JOAN% LUX ET COLOR ED
\ Vespremiensis 2006 ab
’//////)/ 27.10.2006

RESEARCH Veszprem

Tailoring the colour conversion elements
iIn LED white light sources
towards sophisticated lighting solutions

F.P. Wenzl!, C. Sommer?; L. Kuna?, G. Jakopic?, E. Zinterl?,
P. Hartmann?, P. Pachler?, H. Hoschopf?, S. Tasch?, and G. Leising?

lInstitute of Nanostructured Materials and Photonics
2TridonicAtco Optoelectronics GmbH

INNOVATION aus TRADITION



,,,////)> Outlook ab

RESEARCH

Introduction

The LEDLAB: The mission

The modules

INNOVATION aus TRADITION




JOANNE% ED
w///)> Solid State Lighting ab

RESEARCH

Adigh efficient
white LED lamps

-
o
w

Adigh Colour =
rendering index 3
3
Annovative ?";
packaging 2
§1

Avlaximized light
output (Im)

-
2
=
k=
]
o
—
o
S
5]
(o]
2

INNOVATION aus TRADITION




JOANNEUM ED
, Solid State Lighting: A millennium technolo
//////2 ghting 9y ab

RESEARCH

THE MILLENNIUM
TECHNOLOGY
PRIZE

Millennium Technology Prize awarded to inventor of new source of light

The 2006 Millennium Technology Prize has been awarded to Shuji Nakamura. Professor Nakamura has developed a new, revolutionary source
of light i bright-blue, green and white LEDs and a blue laser. The technology is used in several applications which improve the quality of human
life.

Professor Nakamura is known for his technological wizardry with semiconducting gallium nitrides and is widely recognized as the world pioneer in
light emitters based on the wide-bandgap semiconductor gallium nitride (GaN).

Nakamurads breakthrough year was 1993, when he stunned the Gg\Ntbhased ectronic communi
light emitting diodes, LEDs.

AThe |l ighting applications now made possible by his achievem
incandescent lamp. In the course of time, energy-ef f i ci ent | i ght sources based on Shuj
undoubtedly become predominant. 0
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Colour conversion:

The state of the art

LED-based

ED
ab

LED-plus-phosphor-based
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A. A. Bergh, Phys. Stat. Sol.(a) 201, C Tetra-
v
E. F. Schubert, J. K. Kim, Source -m
Solid-State Light sources getting smart, b \Adl

Science 308, 1274278, 2005
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INGaNGaN Thin-Fiim Flip-Chp LED
““' Roughened nGaN
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FIG. 1. (Color coline) (a) Schematic cross-sectional represectatica of the
strocture of InGaN/GaN thin-film flipchip LED. Same-sided anode and
cathode are shown coanected with gold interconnects to the ceramic sub-
mount. (b) Plan view photomicrograph of the device in operation.
W. C. Peng et al., Appl. Phys. Lett. 89, O. B. Shchekin et al., =
041116, (2006) Appl. Phys. Lett. 89, 8
071109, (2006) g
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N m  Phosphor Materials
P Dievelop 1N and blue absorbing phosphor matenals with =80-85% quantum
etficiency in the red, green and blue, =1000/cm optical absorption coefficient,
low degradarion aver 100,000hrs, and low-variarion in efficiency and absorption
at high operating temperamn res,
Tiw Promise of Soltd State Lighting for General Hlumination s LEDs and OLEDs
2002 Opteslactronics Industry Developmeant Association

Do et al., Luminescence properties of potential Sr1-xCaxGa2S4:Eu
Green- and Greensich-Yellow-Emitting Phosphors for White LED,
J. Electrochem. Soc. 153, H142 (2006)

Li et al., Luminescence properties of Eu2+-Doped MAI2-xSixO4-xNx
(M=Ca, Sr, Ba) Conversion Phosphor for white LED applications,
J. Electrochem. Soc. 153, G278 (2006)

Xie et al., Hightly efficient white-light emitting diodes
fabricated with short-wavelength yellow oxynitride phosphors,
Appl. Phys. Lett. 88, 101104 (2006)

Park et al., Embodiment of the warm white-light-emitting diodes
by using a Ba2+ codoped Sr3Si5:Eu phosphor,

L . . Appl. Phys. Lett. 88, 043511 (2006) 8

Park et al., Investigation of strontium silicate E
y_ellow phosphors fqr Wh't_e light emlttlng Piao et al., Characterization and luminescence properties 3
diodes from a combinatorial chemistry, of Sr2Si5N8:Eu2+ phosphor for white light-emittind diode illumination, 8
Appl. Phys. Lett. 87, 031108, (2005) Appl. Phys. Lett. 88, 161908 (2006) =
)
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M. G. Craford, 2004 International Technology

Conventional Luxeon (Conformal Coating)
(a) (b) Phosphor Granules Refector Cig CO nfe re n Ce y
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Die Affach Epoxy

W. Goetz, ICNS 5, Nara, Japan

Die Attach Epoxy
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“Conventional”,
slurry deposited
LED

" e e 20NG Kyu Kim et al., Jap. J. Appl. Phys. 21, L649, (2005))
armeE e H. Luo et al., Appl. Phys. Lett. 89, 041125, (2006)
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Dynamic lighting

With the advent of electric lighting,
people created synthetic daylight.
However, artificial lighting's color,
intensity, or timing may confuse
biological systems.

http://www.sciencenews.orqg/
articles/20060527/bob9.asp

...and what about light and lighting?

