
Light Sources

LED – Light Emitting Diode
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Light Emitting Diode
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Advantages of LED Lighting

 Lifetime – Lifetime can exceed 50,000 Hours as  compared to 
1,000 Hours for Tungsten bulbs

 Robustness – No moving parts, No filaments, No glass

 Size – Typical package is 5 mm in diameter

 Energy Efficiency – 50-90% less energy used translated into 
smaller power supply.

 Toxicity – No Mercury or Lead.

 Versatility – available in a variety of colours and can be 
pulsed

 Cool – Less radiant heat than HID or Incandescent types
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Energy Usage Comparison
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Luminous Performance
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Current LED Market 2 B$/Yr
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LED in Architectural Lighting

Takarazuka University, JapanAspire Tower, Doha, Qatar
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Car Headlights
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Portable Desk/Task Lighting
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Outdoors
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Air/Water Purification System
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Costs associated with various white 
lighting
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Luminous Efficacy
 Luminous efficacy is a property of light sources, which 

indicates what portion of the emitted electromagnetic 
radiation is usable for human vision. It is the ratio of emitted 
luminous flux to radiant flux. Luminous efficacy is related to 
the overall efficiency of a light source for illumination, but the 
overall lighting efficiency also depends on how much of the 
input energy is converted into electromagnetic waves 
(whether visible or not).

 •In SI, luminous efficacy has units of lumens per watt (lm/W). 
Photopic  luminous efficacy has a maximum possible value of 
683lm/W, for the case of monochromatic light at a wavelength 
of 555nm (green). Scotopic  luminous efficacy reaches a 
maximum of 1700lm/W for narrowband light of wavelength 
507 nm.
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Luminous Efficiency Comparison
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Flux

 The lumen(symbol: lm) is the SI unit of 
luminous flux, a measure of the perceived 
power of light. Luminous flux differs from 
radiant flux, the measure of the total 
power of light emitted, in that luminous 
flux is adjusted to reflect the varying 
sensitivity of the human eye to different 
wavelengths of light 
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LED Principles

 If forward bias V is applied  › voltage drop mainly occurs across the 
depletion region › Built-in potential Vo is reduced to Vo–V. › Allow the 
electrons from n+ side to diffuse (or become injected), into the p-side

 The hole injection component from p- into n+ side is much smaller.

 The recombination of injected electrons in the depletion region as well as 
in the neutral p- side results in photons emission.

 Recombination mainly occurs inside depletion region and within a volume 
extending over the diffusion length Le of the electrons in the p- side. 
Recombination zone is called active region.

 The phenomenon of light emission from EH pair recombination as result of 
minority carrier injection is called injection electroluminescense.
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LED Structure

 The p- side is on the surface from which light is 
emitted as is therefore made narrow (a few microns) 
to allow the photon to escape without being 
reabsorbed.

 The n- side is heavily doped to ensure that the most of 
the recombination takes place in the p- side.

 The photons which are emitted toward the n- side 
become either absorbed or reflected back at the 
substrate interface depending on the substrate 
thickness and the exact structure of the LED.
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Illustration of typical planar surface 
emitting LED devices
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Inner Workings of a LED
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Radiative vs. Non-radiative 
Recombination



ELEC4105 Slide Set 4 21

Recombination Mechanisms
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Radiative Recombination
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LED Electrical Basics



ELEC4105 Slide Set 4 24

Diode IV Characteristics
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LED Structure
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LED Structure
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LED Structure
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Methods for Generating white light
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LED Materials
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LED Materials
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LED Materials
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LED Materials
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LED External Conversion Efficiency
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LED Characteristics
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Historical Development of LEDs
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Quaternary alloy Example
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Radiation Pattern
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LED Symbols
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Emitting Diode Types
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LED Spectral Patterns
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Optical Fibre coupling for Surface 
Emitting LED
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Surface Emitting LED Optical Coupling
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Burrus Type LED
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Edge Emitting LED
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Optical Fibre Coupling in Edge Emitted 
LED

GRIN = Gradient Index
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Type of Multimode Fibre
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Fibre Coupling Efficiency
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