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Quick Facts

« LED lights are very small, extremely durable, and can be
manufactured in a variety of colors and forms.

o They have the potential to be more energy efficient
and last much longer than most current lighting
technologies.

« They are considered environmentally friendly since
they contain no mercury, and the visible light applica-
tions for home or business do not emit infrared (IR) or
ultraviolet (UV) light.

« They produce very little heat, and their lifetime is not
affected by frequent on/off switching.

Figure 1. LED lightbulb.
o The cost of materials needed to manufacture LED Credits: lovelyday12 / iStock / Getty Images Plus

lighting has substantially decreased in the past several
years. Although LEDs remain more expensive than
their counterparts, their prices continue to steadily

« Diode: A simple semiconductor device.

o CFL: Compact fluorescent lamp (lamp is the lighting
industry’s term for bulb).

decline.
o CRI: Color rendering index, a measure of how a
Terms to Hel P You Get Started standard series of colors appears under a light source,
o LED: light emitting diode. compared to a reference light source (daylight or

incandescent light); CRI is measured on a scale of 0
to 100, with 100 being identical to the reference light
source.

o SSL: Solid state lighting, a general term for semicon-
ductors that convert electricity into light.

» Semiconductors: Solid materials that possess electrical

o o CCT: Correlated Color Temperature, a measure of the
conductivity.

color appearance of a light source; CCT is measured
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in degrees Kelvin (K), the absolute temperature scale;
white light products commonly range from warm white
(2,700K) to cool white (5,000K).

« RGB: Red-Green-Blue, the three primary colors of
light.

« White light: Not an actual color, but rather a combina-
tion of all wavelengths in the visible spectrum of light.

What are LEDs?

Light emitting diodes (LEDs) are part of a class of lighting
called solid state lighting (SSL). Unlike incandescent

or compact fluorescent lamps (CFLs), LEDs are small
electronic components that convert electricity into light.
Organic light-emitting diodes (OLEDs) and light-emitting
polymers (LEPs) are also forms of SSL (ENERGY STAR,
n.d.-d).

LEDs are used in a variety of applications:

o Status lights on electronic devices of all kinds

o Screens on cell phones, computers, and flat-panel
televisions

o Flashlights

« Decorative lighting strings (both indoor and outdoor)
o Auto headlamps

o Traffic lights

« Outdoor lighting fixtures for homes, parking lots, streets,
and parks

o Architectural lighting

o Retail display lighting

o Desk and task lights

o All home lighting applications

LED applications allow for extraordinary flexibility in light-
ing design with regard to color, brightness, size, shape, and
distribution. There is even a fabric with solid state lighting
incorporated into the weave—allowing for items such as
T-shirts with designs that change shape and color, sofas in
airline terminals with a digital clock displayed across its
cushions, etc.

However, in terms of general lighting—that is, general
illumination using white light—quality and efficiency can
vary greatly from product to product. The U.S. Department
of Energy (DOE) lists several reasons.

o The technology is different: Because LEDs are
completely different from traditional lighting sources,
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standards and testing procedures were implemented by
the ENERGY STAR program (a collaborative effort of

the U.S. Department of Energy and the Environmental
Protection Agency) in June 2008 in the interest of making
it easier for consumers to compare products.

« Everyone is learning: Because LEDs can be sensitive to
some thermal and electrical conditions, manufacturers
are in a process to develop fixtures or components that
are LED compatible in multiple applications.

Ongoing research in LED lighting is happening all around
the world. Governments and private industry are extremely
interested in LEDs both because of their adaptability in
design and the potential energy savings that LED lighting
offers. According to the US DOE, “Lighting accounts for
about 15 percent of global energy consumption. To put this
into perspective, in a home... 15 percent is more energy
than your refrigerator, dishwasher, and clothes washer uses
combined!” LED lighting has the potential to change home,
office, retail, and architectural lighting—and that includes
general white-light illumination.

If you are interested in the history of the discovery and
development of LEDs and OLEDs, visit http://edisontech-
center.org/LED.html.

How do they work?

