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Abstract The phosphors Y0.95–xMxEu0.05B1–yRyO3:Eu3+

(M = Ca, Sr, Ba, Zn, Al, 0 £ x £ 0.1; R = Si, P,

0 £ y £ 0.1) are successfully synthesized by solid-state

reaction. All the solid samples are identified as isomorphs.

Their luminescent properties are studied under UV and

VUV excitation. With the incorporation of metallic or

nonmetallic cations, the chromaticity of YBO3:Eu3+ is

remarkably improved as well as the luminescent intensity

increased. When 10% of Al3+ is doped into YBO3 host

lattice, the best ratio of the red emission at 610 nm to the

orange one at 591 nm is obtained and the luminescent

intensity increased simultaneously. The reason is analyzed,

and can be explained by the decrease of the symmetry

around Eu3+ site in YBO3 host lattice.

Introduction

Over the last few years, more and more attention has been

focused on plasma display panels (PDPs). It is regarded as

the most promising candidates for large sized flat panel

displays (FPD) [1]. Tricolor inorganic luminescent mate-

rials are used in PDP to emit red, green and blue light. Both

high luminescent efficiency and good color purity are

required for PDP and Hg-free lamp phosphors. As far as

red phosphor is concerned, (Y,Gd)BO3:Eu3+ is widely used

today, but its main emission peak is at about 591 nm,

leading to a poor chromaticity [2]. In order to achieve a

good picture quality, the search for improving current

phosphors or developing new red PDP phosphors is

urgently required.

The pure red emission, which can be obtained from
5D0 fi 7F2 transition of Eu3+ is hypersensitive to the lattice

symmetry of the host crystal and will be relatively strong if

the symmetry of the crystal is low, this is consistent with

Judd-Ofelt theory [3]. The Eu3+ ions in (Y,Gd)BO3:Eu3+

Occupy an inversion symmetry, so the transition of
5D0 fi 7F1 (591 nm) is predominated. Accordingly,

YBO3:Eu3+ nanocrystals are prepared to improve the

chromaticity, but the luminescent efficiency is reduced

greatly at the same time [4]. Recently, much research has

been done to find new red phosphors [5–8], whereas their

luminescent efficiency is not satisfied. We try to solve the

chromaticity disadvantage of (Y,Gd)BO3:Eu3+ and

improve the luminescent efficiency at the same time.

Introducing other atoms into orthoborate host may be an

interesting method to reduce its crystal symmetry.

Elements such as Ca, Sr, Ba, Zn, Al, Si, P are selected as

dopants because of their wide application in luminescent

host materials. Due to their different ionic radius from that

of Y or B ion, the crystal lattice can be disordered, and the

high symmetry around Eu3+ site can be destroyed.

In this paper, Y0.95–xMxEu0.05B1–yRyO3:Eu3+ (M = Ca,

Sr, Ba, Zn, Al, 0 £ x £ 0.1; R = Si, P, 0 £ y £ 0.1)

are prepared by solid-state reaction. Their luminescent

properties are investigated under UV and VUV region. The

effects of the codopants on the luminescent properties are

evaluated and explained.

Experiments

The starting materials are Y2O3, Eu2O3 (99.99%), Al2O3

(99.5%), ZnO, CaCO3, SrCO3, BaCO3 (99.0%), SiO2
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(98.5%), (NH4)2HPO4 and H3BO3 (99.5%). Powder sam-

ples of Y0.95–xMxEu0.05B1–yRyO3:Eu3+(M = Ca, Sr, Ba, Zn,

Al, 0 £ x £ 0.1; R = Si, P, 0 £ y £ 0.1) are prepared

by heating the mixture of the starting materials in appro-

priate ratio in air. After intimately mixing these powders

with ethanol, the mixture is heated at 500 �C for 2.5 h,

reground, and again heated at 1,100 �C for 3 h.

All the samples are characterized by powder X-ray

diffraction (XRD) using a Rigaku diffractometer with

Ni-filtered CuKa radiation at room temperature. The

luminescent properties under ultraviolet (UV) excitation

are measured by a Hitachi F-4500 fluorescence spectro-

photo-meter. And that under vacuum ultraviolet (VUV)

excitation are measured with an ARC model VM-502-type

vacuum mono-chromator with a deuterium lamp. The VUV

excitation spectra are corrected by dividing the excitation

intensity of sodium salicylate at the same measurement

conditions. All the luminescent spectra are recorded at

room temperature.

