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Abstract ; LiEuW,0, phosphor was prepared with lithium carbonate, europium oxide and tungsten oxide. The spec-

tral properties and morphology were exhibited by fluorescence spectrometer and SEM, respectively. The result showed

that there is a wide excitation spectrum of this phosphor being suitable for LED chips with near-ultraviolet( NUV) ,

blue or green emission. lts emission peak locates at 615 nm, and the emission chromaticity coordinates are x =

0.666,y = 0. 331; Milling obviously impacts on its morphology. Sulfide phosphor and LiEuW,Og phosphor were

encapsulated, respectively, to compare their properties, the result showed that the latter can also decrease color

temperature, and more importantly,the luminous efficiency is less affected, it can keep 60 Im/W above when color

temperature is 4 000 K.
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1 Introduction

With the advantages of long lifetime , saving en-
ergy consumption, environmental-friendly characte-
ristics, light-emitting diode ( LED) has been paid
more and more attention in resent years. Especially,
white LED ( WLED ) promoted by many countries
and many large companies and develops very rapidly.
At present, the most common and convenient method
to obtain the white light is combining a yellow-emit-
ting phosphor, for example, trivalent cerium activa-
ted yttrium aluminum garnet ( YAG: Ce’" ) wave-
length converter, with a GaN blue LED chip. How-
ever, there are some problems for such “Blue +
Yellow: white LEDs”, such as high color tempera-
ture, low color rendering index, but from the view of
vision theory, the light with low color temperature is
more favorable to the human eyes, furthermore high

color rendering index can reduce visual illusion. To
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solve the two problems, the best method is that
adding red phosphor in yellow’s when packaging.
There are two kinds of red phosphor suitable for low
color temperature; sulfide and nitride. However,
sulfide has insurmountable shortcomings: deliques-
cent, unstable; but for nitride it is high price though
it has overcome the sulfide’s shortcomings. Many
manufactures engaged in package can’t bear so high
price. At present, it is urgent to develop a new red
phosphor with high stability and low price suitable
for low color temperature WLED.

The tungstate and molybdate red phosphor as
new systems have gotten more and more attention in
resent years'' "'’ They can be excited by NUV,
blue light and green light while the excitation peaks
are at 395 nm, 462 nm and 530 nm. The two phos-
phors can emit bright red light when excited by the
above three wave band. In addition, tungstate and

molybdate themselves have other advantages like:
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good stability, excellent thermal conductivity. From
the above, we can conclude that they have broad
prospects of research and application. The tungstate

phosphor will be the research emphasis in this paper.

2 Experiments

2.1 Preparation of LIEuW,O; by Solid State
Method
The starting materials include 99.99% purity
Eu,0,, 99.99% = 97%
Li,CO, and analytical reagent grade H,BO, and

purity WO, , purity
alcohol. Fig. 1 is the flow scheme for the process of
preparing LiEuW,0O,. Firstly, weighing 19. 07 g
Li,CO,, 88 g Eu,0,,116 g WO,, 6.69 g H,BO,
and 600 mL alcohol accurately. Secondly, the mate-
rials were mixed together in a ceramic jar with 1 kg
agate ball, then milling for 24 h. Thirdly, the mix-
ture was taken out to dry, afterwards it was sieved
5 ~7 times ( the more the better). At last, the
mixture was put into high temperature furnace at

800 ~1 000 °C for 3 ~4 h.

Li,COs, Eu,0;, WO, HiBO; Drying

{Milling for 24 h‘ >

|lncandesce“;| Sieving 5~7times "

Fig. 1 The synthesis procedure of LiEuW,Oq by solid state
method

2.2 Measurements

The structure of sample was examined by X-ray
powder diffraction using Cu Ko radiation on a
RIGAKU D max/RB X-ray diffractometer. The mor-
phology and particle size of the phosphor were ob-
served using JSM-5900 ( JEOL, Japan) scan electron
microscope. The spectra were measured at room
temperature on a Donan 98 ( Southeast University,
China ) luminescence spectrophotometer equipped
with a xenon discharge lamp as an excitation source.
The LED encapsulated with LiEuW,0, was tested by
ZW1.3938 LED testing system ( Hangzhou Zhongwei.

Ltd. , China).

