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Abstract— Light-emitting diodes (LEDs) are narrow-band 

light sources based on semiconductor material, with 

wavelengths ranging from the infrared to the ultraviolet. The 

material that enabled the development of blue LEDs was  

Gallium Nitride. Gallium Nitride is a semiconductor of the 

III-V class. GaN can be doped, with silicon to n-type and 

with magnesium to p-type. The development of efficient 

blue LEDs also required the production of GaN based alloys 

with different compositions and their integration into 

multilayer structures such as heterojunctions and quantum 

wells.  For GaN based light-emitting diodes is reviewed. 

There are two broad developments in GaN-based LED 

technology: Ist, the key breakthroughs that enabled the 

development of GaN-based devices on foreign substrates 

like sapphire , and, IInd, a new wave of devices benefiting 

from developments in GaN substrate manufacturing, which 

has GaN based LEDs with unprecedented performance 

characteristics that portend a disruptive shift in LED output 

power density and the corresponding cost of generating 

light. The invention of efficient blue LEDs has led to white 

light sources for illumination. By coating a blue LED with a 

phosphor material a portion of the blue light can be 

converted to yellow, green, and red light. This mixture of 

colored light will be perceived by humans as white light and 

can therefore be used for general application. 
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I. INTRODUCTION 

The output power of a light-emitting diode (LED) depends 

on its light extraction efficiency (LEE) and on the internal 

quantum efficiency of the diode‘s active layer. White LEDs 

are now used widely in streetlights, vehicle headlights, 

traffic lights, flashlights,  and as costs come down, office 

and home lights. They are also a major force in electronics, 

providing the light in screens in laptops, palmtop, tablets , 

phones,  and TVs. The invention of efficient blue LEDs has 

led to white light sources for illumination. When a phosphor 

material exciting with a blue LED, light is emitted in the 

green and red spectral ranges, which, combined with the 

blue light, appears as white. Alternatively, multiple LEDs of 

complementary colors (red, green and blue) can be used 

same time. Both of these technologies are used in today's 

high-efficiency white electroluminescent light sources. 

These light sources, with very long lifetimes, have begun to 

replace incandescent and fluorescent lamps for general 

lighting purposes. Since lighting represents 20-30% of our 

electrical energy consumption, and since these white light 

sources require ten times less energy than ordinary light 

bulbs, the use of efficient blue LEDs leads to significant 

energy savings, of great benefit to mankind. 

The development of efficient blue LEDs required 

the high production of GaN-based alloys with  different 

compositions and their integration into multilayer structures 

such as heterojunctions and quantum wells 

 

 
Fig. 1: LED Structure 

II. THREE COLORS OF LED 

The white light from the sun can be reproduced artificially 

by blending three colors of light: red, green, and blue. LEDs 

are very efficient at converting electrical energy into visible 

light, but blue LEDs proved much harder to engineer than 

red and green ones. It took more than a quarter century after 

red LEDs were invented in the early 1960s before 

semiconductor materials and fabrication techniques grew 

sophisticated enough to enable blue LEDs in the mid-

1990s.White LEDs work either by packaging trios of red, 

green, and blue LEDs or by using just blue LEDs whose 

light also excites phosphors that emit green and red. Now 

those white LEDs are spreading rapidly across the globe, led 

by lighting applications. Fluorescent bulbs are more than 

four times more efficient, a big step forward. But LEDs are 

nearly twenty times as efficient as incandescent bulbs, and 

they aren't saddled with the risky mercury-related health 

risks of fluorescent bulbs. As an added bonus, LED lights 

last longer, too. 

 
Fig. 2: The Heart of Blue LED & Blue LED Lamp 

http://en.wikipedia.org/wiki/Indium_gallium_nitride
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III. THE TECHNICAL ACHIEVEMENT 

LEDs are one of many useful spinoffs from the basic 

science of quantum mechanics. In the standard quantum 

cartoon, electrons orbit the center of atoms, kind of like 

planets around the Sun. (The planetary model is not 

completely accurate, but it has many good features that help 

visualize what is going on in the quantum realm.) Imagine a 

simple atom with a single electron. According to quantum 

mechanics, the electron can be in a series of discrete orbits, 

as if a single planet around our Sun could be in the orbit of 

Mercury or Venus or any of the planets, but nowhere in 

between. Electrons near the nucleus have lower energy, 

while ones farther away have more energy. When an 

electron moves from a high-energy orbit to a lower-energy 

one, it emits energy in the form of light. The color of the 

emitted light depends on the energy difference between the 

old orbit and the new one. The bigger the energy difference, 

the bluer the light. 

