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A History of Light Sources 

Å ~400,000 BCE - Fire is discovered.  

Å ~3000 BCE - Oil lamps are open bowls with a spout to hold the wick.  

Å ~400 - The candle is invented.  

Å 1809 - Sir Humphrey Davey demonstrates electrical discharge lighting to the Royal 
Institution in London, using an open-air arc between two carbon rods. The result is 
a very intense, and very pure white light. Unfortunately, as the arc runs, carbon 
boils off and the rods wear away: constant attention must be paid to readjusting 
the arc, feeding more carbon in.  

Å 1841 - Frederick DeMoleyns patented incandescent lamp using filaments of 
platinum and carbon, protected by a vacuum.  

Å 1880 - Thomas Edison receives U.S. patent #223,898 for the carbon filament 
incandescent lamp.  

Å 1932 - Low pressure sodium lamps are first used commercially.  

Å 1934 - The high-pressure mercury lamp is introduced.  

Å 1938 - First commercial sale of the fluorescent lamp  

Å 1957 - The quartz halogen lamp (A.K.A. tungsten halogen lamp) is invented. In 
conventional tungsten lamps, the filament metal slowly evaporates and condenses 
on the glass envelope, leaving a black stain. In this case, the halogen removes the 
deposited tungsten and puts it back on the filament.  

Å 1962 - First light emitting diode (LED)  

Å 1966 - Commercial introduction of the high pressure sodium lamp  

Å 1969 - A new form of metal halide lamp, the HMI lamp (mercury medium arc 
iodides) is introduced. The H stands for mercury (atomic symbol "Hg"), M is for 
Metals and the I is for halogen components (iodide, bromide). It provides a daylight 
type spectrum.  

http://upload.wikimedia.org/wikipedia/commons/8/8e/Germicidal_UV_discharge_tube_glow.jpg
http://upload.wikimedia.org/wikipedia/en/2/2b/Closeup_Metal_Halide_Lamp.jpg
http://en.wikipedia.org/wiki/File:MercuryVaporLamp.jpg
http://en.wikipedia.org/wiki/File:Na-light.jpg
http://upload.wikimedia.org/wikipedia/commons/9/91/SON-T_Master_600W.jpg
http://upload.wikimedia.org/wikipedia/commons/5/53/Oil_Lamp_Christian_Symbol.jpg
http://en.wikipedia.org/wiki/File:Candleburning.jpg
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LED vs Traditional Light Sources 

ü No filaments like incandescent lamps. 

ü No electrodes like gas discharge lamps (HPS, Metal Halide, 
and Fluorescent).  

ü No Mercury in the Light Source 

ü Instant On, Full Color, 100% Light, dimming options       

ü Promise of Long Life ï Reduced Maintenance Costs 

Strengths 

Weakness 

ü Higher initial cost compared to traditional light sources. 

ü Electronic LED driver life can be drastically reduced if exposed 

to high heat levels. 

ü Electronic LED drivers provide only a fraction of the surge 

protection that is offered by HID core and coil ballasts. 
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What is an LED? 

Light-Emitting 

White light is generated through a phosphor conversion 

process of the blue wavelength emitted from the die 

4 

 

 

Color spectrum for LEDs contains a peak in the blue wavelength 

and causes objects to look more blue than other sources  
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What is an LED? 
   

LEDs are semiconductor components which exhibit an 

exponential I-V characteristic, DC current/voltage  
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Careful attention to polarity and current applied 
Reverse polarity or too much current can permanently damage an LED 

Characteristics: 
Polarized (Anode +)(Cathode -) 

Typical Voltage ~ 3V 

DC current-driven  

(more current = more light, little 

change in Vf) 

Power = Heat + Light 

ESD & Dust Sensitive devices 
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LED Characteristics 

LEDs are primarily impacted by drive current and 

temperature.  
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As current changes 
- Voltage changes little 

- Light output changes 

significantly 

 

 

As temp changes 
- Voltage changes little  

- Light output changes 

little 

 

LEDs are more efficient at 

lower current 

LEDs are more efficient at 

lower temperatures 
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LED Package 
 

A white LED package consists of die/dice, phosphor, 

electrical connections, substrate, and lens 
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(outer substrate) 

(electrical junction) 

(die) 

(inner substrate) 

(electrical case) 

(silicone lens) Phosphor 

An LED package may 

contain one or more LED 

die to increase amount of 

light in a smaller area. 

