Light Emitting Diodes

Light Emitting Diodes or LED´s, are among the most widely used of all the types of diodes available. They are the most visible type of diode, that emits a fairly narrow bandwidth of either visible coloured light, invisible infra-red or laser type light when a forward current is passed through them. A "Light Emitting Diode" or LED as it is more commonly called, is basically just a specialised type of PN-junction diode, made from a very thin layer of fairly heavily doped semiconductor material. When the diode is Forward Biased, electrons from the semiconductors conduction band combine with holes from the valence band, releasing sufficient energy to produce photons of light. Because of this thin layer a reasonable number of these photons can leave the junction and radiate away producing a coloured light output.

	Unlike normal diodes which are made for detection or power rectification, and which are generally made from either Germanium or Silicon semiconductor material, Light Emitting Diodes are made from compound type semiconductor materials such as Gallium Arsenide (GaAs), Gallium Phosphide (GaP), Gallium Arsenide Phosphide (GaAsP), Silicon Carbide (SiC) or Gallium Indium Nitride (GaInN). The exact choice of the semiconductor material used will determine the overall wavelength of the photon light emissions and therefore the resulting colour of the light emitted, as in the case of the visible light coloured LEDs, (RED, AMBER, GREEN etc)
	   
	Typical LED Characteristics

Semiconductor
Material

Wavelength

Colour

VF @ 20mA

GaAs

850-940nm

Infra-Red

1.2v

GaAsP

630-660nm

Red

1.8v

GaAsP

605-620nm

Amber

2.0v

GaAsP:N

585-595nm

Yellow

2.2v

GaP

550-570nm

Green

3.5v

SiC

430-505nm

Blue

3.6v

GaInN

450nm

White

4.0v



	
	


From the table above we can see that the main P-type dopant used in the manufacture of Light Emitting Diodes is Gallium(Ga, atomic number 31) and the main N-type dopant used is Arsenic (As, atomic number 31) giving the resulting Gallium Arsenide (GaAs) crystal structure, which has the characteristics of radiating significant amounts of infrared radiation from its junction when a forward current is flowing through it. By also adding Phosphorus (P, atomic number 15), as a third dopant the overall wavelength of the emitted radiation is reduced to give visible red light to the human eye. Further refinements in the doping process of the PN-junction have resulted in a range of colours available from red, orange and amber through to yellow, and the recently developed blue LED which is achieved by injecting nitrogen atoms into the crystal structure during the doping process.

Light Emitting Diodes I-V Characteristics.
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Light Emitting Diode (LED) Schematic symbol and its I-V Characteristics Curves showing the different colours available.


Before a light emitting diode can "emit" any form of light it needs a current to flow through it, as it is a current dependant device. As the LED is to be connected in a forward bias condition across a power supply it should be Current Limited using a series resistor to protect it from excessive current flow. From the table above we can see that each LED has its own forward voltage drop across the PN-junction and this parameter which is determined by the semiconductor material used is the forward voltage drop for a given amount of forward conduction current, typically for a forward current of 20mA. In most cases LEDs are operated from a low voltage DC supply, with a series resistor to limit the forward current to a suitable value from say 5mA for a simple LED indicator to 30mA or more where a high brightness light output is needed.

LED Series Resistance.

The series resistor value RS is calculated by simply using Ohm´s Law, knowing the required forward current IF, the supply voltage VS and the expected forward voltage drop of the LED, VF at this current level as shown below.

LED Series Resistor Circuit
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Example No1.

An amber coloured LED is to be connected to a 5.0v stabilized power supply. Using the circuit above calculate the series resistor required to limit the forward current to less than 10mA.
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We remember from the Resistors tutorials, that resistors come in standard preferred values. Our calculation shows to limit the current flowing through the LED to 10mA exactly, we would require a 300Ωresistor. In the E12 series of resistors there is no 300Ω resistor so we would need to choose the next highest value, which is 330Ω. A quick re-calculation shows the new forward current value is now 9.1mA, and this is ok.

