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Photeluminescence (PL) and cathodoluminesecence (CL) charactenistics of Ce-activated Y.{eSi0; have been in-
vestigated as functions of Ce coneentration and firing condition. According te the X-ray, PL and CL results, Y.3i0s
is found to have two phases depending on the firing temperature. For the specimen fired above 1270°C, the em-
isgion hand peaked at 395 nm with a shoulder at 424 nm under ultraviolet (u.v.) and cathode-ray {c.r.) excitation.
However, for the specimen fired below 1200°C in awr the peak was observed at 424 nm and 1t shifted to longer
wavelength with reduetion level. The veduced specimen for %=0.02 showed the brghtest emission under u.v. ex-
eitation whersas under c.r. excitation the brightest emission was cbserved for the reduced specimen for x=0.06.
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L. Introduction

ow-voltage oxide phosphors with high-efficiency have
L recently regained mueh atfention, because they are
considered as possible alternatives to ZnS-based catho-
doluminescent phosphors for the new low-voltage lu-
minescence applications, such as the field emission dis-
play technology. Oxide phosphors are considered to be su-
perior to commonly used sulfide phosphors in the sta-
bility under high vacuum and to be without corrosive
gas emission under irradiation of cathode ray.

A number of Ce-activated phosphors are known to
show emission with a maximum intensity in the region
of 380 to 560 nm and a relatively short decay time. Two
features of Ce activation are of major significance. Since
the lowest excited siate of Ce™ belongs to the 5d con-
figuration, the radiative transition te the ground state is
Laporte-allowed and therefore extremely fast. The ex-
cited states typically lies some 40,000 cm” ahove the
ground state and this large energy gap makes the pro-
bability of nonradiative deactivation by multiphonon
mechanism almost vanishingly small, so that the quan-
fum yield is often very high. The wavelengths of em-
ission peaks for the Ce-activated yttrium silicates, Y510,
and Y,Si,0;, were reported to be 415 and 385 nm, respec-
tively.” According to the phase diagram of Y.0,-810, sys-
tem, there seem to be only two compounds, namely,
Y.Si0s and Y.81,0;. However, previous investigators re-
ported several compounds to occur in the system?” If
there are several compounds as reported, the PL charac-
teristics of Ce-activated Y;0,-Si0; systemn may vary ap-
preciably with composition and preparation procedure.

Sometimes success in producing good phosphor ma-
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terials can be attributed simaply to the preparation pro-
cedures. Therefore, it was thought to be worthwhile to in-
vestigate the effect of preparation procedure on the pho-
toluminescence characteristics. And furthermore, with in-
creased demands on improving the efficiency of es-
tablished phosphors, 1t is thought that more scientific ap-
proaches to phorphor synthesis have to be developed.

II. Experimental Procedure

Phosphors with the general formula, Y..CeS5i0;, were
prepared by solid-stafe reaction technics with x ranging
fram 0.004 to 0.10. The raw matrials Y0, (Alfa, 99.999%)
and Si0), (Alfa, 99.999%) were weighed 10 an aceuracy of
+0.0 mg, incorporated with CeCl, aqueous solution
(Alfa), hand-mixed under ethanol in an agate martar
and pestle for more than 2 hrs, and allowed to dry. The
dried mixtures were put into a fused silica tube and fir-
ed at temperatures from 1050 to 1600°C for 4 hrs.

A Rigaku diffractometer was used for X-ray diffraction
analysis. The photoluminescence excitation and emission
spectra were obtained with a Amico-Bowman lumines-
cence spectrometer. A powder holder was loaded at a
suitahle angle to the excitation and emission beams to
achieve maximum signal and minimum scattering. Sam-
ples were excited with appropriate radiations. The em-
ission was monitored in the range of 380 to 650 nm to lo-
cate the wavelength of the maximum point in the em-
ission spectra and the excitation wavelenglhs were
scanned in the range of 220 to 380 nm. Attenuators were
used to eliminate the second order Rayleigh scattering of
the excitation wavelength and the monochromator was
operated with a slit width of 4 nm. The CL was measur-
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ed at room temparature using a demountable ultrahigh-
vacuum chamber (107 Torr) equipped with in-house as-
sembled CL spectrometer and a multiple-specimen hold-
er.

III. Results and Discussion

Fig. 1 shows the X-ray diffraction patterns of Y;Si0,
phosphors prepared at various temperatures. Y;5i0s com-
pound is known to have two phases, X,, the low tem-
perature phase,” and X, the high temperature phase”
The crystal structure of X, phase is listed as monochnic,
however, that of X, phase is unknown. The X-ray dif-
fraction pattern of the compound prepared at 1200°C or
below is identical to that of X, phase, and the X-ray dif-
fraction pattern of the compound prepared at 1350°C or
above is virtually identical to that of X, phase. However,
it has been noted that there is always a trace amount of
X, phase in the compound prepared at temperatures
petween 13560 and 1600°C, and the amount of X; phase
decreagses with increasing annealing temperature. It has
also been noted that Xeray diffraction pattern of X,
phase formed at a higher temperature is not affected by
prolonged apnealing of the specimen at a lower tem-
perature (1100°C).