LEDs differ from traditional light sources in the way they
produce light. In an incandescent lamp, a tungsten filament
is heated by electric current until it glows, emitting visible
light. In a fluorescent lamp, an electric current causes the
gas inside the tube to emit ultraviolet (UV) radiation, which
strikes the phosphor coating on the inside of the glass,
causing it to emit visible light.

An LED, on the other hand, is a semiconductor diode, a
device that allows current to flow in only one direction. It’s
made of a chip of semiconducting material. When current
is applied, energy is released in the form of light that is
emitted by the LED. Depending on the alloy used to make
the semiconductor, the light emitted by the LED can range
through the colors of the rainbow: red, orange, yellow,
green, and blue. White light is created by combining the
light from red, green, and blue (RGB) LEDs, or by coating
or shielding a blue LED with yellow phosphor.

For explanation on how LEDs or OLEDs work, watch the
video at http://edisontechcenter.org/LED.html.
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How does the light produced
by LEDs compare to that of
Incandescents and CFLs?

White light is a combination of all wavelengths in the
visible spectrum. Incandescent lamps inherently produce
white light; LEDs do not. They emit light in a very narrow
range of the spectrum, producing nearly monochromatic
light—the color depending on the materials used to create
the LED. White light LEDs are created in two different
ways: phosphor conversion or RGB. In phosphor conver-
sion, a blue LED is coated with a yellow phosphor or

the phosphor coating is bonded to a substrate that is at

a distance from the LED, resulting in light that appears
white to the eye. This method is lower in cost than the RGB
approach. Phosphor-converted chips are manufactured in
large quantities in forms that are integrated into lighting
fixtures.

In the RGB method, white light is produced by mixing the
light from multiple red, green, and blue LEDs; sometimes
amber is added to enhance the quality of the light. This
results in great flexibility in the possible “shades” of white
light produced, but is technically more demanding to
manufacture. RGB systems are generally found in custom-
designed architectural, home, retail, theater, and medical
lighting. Remote controls and smart-phone apps are
available to adjust the color scheme to fit the environment.

Before the 1990s, white light through diode phosphor-
conversion or RGB method was not possible. The invention
of efficient blue light-emitting diodes in the early 1990s by
Isamu Akasaki, Hiroshi Amano, and Shuji Nakamura won
them the Nobel Prize in Physics in 2014 and enabled the
creation of bright and energy-saving white light sources
(Nobelprize.org, 2014).

Light quality is indicated by two measurements, correlated
color temperature (CCT) and the color rendering index
(CRI).

CCT is that aspect of light that people refer to when they
talk about cold fluorescent lighting; such lighting has a
high CCT. CCT is measured in Kelvins; cool white light
is 5,000K, while warm white light has a low CCT at about
2,700K.

The CRI is a measure of how color appears when il-
luminated by a light source compared to reference sources
such as incandescent light or daylight. A CRI of 100 is
identical to the reference source, so the higher the CRI
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the better. Everyone has experienced the dull colors and
washed-out faces resulting from old-style fluorescent tube
lighting, which had a CRI ranging from 50 to 60. Phosphor-
converted warm white LEDs are produced that claim to
have a CRI of 80, a value most people find quite acceptable.

To create more consistency of light quality in the manu-
facture of LEDs, a process called binning is used. In the
production of LEDs, a single round wafer is coated with
various materials to create the semiconductor which forms
the blue LED. This is then sliced into extremely small
rectangles (die). Electrical connections are inserted, and the
phosphor is added as a coating or on a shield. The coating
processes (die and phosphor) create significant variations
that impact the lumens, color temperature, and voltage

of the LEDs. LED manufacturers sort their production

into lumen, color, and sometimes voltage bins (binning).
This allows luminaire manufacturers to select only those
LEDs that meet their acceptable performance ranges while
maximizing the usage of each of the bin ranges for the LED
supplier.

The CRI has been found to be inaccurate for white light
RGB LEDs, and there is controversy in the industry as to
the reliability of the rating for other lighting types as well,
so a new measurement system began development and was
conducted on color quality (CQS) and the CQS using the
spectrally tunable lighting facility (NIST, 2016).

