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ABSTRACT 

 
The Light-emitting diode, frequently known as LED,  is a semiconductor     

p-n junction device that under proper forward-biased conditions can emit external 
spontaneous radiation in the ultraviolet, visible and infrared regions of the spectrum. 
The main function of an LED is to convert electrical energy into light energy in the 
visible part of the spectrum for display and illumination purposes. The present paper 
reports that the theoretical studies on light-emitting diodes and its applications in 
lighting system technology. 
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1.  INTRODUCTION 
  
The Light-emitting diode, commonly known as LED, is a semiconductor p-n junction that 
under proper forward-biased conditions can emit external spontaneous radiation in the 
ultraviolet, visible and infrared regions of the spectrum. Light-emitting  diodes are not made 
from silicon or germanium but  are made by using elements like gallium, phosphorus  and 
arsenic. By varying the quantities of these elements,  it is possible to produce light of different 
wavelengths  with colours that include red, green, yellow and blue. For example, when a LED 
is manufactured using gallium arsenide, it will produce a red light. If  the LED is made with 
gallium phosphide, it will  produce a green light. There are three main types of LEDs: miniature 
LEDs, alphanumeric LEDs, and lighting LEDs.  
 
2. MECHANISM  
 

When light-emitting diode (LED) is forward biased as shown in Fig. 1. the electrons 
from the n-type material cross the p-n junction and recombine with holes in the p-type material. 
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Recall that these free electrons are in the conduction band and at a higher energy level than the 
holes in the valence band. When recombination takes place, the recombining electrons release 
energy in the form of heat and light. In germanium and silicon diodes, almost the entire energy 
is given up in the form of heat and emitted light is insignificant. However, in materials like 
gallium arsenide, the number of photons of light energy is sufficient to produce quite intense 
visible light. When  a p-n junction is forward biased, minority carriers are injected across the 
junction. Some of these minority carriers recombine with the majority carriers and the energy 
is released  in the form of light. Thus the basic mechanism responsible for light emission is the 
recombination of electrons and holes in the vicinity of the junction region. The electrons 
injected into the p-region from n-region make a direct downward transition from the 
conduction band into valance band where they recombine with holes and emit photons of 
energy Eg. 
 

 
 
 
 
 
 
 
 
 
Fig. 1 : Energy Band Diagram of LED (a) without bias (b) under forward bias These photons should be 
allowed to escape from the device without being reabsorbed. The recombination can be classified into the 
following two kinds-(a)  Direct recombination (b)  Indirect recombination. 
 
(a) Direct Recombination 
 

In direct band gap materials, the minimum energy of the conduction band lies directly 
above the maximum energy of the valence band in momentum space energy. In this material, 
free electrons at the bottom of the conduction band can recombine directly with free holes at 
the top of the valence band, as the momentum of the two particles is the same. This transition 
from conduction band to valence band involves photon emission (takes care of the principle 
of energy conservation) as shown in Fig. 2. This is known as direct recombination. Direct 
recombination occurs spontaneously. GaAs is an example of a direct band-gap material. 
 

(b) Indirect Recombination 
 

In the indirect band gap materials, the minimum energy in the conduction band is 
shifted by a k-vector relative to the valence band. The k-vector difference represents a 
difference in momentum. Due to this difference in momentum, the probability of direct 
electron hole recombination is less. In these materials, additional dopants (impurities) are 
added which form very shallow donor states. These donor states capture the free electrons 
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locally; provides the necessary momentum shift for recombination. These donor states serve 
as the recombination centers. This is called Indirect (non-radiative) Recombination. Fig. 3 
shows the E-k plot of an indirect band gap material and an example of how Nitrogen serves as 
a recombination center in GaAsP. In this case it creates a donor state, when SiC is doped with 
Al, it recombination takes place through an acceptor level. The indirect recombination should 
satisfy both conservation energy, and momentum. Thus besides a photon emission, phonon 
emission or absorption has to take place. GaP is an example of an indirect band-gap material. 
 

