which are 
determinants of the bandgap energy of the semiconduc-
tor material.[3] 

Under the forward voltage, the electron is injected in-
to the P region from the N region, and the hole is inject-
ed into the N region from the P region. Part into the oth-
er area of minority carrier with majority carrier com-
pound and shine, assume that light is in the P region, 
then injected electrons and valence band holes directly 
compound and shine, suppose that light is in the P region, 
then injected electrons and the valence band hole com-
posite and shine now, or captured by luminescence cen-
ter first, again with composite hole luminescence. Lumi-
nous compounds, which release little energy at a time, 
cannot form visible light. The higher the luminous com-
posite ratio to the non-luminous composite, the higher 
the optical quantum efficiency is[6]. 

The injection process of electrons and holes involves 
three main stages: transportation, thermal relaxation, and 
recombination. For transportation, electrons and holes 
take energy from the semiconductor as they proceed 
from the metal interaction to the active region. In ther-
mal relaxation, the injected electrons (holes) settle at the 
foot of the conduction band in the active region. The 
recombination process involves the creation of an elec-
tron-hole pair, either radially or non-radially. The dia-
gram below summarizes how electrons and holes are 
added into the active region to emit light. 

 

Figure2 Photovoltaic conversion by holes and electrons 
Figure 2 shows the schematic band illustration of a 

semiconductor heterostructure LED when it is forward 
biased. In this case, both the carrier transport and the 
process of creating an electron-hole pair are related to 
electroluminescence, and the special difference of elec-
tron-hole typical transportation energies ETn (ETp) and 
the typical recombination energy ERn (ERp) are also 
under isothermal settings. The isothermal conditions are 
achieved by the carrier transport, which offers cooling 
by adding cladding layers, from the n and p contacts to 
the edges of the active region.  

4. Working Mechanism of Lumines-
cence  

The Luminous principle has been of great application in 
our current lighting systems. Engineers have gone to the 
extent of developing electroluminescent materials which 
can stretch more than six times their original length 
while still emitting light. These are brilliant applications 
of the optical phenomenon and the electrical phenome-
non on which these semiconductor materials emit light in 
response to the exciting current or strong exciting elec-
tric field.  

The emission of visible light is usually in the range 
of approximately 690 nanometers and 400 nanometers. 
However, the emission of light requires excitation ener-
gies, the minimum of which is provided by Einstein’s 
law stating that the energy (E) is equal toPlanck’s 
constant(h) times the frequency of light (ν), or Planck’s 
constant times the velocity of light(c) in a vacuum divid-
ed by its wavelength (λ); that is,  

E=hv=  (1) 
In most cases, the excitation energies are normally 

higher than the energies needed to lift the electrons to a 
radioactive energy level, for instance, the luminescence 
produced by phosphor crystals in TV screens is excited 
by cathode ray electrons having energies of approxi-
mately 25,000 electron volts. Nevertheless, the color of 
the luminescent light is virtually independent of the en-
ergy of the exciting particles, mainly depending on the 
level of excited-state energy of the crystals.   

The luminescence principle requires some excitation 
energy of different amounts depending on the color of 
the light. For instance, the excitation energy required for 
red light is 40 kilocalories, approximately 60 kilocalories 
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for a yellow light, and approximately 80 kilocalories for 
violet light, all per mole of a substance. The excitation 
energy is however transferred to the electrons responsi-
ble for the luminescence, hence causing the electrons to 
jump from the ground-state energy level to a higher en-
ergy level. The electrons, positive ions, or photons of the 
luminous materials are initiated by mechanisms of exci-
tation, by an impact that accelerates the particles, hence 
producing luminescence.  

The electrons participating in the luminescence pro-
cess are usually the outermost electrons of the exciting 
atoms and molecules. When gaseous molecules are ex-
cited, their luminescence spectra appear in broad bands, 
since not only electrons are lifted to higher energy levels 
but vibrational and rotational movements of the atoms 
are also entirely excited simultaneously. This is caused 
by the vibrational and rotational energies of the mole-
cules which are 10-2 and 10-4 respectively. The elec-
tronic transition energies are represented by multiple of 
slightly different wavelengths that make up a band. 
Therefore, in molecules as well as atoms, the excited 
electrons are generally in the outermost molecular and 
atomic orbitals, hence causing the luminescence visible.  