Shown in Figs. 2(a) and 2(b) are excitation and em-
ission spectra of Y,.Ce,5i0; phosphors fired in air at 1100
and 1350°C respectively. In the excitation spectrum of
Y,.Ce, 510, phosphors prepared at 1350°C, four ab-
sorption bands appeared at 357, 301, 264, and 224 nm.
The similar results were observed by the previous in-
vestigators.” However, for Y,.CeSi0; phosphors pre-
pared at 1100°C, the excitation spectrum exhibits two
peaks at 362, and 280 nm. The difference of excitation
spectra of two phases cannot be explained at this mo-
ment.

The overall shape of emission hands did net vary with
X in the composition range investigated. However, a sig-
nificant variation in peak intensities with x was ob-
served. In both phases, the maximum emission in-
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Fig. 1. X-ray diffraction patterns of ¥,SiO; prepared at vari-
ous temperatures.
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tensities were obtained for x=0.02. Y, Ce Si0; fired at un-
specified temperature has been reported to show an em-
ission band with a maxdmum at 415 nm.” However, in
this investigation the specimen fired ail 1100°C (X, phase)
showed a hraad emission band peaking at 424 nm wnder
u.v. excitalion, On the other hand, there seem to be two
components in the emission band of phosphor annealed
at 1350°C, one at about 395 nm and the other at about
424 nm. And ihe emission peak wavelength of the
gecond component 1s cengidered to be the peak
wavelength of X, phase. Based on these results, it is con-
cluded that the 395 nm component is due to the em-
ission of X; phase (Lhe high temperature phase} and the
424 nm component to the emission of X, phase {the low
temperature phase).

To ivestigate the effect of reducing atmosphere on the
PL characteristics, ¥..Ce,Si0, phosphors were prepared
at 1100°C in various atmospheres. Some typical ex-
citation and emission spectra are given in Fig. 3. Note
that there is a significant overall increase in the em-
ission intensity for the phosphor annealed in the most
redueing atmosphere (80% N,-10% H,} as compared with
the phosphors annealed in air or N, It is well kmown
that Ce,0; is converted spontaneously to CeO, in air.”
Therefore, a great number of Ce ions in ¥,.Ce 510, phos-
phor prepared in air are thought to exist in the state of
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Fig. 2. PL excitation and emssion spectra of Y,,Ce 810, pre-
pared in air at (a) 1350 and {(b) 1100°C.
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Fig. 3. PL excitation and emission spectra of Y:,Cey,Si0;
fired at 1100°C for 4 hrs in various atmospheres,
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Fig. 4. PL spectra of Y,,CeSi0; as a function of x (reduced
in atmosphere of 90% N,-10% H. ai 1100°C for 4 hrs).

Ce". When the specimen is reduced in most of Ce® ions
in 90% Np-10% H, atmosphere, ¥,,Ce,5i0, phosphor are
considered to be reduced to Ce™ ions. Because only Ce®
ion can emit blue light, it can be concuded that the in-
crease in the emission intensity for the phosphor an-
nealed in the most reducing atmosphere (90% N,-10% H,)
is due to the increase of Ce" ions during the reduction
firing.

Additionally, as can be seen in Fig 8, Au.. shifted from
424 to 438 nm with reduction level for the phosphor fir-
ed at 1100°C. However, the reason for the shift of A, 18
not clear. On the other hand, A,. for the phosphor fired
at 1350°C or higher, was nat affected by reduction treat-
ment.

In Fig. 4, PL spectra of Y,,Ce,5i0; annealed at 1100°C
in reducing atmosphere of 90% N,-10% H; are shown as
a function of z. It is seen that A, of Y..Ce,Si0, shifts
from 428 to 447 nm as x varies from 0.005 to 0.1 and the
maximum intensity is observed for x=0.02.

Shown in Fig. 5 are the CL spectra of Y,,.Ce,Si0, fired
at 1100°C in reducing atmosphere (90% N,-10% H,) and
Yol 310, fired at 1350°C in air. The overall x de-
pendence of energy distribution is virtually the same as
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Fig. 5. CL. spectra of Y,,CeSiO; fired in reducing at-
mosphere of 90% N,-10% H; at 1100°C and Y, ,:Cey 08105 fir-
ed in air at 1350°C.

that observed under u.v. excitation except for the slight
increase of the 424 nm eomponent for the specimen fired
at 1350°C. The emission spectra of phosphor fired at
1100°C exhibit a single emission band with a maximum
in the range of 436 to 447 nm. The similar results were
observed by previous investigators.” The hrightest em-
ission was observed for x=0.06. For higher values of %, in-
tensity decreased with x (not shown). However, Au. con-
tinuously shifted toward longer wavelength with x in the
composition range investigated.

IV. Summary

Photoluminescence and cathodoluminescence of Y,.Ce, .
3105 have been found te be strongly dependent on x and
the firing condition. Y,,CeSi0, was found to have two
phases, X, and X,. For the specimen fired above 1270°C
(X; phase), the peak wavelength, heing at 395 nm, under
w.v. excitation was independent of x and reduction level.
However, for the specimen fired in air at 1200°C or be-
low (X, phase), the peak was observed at 424 nm and it
shifted to longer wavelength with reduction level. And
further, it was found that under intensive reduction heat
treatment, the peak shifted to longer wavelength with x.
The overall emission intensity has been found to be sig-
nificantly enhanced by reduction heat treatment. The
reduced specimen for x=0.02 showed the brightest em-
ission under u.v, excitation whereas under c.r. excitation
the brightest emission was ohserved for the reduced
specimen for x=0.06.
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