 
Fig. 2:  Direct Band-gap and Direct Recombination 

 

 
Fig. 3: Indirect Band-gap and Indirect  recombination 

 
The wavelength of the light emitted, and hence the color, depends on the band gap 

energy of the materials forming the p-n junction. The emitted photon energy is approximately 
equal to the band gap energy of the semiconductor. The following equation relates the 
wavelength and the energy band gap. 
   hν = Eg 
  or, hc/λ = Eg 
  or, λ = hc/ Eg  
The wavelength of the light is given by  
                  λ = 

.
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Where h is Plank’s constant, c is the speed of the light and Eg is the energy band gap. This 
luminescence mechanism is known as injection electroluminescence. 

Thus, a semiconductor with a 2 eV band-gap emits light at about 620 nm, in the red. 
A 3 eV band-gap material would emit at 414 nm, in the violet. Given table shows a list of 
semiconductor materials and the corresponding colors. 

 

S.No. Semiconductor Materials  Corresponding Colour  Regions of 
Spectrum 

1. Aluminium gallium arsenide (AlGaAs)  Red Infrared 
2. Aluminium gallium phosphide (AlGaP)  Green Visible 
3. Aluminium gallium indium phosphide 

(AlGaInP)  
High-brightness orange-red, 
orange, yellow, and green 

Visible 

4. Gallium arsenide phosphide (GaAsP)  Red, orange-red, orange, and 
yellow 

Visible 

5. Gallium phosphide (GaP)  Red, yellow and green Visible 
6. Gallium nitride (GaN)  

 
Green, pure green (or emerald 
green), and blue  

Visible 

7. Indium gallium nitride (InGaN)  
 

450 nm - 470 nm — near 
bluishgreen 
and blue 

Ultraviolet 

8. Silicon carbide (SiC) as substrate  Blue Visible 
9. Silicon (Si) as substrate  Blue (under development) Visible 

10. Aluminium nitride (AlN), aluminium 
gallium nitride (AlGaN), aluminium 
gallium indium nitride (AlGaInN) —  

down to 210 nm Near far  
ultraviolet  

 
3. LED CHARACTERISTICS 
 

The typical characteristics of LEDs (a) Output spectrum (b) Output light power vs 
forward current  (c) I-V Characteristics  are shown in Fig. 4. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4 : (a) A typical output spectrum( GaAsP LED)  (b) Typical output light power vs forward current   
(c) Typical I-V Characteristics 
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4. PERFORMANCE PARAMETERS OF LEDs 
 

The main function of an LED is to convert electrical energy into light in the visible 
part of the spectrum for display and illumination purposes. There are several key performance 
parameters to consider when discussing LEDs. Some of them are as follows. 

 

(a) Internal Quantum Efficiency (IQE)-For a given input power, the radiative recombination 
processes are in direct competition with the nonradiative ones. Each of the band to band 
transitions and transitions via traps can be either radiative or nonradiative. The Internal 
quantum efficiency  is the ratio of number of photons emitted internally to the number of 
electron–hole recombinations. 
 

(b) External Quantum Efficiency (EQE)- EQE is commonly defined as the product of the 
injection efficiency, the internal quantum efficiency (IQE) and the extraction efficiency. The 
injection efficiency is the ratio of electrons being injected into the quantum wells to those 
provided by the power source, and the extraction efficiency is the ratio of photons leaving the 
LED to those generated. In the case of white-light generation using phosphors, a conversion 
efficiency factor (the ratio of emitted longer-wavelength photons to shorter-wavelength 
absorbed photons) also needs to be factored into the EQE determination. 
 

(c) Luminous Efficacy-To quantify the energy efficiency of a white-light source, it is common 
to consider its ability to produce a visual sensation. This quantity, called luminous efficacy, 
derives from convoluting the spectral power distribution of the light source with the spectral 
sensitivity of the human eye, which peaks at 555 nm (green). Luminous efficacy is calculated 
by taking the ratio of the produced visual sensation (expressed in lumens, where 1,700 lumens 
is roughly equal to the light output of a 100-W incandescent bulb) to the electrical power 
required to produce the light (expressed in watts).  
 

