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SESCO Lighting is a registered Provider with The American Institute of 

Architects  Continuing Education Systems.  Credit earned on completion of 

this program will be reported to CES records for AIA members.  Certificates of 

Completion for non-AIA are available on request.

This program is registered with the AIA/CES for continuing professional 

education. As such, it does not include content that may be deemed or 

construed to be an approval or endorsement by the AIA of any material of 

construction or any method or manner of handling, using, distributing, or 

dealing in any material or product. Questions related to specific materials, 

methods, and services will be addressed at the conclusion of this 

presentation. 
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SESCO Lighting is a registered Provider with DBPR, the Florida 

Department of Business and Professional Regulations. Continuing 

Education Credit earned on completion of this program will be reported to 

DBPR records for  Registered Professional Engineers, Registered 

Landscape Architects, Registered Architects, Registered Interior 

Designers, and licensed General and Electrical Contractors.  Certificates 

of Completion will be provided for all in attendance for the entire seminar. 

This program is registered with DBPR for continuing professional 

education. As such, it does not include content that may be deemed or 

construed to be an approval or endorsement by the DBPR of any material 

of construction or any method or manner of handling, using, distributing, 

or dealing in any material or product.  Questions related to specific 

materials, methods, and services will be addressed at the conclusion of 

this presentation. 
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Allen M. Weiss P.E, LC is approved and authorized as a Continuing 
Education Provider by the Florida Board of Professional Engineers              
(# 0003992), offering òArea of Practiceó courses.

In addition, Mr. Weiss is an employee of the Sesco Lighting Company 
and is offering this lecture to both the attendees and to Sesco Lighting 
on a òPro-Bonoó basis.

Every attempt has been made to keep this lecture completely generic.  
At no time during this lecture will products represented by Sesco 
Lighting be discussed, either by manufacturerõs name, product name 
or product part number.
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Learning Objectives
Attendees will;

Review and analyze the methods by which light is created, and how 

solid state devices create light.

Compare and quantify the advantages and disadvantages of the various 

LED types.

Investigate and apply current lighting practices regarding lighting 

equipment, design strategies and energy considerations for solid state 

lighting.  

Identify, compare and analyze the reasons to consider the use of light 

emitting diodes in the application of architectural lighting.  

Learn and evaluate the advantages and disadvantages of the three 

currently available LED types.
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Today, with advances in lumen output, optical 
control, thermal management systems, and robust 
fixture design, the LED is ready to compete with 

the HID for general outdoor illumination 
applications.  

LEDs
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Types of LEDs
Top View LED 

Good for wide and slim applications

(ex: automotive field)

Side View LED 

Good for small applications

(ex: cell phoneôs óonô light)

Chip LED

Good for small, thin applications

(ex: mobile phone keypad, site lighting)

Lamp LED

Good for outdoor or indoor applications

(ex: MR16 downlights, street lights)

High Flux LED

Known for its brightness

(ex: exterior signage, task lighting)

Dot Matrix LED

Used in notice boards or billboards



LEDs 9

History of LEDs

The first-ever report of light emission from a semiconductor was by 

the British radio engineer Henry Joseph Round, who noted a yellowish 

glow emanating from silicon carbide in 1907. However, the first 

devices at all similar to todayôs LEDs arrived only in the 1950s, at 

Signal Corps Engineering Laboratories, at Fort Monmouth, in New 

Jersey. Researchers there fabricated orange-emitting devices.

In 1962 the first red LED was developed by Nick Holonyak at GE.  

Throughout the 1960ôs, red LEDs were used for small indicator lights 

on electronic devices.  Green and yellow LEDs were introduced in 

1970, these were used in watches, calculators, traffic signs and exit 

signs.  By 1990, LEDs of 1 lumen output were available in red, yellow 

and green.
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History of LEDs

In 1993, Shuji Nakamura, an engineer at Nichia, created the first high-brightness blue 

LED.  Because red, blue and green are the three primary colors of light, LEDs could 

now produce virtually any color, including white.  Phosphor white LEDs that combine 

a blue or UV LED with a  phosphor coating to produce white light first appeared in 

1996.  By the late 1990ôs LEDs began replacing incandescent sources in applications 

calling for colored light.