Example: Chip on Board (COB) ï Wire bonding 
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Color and Binning 
 

 

An LED can be made into different color temperatures 

(CCT) and color rendering indices (CRI) by using a 

different mix of phosphors. 
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Common CCTs: 

2700K, 3000K, 3500K, 4000K, 

5000K 

 

 
 

Common CRI: 

70, 80, 90 

Extremely difficult to determine CRI 

Higher CRI = larger color gamut 

Incandescent Lamp = 100 CRI (Ref) 

Differences in CCT can be challenging 

to visually distinguish 
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Color and Binning  

 

The human eye is sensitive to color contrasts.  This is 

why the color tolerance is critical to LED applications.  

Even though an LED may measure 3500K, it can look 

different depending on the x-y chromaticity coordinate. 

11 

 

 

LEDs perpendicular to 

the black body curve 

(ideal) still meet color 

tolerance 

Always pay attention to brightness and color of LEDs 
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Color and Binning 
 

Binning is a sorting process for LED manufacturers to utilize all 

parts made in production.  Shipments are arranged by CCT, Vf, 

and lumens.  If more than one LED is used in a fixture, it becomes 

challenging to maintain consistent light output and color. 
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Recipe Binning (Color): 

 
A technique to fully utilize LED 

yield by arranging parts of 

opposing color coordinates to 

create an average which falls on 

the black body curve. 

LED1 

LED2 

BBC 
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LED Boards and Modules 

 

An LED module consists of one or more LEDs electrically connected 
and mounted on a heatsink (which can be the fixture).  Sometimes a 
PCB (Printed Circuit Board) is used.  
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Color Coding: 
Typically the LED positive(+) is a RED wire 

And the negative(-) is a BLACK/BLUE wire 

Ensure good attachment of 

LEDs to heatsink/fixture for 

performance and lifetime. 

Circuit Boards: 
PCBs are used with discrete LED packages to 

arrange the components electrically. FR-4 (glass-

epoxy) and Metal Core (aluminum with dielectric) 

are common materials used. 

LEDs can be easily damaged during the mounting process 
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Light Engine 
 

LEDs can be arranged in many ways to achieve design voltage 

and current configurations.  They can be wired in series, parallel, 

or a combination of series/parallel.  

14 

 

 

Series Combination 

There are advantages and disadvantages of each configuration 

1 

Parallel 

2 

3 
Levels of complexity 
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Advantages: 
Design flexibility 

Large supply base 

 

Disadvantages: 
Pixilation 

Cost  

Advantages: 
Easy to use optically 

High lumen density 

Cost 

Flexibility 

 

Disadvantages: 
Lower LM-80 

 

Types of LEDs 
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Chip on Board (COB) High Power Discrete 

Mid Power Discrete 

Advantages: 
Design flexibility 

Largest supply base 

Lowest Cost 

 

Disadvantages: 
Optically complex 

  

Advantages: 
Design flexibility 

Cost improving 

Easy array (color tuning) 

 

Disadvantages: 
Five sided emitter 

Cross talk 

  

Chip Scale Package (CSP) 
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Note regarding life ratings:   
Å Life for HID is calculated when 50% of lamps are burned out. 
Å Life for LED is calculated via IESNA TM-21, limits life claim to 

6 x the number of hours tested.  Typical is 60,000hours. Life 
is then given as the lumen depreciation estimated at that life 
number.  

    For example, L9060 is 90% lumen depreciation     
    at 60,000 hours. 

 
 

Life Rating of Light Source 
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IESNA LM-80 Test Report on the Philips Lumileds Luxeon TX LED 

After 10,000 hours of testing the Luxeon Tx LED has actually increased at the 85°C and 

105°C temperatures with only a .0006 decrease at 55°C 

The unparalleled lumen maintenance of the Luxeon TX leads to superior maintained 

light levels even after 85,000 hours of operation. 

