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& Lighting accounts for 19% of electricity
consumption world wide and 14% in the
EU

The importance of the lighting sector

Global CO, emission

© Other ® Lighting

% It is responsible for 6-8% of global
greenhouse emissions
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Global lighting products market trends
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LED
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:
& LED technology is forecasted to be the leading technology on global lighting products

by 2020
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Towards the LED technology
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Why LED?

PERFORMANCE

LEDs are more
Long life up to and LEDs offer greater energy efficient.
beyond 20,000 color mixing. Compact size
hours. L[Qfe Coupled with
lifetime — Combined with Shock resistant longevity, LED
compact size, offers Instant on/off bulbs = fewer
wide range of lamps required to
The energy design 0p§ions. bepdispgsed of.
consumed by one
LED is the

equivalent of 50
halogen bulbs.
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"~ Why LED?
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Inside the LED

Junction
temperature (T')
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Inside the LED
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How do we obtain the white emission?
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Red + Green + Blue LEDs
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UV LED + RGB Phosphor
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Red + Green + Blue LED:

R+G+B LED S

®* 9
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http://slidehunter.com/

UV LED + RGB phosphors

* White point determined by

phosphors ONLY!

* Excellent color rendering

possible!

* “Simple to manufacture!”

» Temperature stability of
phosphors.

* Potential for damaging UV
light leakage!

« Efficient UV LED pumped

phosphor not available yet!

- high costs

CFL work in this configuration!

UV LED + RGB Phosphor

JV LED + RGB phosphor



C L I . . . I
- CFL working principle
\ p oo, "»\

\ Cap Stem Resistor Starting Electrode  Fluorescent Coating Top Support

(=1 _, ~~~~~

Solder Support Frame ~ Main Electrode ~ Arc Tube  Argon + Mercury  Nitrogen Fill

Visable Radiation
Ultraviolet Radiation
Electrode
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Blue LED +Y phosphor

N

* Simple and single Yellow
phosphor

* Decent color rendering *
“Simple to manufacture!”

» Temperature stability of
phosphors.

’

* Limits on efficiency due to
phosphor conversion
efficiency

* Better color rendering

« Ubiquity of Ce:YAG
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White LED

GaN or InGaN LED Ce:YAG
r—)% -
epoxy resin lens
Additive mixing of the spectral
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Criticisms
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Supply risk

Critical raw materials list

& 20 ‘critical raw materials' for the whole EU economy based on:
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> Supply risk
PPty o

U CRITICALITY

MATRIX - 2014

a
Light Rare Earth Elements

® e Niobium Antimany
s Matural Graphite .
® Magnesite
Germanium Tungsten e
Indi Fluorspar
o @ Indium obalt 0 pa
Barytes » o .
Seryliium e Silicon metal .
. Coking coal
o Phnsphgte Rock ® Platinum Group Metals ®
Scandium Loraie &
=] (=] a o i
Rhenium Malybdenum Tin Matural rubber Chrornlug
O Silvor Lithiurn Tarizum Wanaum
+} o [+]
Feldspar Gypsum & [+] Mangensse Bavmito
Bantanite @ o QO Limestone Iman O Q Hafrium Zinc O
o Caso Ticd Slica sand © Alminum
Diatomite © [+] Perlile Sann Softwood @ Titanium [+] © Tallurium [+] [+] O Midke!
o Ginld o Capper Salenum Patazh
Pulpwood
e
/

Economic importance




éCriticisms

Contained REO tonnes

Annual Rare Earth Oxide Production

Production Data Source: USGS
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Criticisms

Main actors in LED lighting supply chain.!

Europe North America —Asta-
‘ REE Production --- --- 95-99% China >
OSRAM Sptogam: 75- 80 % Asia
LED Manufacturing Philips LumiLed
Valtavalo Nichia, Edison Opto, Epistar
OSRAM

Samsung LED,Nichia, Epistar, Toshiba,

LED A bl Philips Lighti Ge Lighti
ssembly ilips Lighting € Lighting Sharp, LG electronics

Havells-Sylvania

Toxic Lake in Baotou (China)
About 75 % world production of rare earths
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Critical materials for low-carbon
. technologies

Medium-term
(2015-2025)

% 5 critical
materials

, U.S. DEPARTMENT OF

& Five materials (rare earths) are assessed critical in both EU and US
economies

& Several other materials are assessed medium-high critical (e.g. graphite, Re, Hf, Ge, Pt, In)
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How can we tailor new suitable
phosphors?