3 Results and Discussion

The XRD patterns of LIEuW,Oq are shown in

Fig.2. The curve shows that LiEuW, Oy is of single
phase and consistent with that given in JCPDS 25-
0828 [ Na, sGd, sMoO, ]. Tt reveals that LiEuW,0y
has a scheelite structure with space group I4,/a, the
unit cell parameters are @ =0.520 8 nm, ¢ =1.128 2
nm. In this structure, Li* and Eu’”
sites;  W°'  fills

. Due to the low temperature, the diffraction

occupy eight-

coordinated four-coordinated

sites
intensity of the sample prepared at 800 C was wea-

ker than that prepared at other three temperatures.
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Fig.2 XRD patterns of LiEuW, Og phosphor prepared at dif-

ferent temperatures

Fig. 3 shows excitation and emission spectra of
LiEuW,O,. The excitation spectrum [ Fig. 3 (a) ]
roughly contains four absorption peaks. In the short
wavelength range, there is a wide excitation band at
280 ~330 nm, which can be assigned to the charge
transfer transitions of WO; ™ and Eu—O. The curves
in 360 ~530 nm range are intra-configurationally 4{-
4Af transitions of Eu’* in the host lattices, and three
of the stronger absorptions are at 395,462 and 530
nm, which is attributable to the "F,—L and "F,—’D,
transitions of Eu’" for the former two, respectively.
The excitation mechanism near 530 nm is still un-
clear. From the excitation spectra, it is known that
LiEuW, Oy as a potential red phosphor for LED can
match with various LED, such as NUV chip, blue-
and green-lighting chip.

Fig.3(b) is the emission spectra of LIEuW, O,
prepared at different temperatures. These lines show
that the luminous intensity increases gradually with
sintering temperature from 800 °C to 850 °C, then
decreases slowly from 850 °C to 950 °C , and the in-
tensity reaches a maximum value at 850 °C. The

sharp and position of the peak don’t change with the
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sintering temperature changing. In the emission
spectra of LiEuW,Oq, the strongest emission peak is
°D,-'F, transition of Eu’" at 615 nm, and other f-f

.. 3
transitions of Eu’ "

are very weak, but they are advan-
tageous to enhance the color-rendering index.

Of the phosphor and to obtain good CIE chro-
maticity coordinates. The CIE chromaticity coordi-
nates for LiEuW, Oy are x =0.666 5 ~0.668 0, y =
0.330 5 ~0.332 0, which is close to the NTSC
( National Television Standard Committee) standard
values.

Sulfide and nitride are two kinds of red phos-
phor for LED used past and now'" "', They both
have wide excitation and emission spectra. The exci-
tation spectrum of CaS: Eu locates in 450 ~550 nm,
and emission spectrum locates in 620 ~ 690 nm,
while excitation spectrum of nitride locates in 375 ~
480, with its emission spectrum locates in 575 ~ 675
nm. From perspective of spectrum both of them are
very suitable for low color temperature LED, but for
their insurmountable shortcomings: deliquescent,
unstable, high price. Sulfide has been disappearing
gradually ; the market of nitride is difficult to expand
rapidly. Compared with them, LiEuW,O4 phosphor

not only overcomes the disadvantages, but also posses
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Fig.3 Excitation spectrum (a) and emission spectrum (b)

of LiEuW, O4 phosphor

their partial advantages. The only problem is that
the use amount will be more than the above two
when packaging.

Good morphology and proper particle size are
considered to be a key technology to improve the
phosphor brightness. Theory regards the phosphor
particles in spherical or regular polyhedron are best
to package. The luminous efficiency of LED will in-
crease obviously if this phosphor was used in pack-
age because of their high bulk density, excellent lat-
tice integrality. This is also the main reason of spray
paralysis developing so rapidly in resent years. The
sizes of particle have an important influence on
package. In LED package, the big particles ( >40
m) are easy to precipitate, leading to poor optical-
consistency; the crystal lattice of small particle ( <5
wm) is destroyed seriously, leading to low luminous
efficiency. Summarizing the above, we consider that
the phosphors used in LED package should not be
too large or too small; 15 ~30 pwm may be the best
size for high-power LED.

Fig. 4 is the SEM images of LiEuW,O; phos-
phor prepared at 850 °C. In the two images, the par-
ticle size is uneven, the sharp is irregular, and the
small particles are sintered to be larger lumps (3 ~ 10

pm). Milling is the main reason leading to this result.