Luminous flux depreciation 

information 
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IESNA LM-80 Test Report on the Philips Lumileds Luxeon TX LED 

Color or kelvin temperature shift 

information 

In-situ case operating temperature of 86°C the NVN LED at 25C ambient at 86°C shows 

minimal color shift over the 10,000 hour test period. 
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TM-21-11 

Å LM-80 -- only an LED testing standard 

Å IES TM-21-11 -- mathematical framework for LM-80 data and making 

useful LED lifetime projections 

Key points of TM-21: 

Å Developed by major LED suppliers with support of NIST, PNNL 

Å Projection limited to 6x the available LM-80 data set 

Å Projection algorithm: least squares fit to the data set 

Å L70, L80, L90, Lxx projections easily possible 

Å Nomenclature: Lp(Yk)where p is Lumen Maintenance percentage and Y 

is length of LM-80 data set in thousands of hours   ie: L85(10k) 
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TM-21 ï Use the latest data 

ü Initial data variability (i.e. ñhumpò) is  

   difficult for models to evaluate (0-1000 hr) 
 

üLater data exhibits more characteristic 

   decay curve of interest 
 

Å Non-chip decay (encapsulant, etc.) occurs 

   early and with varying effects on decay curve 

Å  Later decay is chip-driven and relatively 

   consistent with exponential curve 

Å  Verification with long duration data sets 

   (>10,000 hr) shows better model to reality 

   fit with last 5,000 hours of 10,000 hour data 
 

ü For 6,000 hours of data (LM-80 minimum) 

    and up to 10,000 hours: Use last 5,000 hours 
 

ü For > 10,000 hours: Use the last ½ of the 

    collected data  
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Thermal report to confirm driver TC and COB operating temperature at 40°C 

ambient 

The above thermal report was performed at 120V in a 40C (104F) ambient 

environment for 7  hours and 30 minutes.  The hottest running COB will be used in 

the TM-21 calculator. 
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Excellent lumen maintenance at both 25C and 40C (93% at 60,000 hours at 40C) 
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Energy Star TM-21 Report 

TM-21 Report 

                          

  Table 1: Report at each LM-80 Test Condition   Table 2: Interpolation Report   

  
Description of LED Light Source Tested 

(manufacturer, model,  

catalog number) 

LumiLeds Rebel ES   (projection based on in-situ temperature entered)   

    Ts,1 ( C) 55.00   

    
Ts,1 (K) 328.15 

  

  Test Condition 1 - 55 C Case Temp   Test Condition 2 - 85 C Case Temp   Test Condition 3 - 105 C Case Temp   Ŭ1 8.528E-07   

  Sample size 25   Sample size 25   Sample size 25   B1 1.007   

  Number of failures 0   Number of failures 0   Number of failures 0   Ts,2 ( C) 85.00   

  

DUT drive current used 

in the test (mA) 
1000   

DUT drive current used 

in the test (mA) 
1000   

DUT drive current used 

in the test (mA) 
1000 

  
Ts,2 (K) 358.15 

  

  Test duration (hours)            10,000    Test duration (hours)            10,000    Test duration (hours)            10,000    Ŭ2 6.966E-07   

  

Test duration used for 

projection (hour to hour) 

5,000 - 

10,000 
  

Test duration used for 

projection (hour to hour) 

5,000 - 

10,000 
  

Test duration used for 

projection (hour to hour) 

5,000 - 

10,000   
B2 1.014 

  

  

Tested case 

temperature ( C) 
55   

Tested case 

temperature ( C) 
85   

Tested case 

temperature ( C) 
105 

  
Ea/kb -7.93E+02 

  

  Ŭ 8.528E-07   Ŭ 6.966E-07   Ŭ 1.444E-06   A 7.617E-08   

  B 1.007   B 1.014   B 1.030   B0 1.010   

  

Calculated L70(10k) 

(hours) 
         427,000    

Calculated L70(10k) 

(hours) 
         531,000    

Calculated L70(10k) 

(hours) 
         268,000  

  
Ts,i ( C) 74.00 

  

  

Reported L70(10k) 

(hours) 
 >60000    

Reported L70(10k) 

(hours) 
 >60000    

Reported L70(10k) 

(hours) 
 >60000  

  
Ts,i (K) 347.15 

  

                    Ŭi 7.472E-07   

      

Projected 

L70(10k) at 74 C 

(hours) 

                                            

491,000  
  

                    

Reported 

L70(10k) at 74 C 

(hours) 

 >60000  
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The above driver data sheet indicates that the driver lifetime 

is 100,000 hours with a Tcase operating temperature of 72C 

or lower.  The UFLD-C40 thermal report had a Tcase 

temperature of 65°C when operating in a 40°C ambient 

environment. 

