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Headlines Of Session I
“Wh  LED I  S f l”“Why LED Is Successful”

• What is LED
• Why use LED
• LED Market Data
• Who makes it successful• Who makes it successful
• The bottom line is: LED System

h
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• Headlines of Session II on May 20th

Session I
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What is LED
Light Emitting Diode
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PN Junction / Light / HeatPN Junction / Light / Heat

44

• Ray Malki       Hi Tech Architect Glendora, CA CalPoly May 8, 2014



Indication to IlluminationIndication to Illumination
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Indication to IlluminationIndication to Illumination
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Phasing Out Old LightingPhasing Out Old Lighting
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Still have some job to doStill have some job to do
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Why Use LEDWhy Use LED

• This is a Phenomena This is a Phenomena 
• Saving Energy
• Enhanced ColorEnhanced Color
• Long Life
• Low Heat• Low Heat
• Low Maintenance
• Made the PLC “Product Life Cycle” Economically• Made the PLC “Product Life Cycle” Economically
• Save  the Planet 
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Why Use LEDWhy Use LED

• This is a Phenomena 

LED RETROFIT $70,000.00

Rebate $10,966
Investment After $59 035This is a Phenomena 

• Saving Energy
• Enhanced Color

Rebate
$59,035

Basic KWH $261,752

Replacement KWH $42,442Enhanced Color
• Long Life
• Low Heat

p
Annual Savings $26,413

Maintenance $4,500

Savings 1st Year $30,913• Low Heat
• Low Maintenance
• Made the LCC “Life Cycle Cost” Economically

ROI 52.36%

ROI/Years 1.91

• Made the LCC “Life Cycle Cost” Economically
• Save  the Planet 
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The FutureThe Future
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LED Market Evolution
Growing ALL Segments
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LED Market Evolution
Game over! LED light bulbs win in ALL Segments
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$Dollar / Lumen (LM)/ ( )
$Dollar / LPW Lumen Per Watt
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Technology EvolutionTechnology Evolution
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LED Market 2011-2016LED Market 2011 2016

2525

• Ray Malki       Hi Tech Architect Glendora, CA CalPoly May 8, 2014



World Market For Lamps 2020World Market For Lamps 2020
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Who Makes LED Successful Who Makes LED Successful 

•Semiconductors / Chip •Semiconductors / Chip 

•Packaging / Moduleg g /

•Color

•Driver

27

•Optics

Th l M 27•Thermal Management
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SemiconductorsSemiconductors
• Since 1965, evolution of 

Electroluminescent  
Materials

• 2002, High Power using , g g
InGaN “indium Gallium 
Nitride/GaN “Gallium 
Nitride”. 

• Wafer size is 72-200mm.
LED Die Size is 1mm2
Thickness: 350 μm +/- 25Thickness: 350 μm +/ 25

• OLED: Printable, Foldable, 
Flexible & Transparent

28
• Quantum Dot LED
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Chip / PackageChip / Package
New Chip Package:p g
• Smaller and Cooler 

Operating Packages
• Multi Chip Packages

COB
• Specialty Packages
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Package  EvolutionPackage, Evolution

Package requires New MetricsPackage requires New Metrics
• Combined Power Density: W/mm2
• Efficacy = Lumine / WEfficacy  Lumine / W
• Shrinking in Size

• Multiple Chip• Multiple Chip
• High V Package
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ModuleModule
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Color Color 

• LED Color is BlueLED Color is Blue
• Layer of Phosphors
• White ColorWhite Color
• Binning

• Hybrid dots – Color Mix
Different chip on Different stringsDifferent chip on Different strings
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Correlated Color TemperatureCorrelated Color Temperature
• CCT Range between 1000 – 10000
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CRI Color Rendering IndexCRI Color Rendering Index

• How close to 
real life

• 100% is under 
the Sun (Full 
Spectrum)

• Industry Today: 
~95
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The Future Of ColorThe Future Of Color
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Optics / Secondary OpticOptics / Secondary Optic
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Optics / TIR LensOptics / TIR Lens
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Optic / No LightOptic / No Light
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12 Degree 25 Degree
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Angle & ShapeAngle & Shape
Beam Angle 20˚- 30˚