(d) Colour Temperature- White light may be classified as being warm, neutral or cold and is 
referenced with respect to the white light emitted by an ideal white-light source, for example 
blackbody radiation sources such as the Sun or a body at a certain temperature. As the 
temperature of an ideal black body is raised from 2,000 K to 10,000 K, the emitted white light 
goes from reddish (‘warm’) through to bluish (‘cold’). LEDs can currently be engineered from 
warm through to cold (2,500 K to 10,000 K), although cost and efficiency factors need to be 
considered. Without filters, incandescent bulbs typically glow a warm yellowish white. 
Fluorescent lights are generally bluish, but recent phosphor engineering has pushed their 
colour into the warmer, yellowish white.  
 

(e) Colour-Rendering Index- The CRI is the ability to reproduce colours of an object  as seen 
under an ideal white-light source, such as the Sun. By illuminating eight standard colour 
reference samples, first with an ideal white-light source (at the same colour temperature as the 
source being tested), then with the white-light source of interest, it is possible to quantify the 
deviation in reflected spectra. From these deviations, the colour-rendering index (CRI) is 
determined. In this scheme sunlight and incandescent bulbs have a value of 100, which is ideal. 
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Other white-light sources reproduce the colour of objects with varying degrees of perfection, 
signified by a lower CRI. Generally, values above 80 are considered sufficient for indoor 
lighting, whereas lower values are acceptable for outdoor lighting (street lights). Metal halides 
have CRI  alues between 85 and 95, LED-based white-light sources 60–95, fluorescent lamps 
50–90, mercury vapour 20–50 and sodium lamps 5–20. 
 

(f) Frequency Response - The frequency response is another important parameter to consider 
in the design of LEDs for high-speed applications such as optical fiber communications 
systems. It determines the maximum frequency at which the LEDs can be turned on and off, 
and, thus, the maximum transmission rate of data. 
 

5. ADVANTAGES OF LEDs 
 

 LEDs produce more light per watt than incandescent bulbs; this is useful in battery 
powered or energy-saving devices. 

 LEDs can emit light of an intended color without the use of color filters that traditional 
lighting methods require. This is more efficient and can lower initial costs. 

 The solid package of the LED can be designed to focus its light. Incandescent and 
fluorescent sources often require an external reflector to collect light and direct it in a 
usable manner. 

 When used in applications where dimming is required, LEDs do not change their color tint 
as the current passing through them is lowered, unlike incandescent lamps, which turn yellow. 

 LEDs are ideal for use in applications that are subject to frequent on-off cycling, unlike 
fluorescent lamps that burn out more quickly when cycled frequently, or High Intensity 
Discharge (HID) lamps that require a long time before restarting. 

 LEDs, being solid state components, are difficult to damage with external shock. 
Fluorescent and incandescent bulbs are easily broken if dropped on the ground. 

 LEDs can have a relatively long useful life. A Philips LUXEON k2 LED has a  life time 
of about 55,000 hours, whereas Fluorescent tubes typically are rated at about 25,000 hours, 
and incandescent light bulbs at 1,500–2,000 hours. 

 LEDs light up very quickly. A typical red indicator LED will achieve full brightness in 
microseconds; Philips Lumileds technical datasheet DS23 for the Luxeon Star states "less 
than 100ns." LEDs used in communications devices can have even faster response times. 

 LEDs can be very small and are easily populated onto printed circuit boards. 
 LEDs do not contain mercury, unlike compact fluorescent lamps. 
 

6. DISADVANTAGES OF LEDs 
 

 LEDs are currently more expensive, price per lumen, on an initial capital cost basis, than 
more conventional lighting technologies. The additional expense partially stems from the 
relatively low lumen output and the drive circuitry and power supplies needed. However, 
when considering the total cost of ownership (including energy and maintenance costs), 
LEDs far surpass incandescent or halogen sources and begin to threaten the future 
existence of compact fluorescent lamps. 
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 LED performance largely depends on the ambient temperature of the operating 
environment. Over-driving the LED in high ambient temperatures may result in 
overheating of the LED package, eventually leading to device failure.  

 LEDs must be supplied with the correct current. This can involve series resistors or 
current-regulated power supplies. 

 LEDs do not approximate a "point source" of light, so they cannot be used in applications 
needing a highly collimated beam. LEDs are not capable of providing divergence below a 
few degrees. This is contrasted with commercial ruby lasers with divergences of 0.2 
degrees or less. However this can be corrected by using lenses and other optical devices. 