Superior thermal management results in long life 
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Superior thermal management results in long life 

The above driver data sheet indicates that the driver lifetime 

is 100,000 hours with a Tcase operating temperature of 75C 

or lower.  The UFLD-C40 thermal report had a Tcase 

temperature of 75°C when operating in a 50°C ambient 

environment. 
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Absolute and Relative Photometry 

Å LED luminaires LM-79-08 

Å Lamps integral to luminaire 

Å No lamp seasoning, 

calibrated to lamp of known 

output 

Å Actual lumen output 

measured 

Å Unique results for each 

product 

ü Bare lamps measured 

separately. 

Absolute Photometry Relative Photometry 

Å Seasoned (aged) lamps 

Å Output stabilization  

Å Raw output measured   

ü Luminaire test 

Å Same lamps and ballast 

Å Identical electrical and thermal 

characteristics 

Å Results scaled to initial rated lamp 

lumens 

ü Same results with 

different lamps 
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Photometric Testing per IES LM-79-08 

Integrating 

Sphere 

ü Electrical and Photometric Measurements of Solid-
State Lighting Products 

ï Luminaire based absolute photometry  

Å Total Luminous Flux 

Å Luminous Intensity Distribution 

Å Electrical Power 

Å Luminous Efficacy (LPW - calculated) 

Å Color Characteristics 

Å Chromaticity 

Å CCT 

Å CRI 
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Integrating Sphere Report 
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Goniophotometer 
An apparatus for measuring 

the directional light 

distribution characteristics of 

light sources, luminaires, 

media, and surfaces.  

 

PLAN VIEW Luminaire 

Mirror 

Photocell 

Indirect 

Light 

Shield 

Measuring Luminaire Performance 
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Absolute IES file information from Goniophotometer 
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National Voluntary Laboratory Accreditation 

Program - NVLAP 
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Thermal Test Information 

At right is a sample 

thermal test report on an 

outdoor LED luminaire.  

Note readings are taken 

on many parts of the 

luminaire including the 

LED case, driver and 

surge module.   
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UV testing on Polycarbonate Plaques 

Purpose ï To provide a summary of measurements on the polycarbonate plaques (used 

on the light square products) that have been exposed to high intensity ultraviolet radiation.  

Background ï Polycarbonate is a resilient material that can be used for optical elements in 

outdoor lighting products.  An undesirable aspect of this material is that it will become yellow 

and lose light transmission over time when exposed to ultraviolet radiation.   To minimize 

this effect the light square polycarbonate material was infused with an ultraviolet inhibitor.   

Test ï Five plaques were selected for testing with one plaque being untreated and four 

infused with the UV stabilizer.  Each plaque as cut in half so that one half of each plaque 

could be placed in the UV chamber while the other half could be retained as a control sample.  

The UV chamber emitted radiation in the wavelength between 300 and 340 nanometers and 

also cycled through heat, humidity and water exposure to simulate real world conditions.  

Total lumen output and color characteristics were recorder for each of the samples in an 

integrating sphere calibrated and maintained under NVLAP accredited program and in 

conformance with IESNA standards of photometric testing.     

Results ï After more than 6,000 hours of exposure to high intensity UV radiation the 

transmittance of the untreated plaque was reduced from 90.4% to 79.2% with a color shift of 

600 degrees kelvin.   The treated samples showed no reduction in transmittance and less 

than 1% shift in kelvin temperature (consistent with the LED LM-80 DUV).   This test would 

equal 8.2 years of direct sunlight exposure at 12 hours per day.   

Note: Proper installation of the Navion luminaire will not expose the optical square to direct sunlight. 
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UV stabilizers greatly reduce the rate of yellowing on plastic materials 

UV Treated 

Control 
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Optical Control Advantage Over External Shields 

Type 2 Short , 7928 

lumens, 78 lumens 

per watt, with light 

more than 40ô behind 

the pole.  

Type 2 Medium mirror imbedded 

optics, 7523 lumens, 105 lumens 

per watt with light evenly 

dispersed 10ô to 20ô behind the 

pole for sidewalk illumination.   