Between 2000 and today, LEDs reached levels of output of 100  initial lumens and 

higher.  White light LEDs became available in various shades of light to match the 

warmth or coolness of incandescents, fluorescents, or daylight.  LEDs began 

competing with conventional light sources, and found their way into stage and 

entertainment applications.

Today, LEDs represent viable sources for general illumination in many applications.  
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What is Light?
Lighting 101
The 4 steps to creating light:

1. Excitementςan atom absorbs 
energy

2. Jump ςelectrons are forced to a 
higher orbit in an unsteady state

3. Fall ςthe electrons fall back to 
their steady state orbit & release 
energy

4. Releaseςthe energy released is 
a photon *

* The wavelength (color of the light photon) is dependent on the distance 

the electron has to fall, from a higher orbit, back down to its steady state 

orbit.  
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What is Solid State Lighting?
Lighting applications that use light-emitting diodes (LEDs), organic light-
emitting diodes (OLEDs), or light-emitting polymers are commonly referred 
to as solid-state lighting. 

¢ƘŜ ǘŜǊƳ άǎƻƭƛŘ-ǎǘŀǘŜέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ǘƘŜ ƭƛƎƘǘ ƛƴ ŀƴ [95 ƛǎ ŜƳƛǘǘŜŘ 
from a solid object ςa semiconductor ςrather than a filament in the case 
of an incandescent lamp or an expanded gas in the case of a fluorescent or 
HID lamp.

The LED is based on the semiconductor diode.  When a diode is switched 
on electrons are able to recombine with holes within the device, releasing 
energy in the form of photons.  The effect is called electroluminescence.

This new technology has the potential to far exceed the energy efficiencies 
of most other known light sources.
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What is a Semiconductor?
A semiconductor is a substance whose electrical conductivity can be 
altered through variations in temperature, applied fields, 
concentration of impurities, etc.

The most common elemental (pure undoped) semiconductor is 
silicon, which is used predominantly for electronic applications 
(where electrical currents and voltages are the main inputs and 
outputs). Other elemental semiconductors include Carbon and 
Germanium.

An optoelectronic application is when light is the 
output.  In order to create light, other semiconductors 
material (dopants) must be used.  Two examples are 
indium gallium phosphide(InGaP), which emits amber 
and red light, and indium gallium nitride (InGaN), which 
emits near-UV, blue and green light. 
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A diode is a semiconductor made up of two 
dissimilar materials, an N-Type and P-Type, 
bonded together. 

N-Type: A semiconductor that has been 
άŘƻǇŜŘέ ǿƛǘƘ ŜȄǘǊŀ ƴŜƎŀǘƛǾŜ ŜƭŜŎǘǊƻƴǎ.  
Dopantsmight include Nitrogen, Phosphorus, 
Arsenic or Antimony.

P-Type: A semiconductor that has electron 
holes.  Dopentsmight include Boron, 
Aluminum, Gallium or Indium.

What is a Diode?

In a diode, current can only flow in one direction.  When a DC voltage is 
applied, the electrons are forced to flow across a junction called the 
άŘŜǇƭŜǘƛƻƴ ȊƻƴŜέ ŀƴŘ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻƴǎ όάŦŀƭƭƛƴƎ ƛƴǘƻέύ 
recombining with the holes creates light!  The distance the electron falls 
determines the wavelength and therefore , the color of the light.

(4 steps to creating lighté Excitement, Jump, Fall, Release)
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What is a Light Emitting Diode?

A light emitting diode (LED) is a semiconductor diode that emits light of 
one or more wavelengths (colors).

The two basic types of LEDs are indicator type and Illuminator type.  
Indicator type are usually inexpensive, low power LEDs suitable for use 
only as indicator lights in panel displays, electronic devices or instrument 
illumination.

Illuminator type (high brightness) LEDs are durable high power devices 
capable of providing functional illumination.

All illuminator LEDs share the same basic structure.  They consist of a 
semiconductor chip or dye (< 1mm² in area), a substrate that supports the 
die, contacts to apply power, bond wire to connect the contacts to the 
die, a heat sink, lens and outer casing.

Illuminator LEDs are packaged in surface mount solder connections, and 
provide a thermally conductive path for extracting heat.  This path is 
critical for proper thermal management and operation of the LED.

Illuminator -

Type LED

Indicator-Type 

LED
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How LEDs produce white light

By itself, an LED can emit only the one color that the 
specific composition of its materials can produce.  
The real magic happens when LEDs of different colors 
are combined.

