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[bookmark: _Toc501015097]Abstract

This report will cover LED lighting. It will be looking at the history of where it begin and the break through. Who invented the main colours and background information on their findings on LEDs technology? What are LEDs and how they work, will also be talked about in this report giving a summery on it. The reasons LEDs are used and also are they more efficient than other lighting methods? The advantages and disadvantages of using LEDs, this talks about the effect of using LEDs over time, colour, costs etc. LEDs are now widely use. Dimming of LEDs aren’t as popular as normal LEDs because of cost and few little problems. Dimming has two main type of methods with LED lighting and will be covered later on in this report. 
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1.0. [bookmark: _Toc501015098]Introduction

[bookmark: _GoBack]LED are now widely used in today’s lighting manufactures and households but where did it begin? Who was the first to discover LEDs and what did they find? LEDs are simple electronic component but how does it work?  LED lighting seems to be very popular in today’s world and why is this, what are the pros and cons? LED lighting is more used but not so much in dimming but why is this? Are there different type of dimming methods? In this report it will cover the question being asked above and hopefully give the reader a better understanding of LEDs in general.  



2.0. [bookmark: _Toc501015099]LED Lighting 

2.1. [bookmark: _Toc501015100]History of LEDs


· 1907 – It was when the LED was discovered by Henry Joseph Round. Henry Joseph Round worked out that it was possible to get electroluminescence from a diode, because of this there was future advancements in LED technology in the earlier years. [1] [2]
	
· 1927 – LED properties where then tested by Oleg Lossev by using semiconductors. He used the results and information of Henry Joseph Round's had found 20 years before. From this Lossev was then able to expand and understand what makes LEDs light after seeing that crystal diodes glow when current was getting passed through them, he found this in common radios at the time. [1] [2]

· 1947 - In 1947 a key electronic component was invented by Brattain and H. R. Moore and it was the transistor. This was a massive progress in semiconductor physics. Transistors in this day and age are produced as tiny integrated circuits, or microchips, and this would then to be used in every light-emitting diode (LED).  [2] [3]

· 1962 - GE's Nick Holonyak, Jr. While was the first to develop the first LED that was visible and usable. GE's Nick Holonyak, Jr. While developed this when working for the General Electric Company at its lab in Syracuse. NY, Holonyak becomes is known as the father of the LED and rightly so. His development was the first red LED and it had a visible wavelength. Even after developing and inventing such a component, he's still hasn’t received a Nobel Prize for his work. [2]

· 1972 – This year the violet LED was invented by Herbert P. Maruska and Jacques Pankove. This breakthrough was then used to development of a bright blue LED in 1993. [4] [5]

· 1978 – In the year 1978 the market was then hit by LEDs. LED would be used in indictor lights in a lot of electronic devices by manufacturers such as as IBM, Hewlett Packard and Texas Instrument in there commercial production. [2]

· 1993 - Shuji Nakamura then invented the blue LED and the blue LED was a high-brightness one. When this was invented it was then to the LED colour spectrum. This was the foundation to develop a white LED. Shuji Nakamura was co-winning of the Nobel Prize because of this in 2014. [2] [6]

· 2007 - President Bush signed the Energy Independence and Security Act of 2007. There was a phase out process by the federal government to get rid of incandescent bulbs. By doing this there was vastly more energy efficient LEDs and this were the light bulbs known today. [2]

· 2014 – This year was when the phase out was complete of Incandescent bulbs and these are now out of production (all common 40W, 60W, 75W and 100W incandescent bulbs).  LED prices tend to lower and the energy efficient lighting market was here. [2]

LED lights have made such an advancement in there technology it makes these bulbs extremely practical, these would replace different lighting application everywhere such as headlights to table lamps.  LEDs are able to imitate a range of colour temperatures, brightness levels and light outputs, they were then perfect to use in all homes and businesses around the world. [2]

2.2. [bookmark: _Toc501015101]What are LEDs?

Light Emitting Diodes also known as LEDs and they’re two-lead semiconductor light source. It works with a p-n junction diode and when it is triggered it emits light. When the leads have an appropriate voltage, within the device there are electron holes and electrons are able to reconnect with them. After the electrons recombine with the electrons holes, photons are released and this is a form of energy and this known as electroluminescence. The energy of the photons conforming to the colour of the light and this is determined by the energy band gap of the semiconductor. [7]

[image: http://www.todayifoundout.com/wp-content/uploads/2010/01/300px-PnJunction-LED-E.png]
Figure 1 [7]
 
2.3. [bookmark: _Toc501015102]Why do we use LEDs?

