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Small-Area Array-Based LED Luminaire Design

Investigating Organization
Cree, Inc.

Principal Investigator(s)
Thomas Yuan

Subcontractor
None

Funding Source
Building Technologies Program/NETL

Award
DOE Share: $1,651,867
Contractor Share: $610,947

Contract Period
01/10/05 - 01/09/08

Technology
Light Emitting Diodes

Project Summary

Cree Inc. Santa Barbara Technology Center (SBTC) is designing and developing a
compact light emitting diode (LED) based luminaire that could enable the replacement of
a significant portion of the current incandescent market. Specifically, the program targets
a BR/PAR-style integrated reflector luminaire suitable for low-cost insertion into existing
commercial and residential lighting fixtures.

Since performance alone will not be the sole metric determining eventual wide
acceptance of LED-based lighting into commercial markets, Cree will utilize a rapidly
growing foundation of commercial LED and LED package manufacturing experience to
ensure cost effective, manufacturable solutions are implemented in an integrated
luminaire suitable for high-efficiency, drop-in replacement of existing incandescent light
sources.

So far, the bulk of the work under the program has been focused on designing an LED
array for the luminaire. We have achieved white LED arrays with an efficacy of 78
lumens per watt at 350 mA. A thermal resistance of 80C/W from junction to board has
been realized. These arrays will be the basis of the luminaire.
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An Efficient LED System-in-Module for General Lighting Applications

Investigating Organization
Philips Electronics North America Corporation

Principal Investigator(s)
Mr. Jim Gaines, Mr. Ron Steen

Subcontractor
Philips Lighting’s Corporate Calibration and Standards Lab

Funding Source
Building Technologies Program/NETL

Award
DOE Share: $1,567,276
Contractor Share: $1,044,851

Contract Period
01/15/05 - 11/14/08

Technology
Light Emitting Diodes

Project Summary

Philips Lighting - Lighting Electronics NA, together with Philips Semiconductors and the
Philips Corporate Calibration and Standards Lab, propose to develop multi-colored LED
sources in which a single integrated package, containing multiple high power LED die,
serves as a self-contained lamp module generating feedback-controlled light of user-
selectable color and intensity. In addition to the LED die, the package will include first-
stage optics for color mixing, optical and thermal feedback sensors, structures for thermal
management, and drive and control electronics. The LED die will be close together to
promote color mixing and to provide a compact source so that the package will deliver
about as many lumens as current luminaires of the same exit surface area. The user will
supply, via an intuitive interface, a control signal to specify lamp color and intensity. The
user will not have to understand the intricacies of feedback control systems in order to
use the resulting lighting system. The proposed system will be equipped to accept
wireless links to remote controls and/or remote sensor signals (such as those from
daylight sensors). We refer to this integrated LED multi-chip source system as an LED
system-in-module (LED-SIM) and believe, based on our extensive manufacturing and
commercial experience in lighting, that such an integrated system is critical for early
market acceptance. Developing this technology will require capabilities in optics,
thermal management, electronics, silicon integration and system architecture. We expect
the LED-SIM modular approach (and the general principles that will be derived) to
provide a direct path to lamp systems useful in the majority of commercial lighting
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applications and some residential applications. However, for the purpose of this project,
we limit the carrier to be LED-SIMs intended specifically for general lighting
applications (non-accent), equivalent to reflector PAR (flood) systems and recessed CFL
systems. The project is organized in three phases. Two of these are stages of increasing
integration, and the last is to build the resulting LED-SIM into a flood lamp
demonstrator.In the first phase, experimental RGBA white-light LED-SIMs will be
designed and built with integrated LEDs, sensors, drive and control electronics, first stage
optics, and thermal management. The electronics will be integrated in modules (e.g.
controller, driver, memory chips, passive components, and user interface electronics).
Minimization of lamp size is not a priority in this phase. The goal is to make a self-
contained lamp module generating feedback-controlled light of user-selectable color and
intensity, and requiring only line voltage input power and a signal defining the light color
and intensity. In the second phase, building on the first phase, the LED-SIM design will
be finalized, by integrating the electronic functional blocks fully, incorporating optimized
thermal management designs and incorporating improved optics. The size of the module
will be minimized. A general output from this phase is a methodology for designing
LED-SIMs that will be useable for various applications. In the third phase, a prototype
lamp system, sized to retrofit a PAR38 lamp, will be made, based on the LED-SIMs. The
ultimate deliverable and the result of the third phase is a flood lamp with an intuitive user
interface for color and intensity selection.

Relevant results achieved so far include: 1) An LED-SIM containing a commercially
available 6-die multichip LED package and electronics designed using existing
components. The LED-SIM corrects for variations in LED spectrum using temperature
feedforward and intensity feedback. Intensity of each color of LEDs is measured
independently with a photodiode. 2) An LED light source composed of 7, 9 or 16
closely-spaced LED die, with a reflector to shape the beam to that of a flood light. 3)
Design/specification of an IC to integrate the electronics system. First ICs have been
built, to test key portions of the electronics.
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Epitaxial Growth of GaN Based LED Structures on Sacrificial