Type 2 Short with an external 

shield, 6090 lumens, 60 

lumens per watt, light 

reduced to 20ô behind the 

pole. 

40ô Grid 

25ô MH 

External shields can reduce luminaire efficiency by as much as 23%.         

precision optics maintain luminaire efficiency by re-directing the light  

evenly along  the roadway. 

Street Street Street 
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VERD Optics 

T1 T2 T2-HSS T3 T2-HSS 

T4 T4-HSS T5 

Distribution Pattern Comparison 
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ARCH Optics 

T2R T2U T2R-HSS T3 T3-HSS 

T4W T4W-HSS 5WQ 

Distribution Pattern Comparison 
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External Shields    
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150 WATTS 

Why the ñlumens per watt methodò of calculating lighting fixture performance  alone does not 

equate to energy efficiency. 

 

Although the luminaire on the left is 27% higher in fixture LPW, it produces less than half the 

 average illumination on the ground 

To give the same illumination as the lower LPW fixtures, over twice as many of the higher  

LPW fixtures would be needed, resulting in a net energy increase of 102%  

150 WATTS 

Same source, same ballast, different performance 

25ô 

0.46 Average Illuminance 0.93 Average Illuminance 

85 Lumens per Watt 67 Lumens per Watt 

Why you should not specify by lumens per watt 
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Three dimension rendering of light distributions and relative foot-candles on ground 

High LWP post top on left, lower LPW shoebox on right  

Where is the light going? 
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Luminaire Dirt Depreciation 

Dirt, dust, dead bugs and 

water collect inside this 

HID luminaire lens in 

Boston, MA  

How much light 

is really passing 

through the lens? 
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HID ƅLED Equivalency 

                          HID                             vs.   LED  

250W HPS Lamp        28,000 lumens          110W LED @ 1A          

70% Total Downward Luminaire Efficiency     100% Total Downward Luminaire Efficiency 

                                                                                                

               

Street Side Lumens            (52.7%)   Street Side Lumens                (82%)                

0.81 LLF                   8,366 lumens  0.91 LLF           7,880 lumens

  

19,600 lumens 

10,567 lumens 
(300 ballast watts) 

XNV2 Type 3 distribution (new LED) OVX Type 3 distribution 

10,566 lumens 

8,660 lumens 10,329 lumens 
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28ô roadway, 1ô setback, 30ô mounting height, 6ô sweep arm, 175ô spacing 

Purple iso = .1 FC     Green Iso = .5 FC  

XNV2 type 2 700mA drive current vs OVH 150 watt HPS Type 3 

XNV2-AC-02-2-700 

Å 76 watts, 7,588 initial delivered 

lumens, 6,458 downward street 

side lumens 

Å .864 Light Loss Factor (60,000 

hrs.) 

Å .74 average, .17 minimum, 1.77 

maximum, 4.35 to 1 ave/min. 

Å Rear spill light 25ô, forward spill 

light 34ô  

Å Max Lv Ratio .29 on R3 pavement 

 
OVH15S2D 

Å 188 watts, 11,706 initial delivered 

lumens, 8,272 downward street 

side lumens 

Å .81 Light Loss Factor (12,000 

hrs) 

Å 1.14 average, .10 minimum, 4.16 

maximum, 11.40 to 1 ave/min. 

Å Rear spill light 41ô, forward spill 

light 31ô  

Å Max Lv Ratio .40 on R3 pavement 
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Twin and Triple 1000 watt MH (1085 x 3= 3255 watts)  



45 © 2018 Eaton. All rights reserved.. 

Twin 213 watt Navions (618 watts) 
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 3000K vs 4000K Correlated Color Temperature  
Color Preference and Visibility 



47 © 2018 Eaton. All rights reserved.. 



48 © 2018 Eaton. All rights reserved.. 

Type 1 Type 2 

Type 3 Type 4 

Type 5 round Type 5 square 

Same distributions for traditional technologies and LED 

IESNA Distribution types 
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Source (Lamp) Versus Delivered Lumens 

ÅSource= Lamp Lumens 

from the source. 