CIE Statement on the recognition of journals in the field of light and lighting

2008-0=-01

ZIE, &= the world crgamisation in the fisld of ight and lighting, s much concermed that due to the relatvely =mall
mumb=sr of research papers published yearly in light and lighting. not even the most esteemed intemational joumnals of
its field are among jourmals listed in the Citation Index. Academia and octher research esiablishments often consider at
promotion of their staff (as well as at the evaluation of the work of their PRD students) the number of papers published
in journals enumerated in the Citation Index.

ZIE would ke to siress that there are a number of journals not enumerated at present in the Citation Index. whaose
publication policy is at least as strict as of many journals of wider circulation and thus enumerated in the Index. CIE
wiould like to urge wniversities and other academic and ressarch establishments worddwide to consider papers
published in joumals. who qualify to the highest editorial crteria. as being of egual status to those published in
Joumals enumerated in the Citation Inda:x.

Ta help the above orgamizations in selecting the joumals falling imio this category the CIE Board of Administration.
on the recommendation of the CIE Publications Board and either the CIE-Education Panel (a wolumtary group of
professors of umiversities and other higher education establishmeanis) or a CIE Division. will from time to fime
evaluated the recommendsd jourmnals publishing in fields related to light and lighting. The CIE will then inform the
Iighting community of the decision by publishing the list of endorsed joumnals and the criteria used im evaluating them
in the CIE MEWS.

CIE hopes that with this will encourage young scentists to chooss light and lighting as their scientific carser, and
help their pesrs o evaluaie propery their accomplishments.

- *,
-~ ) -

A

Mag. Christine Hermann " Brof. Ir. Wout van El-nmrn-'él'h._____
SFeneral Secretary of the CIE President of the CIE

The CIE Board of Administration has endorsed the
endorsement by the CIE: fallowing journals (who have applied and were judged
The journal: as currently m=eting the abowve criterial:
1} has a significant international impact in a field - Leukos
. hrElahedh to bight and lgh1lfl;9.at et 10 - - Light & Engineering / Swetotehnika {L&E [ S5
I has been in existence for a ! years, either . .
: - Light R h & Technol LR&T
under its present name or under amother name, tahting Fessars schnelegy !
and has built up a solid reputafion in a field related  Other journals are invited to apply for inclusion in the
to light and lighting. list of ClE-endorsed lightimng journals, giving

Criteria for the evaluation of jourmals for official

3} has an acceptable publishing policy. including an  information on how they fulfil the reguired criteria.
independent, external peer review mechanism for
papers submitted for publication, and

4} is published regulary and with a frequency of at

lea=t three ssuss per year.
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CIE News,
Number 78,
June 2006

-
2
=
k=
]
o
—
o
S
5]
(o]
2



http://www.sciencenews.org/articles/20060527/bob9.asp
http://www.sciencenews.org/articles/20060527/bob9.asp
http://www.sciencenews.org/articles/20060527/bob9.asp

JOANNEUM ED
N The LEDLAB: The mission
W//)) ab

RESEARCH

The LEDLAB:
Science-Engineering and Technology of White LEDs
Studying new materials and concepts

for white light generation
In tomorrows customer tuned lighting sources
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Transfer >

Meglemel | Nat|onal | Science i Industry i Politics
International JOANNEUM

§
//
Research & Development ////)/ Skilled Employees
for Trade and Industry

and Consulting RESEARCH
Training >

15 Institutes 380 employees

INNOVATION aus TRADITION

< Problem Solving

-
2
=
k=
]
o
—
o
S
5]
(o]
2




JOAN% ED
W/))) The LEDLAB partners: JR-NMP ab
7

RESEARCH

Integrated LED-Lab Nano-Im- Optical Opto-
Electronics- print-Litho- Simulations- Electronics-
Team graphie-T. Team Team
STADLOBER WENZL RUDORFER PALFINGER SCHMIDT SOMMER LAMPRECHT
Barbara, Dr. Franz-Peter, Dr. Andreas, Mag. Christian, Dr. Volker, Dr. Christian, Dr. Bernhard, Dr.
HAAS SOMMER PICHLER HAAS KUNA SCHMIDT KRAKER
Ursula, Mag. Christian, Dr. Heinz, Mag. Ursula, Mag. Ladislav, Dr. Volker, Dr. Elke, Mag.
HAASE LAMPRECHT SCHOEN GOLD SATZINGER JAKOPIC
Anja, Dr. Bernhard, Dr. Helmut, DI Herbert, Dr. Valentin, Mag. Georg, Dr.
GOLD KUNA
Herbert, Dr. Ladislav, Dr.
—— NTERL NANOANALYTICS
Martin, Mag. Ernst, Mag.
ELLIPSOMETRY XPS - UPS UV-VIS-NIR-Spectroscopy
SCHOEN JAKOPIC JAKOPIC Georg, Dr. FIAN Alexander, DI SOMMER Christian, Dr.
Helmut, DI Georg, Dr.
LUMINESCENCE OPTICAL MICROSCOPY AFM B
WENZL Franz-Peter, Dr. SATZINGER Valentin, Mag. HAASE Anja, Dr. :%
g
SEM =
GOLD Herbert, Dr. =
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Sub e m structures prepared by Soft Lithography
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: Photoelectronspectrosco
) Ellipsometry P ‘p'y -

Light ."/;./:‘,i PSG
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Scanning tunneling microscopy

Scanning Tunneling i
Microscope Ic:;’eu%:ﬂé"‘:('ls;:)#,' i PP Adds .
Tk X 7 f
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Courtesy: IBM Almaden Lab
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