Substrates

Investigating Organization
Georgia Tech Research Corporation

Principal Investigator(s)
Ian Ferguson

Subcontractor
None

Funding Source
Building Technologies Program/NETL

Award
DOE Share: $741,216
Contractor Share: $276,565

Contract Period
10/01/06 - 12/31/09

Technology
Light Emitting Diodes

Project Summary

The objective of this work is to develop high efficiency LED devices that will lead to
higher external quantum efficiency performance, better electrostatic discharge durability,
simple low cost fabrication, high product yield with high brightness, and better heat
management. A sacrificial substrate will be used for device growth that can easily be
removed using a wet chemical etchant leaving only the GaN epi-layer and possibly a very
thin (~1mm) intermediate substrate. This will require development of growth techniques
for substrates other than sapphire, such as Si or ZnO, already developed in this
laboratory. After substrate removal, the GaN LED chip can then be mounted in several
different ways to a metal heatsink/reflector. Then light extraction techniques can be
applied to the chip such as surface roughening, wave-guiding, or others and compared for

performance.
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Low-Cost Substrates for High Performance Nanorod Array LEDs

Investigating Organization
Purdue University

Principal Investigator(s)
Timothy D. Sands

Subcontractor
None

Funding Source
Building Technologies Program/NETL

Award
DOE Share: $899,948
Contractor Share: $225,195

Contract Period
05/01/06 - 04/30/09

Technology
Light Emitting Diodes

Project Summary

A radical departure from the conventional approaches to dislocation reduction in
substrates for GaN-based LEDs is needed to meet the 2025 DOE/SSL goal of a cost-
competitive, long-lifetime white light emitter with better than 50% product system
efficiency and a spectral dependence that reproduces that of sunlight. Whereas the
primary emphasis in efforts aimed at improving the internal quantum efficiency (IQE) of
GaN-based LEDs has been on reducing the threading dislocation density, these
approaches including epitaxial lateral overgrowth, bulk GaN substrates and bulk SiC
substrates - inevitably increase the materials or manufacturing costs markedly. This
project is designed to exploit the relief of lattice mismatch strain and the expulsion of
dislocations that are characteristic of nanoheteroepitaxy in the growth of heteroepitaxial
device structures on nanoscale substrates to expand the spectral range of efficient GaN[
based LEDs to include the entire visible spectrum, thereby eliminating the efficiency
losses associated with phosphor down-conversion. The investigators have demonstrated
the fabrication of uniform arrays of GaN nanorods using a low-cost process that does not
involve foreign catalysts or direct-write nanolithography. This achievement is the
foundation of the first phase of the present project, in which dislocation-free
compositionally graded nanorod substrates will be fabricated on sapphire substrates. In
the second phase, the graded nanorod process will be transferred to low-cost silicon
substrates metallized with refractory metallic nitrides (TM-N) that are compatible with
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the semiconducting nitrides. These TM-N/silicon substrates combine high electrical and
thermal conductivity with an integral reflective backside ohmic contact to the n-GaN
underlayer. Metallic TM-N phases such as TiN, ZrN and VN are robust materials on
which epitaxial GaN may be grown at conventional growth temperatures. Although the
crystalline texture (mosaicity) of GaN films grown on these metallic substrates is not
ideal, each active nanorod device structure (30-100 nm in diameter) is seeded by only one
grain of the GaN/TM-N underlayer, and is therefore expected to be free of extended
defects. Furthermore, the natural growth morphology consisting of prismatic side facets
and pyramidal cap facets induces the strain-controlled formation of a 1-D array of
(In,Ga)N quantum dots along the central axis of the nanorod, spatially removed from the
surface. Finally, the nanorod geometry is expected to allow for the formation of
dislocation-free, compositionally-graded (In,Ga)N and (Al,Ga)N nanorod array substrates
that will substantially broaden the span of nitride compositions and their combinations
that can be utilized in coherent heterostructures designed for high IQE visible and uv
LEDs.



2008 Project Portfolio: Solid State Lighting
January2008

High Performance Green LEDs by Homoepitaxial MOVPE

Investigating Organization
Rensselaer Polytechnic Institute

Principal Investigator(s)
Christian Wetzel

Subcontractor
Kyma

Funding Source
Building Technologies Program/NETL

Award
DOE Share: $1,795,516
Contractor Share: $1,035,125

Contract Period
08/22/06 - 08/21/07

Technology
Light Emitting Diodes

Project Summary

The objective of this work is the development of processes to double or triple the light
output power from green and deep green AlGalnN light emitting diode (LED) dies within
3 years in reference to the Lumileds Luxeon II. Lumileds Luxeon II dies and lamps have
been identified by the Department of Energy as the uniform reference of current
performance levels and therefore will be used in our performance comparisons. This
project will pay particular effort to all aspects of the internal generation efficiency of
light. LEDs in this spectral region show the highest potential for significant performance
boosts. The results will be high output green and deep green (525 - 555 nm) LED chips as
part of high efficacy red-green-blue LED modules. Such modules will perform at and
outperform the efficacy target projections for white-light LED systems in the Department
of Energy's accelerated roadmap of the SSL initiative.
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Photoluminescent Nanofibers for High Efficiency Solid State Lighting

Investigating Organization
RTI

Principal Investigator(s)
Lynn Davis

Subcontractor
Donaldson Company
Evident Technologies

Funding Source
Building Technologies Program/NETL

Award
DOE Share: $1,513,897
Contractor Share: $378,475

Contract Period
09/01/06 - 08/31/09

Technology
Light Emitting Diodes

Project Summary

The RTI team is developing a new secondary converter composed of nanoparticles and
high surface area polymer nanofibe