ÅExample 100W HPS 

Lamp emits 9500 

Source Lumens 

ÅDelivered= Lumens that 

are controlled and 

distributed from the 

luminaire. LED Fixtures 

publish Delivered 

Lumens 

Source Source 

Delivered Delivered 
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LED Replacement Product Methodology 

          HID                             vs.   LED  

250W HPS Lamp                          
  

70% Total Downward 

Luminaire Efficiency       

                                                                                                

             

  

Street Side Lumens  

(52.7%)   

10,329 X 0.81 LLF =

  

19,600 lumens 

19,000 lumens 

(300 ballast watts) 

LED Type 3 Distribution  Typical Type 3 Distribution 

19,000 lumens 

14,725 lumens 10,329 lumens 

28,000 lumens 155 watt LED 

100% Total Downward 

Luminaire Efficiency 

Street Side Lumens                

(77.5%) 

14,725 X 0.81 LLF = 8,366 lumens 11,927 lumens 

48% Less Energy and 30% More Maintained Street 

Side Lumens 
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250W HPS vs.140W LED  
VERD 19000 Lumens 

R
o
a
d
w

a
y
-D
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e
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60ô 

R
o
a
d
w

a
y
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a
n
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60ô 
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WaveStreamÊ optical technology blocks the line of sight of the 

LED light source from the observer while extracting the maximum 

amount of light on task.  

Optical 

technology with 

unparalleled 

combination of 

visual comfort 

and 

performance. 
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ñTo improve the quality of life and the environment through 

the use of power management technologies and serviceséò 

How do we achieve our visioné 
                    We create unique experiences 

We Improve Safety We Connect Communities We Create Experiences We Conserve Energy 

Eaton is enhancing urban living with design and stunning illumination 



54 © 2018 Eaton. All rights reserved.. 

Class 2 LED Driver 

LED 

luminaires 

with Class 

2 drivers 

can use an 

acrylic 

lens. 
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Class 1 LED Driver 

Class 1 LED 

luminaires will 

have a glass or 

polycarbonate 

lens 
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Driver Replacement Rate 

Eaton has extensive test data to support field performance expectations 

ÅDriver wearout data based on Detroit environmental 

conditions 

ÅTunnel - 24 hr/day; roadway - 12 hr/day 

ÅYears 1-5 only -  expect <0.5% additional random failures 

0.0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

3.5%

4.0%

4.5%

5.0%

Year 1-5 Year 6-10 Year 11-15

Driver Field Replacement Rate

Tunnel

Roadway
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Cool running drivers last longer. 

Driver T case 

temperature 

will affect 

longevity. 
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Surge Sources 
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Protection Levels 
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Standard Cross Reference 
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Surge Protection is Essential for Driver Life 

Make sure the SPD meets UL1449 
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Surge Protection Device (SPD)Options 

Example of Catastrophic Event 

Street Light Electrical System Protection                                                      
Å LED drivers offer only 6kV/3kA surge protection.  Due to this low level of 

protection roadway lighting product require a separate surge protection 

device for luminaire longevity. 

Å Series wired SPDs will cut the power shutting off the luminaire to protect 

all electrical components, parallel wired SPDs will allow the luminaire to 

continue to operate. 

Å Both SPD options are wired off the terminal block to protect all upstream 

components including the photo control and wireless control modules. 

Å 20kV options available with LED indicator light to show failure of the SPD 

Metal Oxide Varistors (MOVs) saving time to troubleshoot. 

 
SPD Options 

Å 10kV/5kA Parallel ï 10MSP 

Å 20kV/10kA Parallel ï 20MSP 

Å 10kV/5kA Series ï 10K  

Å 20kV/10kA Series w/ or w/o LED indicator - 20K 
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10K or 20K (Series) vs. 10MSP or 20MSP MSP (Parallel) 

Whatôs Your Strategy? 
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Surge Protection before Downstream Electronics 
(Controls and Drivers) 
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Insufficient protection will reduce fixture life. 

Does not display a UL or CSA 

marking; non-compliance with 

Article 285.5  

Does not describe short circuit 

current rating; non-compliance 

with Article 285.6   

 

Does not incorporate fusing 

such that SPD becomes 

disconnected after MOV failure; 

non-compliance with Article 

285.27   

 

May not be 14AWG Wires; 

possible non-compliance with 

Article 285.26  

 

Surge Protector  ï What to Look For 