Light Emitting Diodes (LEDs) are the newest technology in lighting. LEDs are normally small and normally smaller than 1mm. [7]  LEDs are one of the most efficient light technology. LEDs use less energy to halogen and incandescent lighting. Approximately 85% less energy to other lighting technology. LED lighting is more commonly used now than other technologies because of its estimated lifespan, as shown by the table below. [8]




	Lighting technology
	 Estimated lifespan

	
	

	LED
	25,000-50,000 hours

	CFL
	8,000-15,000 hours

	Halogen
	1,000-5,000 hours

	Incandescent
	1,000 hours



                                    Table 1 [8]

Indicator lamps for electronic devices would often use LEDs when they were early in their life and this then substituted the use of small incandescent bulbs. They were also then used for numbers systems such as seven-segment displays and were mostly seen in digital clocks. Current advances have formed LEDs fit for environmental and task lighting. LEDs have also headed to new displays and sensors this is because their high switching rates are useful when it comes to advanced communications technology. [8]

2.4. [bookmark: _Toc501015103]Advantages and Disadvantages of LEDs

2.4.1. [bookmark: _Toc501015104]Advantages

· Colour rendering is excellent with LEDs. Other light technology then to wash out colour and LEDs seem not to do this. This advantage would be good for retail application and flower shops. [9]

· LEDs tend to have high power and this will give white light that can span larger areas such as car parks and stadium flood lighting. [9] [10]

· LEDs are more efficient to other energy’s and also mean less running cost. Also when company’s and family’s change to LED lighting is contributing towards of greenhouse gas emissions. [9] [10]

· They are normally more durable to other forms of lighting technology. Due to this LEDs tend to have longer lifespan and this would bring down cost for maintenances. [9] [10]

· LEDs are more direct because of the exact method LEDs produce light. They are then able to direction light at sure area and this is good for spot lights etc. [9] 

· LEDs don’t tend to give off any heat when producing light. LEDs tend to have lower infra-red and ultraviolet output. This can lead to it being a lower fire risk, especially compared to halogen downlights. [9] [10]

· When come to area that have a repeat cycle of on-off, LEDs are ideal for this to other forms of lighting technology. Fluorescent lamps tend to burn out when in an on-off cycle. [9]

· LEDs don’t tend to lose colour when dimming is needed. They seem to seem to keep their colour even when is a lower current is passing through them. [9] [10]

· When it comes to different lighting fixtures it seems that they will fit virtually all of them. [10]

2.4.2. [bookmark: _Toc501015105]Disadvantages 

· Some LEDs seem to have bad designs and then this can cause them to flicker, maybe change colour, a little dimmer and can give out uneven light. To avoid this LED lights that have an energy star tend to be good and reliable. [9] [10]
	
· The purchase cost of LEDs seem to be very high to other forms of lighting technology. When installing LEDs, correct voltage is need and a constant flow of current so normally the circuit that will supply these will have be designed be an expert and will come at a cost too. [9] [10]

· When coming to the end of their lifespan LEDs can shift colour. Also when you’ve got two different white LEDs they seem to have two different characteristics and this can have an impact how light is perceived. [9]


· LEDs are very durable but may fail prematurely if the temperature exceeds there limits. Also when there a most for a heatsink the case is some LEDs struggled being installed on their side as the flutes in the heatsink don’t seem to function efficiently.   [9] [10]

· When purchasing LED lights they don’t standardise the power supplies in the kits. When the LED light has a fault the globe and the power supply will have to be changed. [10]


3.0. [bookmark: _Toc501015106]LED Dimming 

Led Dimming has two popular methods of dimming circuits, one being PWMing and the other being analog. These two forms of dimming methods are now used across the lighting manufacturing world. LED dimming is tricky and not cheap, hence why we haven’t seen them more broadly used. [11]






3.1. [bookmark: _Toc501015107]PWM

PWM is stands for pulse width modulation. PWM dimming works that when the LED is on, it is programed in milliseconds or thousands of a second into stages where it goes off and back on, just like its pulsing. The picture below shows more clearly how it is working. [11] [12]
[image: ] [11]
 
Pulse width modulation is used for dimming LED and it’s one of many ways to do this. When the LED is needed to be at a low lit stage (light effect of just 10% brightness) 10% of the time the LED is “on and 90% of the cycle it will be “off”. Another example is when the LED is need at 50% brightness, this is achieved by the LED is turned “on” for half the cycle. Fundamentally this means, how longer the “on” periods are relation to the “off” stages, determines the LEDs brightness. [11] [12]