According to the RGB (additive) color model, white 
light is produced by the proper mixture of red, green, 
and blue light.

Methods to generate white light using LEDs can be 
broadly classified into two approaches. 

1. Wavelength Conversion(phosphor white)

2. Color Mixing (RGB)
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White Light ï
Wavelength Conversion

In a typical phosphor white manufacturing process, a phosphor coating is 
deposited on the LED die.  The exact shade or color temperature of white light 
produced by the LED is determined by the dominant wavelength of the blue or 
ultra-violet LED and the composition of the phosphor (s).  The thickness of the 
phosphor coating produces variations in the color temperature of the LED.

Phosphor white offers much better color rendering (CRI) than RGB white, often 
on a par with fluorescent sources.  Phosphor white is also much more efficient 
than RGB white.  Because of its superior efficiency and CRI, phosphor white is the 
most commonly used method of producing white light with LEDs.
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White Light ï
Wavelength Conversion

Blue LED + yellow phosphor όǘƘŜ ƭŜŀǎǘ ŜȄǇŜƴǎƛǾŜ ƻŦ ǘƻŘŀȅΩǎ ƳŜǘƘƻŘǎύΦSome 
of the blue light from an LED is used to excite a phosphor which re-emits yellow 
light. The yellow light mixes with some of the blue light leaking through, 
resulting in the appearance of white light. 

Blue LED + several phosphors Similar to the above method, except that the 
blue light excites several phosphors, each of which emits a different color.These 
different colors are mixed with some of the blue light leaking through, to make a 
white light with a broader, richer wavelength spectrum.This gives a higher color-
quality light than the above method, albeit at a slightly higher cost. 

Ultraviolet (UV) LEDs + red, green and blue phosphors The UV light from 
an LED is used to excite several phosphors, each of which emits a different 
color. These different colors mix to make a white light with the broadest and 
richest wavelength spectrum.This gives the highest color-quality light, again 
albeit at a slightly higher cost. 
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White Light ïColor Mixing

Color Mixing

This method uses multiple LEDs in a single lamp, and mixes the light to produce white 
light. Typically, the lamp contains at least two LEDs (blue and yellow) and sometimes three 
(red, blue, and green) or four (red, blue, green and yellow).

RGB white gives control over the exact color of the light, and it tends to make colors pop.  
But RGB white is hardware intensive since it requires multiple LEDs to produce white light.  
Also, it tends to render pastel colors unnaturally, a fact which is largely responsible for the 
poor CRI of RGB white light.

Tunable white light fixtures adapt the mixing principles of tricolor LED devices to produce 
white light in an adjustable range of color temperatures.  Tunable white light devices 
typically combine cool and warm white LEDs, which can be individually controlled like red, 
green and blue LEDs in a full color LED device.  Adjusting  the relative intensities of the 
warm and cool LEDs changes the color temperature just as adjusting the relative intensities 
of the red, green and blue LEDs changes the color in a full color device.

http://www.bulbs.com/eSpec.aspx?ID=15103&Ref=Halogen+Bulbs&RefId=22&Ref2=Light+Bulbs
http://www.maxximastyle.com/Merchant2/merchant.mvc?Screen=PROD&Product_Code=MLB-16400S&Category_Code=LB
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Color Rendering Index & óRGBô LEDs

According to the U.S. Department of Energyé

The color rendering index (CRI) has been used to compare 

fluorescent and HID lamps for over 40 years, but the International 

Commission on Illumination (CIE) recently announced that it      

does not recommend its use with white LEDs!  

Why?...
CRI is a measure of how 

well light sources render the 

colors of objects, materials 

and skin tones.

The test procedure for CRI 

involved comparing (8) color 

samples under the light in 

question and a reference 

light source of the same 

color temperature.  

The Problemé
Due to the RGB LEDs ñspikinessò 

it scores low on CRI, but is usually 

very visually appealing.
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Chip LED Optics
Conventional HID Systems

Packaged LED System

Bare HID lamp:

- Omni-directional 

- Needs reflector to re-direct light to 

create different distributions

- Not uniform (significant uncontrolled 

lights is emitted from luminaire)

Chip LED:

- Uniformly distributed (forward only)

- Distribution < 180°

- Secondary optics (refractors) can 

be added for precise beam control

- Refractors are more efficient than 

reflectors

LEDs