Results and discussion

All the powder samples of Y0.95–xMxB1–yRyO3 (M = Ca,

Sr, Ba, Zn, Al, 0 £ x £ 0.1; R = Si, P, 0 £ y £ 0.1)

doped with 5% (mol fraction) Eu3+ appear to be white

color in body. The X-ray powder diffraction patterns of

Y0.95–xMxEu0.05B1–yRyO3:Eu3+(M = Ca, Sr, Ba, Zn, Al,

0 £ x £ 0.1; R = Si, P, 0 £ y £ 0.1) calcined at

1,100 �C for 3 h are recognized as single phases. As

an example, Fig. 1 displays the XRD patterns of

Y0.95–xEu0.05AlxBO3 (0 £ x £ 0.1). They can be

recognized as single phase in terms of JCPDF (16-0277),

and there is no second phase observed, for example,

Y0.85Eu0. 05Al0.10BO3 is easily indexed to a hexagonal

system with the lattice parameters a = 0. 37762(2),

c = 0.87954(2) nm.

The emission spectra of Y0.95–xMxEu0.05B1–yRy

O3:Eu3+(M = Ca, Sr, Ba, Zn, Al, 0 £ x £ 0.1; R = Si,

P, 0 £ y £ 0.1) and Y0.95Eu0.05BO3 under 254 nm

irradiation are shown in Fig. 2(a). The results indicate that

all the emission spectra are similar and three sharp lines at

about 591, 610 and 627 nm are observed, which can be

assigned to the transitions from the excited 5D0 level to 7FJ

(J = 1, 2,) levels of Eu3+ [9, 10]. The relative intensity of
5D0 fi 7F2 emission depends strongly on the local sym-

metry of Eu3+ site, and a lower symmetry of crystal lattice

around Eu3+ ions will induce a higher R/O (the ratio of

the red emission at 610 nm to the orange one at 591 nm)

value. As can be seen from Fig. 2(a), the ratio of the

red emission at 610 nm to the orange one at 591 nm of

Fig. 1 XRD patterns of Y0.95–xEu0.05AlxBO3 (0 £ x £ 0.1) pre-

pared by solid-state reaction

Fig. 2 (a) Emission spectra of Y0.95–xMxEu0.05B1–yRyO3:Eu3+(M =

Ca, Sr, Ba, Zn, Al, x = 0.1; R = Si, P, y = 0.1) under 254 nm

excitation for samples with different do pants: Y0.95Eu0.05BO3 (a),

10%Ba (b), 10%Sr (c), 10% Ca (d), 10%Zn (e), 10%Al (f), 10%P (g)

and 10%Si (h); (b) The change of the luminescent intensity of

YBO3:5%Eu3+ with different incorporation ions
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Y0.95–x MxEu0.05B1–yRyO3:Eu3+(M = Ca, Sr, Ba, Zn, Al,

x = 0.1; R = Si, P, y = 0.1) is much higher than that of

Y0.95Eu0.05BO3, and the best improvement of R/O is

obtained when Al3+ is co-doped. Different disorder level of

the YBO3 lattice is caused by the co-do pants, resulting

from their different ion radius. The lower the symmetry of

Eu3+ site, the better chromaticity can be achieved. The R/O

increases (0.79, 0.85, 0.88, 0.96, 1.25) with the decrease of

the ion radius of the dopants (cBa2þ[ cSr2þ[ cCa2þ[
cZn2þ cAl3þ), while the contrary result R/O = 0.77 or 0.79 is

observed when B3+ ion is substituted by P5+ or Si4+. The

experiment results agree well with the theory, the transition

probability and emission intensities of the various transi-

tions are governed by selection rules and symmetry con-

siderations of the site in which Eu3+ ion is presented.

Fig. 2(b) shows the change of the luminescent intensity of

YBO3: 5%Eu3+ with different incorporation ions. Gener-

ally, the luminescent efficiency of phosphors will be low-

ered if some co-doped ions are introduced into the host

lattice. It is true for Sr2+, Ba2+, Si4+ and P5+, and this can be

attributed to various pathways of nonradiative relaxation

caused by the incorporation. While for Ca2+, Zn2+ and Al3+

whose radii are smaller than that of Y3+, the luminescent

intensity of Eu3+ is enhanced. Similar phenomenon is

observed in other systems [11]. The incorporation of

smaller ions into the host lattice can help enhance the

charge transfer (CT) excitation band of Eu3+ and the

absorption band of the host lattice, and then higher

emission of Eu3+ can be obtained.