PWM seems to work by it pulsing “on” and “off” when dimming is needed. Why doesn’t the LED seem not to be blinkering?  [11]

There is a simple answer for the question above and it’s because human eyes have an ability to assimilate the average light output of the pulses and PWM LEDs rely on this. This only works if the rate is high enough, meaning the eye won’t detect the pulses from the LEDs.  It only detects the overall average of the LED light brightness output. The frequency of the lights today in PWM are normally a couple hundred to hundreds of thousands of pulses per second. [11]

3.2. [bookmark: _Toc501015108]Analog dimming

Analog dimming is another known technology for LED Dimming. This works by limiting and controlling the supply current being fed into the LED and this creates a dimming effect. The less current being fed into the led means the dimmer it gets. [11] [13]

The Analog method is simple to use and effect. When being run at a lower current the LED is more efficient and this is because the operating temperature is reduced inside of it. Analog does always give the best outcome for its performance. This is due to its inconsistent colour when the current is controlled. This can be more noticeable when there is a few different coloured LEDs being used when for white light and this can cause a low-quality white light. [11] [13]

Why’s it taking so long for dimmable LEDs to catch on?

Dimming LED technology isn’t always affordable so for manufactures to design dimming circuits, it has seems to be a challenge. Also they need to account for LEDs that can be used in current installations. They designers will need to work with a lot of different type of dimming control technologies and also new wireless-network-control systems. This is a challenge to overcome when designing them. There are dimmable LEDs available in the market today but it is still a technology that’s is developing. As time goes the technology will improve and carry on to advance, prices will lower and be more afford and more companies and households will more likely to see them in. [11]


4.0. [bookmark: _Toc501015109]Conclusion 

LED lighting technology seem to progress steadily from 1907 to present. Throughout these years, there were a few key times where the LED technology made a brake through. In 1962, GE's Nick Holonyak, Jr. While was the first to develop the first LED that was visible and usable. The year1972 the violet LED was invented by Herbert P. Maruska and Jacques Pankove. Shuji Nakamura then invented the blue LED and the blue LED was a high-brightness one and thus was in the year 1993.

LEDs are two-lead semiconductor light source and are now used in many different ways and across most industry. LEDs are have a lot of advantages and disadvantages which conclude that LEDs are more efficient, durable, longer life spam and low maintenance cost to other lighting technology. LEDs seem to have higher purchase cost but in the long run seem to be a better options. 

LED technology has made a lot of brake through over the past years and that also with the dimming technology. Dimming technology has two main methods one being analog and PWM. These both methods seem straight forward but need an electrical designer to take in to account a lot of factors and this will come with cost, suitability etc. 
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two different white LEDs they seem to have two

have an impact how light is perceived. [5]

o LEDs are very durable but may fail prematurely if the temperature exceeds there
limits. Also when there a most for a heatsink the case is some LEDs struggled being
installed on their side as the flutes in the heatsink don’t seem to fun
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on efficiently.

* When purchasing LED lights they do’t standardise the power supplies in the kits.
When the LED light has a fault the globe and the power supply will have to be
changed. [6]

3.0. LED Dimming

Led Dimming has two popular methods of dimming circuits, PWming and analog. With pulse-width-
modulation, the LED is wirelessly programmed to spliitits ‘on’ time cycles, measured in
milliseconds or thousands of a second, into intervals where the light s “on” and “off.” Take a
ook at the chart below.
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to do this: pulse-width-modulation (PWM LED) and analog dimming (sans cool-
sounding acronym.)
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Pulse-width-modulation LEDs

With pulse-width-modulation, the LED s wirelessly programmed to split its “on”
time cycles, measured in milliseconds or thousands of a second, into intervals
where the light s “on” and “off." Take a look at the chart below.

Dimmable LED at 10%:

Dimmable LED at S0%:

Dimmable LED at 90%:

ININNN

Pulse-width-modulation is one way to dim LEDs.

For a low-lit light effect of just 10% brightness, the LED is “on” 10% of the cycle
and “off” for the other 90%. For an LED light dimmed to 50% brightness, the light
is turned “on’ for half the cycle. Basically, the longer the “on” periods are relative
to the “off” periods, the brighter the LED looks.

This, of course, begs the obvious question — why doesn't it look like the light is
blinking?

PWM LEDS rely upon the human eye’s abilty to assimilate the average amount
oflight out of the pulses. As long as the rate is high enough, the eye won't
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