Fig.4 SEM images of LiEuW,Og4 phosphor prepared at 850
°C,(a)l 600 times;(b)5 000 times.
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It must to improve the grinding and classification
method if we want to get suitable particle size.

In LED package, the different ratio between
red phosphor and yellow phosphor leads to different
luminous efficiency, color temperature, color-ren-
dering index. In general case, the more amount of
red phosphor, the lower luminous efficiency and color
temperature, the higher color-rendering index, so
each parameter should be considered comprehensive
for package. In order to test the package performance
of LiEuW, 04 phosphor, the mass ratio between silica
and phosphor (red + yellow) is fixed as 0.5:0.2;
the mass ratio between red phosphor and yellow
phosphor is adjustable. The specific proportions are
shown in Table 1. For comparison, the package per-

formance of sulfide is also studied under the same

condition.

According to Table 1, taking the ratios to pac-
kage and test, the results are shown in Table 2 and
Table 3.

Table 1 The proportion of YAG and LiEuW,O; ( or
CaS: Eu) phosphor g
Number YAG LiEuW, O

1 0.200 0

2 0.167 0.033
3 0.143 0.057
4 0.125 0.075
5 0.111 0.089
6 0.100 0.100
7 0 0.200

Table 2 The package results with different LIEuW, O, ratios

Number Luminous Efficiency/(Im + W ") Color Coordinate(x,y)  Color temperature/K  Color-rendering index
1 77.8 0.307 0, 0.329 2 6 824 74
2 70.0 0.3271, 0.358 0 5722 73
3 68.0 0.3532,0.399 1 4 888 74
4 67.9 0.353 1, 0.401 4 4 892 74
5 67.8 0.3770, 0.4356 4 418 75
6 65.2 0.3889, 0.457 6 4 256 76
7 10.5 0.1510, 0.0325 / /
Table 3 The package results with different CaS: Eu ratios
Number Luminous Efficiency/(Im + W ') Color Coordinate(x,y)  Color temperature/K  Color-rendering index
1 77.8 0.307 0, 0.329 2 6 824 74
2 44.41 0.376 1, 0.388 3 4 344 78
3 36.11 0.461 0, 0.460 0 3043 80
4 34.25 0.4129, 0.379 5 3243 82
5 27.17 0.484 4, 0.398 8 2 424 85
6 25.8 0.478 6, 0.390 4 2 307 86
7 5.1 0.472 4, 0.186 7 1 001 /

As shown in Table 2, the luminous efficiency is
declined gradually from 77. 8 Im/W to 65.2 lm/W
followed the color temperature declined from 6 824 K
to 4 256 K while the amount of LiEuW, Oy increased
from 0. 02 g to 0. 10 g. The color-rendering index

has little change. The luminous efficiency of CaS:

Eu declined from 77. 8 Im/W to 25. 8 Im/W, and
the color temperature declined from 6 824 K to 2 307
K followed the color-rendering index increased from
74 to 86 under the same condition as in Table 1.
Comparing the seventh group in the two tables, the

luminous efficiency of latter is only half of the for-
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mer, when they are encapsulated individually. By
comparing with each other, we can conclude that
LiEuW, O, has little influence on luminous efficien-
cy, even it takes a half, this is a most important ad-
vantage, it can decrease the color temperature effec-
tively; the sulfide has a serious influence on lumi-
nous efficiency, it is only one third of the initial va-
lue when the ratio reaches 50% , but on the other
hand, it is effective to decrease the color tempera-

ture and increase the color-rendering index.

prepared by solid state reaction. And its structure,
luminescent property, morphology were investigated.
The emission intensity reaches the highest at 850 °C
with good color purity. The particles agglomerate ob-
viously and the sizes are uneven and small. The
package results shown that LiEuW, O, phosphor had
little influence on luminous efficiency and color-ren-
dering index, certain influence on color tempera-
ture. Its stability is more higher than CaS: Eu.
Therefore, the LiEuW,O, phosphor may be a good

. candidate for the red component of the white LED.
4 Conclusion . :
In addition, To improve the fluorescence quantum

The red phosphor, LiEuW, O phosphor was yield is still the most important task at present.
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