With a few tweaks, these basic ideas also apply to 

groups of atoms, like those which make up molecules and 

solid materials. Which brings us to LEDs? To make an 

LED, you must fuse together two different types of 

semiconductor, one with electrons to spare (―n-type‖) and 

one with extra room to hold those electrons (―p-type‖). 

When the proper voltage is placed across the diode, 

electrons can move and fall into the holes, releasing energy. 

Early diodes only released a little energy, so they emitted 

infrared light. To make a diode that could produce visible 

light, scientists had to widen the energy gap. By the early 

1970s, scientists had discovered how to make bright red, 

yellow, and green light by choosing the proper 

semiconductor materials and judiciously spiking, or 

―doping,‖ them with impurities. But scientists struggled to 

make blue light, which requires a very high energy gap. 

Finally, in 1994, Shuji Nakamura then employed by the 

Nichia Corporation, developed high-brightness blue LEDs 

using indium gallium nitride (InGaN), a mix of gallium 

nitride and indium nitride. By adjusting the amount of 

indium in the semiconductor, he turned the energy gap to 

produce blue light. Nakamura wasn‘t the first to attempt to 

use gallium nitride to create LEDs, however most solid state 

physicists of the era had moved on to different materials. 

First, nobody knew how to prepare a surface on which 

gallium nitride crystals could grow, and further, nobody 

knew how to make p-type layers of GaN. Isamu Asaki and 

Hiroshi Amano showed it could be done using sapphire as a 

substrate and were eventually able to create the required p-

layer of the material. Quite by accident, they also discovered 

that a scanning beam microscope increased the brightness of 

the light emitted by LED. 

Nakamura grew his own GaN crystals and 

developed a simpler method for making the p-type layers 

using careful heating. He was also the first to understand 

why the electron beam boosted the light output of LEDs: it 

was removing hydrogen, just as his own heating technique 

did. Modern blue LEDs require a more sophisticated 

approach, including varying the amount of indium and 

gallium, although the basic technique is the same as 

Nakamura‘s. Starting with a sapphire substrate, several 

alternating layers of gallium nitride are added, some doped 

with indium and others doped with aluminum. These extra 

elements are key to increasing the efficiency and brightness 

of the blue LEDs. Further, with the introduction of 

aluminum, it is possible to make even bluer LEDs—even 

ultraviolet ones.  

IV. BLUE LIGHT EMITTING DIODE LED 

The difficulty in creating a blue diode lay in growing a 

material that would emit a short enough wavelength to 

produce blue light. When the successfully achieved the feat 

of producing blue light from the semiconductors they 

changed lighting technology from the basics. Red and green 

diodes have been around for a while, but without the blue 

diodes we could not create white light.  

Practically, white light is created through a blue 

diode that is supplied with a layer of phosphor that converts 

a part of the radiation to white light with different light 

temperatures, from warm to very cold light (2700–8000 K). 

Since blue diodes forms the basis of the white light, the 

efficiency is higher for colder light temperatures. A warmer 

color demands that the phosphor converts a larger part of 

the original blue light. 

 
Fig. 3: Different Materials Emit Different Colors & Mixing 

the Three Colors Give White Light 

V. RESULTS  

In order to investigate the effect of the micro- and nanoscale 

polymer structures on the LED photon extraction efficiency, 

we chose two identical GaN-based blue LED devices. As 

shown in Figure , the EL emission of the LED structure with 

micro- and nanoscale complex polymer structures increased 

up to 13%. This increase in photon extraction efficiency is 

additional; thus, it is very meaningful since the LED 

structure was grown on a PSS wafer to increase the photon 

extraction efficiency up to 30% 

 
Fig. 4: Normalized Efficiency Performance Curve 
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Fig. 5: Experiment and Simulation Light Output Power 

VI. ADVANTAGES & DISADVANTAGES 

1) Efficiency: LEDs emit more lumens per watt 

than incandescent light bulbs. The efficiency of LED 

lighting fixtures is not affected by shape and size, 

unlike fluorescent light bulbs or tubes. 

2) Color: LEDs can emit light of an intended color 

without using any color filters as traditional lighting 

methods need. This is more efficient and can lower 

initial costs. 

3) Size: LEDs can be very small (smaller than 2 mm) and 

are easily attached to printed circuit boards. 

4) On/Off time: LEDs light up very quickly. A typical 

red indicator LED will achieve full brightness in under 

a microsecond. LEDs used in communications devices 

can have even faster response times. 

5) Cycling: LEDs are ideal for uses subject to frequent 

on-off cycling, unlike incandescent and fluorescent 

lamps that fail faster when cycled often, or High-

intensity discharge lamps (HID lamps) that require a 

long time before restarting. 