In terms of illumination, “LEDs are ‘directional’ light
sources, which means they emit light in a specific direction,
unlike incandescent and compact fluorescent bulbs, which
emit light and heat in all directions. For this reason, LED
lighting is able to use light and energy more efficiently in
many applications. However, it also means that sophisti-
cated engineering is needed to produce an LED light bulb
that shines light all around like an incandescent A-shape
bulb” (ENERGY STAR, n.d.-d).

Are they energy efficient?

It depends. The best white light LED lamps can meet or
exceed the efficiency of compact fluorescent lamps—but
many LEDs currently on the market do not. LEDs are
sensitive to temperature and electrical conditions, and LED
fixtures must be designed carefully to take this into account.
According to ENERGY STAR, “Thermal management is
probably the single most important factor in the successful
performance of an LED product over its lifetime because
the higher the temperature at which the LEDs are operated,
the more quickly the light will degrade, and the shorter the
useful life will be” (ENERGY STAR, n.d.-d).



However, research and development in this area are very
active, and more efficient LED devices are appearing

on the market every day. Luminaires are manufactured
with the LEDs already installed as an integral part of the
device, a practical approach because thermal management
is addressed and incorporated into the luminaire design,
ensuring the long life that can be attained with LED diodes.
ENERGY STAR states that “all LED products that have
earned the ENERGY STAR label or rating have been tested
to ensure that they properly manage the heat so that the
light output is properly maintained through the end of its
rated life” (ENERGY STAR, n.d.-d).

The U.S. Department of Energy estimates that the energy
efficiency of LEDs already rivals the most efficient white
light sources.

Why choose ENERGY STAR?

The ENERGY STAR label on SSL luminaires provides
consumers with the confidence that these products meet
efficiency and performance criteria established by DOE in
collaboration with industry stakeholders. The ENERGY
STAR SSL program went into effect on September 30, 2008,
and the ENERGY STAR Lamps Version 1.1 specification
took effect September 30, 2014 (ENERGY STAR, n.d.-c).

ENERGY STAR is focusing on lighting applications and
products for which the technology has advanced to a point
where performance is equal to or better than traditional
efficient lighting technologies based on light output, lumi-
naire efficacy, and cost. Visit the ENERGY STAR website
for LED-certified bulbs and luminaries at https://www.
energystar.gov/productfinder/product/certified-light-bulbs/
results and https://www.energystar.gov/productfinder/
product/certified-light-fixtures/results.

For more information, see the Building Technologies
Program site at https://www.energy.gov/eere/ssl/
solid-state-lighting.

Looking Forward

Exciting research in SSLs is ongoing worldwide through
industry, research, and educational institutions. Light
extraction is an important factor in SSL manufacturing, and
nanotechnology has been at the forefront of creating new
materials and structures to improve brightness.

Besides providing bright, energy-efficient lighting for the
average home occupant, the LED lamp holds great promise
for increasing the quality of life for more than 1.5 billion
people around the world who lack access to electricity grids
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for their homes. Due to low power requirements, LED
lighting can be powered by local solar power or a battery.
Simple LED lights can replace the kerosene lamp, which in
turn eliminates expensive fuel costs and the health hazard
of kerosene’s toxic fumes. The web article provided online
at https://phys.org/news/2014-04-homemade-solar-lamp-
countries.html by Ecole Polytechnique Fédérale de Laus-
anne about a social startup LEDsafari is a good example of
providing people with hands-on education to create their
own LED lights from materials at hand—such as a wire,
phone battery, LED, or empty bottle (Carron, 2014).

Summary

Today, consumers can comparison shop for LED white
lights the way they now do for incandescent and compact
fluorescent lights, choosing the lamps and fixtures that give
them the combination of light quality and energy efficiency
they’re looking for. LEDs are already available for multiple
applications in and around the home—from landscape

and walkway lighting to holiday lighting to everyday home
lighting, and even ambient lighting in hard-to-reach places
where the long life of LEDs is a real asset.
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