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Abstract

There is provided white light illumination system 
including a radiation source, a first luminescent 
material having a peak emission wavelength of about 
575 to about 620 nm, a second luminescent material 
having a peak emission wavelength of about 495 to 
about 550 nm, which is different from the first 
luminescent material and a third luminescent material 
having a peak emission wavelength of about 420 to 
about 480 nm, which is different from the first and 
second luminescent materials. The LED may be a UV 
LED and the luminescent materials may be a blend of 
three phosphors. A human observer perceives the 
combination of the blue, green and red phosphor 
emissions as white light. 

1. Introduction 

This invention relates generally to a white light 
illumination system, and specifically to a ceramic 
phosphor blend for converting UV radiation emitted 
by a light emitting diode(LED) to white light. White 
light emitting LEDs are used as a backlight in liquid 
crystal displays and as a replacement for small 
conventional lamps and fluorescent lamps. White 
light LEDs are fabricated by forming a ceramic 
phosphor layer on the output surface of a blue light 
emitting semiconductor LED. Conventionally, the 
blue LED is an InGaN single quantum well LED and 
the phosphor is a cerium doped yttrium aluminum 
garnet(YAG:Ce).[1] 

The blue light emitted by the LED excites the 
phosphor, causing it to emit yellow light. The blue 
light emitted by the LED is transmitted through the 
phosphor and is mixed with the yellow light emitted 
by the phosphor. The viewer perceives the mixture of 
blue and yellow light as white light. Recently, there 

has been interest in creating a white source using a 
UV-emitting LED to excite a RGB-emitting 
phosphors.[2,3] The UV light is completely adsorbed 
by the phosphors, and the mixed RGB light output 
appears white. The UV LED approach has the 
advantage that color can be controlled by the 
phosphor mix at least at one point in time and at one 
temperature, so color rendering should be excellent. 
However, there are a few inorganic RGB phosphors 
with environmental stability and non-toxicity that 
have significant emission in the 380~430 nm 
excitation range. 

In this paper, we are mainly discussing power 
LEDs, the obvious major application is in 
illumination, and therefore, solutions with high color 
rendering are the most wanted. There are different 
“whites”, “warm white”, and “cold white” being the 
most common descriptions. For almost one century, 
incandescent lamps have been the only light source. 
Low light levels are usually associated with 
“ warmer” white, as the color temperature decreases 
during dimming. Scientifically, all chromaticties 
corresponding to black body spectra making up the 
planckian locus are “whites”. A color near to this 
locus, a “white”, is commonly characterized by a 
CCT(correlated color temperature) and a deviation of 
its chromaticity from the planckian locus. 

2. Experiments 

Powder samples with the general formula (Sr3-

xEux)MgSi2O8 , (Sr2-xEux)SiO4 and SrS:Eu were 
prepared by solid-state reaction. The stating materials 
used in the preparation of this phosphor were powders 
greater than 99.9% pure of SrCO3, SiO2, MgO, SrS, 
and Eu2O3. Preweighed powders were mixed 
thoroughly in acetone in an agate mortar and dried at 
130oC for about 24 h to drive off the solvent and 
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successively heat-treated at several conditions of 
temperature and duration time, followed by an 
additional grinding and firing in a reduction 
atmosphere. At this time the gas flow was adjusted to 
yield a mixture of 4 vol nitrogen to 1 vol hydrogen. 

 The excitation and emission spectra of the fired 
samples were measured with a Perkin-Elmer LS-50 
luminescence spectrometer with a xenon flash lamp 
( 1/2 = 10 ). To investigate the white luminescent 
LEDs of Eu2+ -doped [Sr3MgSi2O8 + Sr2SiO4 + SrS] 
phosphor, white luminescence conversion LEDs were 
fabricated. Based on standard LED technology, 
InGaN-based [Sr3MgSi2O8:Eu2+ + Sr2SiO4:Eu2+ + 
SrS:Eu2+] white LEDs were encapsulated in a 
transparent epoxy resin. The emission spectra of an 
InGaN-based [Sr3MgSi2O8:Eu2+ + Sr2SiO4:Eu2+ + 
SrS:Eu2+] under a forward bias of 20 mA were 
measured using a 50 cm single-grating 
monochrometer. 

3. Results 

The PL emission spectra of individual single color 
silicate phosphors [Sr3MgSi2O8:Eu2+(blue),
Sr2SiO4:Eu2+(green), SrS:Eu2+(red)] are shown in 
Figure 1. [4.5] 

Fig. 1. Photoluminescence spectra of individual 
red (SrS:Eu), green (Sr2SiO4:Eu), and blue 
(Sr3MgSi2O8:Eu) phosphor 

At 405nm excitation, they emit broad bands in the 
blue, green and yellow-orange spectral range. In order 
to investigate the development of the warm-white 

LEDs, we have fabricated a LED lamp through the 
integration of the InGaN UV LED chip ( em = 405 
nm) and the three-phosphor blend into a single 
package as shown in Figure 2. As shown in this 
figure, four distinct emission bands from the InGaN-
based LED chip and the three-phosphor blends are 
clearly resolved. The 405 nm emission band is due to 
a radiative recombination from an InGaN active layer.    
This emission was used as an excitation source of the 
three-phosphor blend. These mixed emission bands 
combine to give a spectrum that appears white light to 
the naked eye. The color rending index (CRI) of a 
InGaN-based YAG:Ce LED is about 75 which is a 
limitation to use a general illumination. When the 
UV-LED is used as the primary light source, mixtures 
of RGB-phosphors achieve a particularly good color 
rendering of over 90.  

Fig. 2. White emission spectrum from a tri-
chromatic LED embracing a UV pump LED and 
three phosphors. The photograph of a white light-
emitting InGaN-based three phosphor blend LED 
lamp under a 20 mA drive current is shown in the 
inset of this Fig. 

 Figure 3 shows the CIE chromaticity coordinates of 
the colors which can be represented by the white light 
emitting diode made by combining the InGaN UV-
LED and the fluorescent silicate materials with 
different amounts of concentration. Loading an 
increasing amount of UV light into phosphor emission, 
one moves from the UV chromaticity point of the 
energy source on a straight line to the chromaticity of 
the phosphor. As the concentration of fluorescent 
material increases, the color of light emitted by this 
white emitting diode corresponds to a point on a 
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straight line connecting a point of chromaticity 
generated by the InGaN LED and a point of 
chromaticity generated by the fluorescent material, 
and therefore the wide white color region in the color 
rank portion of the chromaticity can be covered by 
using a three-phosphor blend. 
 This CIE chromaticity shown has been adjusted for 
good “white”, i.e., a chromaticity on the blackbody 
locus. 

Fig. 3. CIE chromaticity coordinates of InGaN-
based three phosphor blend LED.

4. Conclusion 

By employing three phosphors, Eu2+-activated 
Sr3MgSi2O, Sr2SiO4 and SrS, the color rendering of 
over 90 and the luminous efficacy is about 24 lm/W, 
which is slightly higher than that of the industrially 
available InGaN-based YAG:Ce LED (in this case, 
22.5 lm/W). This makes it possible to make a light 
emitting diode capable of emitting warm-white of the 
desired general illumination. 
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