MR 16
Oval Beam

Street Light & High BayMR 16 Street Light & High Bay

4040



Optics / LENSOptics / LENS
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Thermal ManagementThermal Management

• Heat Sink Disbursement Heat Sink Disbursement 

• Heat Disbursement Gel• Heat Disbursement Gel
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Temperature can have 
drastically different effect On 
Lumen and ColorLumen and Color
• Lumen Maintenance, LM78
• Color Shift /Color Stability
• Standard Measure Color 

St bilit  LM80Stability: LM80
• Efficiency
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Testing Time / Temperature can g / p
have drastically different effect
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Driver Power ControlDriver
Input Circuitry  

• DC-DC, Regulator
LV AC-DC, Convertor + Regulator
AC Line High Power, Convertor + Regulator 
Driver, Constant Current
LED is Current drivenLED is Current driven

• Diming function 
Triac Or Transistor
Step Dimming: 0 - 25% - 50% - 75% - 100%
Variable Volt input: 0-10V
Programmability 45• Programmability 45
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High Efficiency Driver High Efficiency Driver 
• DOE goals are • Flexibility
• 92% For LED
• 95% For OLED

• Cost
• Components

46•Life of Driver 46
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High Efficiency Driver High Efficiency Driver 
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More Than Component, it is 
System Design
Failure Of any Component can Cause the Entire System  to stop Functioning  Failure Of any Component can Cause the Entire System  to stop Functioning  
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System DesignSystem Design

Semiconductors

Th l 

S t

PackagingThermal 
Management

System

ColorOptics

50

Color

Driver

Optics
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Measure Your LED Performance Measure Your LED Performance 
LED Lighting Facts® label:
• Light Output (Lumens)• Light Output (Lumens)
• Lumens per Watt (Efficacy)
• Watts (Measured Power)Watts (Measured Power)
• Color Rendering Index (CRI)
• Correlated Color Temperature (CCT)
• Warranty (optional)
• LED Lumen Maintenance as a percentage of 

initial light output at a fixed time (optional)initial light output at a fixed time (optional)
• * Luminaire measurements have been 

standardized with the issuance of the IESNA 
S 9 2008 51Standard LM-79-2008 test procedure.
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Example: 
LED Lighting Facts
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Example: LED Lighting FactsExample: LED Lighting Facts
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Example: LED Lighting FactsExample: LED Lighting Facts
• Optic : Type VW
• Lumen: 15 400LM• Lumen: 15,400LM
• Color: 5000
• CRI: 80
• Electrical: 120 –277V, 347V, or 480V 

@ 700 A  20 t  300  d l  @ 700 mA, 20 to 300w models 
available

• Mechanical: Aluminum housing, 12” W 
x 13-30” L by 2 ¼” high, powder 
coatedcoated

• Certifications/Ratings: CETL/CUL, 
ROHS, IP65 rated, DLC Listed

• Reliability: “EncapsLED” heat sink for 
superior cooling and durability (patent superior cooling and durability (patent 
pending)

• Warranty: 5 years
• Options: Dimming (D); Motion Sensor 

(M); Twist Lock (T) 54(M); Twist Lock (T) 54
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Headlines Of Session II
LED Lighting & MoreLED Lighting & More

Tuesday, May 22, 2014
• Light Control
• Power LEDPower LED
• Applications
• Fixtures  Category• Fixtures, Category
• Design

C l  Ch i  RGB

55

• Color Changing, RGB
• More Than Lighting

55• Smart Lighting
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Thank YouThank You

Ray Malki, EE, MBARay Malki, EE, MBA
Hi Tech Architect - Glendora, CA 
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raymalki@hitecharchitect.com
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ReferencesReferences

• EIS Engineering Illumination Societyg g y
• DOE Department Of Energy
• Southern California Edison

S S Of f• SID, Society Of Information Display
• Philips, Siemens, CREE, Nochia, Seoul Semiconductors, … 
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