
J. Light & Vis. Env. Vol.32, No.2, 2008 129 

Pa pe-

High Efficiency Nitride Based Phosphors 'tor White LEDS 

Y.Q. LI*'** and H.T. HiNTZEN* 

tDepartuent of Chemical Engineering 8nd Chenistry Eindhoven Uhiversity of Teibnology 

-NationallnstituteforMaterials Science 

Received December 13, 2007, Accepted January 21, 2008 

ABSTRACT 
in this overview paper, novel rare~;arth doped silicon nitride based phosphors forwhite LEDS app]ications have been 

2+ demonstrated. The lvminescenoe properties of orange-red~mitting phosphors (M2Si5N8:Eu ) and green-t0+yellow 
emitting phosphors (MSi2N202:Ev2+, M = Ca, Sr, Ba) aTe discvssed in detaii with a focus on the relatonship beiween 

tfle properties and structures. With high conversion efficiency in the near UVlblue region, along with high 

chemioaVphysical stability, Eu2･ - and Ce~ - activated alkaline>earth silicon nitride and oxynitride materia]s are 

excellent wavelength~onversion phosphors for white LEDs. 
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1. In:troducition 

Recently, bre akthroughs in inorganic light emitting 

diodes (LEDS) technologyD2) are significantly catelyzing 

the development of energy~eiicient and long lifetime solid-

state lighting (SSL). Sohd-state lightmg technology has 

now aheady penetrated in a variety of specialty 
applications, in effect, LEDS have completely cbanged the 

"world of luminance" , for exanrple automobile brake lights, 

traf~c signals, liquid crystal displays and mobile 

backlights, flashlights and all mamer of architectural 

sp otlightsP･) . In parti*cular, the invention of high-ef~ciency 

blue-emitting InGaN-based LEDS makes realization of 

efficient, full-spechium white-lig:ht LEDs for general 

illumination possible by using conversion phosphors, and 

wll bring about a revolution in lighting industry~) . 

However, the excitation sources in LEDS are quite 
diffierent from the traditional sour~s, such as mercury 

gas-discharge. Thus only a very limited number of present 

phosphors can meet the mininum requirements for 
white-light LED applications. Most traditional phosphox:s 

carft be e~iciently excited above 400 nm. In order to 

obtain high efficiency and better color rendering LEDs, 

the development of suitable green-, yellow- and red-

emitting phosphors is the great challenge. As a eonversion 

phosphor for white phosphol'-converted LEDs, a strong 

abso'rption in the blue or near-uv re gion and a highly 

e~icient conve~sion for re-eroission into the green, yelbw 

and red light are required. Therefore, to modify existing 

and explore new phosphor materials with improved 
properties for use in white LEDS is extremely urgent. 

Fortunately, a new dass of inorganic phosphors, viz. 

rare-earth-doped-silicon-nitride based materials, has been 

invented and attractcd much attention in recent years 

due to their high chemical and theunal stability, as well as 

their unusual luminescence properties compared to oxide, 

sulphide and balide based phosphors or their 
combinations. It is just the presence of nitrogen in the host 

lattice that makes the rare-earth ions exhi'bit unique 

optical properties because of their bigh covalency 
(nephelauxetic eff'ect) and large crystal field splitting~") . 

In this paper, we will describe some of our research 

projects on novel rare-earth acti'vated s:iilicon nitride based 

materials with an emphasis on the luminescen~ 
properties of Eu2*- and Ce3+-doped akaline-earth sihoon 

nitride and oxynitride phosphors for white -LED 
a p plications. 

2. Experimental approaches 

Rare earth doped s~icon nitride, oxynitride and 

carbide -nitride materials were synthesized starting from 

akaline -earth metals and/or oxides, silicon nitride , 

aluniinum nitride , s~icon carbide and rare-earth nitrides 

cr oxides by a solid- state reaction at high temperature 

ranging from 1300-1650 'C in a N2/H2 atmosphere. The 

phase composition and (:~~rstal structure were detelmined 

by the powder X-ray di~fraction techniques. 
Photoluminescen~ properties were measured at room 

temperature by a Perkin Elmer LS 50B 
spectrophotcmeter equipped with a Xe flash lamp. The 
conversion ~.e. quantun) efiiciency of the luminescence 

was estirnated by dr'viding the luminescen~ intensity by 

the measured absorption of 465 nm radiation, and 
comp aring the result with the value corresp ondingly 
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