Industrial application of the luminous principle cut 
across fields such as intelligent lighting, car, and motor 
vehicle headlights, traffic lights, and displays such as 
televisions, billboards, and others and also decorative 
lighting which have taken the lead over the recent years. 
The LEDs have been of great use in the industrial field 
due to its low cost, high reliability, energy efficiency, 
and availability of peripheral/support systems and infra-
structure. Additionally, the lasers have also been of great 
application in the industrial field, in areas such as com-
munication, printing, display, data storage among others. 
This has been due to their high reliability, high quality of 
its spectrum, energy efficiency. Unfortunately, the mar-
ket niche for LASERS can be at a slightly higher price 
but worth the task the lasers perform.  

5. The Difference between Light Emit-
ting Diode (LED) Lamp and Light Ampli-
fication by Stimulated Emission of Ra-
diation (LASER).  

The laser and LED are the two common types of semi-
conductor light sources. The main difference between 
laser and LED lies in their operation principle, the junc-
tion area or the structure, concentration of charges, speed, 
transmitting distance, cost, and the type of light they 
produce. The list below describes the difference between 
laser and LED light sources.  

Type of light emitted: The LED emits light compris-
ing of different colors while a LASER produces light 
consisting of a single color. The LASER produces light 
of only a specific color because it contains only one 
wavelength, which is subject to the quantity of energy 
released when the excited electron falls to the lower orbit. 
The light produced by a LASER is also directional. On 
the other hand, the LED produces lights of different col-
ors since it uses different materials that produce photons 

at varying wavelengths. The different wavelengths look 
like the light of various colors.  

Working Principle: The LED works basically on the 
principle of electro-luminance, meaning that it gets emit-
ted by utilizing electrons. The emitted light is rambled, 
that is, photons are in unsystematic phase among them-
selves. In addition, LASER operates on the principle of 
stimulated emission. LASER holds a coherent beam with 
a matching phase relative to the emitted photons.[4] 

The output power: The lasers concentrate all their 
power to a small point, making them ideal for laser acu-
puncture. The output power is however high compared 
to the current above the threshold. On the other hand, the 
power emitted by LED is relatively lower and linearly 
proportional to the current driving it.  

Speed, Transmitting Distance & Cost: The LEDS 
transmits light in a standard short light source. Moreover, 
Lasers are however more powerful and operate at higher 
speeds than the LEDs. Lasers also transmit light to father 
distances and with fewer errors than the LEDs. In terms 
of cost, lasers are more expensive compared to 
LEDs.[5]The structure of the Junction: The junction area 
is another major difference between LED and LASERs. 
The Lasers have an extremely narrower area of the junc-
tion because the light is allowed to pass from an ex-
tremely small area in the LASER case. Besides, the junc-
tion area of LEDs is wider, thus allowing light to pass 
over a wider area.  

The concentration of Charge Carriers: The concentra-
tion of charges refers to the concentration of holes and 
electrons. The concentration of charges in the laser is 
very high compared to that in LEDs. Therefore, this 
makes it possible for the laser to be used as a surgical 
instrument in the medical field among other fields be-
cause it possesses enough energy to even cut through 
objects.  

6. Conclusion  

From the above discussion, we can conclude that lumi-
nescence is a concept we use in our daily sight. The effi-
ciency of luminescence emission is therefore subject to 
energy and a quantum basis. When all the exciting pho-
ton yields an emitted photon of the same energy, the 
efficiency of the luminescence is produced concerning 
the amount of input energy, as well as the number of 
quanta. However, the quantum efficiency of most lumi-
nescence is much lower than a hundred percent. LEDs 
and LASERS are so far the main types of luminescence 
in the application in day-to-day activities such as lighting 
purposes, in the health sector for diagnosis of internal 
body parts, for displays among other many applications 
across various fields. Therefore, efforts should be made 
by scientists to increase the excitation intensity, the den-
sity, and lifespan of the radioactive atoms and molecules 
to increase luminescence efficiency. Having known the 
various characteristics of luminescence such as excita-
tion, emission of electrons and ions, the structure of the 
semiconductor materials, and other distinct working 
mechanisms, it is easier to develop further the lumines-
cence principle through successful experimental setups.  
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