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Hg Lamps versus LEDs: ItHg Lamps versus LEDs: It’’s about the powers about the power

Hg Lamps generate a lot of UV light from excited Hg Lamps generate a lot of UV light from excited 
mercury atomsmercury atoms

They also generate a lot of heat (IR)They also generate a lot of heat (IR)
Limited lifetime, complicating process stabilityLimited lifetime, complicating process stability
Bulky, fragile assemblies make moving systems more Bulky, fragile assemblies make moving systems more 
complicatedcomplicated

LED can generate UV light efficiently with significant LED can generate UV light efficiently with significant 
advantages over Hg Lampsadvantages over Hg Lamps

No IR, no unwanted wavelengthsNo IR, no unwanted wavelengths
Lower power consumptionLower power consumption
No HgNo Hg
Compact, reliable, rugged, lightweightCompact, reliable, rugged, lightweight
However, very low irradiance and high cost have been barriers However, very low irradiance and high cost have been barriers 
for UV LEDsfor UV LEDs…… UNTIL NOWUNTIL NOW



OutlineOutline

LED BasicsLED Basics

Photonic Lattice LEDsPhotonic Lattice LEDs

Ultra high power LED designUltra high power LED design

PhlatLightPhlatLight®® UV LEDs UV LEDs –– DataData

SummarySummary



AlN AlN –– GaN GaN –– InN MaterialsInN Materials
UVC to Visible WavelengthsUVC to Visible Wavelengths

(after Nakamura, IEEE Circuits 
and Devices -1995)

• Alloy structures comprised
of AlN, GaN and InN cover
UVA through UVC regions

• Focus on blue LEDs for
lighting have led to the 
optimization of near UV and
blue LEDs

• Increasing importance of 
deep UV applications 
leading to more R&D in 
higher power UVA through 
UVC LEDs



LEDs LEDs –– Semiconductor Light GenerationSemiconductor Light Generation
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• The LED generates light in the active 
region – light is emitted in all directions

• The composition of the active region 
determines the LED wavelength

• Today, most LEDs are small, low power 
chip designs like the one shown



LEDs LEDs –– New designs for higher power operationNew designs for higher power operation

• New designs are emerging that 
work well at higher power

• These new designs are typically 
vertical, metal bonded types

• More efficient light extraction
• Better thermal performance

• Applied to power chips, typically 
about 1 mm2 and inside a larger 
power package with a lens

• UV Power Output is still low,
<1W per LED



PhlatLightPhlatLight™™ technology:technology:
High Power Solid State LEDsHigh Power Solid State LEDs

PhlatPhlatLightLight™™ = = PhPhotonic otonic LatLatticetice Light Emitting DiodesLight Emitting Diodes
An intricate microstructure embedded in the LEDAn intricate microstructure embedded in the LED
Efficient, uniform, collimated light extraction from the Efficient, uniform, collimated light extraction from the 
chip surface chip surface 
Enables ultraEnables ultra--high power large area deviceshigh power large area devices

Illustration of a photonic lattice pattern Lambertian vs. collimated light output



Device Construction Device Construction –– another viewanother view

Light Emitting 
Layers

Thermally enhanced 
substrate

High current density 
front-electrode

Photonic lattice 
for collimation

back 
reflector

• The Photonic Lattice 
extracts light efficiently 
directly into air

• No performance penalty for 
very large chips

• No encapsulation required

• Collimation possible without 
a lens

• Optical output powers 
measured in Watts



Packaging for high power operationPackaging for high power operation

• Very high power operation
(up to 90 W)

• Very good thermal 
performance

• Air cavity package
– no issues with UV 

• Irradiance levels that rival 
high power Hg lamps!!!



PhlatLight LED reliability (in the visible) is provenPhlatLight LED reliability (in the visible) is proven

This LED technology is inherently reliableThis LED technology is inherently reliable
No encapsulants which can failNo encapsulants which can fail
60,000 hours to 70% power reduction60,000 hours to 70% power reduction

Fully qualified in several product launchesFully qualified in several product launches
Luminus and customer qualification programsLuminus and customer qualification programs
Full suite of mechanical and environmental testsFull suite of mechanical and environmental tests
High power and high current operationHigh power and high current operation

> 2 million hrs actual device hours lifetime testing> 2 million hrs actual device hours lifetime testing
Continuous current and pulsedContinuous current and pulsed
Most under accelerated conditionsMost under accelerated conditions



PhlatLight LEDs are ideal for UV applicationsPhlatLight LEDs are ideal for UV applications
A scalable large area chip technologyA scalable large area chip technology

Breakthrough electrical and thermal Breakthrough electrical and thermal ““verticalvertical”” chip designchip design

High reliability under extreme operating conditionsHigh reliability under extreme operating conditions

No encapsulation No encapsulation –– ideal for high performance operation from ideal for high performance operation from 
UVA through UVCUVA through UVC

LargeLarge--area chip instead of multiarea chip instead of multi--LED arraysLED arrays
More Irradiance than with array approachesMore Irradiance than with array approaches

Array power from one small chip



UltraUltra--high Power UV LEDshigh Power UV LEDs



UV Large Die Array for Hg Lamp ReplacementUV Large Die Array for Hg Lamp Replacement
(in development)(in development)



High Irradiance Optical Design High Irradiance Optical Design 
(to mimic an Hg lamp)(to mimic an Hg lamp)

Design:  Taper and relay lensDesign:  Taper and relay lens
Light emitted from LED (high Light emitted from LED (high 
angle) is collected and angle) is collected and 
reduced to a low anglereduced to a low angle
Simple relay lens reforms Simple relay lens reforms 
image onto curing areaimage onto curing area

Benefits:Benefits:
Simple 2Simple 2--3 component3 component
High IrradianceHigh Irradiance
Good uniformity along Good uniformity along 
irradiated strip

Estimated Estimated 
IrradianceIrradiance

at work surfaceat work surface

380 nm380 nm 20 20 
W/cmW/cm22

400 nm400 nm 40 40 
W/cmW/cm2

irradiated strip

2



SummarySummary

Luminus Devices PhlatLightLuminus Devices PhlatLight™™ LEDs are designed to generate LEDs are designed to generate 
very high UV output power from a single chipvery high UV output power from a single chip

High power operations up to 2.5 A/mmHigh power operations up to 2.5 A/mm2 2 with excellent with excellent 
reliabilityreliability

Enabling compact, very high irradiance UV curing solutionsEnabling compact, very high irradiance UV curing solutions

UV prototypes available now with irradiance levels rivaling Hg UV prototypes available now with irradiance levels rivaling Hg 
lamps in a single chip, compact formatlamps in a single chip, compact format

Shorter wavelengths and new packaging formats under Shorter wavelengths and new packaging formats under 
development for a wide range of UV curing applicationsdevelopment for a wide range of UV curing applications
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