Phosphor requirements

|. The emission spectrum, in combination with the emission of the other
components (LED, other phosphors), leads to a white emission with a specific
color rendering (CRI) and color temperature (CCT).

2.The excitation spectrum matches the pumping LED emission.

3. The quantum efficiency approaches unity, thus maximizing the overall
electrical-to-optical conversion efficiency of the entire LED-phosphor package.

4. The emission does not saturate at high pumping fluxes (meaning PL decay
times of much faster than I ms).

5. The emission spectrum, excitation spectrum and high quantum efficiency do
not vary and degrade at elevated working temperature, humid conditions, high
current or luminous density.

6.The chemical and temperature stability are excellent.
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Excitation wavelength

Phosphor(s)
(nm)
460 Y;AlO,,:Ce3* 71
460 Y;AIO,,:Ce?*, Sr,SicNg:Eu2* 80
460 Y;AILO,,:Ce3", Sr[LIALN,J:Euz* | 90
455 SrSi,O,N,:Eu?*, CaSiN,:Ce3* 91
BaSi,O,N,:Eu?*,[3-
455 SiAION:Eu?*,Ca-a-SiAION:Eu?*, 96
CaAlSiN;:Eu?*
BaMgAl ,O,-:Eu?*,
365 &MNoYi7 9
Cagla(PO,),:Eu?*,Mn?*
350-450 Ba,_ Sr SiOEu2+ 80
495 SrGa2S4:Eu2+ 80
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Main drawbacks

Nitride phosphors require extreme and
expensive preparation conditions, including
high temperature and high nitrogen
pressures.

Fluorescence reabsorption and non-
uniformity of luminescent properties.

- Sulfide phosphors present strong emission
quenching with temperature

- hydrophobicity, hydrolysis

- toxicity of the hydrolysis products (H2S gas)
hinders commercial application




New matrices with reduced content

of REE

manifold.

the emission bands are relatively broad.

e The emission of rare earth ions is generally due to optical transitions within the f-

* In case of Eu2+ and Ce3+the recombination is related to 5d—4f optical transitions

The unique electronic configuration of REE allows
to retain their spectral properties irrespective of
the host matrix
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Alternatives

* Nanosized inorganic
o Colloidal quantum dot

> Nano carbon emitters

ZnCdS-ZnS CdSe-ZnS CdZnSe
ZnSe-CdSe-ZnS

° Perovskite Crystals

e Organic phosphors
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Drawbacks \‘l

e Short term stability

* The best performance were obtained in

Cd-based QD
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|
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Carbon nanodots

§
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Organometal halide perovskite
Pe-LED

F8
CHzNH,Pbl,,Cl,

TiO, ﬁ ITO

—Glass substrate

Electroluminescence

e

500 600 700 800

Wavelength (nm)
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Perovskite as phosphors in
InGaN based white LED
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Drawbacks

oY

e Short term stability
e Quantum efficiency

e Large use of Lead




Organic Phosphors

« High Efficiency
* Free from CRM
* Relative Low growth
temperature (<500 °C)

* Low Thermal Stability
» Generally working in
solution (quenching effect)




Stability

40 4
50
\
1 304 \ 40 -
] \_ Temperature range for remote phosphor
~ :
< =: I
« | —=— phosphor 1 30
o 204 —a— phosphor 2 X
= —s— phosphor 3
= phosp > 204
cl ~__ B 20 @
o e
1 0 - B e,
o 10
b (b)
\ 0 T T T T T T T
0 : T T T T 1 60 80 100 120 140 160 180
25 50 75 100 125 150 Temperature (- C)
Temperature (°C)

The temperature close to the junction reaches 300 °C !!!
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New class of organic phosphors

Pl Intensity (arb.units)
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Alternatives to InGaN based LED
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Electroluminescent alternatives
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3 Dimensional hybrid concept

p- or un-
5xInGaN/Ga

SiOx Mask

un-GaN S

apphire subst

n-GaN Core
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Conclusions

The research of new solution for lighting system is open
New phosphors as well new design for LED are needed
The research should take care the whole process for

effective solutions
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