 
7. APPLICATIONS OF  LEDs  
 

The applications of LEDs  are very wide and can be categorized into three kinds. 
(a)  The first is for display. Typical day- to -day examples are panel displays in different 

electronic equipments for audio and video home entertainment, panel displays in 
automobiles, computer screens, calculators, clocks and watches. The 7-segment 
configuration is usually used to display numbers from 0 to 9. and alphanumeric displays 
(A to Z  and 0 to 9), the 5 x 7 matrix is common. 

(b)  The second category is for illumination, replacing the traditional incandescent light bulbs. 
The big advantages of is their high efficiencies, extending the battery life many times in 
portable usage. In addition, LEDs are more reliable and have longer lifetime. 

(c) The third application is as light source for optical -fiber communication system, for low 
and medium data rates (< 1Gb/s), over short and medium distances (<10 km). Infrared 
LEDs are more suitable for this application since the wavelength ensures minimum loss in 
typical optical fibres. 

(d) LEDs can be used in opto-isolators where an input signal or control signal is decoupled 
from the output. 

 
8. FUTURE PROSPECTS OF LEDs 
    

             White-light sources based on LEDs have a promising future. The ultimate goal for 
LED-based white lighting is to replace all incandescent bulbs and compact fluorescent lamps 
to provide an energy efficient and long-lasting option for everyday use. It is anticipated that 
cost-effective drop-in replacements for incandescent bulbs will be readily available in the next 
couple of years once mass-produced LEDs have comparable metrics to the best LEDs in 
research laboratories today and the electronic circuits that operate LED structures have 
improved efficiencies and form factors. Ultimately it is clear that LEDs will result in reduced 
energy costs for lighting, and will also eliminate the exposure to mercury found in fluorescent 
bulbs. Although initial costs may seem steep to an end-user (LEDs are today around 50 times 
as expensive as incandescent light bulbs and around seven times the cost of compact 
fluorescent lamps, based on normalized light output), when averaged out over the lifetime of 
the product LEDs are actually already a cheaper solution (around a seventh of the price of 
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incandescent bulbs and two-thirds the price of compact fluorescent lamps) and will soon 
become more so. So what are the ultimate limitations to white LED performance? The key 
constraints, the theoretical maximum efficacy (~260 lm W–1) and, when operating under high 
currents the thermal management and degradation of the polymer material that encapsulates 
the LED and suspends the phosphor materials. Despite these limitations and current 
challenges, it is anticipated that further advances in white LEDs will revolutionize the lighting 
industry and lead us into a more energy-efficient and bright future. 
 
9. CONCLUSIONS 
 

We have focused here in this review article the basic information of LEDs, 
performance parameter and applications of LEDs. The idea of using near-UV LEDs and 
multicolor phosphor is similar to fluorescent lamps, to create an efficient white LED lighting 
system without either Hg or deep-UV radiation. Solid-state lighting will contribute to the 
reduction of greenhouse gases by reducing the amount of energy spent on artificial 
illumination. The high efficiency of white-light LEDs means that the active potential exists for 
enormous energy savings. This article also explains that how LEDs are beneficial for human 
being and teachers associated with physics teaching.   
 
ACKNOWLEDGMENT 
 
        We are very thankful to Dr. A. K. Shrivastava Head Department of  Physics & 
Research Coordinator  DR. C.V. Raman University (CVRU) Bilaspur C.G. India and also 
Secretary IAPT RC-10  for providing the guidelines needed for the successful completion of 
this article. We are also very thankful to those who have helped us directly or indirectly for 
accomplishment of this work. 
 
REFERENCES 
 
1. V.K. Mehta and Rohit Mehta, Principles of Electronics, S.Chand & Co. New Delhi, pp 

185-195 (2006). 
2. Milman, Halkias and Parikh, Integrated Electronics, Tata McGraw Hill New Delhi, pp78 

(2010). 
3. M.N. Avadhanulu and P.G. Kshirsagar, A text book of Engineering Physics, S. Chand & 

Co. New Delhi,  pp 584-586 (2009). 
4. Siddha Pimputkar et al., Nature Photonics Vol.3, pp-181 Apr. (2009). 
5. www.DelphiDisplay.com 
6. S. M. Sze and Kwok K. Ng, Physics of Semiconductor Devices, Wiley, pp 608-615 (2013). 