Figure 3 displays the emission spectra of Y0.95–xAlx
BO3:5%Eu3+ under 254 nm radiation, all the spectra are

normalized with the peak at 591 nm in order to compare

the relative intensity between different peaks. From Fig. 3,

we can observe the concentration-dependent characteristic

of R/O value. The R/O values are enhanced with the

increase of Al3+ concentration, indicating a higher con-

centration of Al3+ ion is favorable to achieve superior

chromaticity. The highest R/O value is achieved with the

concentration of Al3+ ion of 10%. The x-dependent PL

behavior indicates that a higher level of disorder can be

obtained when x increases, and the R/O value is improved

as well.

The luminescent properties Y0.95–xMxEu0.05B1–yRy

O3:Eu3+(M = Ca, Sr, Ba, Zn, Al, 0 £ x £ 0.1; R = Si, P,

0 £ y £ 0.1) under 147 nm excitation are similar to that

under 254 nm excitation. The spectra had a little difference

from that under 254 nm excitation, the emission at about

627 nm is much higher than that at 610 nm, so the R/O

value is defined as the ratio of the red emission at 627 nm to

the orange one at 591 nm. As shown in Fig. 4, the R/O

values for Y0.95Eu0.05BO3 and that of Y0.95Eu0.05BO3 with

the incorporation of Ca, Sr, Ba, Zn, Al, P, and Si are 0.91,

0.89, 0.90, 0.91, 0.95, 1.2, 0.89 and 0.93, respectively. The

better chromaticity is favorable to be obtained with smaller

radii of the co-doping ions. Same to that under UV exci-

tation, the best chromaticity is achieved when 10% Al3+ is

co-doped into the host lattice. Figure 5 shows the emission

spectra of Y0.85Eu0.05Al0.1BO3:Eu3+ and Y0.95Eu0.05BO3

under 147 nm excitation. As we can see, the R/O as well as

luminescent intensity of Y0.85Al0.1BO3:5%Eu3+ is higher

than that of Y0.95Eu0.05BO3. The chromaticity coordinates

of Y0.95Eu0.05BO3 is reported as x = 0.645, y = 0.355 and

that of Y0.85Al0.1BO3:5%Eu3+ is calculated to be x = 0.654,

y = 0.348.

Fig. 3 Emission spectra of Y0.95–xEu0.05AlxBO3 under 254 nm

irradiation for samples with different aluminum ion concentration.

All of them are normalized with the peak at 591 nm

Fig. 4 Emission spectra of Y0.95–xMxEu0.05B1–yRyO3:Eu3+(M = Ca,

Sr, Ba, Zn, Al, x = 0.1; R = Si, P, y = 0.1) under 147 nm excitation

for samples with different dopants: Y0.95Eu0.05BO3 (a), 10%Ba (b),

10%Sr (c), 10% Ca (d), 10%Zn (e), 10%Al (f), 10%P (g) and

10%Si (h)
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The excitation spectra of Y0.85Al0.1BO3:5%Eu3+ and

that of Y0.95Eu0.05BO3 are exhibited in Fig. 6. Two main

broad bands with maxima at 160 and 230 nm are observed

in the excitation spectra. According to Ref. [12], the broad

band at about 230 nm is assigned to the CT band of Eu3+–

O2– resulting from an electron transfer from the ligand

O2–(2p6) orbitals to the empty states of 4f6 for Eu3+ con-

figuration. The band at about 160 nm is assigned to the

absorption of the host lattice [13]. The intensity of the

excitation bands of Y0.85Al0.1BO3:5%Eu3+ is much higher

than that of Y0.95Eu0.05BO3 which is corresponding to the

high luminescent intensity of Y0.85Al0.1BO3:5%Eu3+.

Conclusion

Y0.95–xMxEu0.05B1–yRyO3:Eu3+(M = Ca, Sr, Ba, Zn, Al,

0 £ x £ 0.1; R = Si, P, 0 £ y £ 0.1) are synthesized

by the traditional solid-state reaction and their luminescent

properties are studied under UV and VUV excitation. The

emission spectra show that the pure red emission from
5D0 fi 7F2 transition of Eu3+ is improved with the incor-

poration of Ca2+, Sr2+, Ba2+, Zn2+, Al3+, Si4+ or P5+ into the

host lattice of YBO3:Eu3+, leading to a better color purity.

The luminescent intensity is also increased when Ca2+,

Zn2+, Al3+ are introduced. Y0.85Al0.1BO3:5%Eu3+ shows

the best chromaticity and highest luminescent intensity, it

would be the most promising red component in PDPs.
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