The ABCs of LEDs http://machinedesign.com/print/embedded/abcs-leds

1of3

[ I10Chine print | close
design

The ABCs of LEDs

Machine Design
Jeff Kerns

Mon, 2015-03-23 12:02
The integration of the inimitable LED into a myriad of lighting applications not only saves energy costs on a
mass scale, but the environment from carbon dioxide, too.

Einstein said: “Energy cannot be created or destroyed, it can only be changed from one form to another.” For
many light bulbs, this typically means an electrical energy that's sent through a material—the filament—which
heats up. Some of this electrical energy changes into heat and some changes into light.
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British physicist H.J. Round GE scientist Nick Holoyak Jr. developed the first visible-light
of Marconi Labs discovers LED. The wavelengths were shortened by adding phesphorous
silicon carbide crystals emit to gallium arsenide, producing a red visible light. This was the
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By adding nitrogen to a GaAsP High-brightness red and yellow LEDs
LED, M. George Craford invented became available commercially.
the first yellow LED. This also
increased the brightness. 2012
It was esfimated that LEDs saved $675
1977 = million in energy cost annually.
Russell Dupruis developed the metal erganic
chemical vapeor depaosition [MOCVD] process. 2015
This is the foundation of multiple technclogies On Jan. 6, the National Academy of
including LEDs, laser diodes, solar cells, ete. Engineering awarded the Churlis
Stark Draper prize for engineering to
1987 Mick Hn|a}'uk Jr., M. George
lsamu Akasaki created a blue LED using Craford, Russell Dupruis, lsamu
the MOCVD process. He was able to Akasaki, and Shuji Nakamura for the
grow a high-quuhry gﬂ“ium nifrice cr:,.rs’rﬂ| invention, dw&lupmgn[ for the
on a subsirate of sapphire. materials, and process for LEDs.
1992 By 2027
Shuji Nakamura made major The Delpqrrmen'r of Energ[: estimates
contributions to developing the ulp ication and growth of the LED
high-dmsim digital video to make could save more than $30 billion at
Blu-Ray with blue and white LEDs. today's electric prices.

For light-emitting diodes (LEDSs), the material is, of course, a diode rather than a filament. A diode, simply put,
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semiconductor that allows electrical current to flow in one direction. One way to make diodes is by doping

conducting material so that it has two regions. There is a p-type, positive region, and an n-type, negative
region. An anode attaches to the p-type side and a cathode to the n-type side. When electrons cross over the
border where the two regions meet (the p-n junction), some of the electron energy is “lost” or changed into light.
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The 49 million LEDs installed in 2012 save an estimated $675 million in energy costs. In 2013, LEDs used in
lighting applications throughout the U.S. eliminated more than 12 million tons of CO, emissions.

LEDs En Masse

It took mass production of LEDs to make the above numbers possible. Following on that theme, several suitable
methods have emerged for producing LEDs on a large scale.
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One of the more common manufacturing methods has technicians making structured 3D semiconductors by
first growing a crystal, then slicing and polishing it into a thin wafer, known as the substrate. Layers of crystals
are grown on the substrate’s surface and shot with ions to fill gaps in the 3D matrix of the semiconductor. This
creates the p- and n-regions.

It has proven more cost-effective from a fabrication standpoint, since thousands of LEDs are made on a single
wafer. For example, a 2-in. diameter wafer can yield up to 6,000 LEDs. However, producing a single LED chip
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T a wafer requires a specialized cutting process, which inevitably reduces the overall yield. Thus, to lower the
>e of LEDs and semiconductors, a better method is needed to separate them.

The next step in the fabrication process involves coating diodes to form metal contacts, and then connecting two
wires to the different sides. Finally, this assembly is placed in a mold, where it gets a protective housing. One of
the most common housings is a plastic dome. Housings can also be designed to act as a lens to improve the final
LED’s optical qualities.
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