The brightness of a LED cannot be controlled by simply varying the current flowing through it. Allowing more current to flow through the LED will make it glow brighter but will also cause it to dissipate more heat. LEDs are designed to produce a set amount of light operating with a forward current of about 10 to 20mA. In situations where power savings are important, less current may be possible. However, reducing the current to below say 5mA may dim its light output to much or even turn the LED "OFF" completely. A much better way to control the brightness of LEDs is to use a control process known as "Pulse Width Modulation" or PWM, in which the LED is turned "ON" and "OFF" continuously at varying frequencies depending upon the required light intensity.

When higher light output is required, a pulsed current with a fairly short duty cycle ("ON-OFF" Ratio) allows the current and therefore the light output to be increased significantly during the actual pulses, while still keeping the LEDs average current level and power dissipation within its limits. The human eyes fills in the gaps between the "ON" and "OFF" light pulses, providing the pulse frequency is high enough, making it appear as a continuous light output. So pulses at a frequency of 100Hz or more actually appear brighter to the eye than continuous light of the same average intensity.

Multi-LEDs

LEDs are available in a wide range of shapes, colours and various sizes with different light output intensities available, with the most common (and cheapest to produce) being the standard 5mm Red LED. LED's are also available in various "packages" arranged to produce both letters and numbers with the most common being that of a "Seven-Segment Display" arrangement. Nowadays, full colour flat screen LED displays are available with a large number of dedicated I.C.s available for driving the displays directly.

Most LEDs produce a single output colour however, multi-colour LEDs are now available that can produce a variety of colours within a single device. These are actually 2 LEDs fabricated within a single package as shown below.

A Bi-colour LED
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	LED
Selected

Terminal A

AC

+

-

LED 1

ON

OFF

ON

LED 2

OFF

ON

ON

Colour

Green

Red

Yellow




Here the LEDs are connected in "inverse parallel", so that the colour red is emitted when the device is connected in one direction and the colour green is emitted when it is biased in the other direction. This type of arrangement is useful for giving polarity indication, for example correct connection of batteries, power supplies etc. Also, both LEDs would take it in turn to light if the device was connected (via suitable resistor) to a low voltage, low frequency AC supply.

A Multi or Tri-colour LED

	[image: image5.png]



	Output
Colour

Red

Orange

Yellow

Green

LED 1
Current

0

5mA

9.5mA

15mA

LED 2
Current

10mA

6.5mA

3.5mA

0



	


This multicoloured LED comprises of a single Red and Green LED with the cathode terminals connected together. This device gives out a Red or a Green colour by turning "ON" only one LED at a time. It can also generate additional shades of colours such as Orange or Yellow by turning "ON" the two LEDs in different ratios of forward current as shown in the table thereby generating 4 different colours from just two diode junctions.

LED Displays

As well as individual colour or multi-colour LEDs, light emitting diodes can be combined together in a single package to produce displays such as bargraphs, strips, arrays and 7-segment displays. A 7-segment LED display provides a very convenient way of displaying information or digital data in the form of Numbers, Letters or even Alpha-numerical characters and as their name suggests, they consist of 7 individual LEDs (the segments), within one single display package. In order to produce the required numbers or characters from 0 to 9 and A to F respectively, on the display the correct combination of LED segments need to be illuminated. A standard 7-segment LED display generally has 8 input connections, one for each LED segment and one that acts as a common terminal or connection for all the internal segments.

There are two important types of 7-segment LED digital display.

	The Common Cathode Display (CCD)

In the common cathode display, all the cathode connections of the LEDs are joined together and the individual segments are illuminated by application of a HIGH, logic "1" signal.

The Common Anode Display (CAD)

In the common anode display, all the anode connections of the LEDs are joined together and the individual segments are illuminated by connecting the terminals to a LOW, logic "0" signal.


Typical 7-segment Display
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