6) Dimming: LEDs can very easily be dimmed either 

by pulse-width modulation or lowering the forward 

current This pulse-width modulation is why LED 

lights, particularly headlights on cars, when viewed on 

camera or by some people, appear to be flashing or 

flickering. This is a type of stroboscopic effect. 

7) Cool light: In contrast to most light sources, LEDs 

radiate very little heat in the form of IR that can cause 

damage to sensitive objects or fabrics. Wasted energy 

is dispersed as heat through the base of the LED. 

8) Slow failure: LEDs mostly fail by dimming over time, 

rather than the abrupt failure of incandescent bulbs.  

9) Lifetime: LEDs can have a relatively long useful life. 

One report estimates 35,000 to 50,000 hours of useful 

life, though time to complete failure may be longer. 

Fluorescent tubes typically are rated at about 10,000 to 

15,000 hours, depending partly on the conditions of 

use, and incandescent light bulbs at 1,000 to 2,000 

hours. 

10) Shock resistance: LEDs, being solid-state components, 

are difficult to damage with external shock, unlike 

fluorescent and incandescent bulbs, which are fragile. 

11) Focus: 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. For larger LED 

packages total internal reflection (TIR) lenses are 

often used to the same effect. However, when large 

quantities of light are needed many light sources are 

usually deployed, which are difficult to focus 

or collimate towards the same target. 

12) High initial price: LEDs are currently more expensive, 

price per lumen, on an initial capital cost basis, than 

most conventional lighting technologies. Temperature 

dependence: LED performance largely depends on the 

ambient temperature of the operating environment – or 

"thermal management" properties. Over-driving an 

LED in high ambient temperatures may result in 

overheating the LED package, eventually leading to 

device failure.  

13) Voltage sensitivity: LEDs must be supplied with the 

voltage above the threshold and a current below the 

rating. Current and lifetime change greatly with small 

change in applied voltage. They thus require a current-

regulated supply (usually just a series resistor for 

indicator LEDs).  

14) Area light source: Single LEDs do not approximate 

a point source of light giving a spherical light 

distribution, but rather a lambertian distribution. So 

LEDs are difficult to apply to uses needing a spherical 

light field; however, different fields of light can be 

manipulated by the application of different optics or 

"lenses". LEDs cannot provide divergence below a 

few degrees. In contrast, lasers can emit beams with 

divergences of 0.2 degrees or less.  

15) Electrical polarity: Unlike incandescent light bulbs, 

which illuminate regardless of the electrical polarity, 

LEDs will only light with correct electrical polarity. 

To automatically match source polarity to LED 

devices, rectifiers can be used. 

16) Blue pollution: Because cool-white LEDs with 

high color temperature emit proportionally more blue 

light than conventional outdoor light sources such as 

high-pressure sodium vapor lamps, the strong 

wavelength dependence of Rayleigh scattering means 

that cool-white LEDs can cause more light 

pollution than other light sources. The International 

Dark-Sky Association discourages using white light 

sources with correlated color temperature above 3,000 

K. 

VII. APPLICATIONS 

White LEDs used for lighting are often based on efficient 

blue LEDs that excite a phosphor so that the blue light is 

converted to white light. These high-quality LEDs with their 

very long lifetime (100 000 hours) are getting cheaper, and 

the market is currently exploding. A little further on in the 

future, three-colour LEDs may replace the combination of 

blue LED and phosphor for efficient lighting. This 

technology will allow for dynamic control of colour 

composition. 

Today, GaN-based LEDs provide the dominant 

technology for back-illuminated liquid crystal displays in 

many mobile phones, tablets, laptops, computer monitors, 

TV screens, etc. Blue and UV-emitting GaN diode lasers are 

also used in high-density DVDs, which has advanced the 

technology for storing music, pictures and movies. Future 

application may include the use of UV-emitting 

AlGaN/GaN LEDs for water purification, as UV light 
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destroys the DNA of bacteria, viruses and microorganisms. 

In countries with insufficient or non-existent electricity 

grids, the electricity from solar panels stored in batteries 

during daylight, powers white LEDs at night. There, we 

witness a direct transition from kerosene lamps to white 

LEDs. 

VIII. CONCLUSION 

These devices transformed the display devices landscape by 

providing full-color displays for signage, outdoor video 

screens, cell phone keyboards, Smartphone and television 

LCD backlighting, and have begun to penetrate the general 

illumination market. Consistent with simulation results, an 

increase in the light output power of the InGaN/GaN LEDs 

with a graded-composition AlGaN/GaN is confirmed 

through experimental measurement. 
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