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Optoelectronic

Devices

Semiconductor

elements

EE141© 2010 T.Vasileva

2

Clasification
Optoelectronic devices emmit, convert, detect or use electromagnitic

radiation in visible, infrared or ultraviolet spectrum.

Light emmittersïthey transfer electrical energy in light 

Detectorsïthey convert light energy in electrical one 

Optocouplesïthey use light emitter, optic media and light detector
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Light Emmiting Diode

The Light Emmiting Diode (LED) is a a semiconductor device, which converts 

electrical energy in a light, which in most LEDs is monochromatic, occurring at a 

single wavelenght.

Light is a form of energy that can be released by an atom. It is made up of 

photons. Photons are released as a result of moving electrons.

A light-emitting diode (LED) is a semiconductor  device that emits light when 

an electric current passes through it.
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Principle of Operation

P-n ɕɖɋɛɔɊ
Electrical 
contacts

In forward-biased diode there is an 

injection of free carriers, which cross 

the PN junction. Electrons from n-side 

recombine with holes from p-side. 

When the recombination take place, the energy is released in 

the form of light. 



EE141

3

EE141© 2010 T.Vasileva

5

Illustration of Principle of Operation
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LED Principle of Operation

The basic operation of a LED uses recombination between electrons from n-

type material with holes in p-type material in a forward-biased device. 

When recombination take place, the recombining electrons release energy in the 

form of heat and light. This process is called ellectroluminiscence.
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Electroluminiscence
Recall that free electrons are in 

conduction band and at higher 

energy level than the holes in the 

valence band.

A hole in a valent band

Depending of semiconductor bandgap size

the photons can be emittet as visible light.  

hc/l= Ec-Ev = ȹW

E

k

When electron drops from a 

conduction band to the lower 

valence band it releases 

energy in the form of a 

photons.

The size of the gap determines the 

frequency of the photon - the color of 

the light. A bigger fall produces a 

photon with a higher light frequency.

EE141© 2010 T.Vasileva

8

LED Types
Visible light LEDs emit light in visible spectrum (l= 380 ï760 nm) that 

range from red (at a wavelength of approximately 700 nanometers) to blue-

violet (about 400 nanometers).

Infrared (IR) diodes emit infrared energy (830 nanometers or longer).

Violet ~ 3.17eV
Blue ~ 2.73eV
Green ~ 2.52eV 
Yellow ~ 2.15eV
Orange ~ 2.08eV
Red ~ 1.62eV

DW of the 

semiconductor 

necessary to emitt 

this light 

frequency

Collor of the 
emitted light

Visible light-emitting diodes, are made of materials characterized by a wider 

gap between the conduction band and the valence band. 
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LED Structure
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The semiconductors materials used in LEDs are GaAs, GaAsP, and GaP. 

GaAs LEDs emit infrared radiation, GaAsP produces either red ot yelow 

visible light, and GaP emmits red or green visible light.

Si and Ge are not used because they are essentially heat-producing 

materials  and are very poor in producing light. 
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LED Construction

LEDs are specially constructed to release a large number of photons outward. 

They have transparent package, allowing visible or IR energy to pass through.

Additionally, they are housed in a plastic bulb that concentrates the light in a 

particular direction.
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LED Construction
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Spectrum Characteristic

Figure shows spectrum characteristics of different LEDs produced from different 

semiconductors materials. 
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Sensitivity of Human Eye
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Sensitivity of human eye to the spectrum of emitted light.
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Volt Ampere Chatacteristic

VA characteristics of red and green LEDs

Because of larger bandgap, 

LEDs have higher knee voltage 

voltage in comparison to Si and 

Ge rectifier diodes. 
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LED Advantages

Benefits of LEDs and IREDs, compared with incandescent and 

fluorescent illuminating devices, include:

Ç Low power requirement: Most types can be operated with 

battery power supplies.

Ç High efficiency: Most of the power supplied to an LED or IRED 

is converted into radiation in the desired form, with minimal heat 

production.

Ç Long life: When properly installed, an LED or IRED can 

function for decades.

The price of semiconductor devices has decreased over the past decade, 

making LEDs a more cost-effective lighting option for a wide range of situations. 

While they may be more expensive than incandescent lights up front, their lower 

cost in the long run can make them a better buy. 
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LED Applications
Infraredïremote control: Most 

home-entertainment use IREDs to 

transmit data to the main unit.

Indicator lights These can be: 

two-state (on/off), 

bar-graph, or 

alphabetic-

numeric readouts,

Displays

Illuminating devices

Panel backlighting

Specialized white LEDs 

are used in flat-panel 

computer displays. 
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Photosensors

Photosensors convert light energy in the electrical energy. 

Their operation is based on generation of extra electrons and holes caused 

by light, which in turn produce increasing in current.

Types ïphotoresistors, photodiodes, phototransistors, photothiristor. 
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Photoresistor

Photoresistor is a semiconductor element, 

which resistance decreases with increasing the 

light intensity at the exposed semiconductor. 

CdS, CdSe
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substrate
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F, lm

Rph, ɋ

k ïspecific integral sensitivity, mA/V.ln

Typical application ïlight meter

+ -

When there is no incident light, the resistance is very high and is called the 

dark resistance.
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Photodiode

The photodiode is a pn junction device that operates in reverse bias,  where the 

reverse current increases with the light intensity at the exposed pn junction. 

When there is no incident light, the reverse current is almost negledgible and is 

called the dark current. 

The photodiode in the fastest photosensor (10-9ï10-11 s).
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Photocell

Semiconductor photocell converts light energy in electrical energy. When light, in 

the form of photons, hits the solar cell, its energy breaks apart electron-hole pairs. 

The junction field will send the electron to the N side and the hole to the P side. 

This causes disruption of electrical neutrality, and if an external current path is 

provided, electrons will flow through the path. The electron flow provides the 

current, and the cell's electric field causes a voltage.
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