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L uminescence properties of BaBgO13:Eu under UV and VUV excitation
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Abstract: The phosphor BaBgOy5:Eu*" were synthesi zed by solid-state reaction, and their luminescent properties were studied under 254 and
147 nm excitation. The exditation spectrum showed two broad bands in the range of 100-300 nm: one was the host | attice absorption with the
maxima at 160 nm and the ather was Ba-O absorption overlapped with the CT band of Eu*, which indicated that the energy of the host lat-
tice absorption could be efficiently transferred to the EU*". The overlapped bands were tended to separate when monitored by different wave-
length, which indicated that at least two Ba?" sites were available in BaBgOys. The emissions of Eu®* (612 nm) and Eu? (405 nm) were both
observed in the emission spectra of BaBgO.5:Eu® under the exditation of either 254 or 147 nm. With the doping concentration of Eu®" in-
creasing, the 612 nm emission was enhanced while 405 nm emissi on was decreased under 254 nm excitati on, which was due to the persistent
energy transfer from Eu®* to Eu®. While under 147 nm exditation, the 612 nm emission was quenched and the 405 nm emission was en-
hanced. It was condluded that the preferential excitation of Eu?" under 147 nm exditation was one of the reasons for thisfacts.
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Much attention has been paid to phosphors for vacuum
ultraviolet (VUV) due to the demands of plasma display
pands (PDP). This energy domain implies the use of wide
band-gap insulators doped with optically active ions into
which a visible luminescence can be activated™. For all
VUV-excited phosphors, the current requirement is a high
guantum efficiency which implies an efficient energy trans-
fer from the hodt lattice to the activator. (Y,Gd)BOsEu is
widdy used in PDP because of its high photoluminescence
efficiency, chemical gtability, and large color gamut. How-
ever, this phosphor yields orange red light due to the pres-
ence of the rather intense emission line at 592 nm, which is
ascribed to the magnetic dipole transition *Dg—'F; of Eu™.
The pure red emisson around 612 nm is ascribed to the
electric dipoletransition of °Dy—'F, of Eu®*, and that can be
obtained in the lack of inversion symmetry at the EU** sitein
the latticd?. So, great efforts have been made to discover
new host materials as well as activators with high perform-
ance for phosphor applications®?. Trivalent europium ions
based phosphors play an important role, because Eu®* doped
inorganic phosphors show potential applications in optical
displays dueto strong red emission from Eu*.

The BaBgOy3 Sructure is built up by two separate inter-
locking three-dimensiona networks as triborate and penta-

borate groups and forms BO; and BO, tetrahedral unitd”. It
consgts of two BO, tetrahedral groups and six BOs triangu-
lar groups®. The rare-earth ions can be enclosed by such a
big anion and isolated from each other. Since the interaction
between the luminescence ions is weak, a rare-earth ion
doped BaBgOy3 with highly efficient output luminescenceis
expected. BaBg013:Eu has been reported to be an efficient
photoluminescence material under UV exditation', and the
ultraviolet (UV) excited emisson of BaBgO:R (R=Sm?,
Yb*, BV Tb*, Tm*")!® ! were reported. In previous stud-
ies, it was reported that the BO, tetrahedral units showed
strong absorption of the excitation energy under VUV re-
gion™ . Furthermore, the study on luminescence proper-
ties of BaBgOys:EU is hepful to undersand the lumines-
cence mechaniams of rare earth doped phosphors in the
VUV range. Finadly, the photoluminescence properties of
BaBsOys: EU® have scarcdly been investigated in VUV re-
gion. Therefore, in this paper, the luminescence properties
of BaBgOz:EU*" in UV-VUV range were studied for the
purpose of exploiting anew red VUV phosphor.

1 Experimental
BaBsOy:EU** phosphors were prepared by solid-state re-
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action. BaCO; (A.R.), Eu,05(99.99%), S'TCO5(A.R.), CaCO;
(A.R) and H3BO5(99.9%) were used as daring materials.
An excess of the boric acid was used to compensate for the
evaporation of HsBO; in high-temperature solid-gate reac-
tion. After intimatdy mixing the staring materials, it was
heated at 300 °C for 2 h, then ground and reheated at 800 °C
for another 3 h. The obtained samples were white powder.
The series samples of Bay sEuBsO13 Were prepared by the
same process.

All the samples were characterized with Rigaku D/max-
2000 powder X-ray diffraction (XRD) usng Cu Ka (1=
0.15418 nm) radiation. The excitation and emission spectra
were measured at room temperature by usng an Edinburgh
insruments FLS920T combined fluorescence lifetime and
seady date pectrophotometer with Xe900 and VM504 vac-
uum monochromator as excitation source. The VUV excita-
tion spectrawere corrected by dividing the excitation intensity
of sodium sdicylate a same measurement condiitions.

2 Reaultsand discusson

Fig.1 showes the powder XRD patterns of Bay Eu,BgOi3
(0<x<0.2). When the doping concentration of Eu** was
<15%, dl the samples could beidentified as single phasein
terms with JCPDF(20-0097), and there was no second phase
observed. When doping concentration of Eu** was above
15%, the impurity phase appeared. The intensity of XRD
peaks was strong, indicating the high crystalinity.

Fig.2 shows the excitation spectra of Bay EuBgOis
(0<x<0.2) monitored at 612 nm with Xe900 as excitation
source. A broad band at 246 nm in the excitation pectrais
assigned to the charge transition band (CT) of O*—Eu* and
the excitation pesks around 392 nm are due to the in-
tra-configuration 4f° excitation pesks of Eu*". The CT band
of EU*" in the BaBgOy5:EU* isincreased with the increasing
concentration of Eu**. When the concentration of Eu is 15%,
the excitation intengity isthe strongest.
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Fig.1 XRD patterns of the Bay_Eu,BgO13 (0<x<0.2)
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The emission spectra of BaBgOy3:EU** are recorded at dif-
ferent concentration of Eu*. Fig.3 shows the emission spec-
tra of Bay «EuBgO13 (0<x<0.2) under 254 nm excitation.
The main pesk due to the dectric dipoe trandtion of
°Dy-"F, of Eu** was observed at 612 nm, which was much
higher than the emission of magnetic °Dy—'F; transition at
591 nm. This indicated that Eu** occupied the crystallo-
graphic stes without inverson symmetry. In akaline earth
borates such as SB,OM™, SBsOyw, SBsO,Cl and
BaBgO13*®, when trivalent rare earth ions are substituted for
the divalent cations, such as Sr** and B&®*, they may tend to
be reduced to divalent by the negative hole of S and B&?".
Furthermore, the gructures in akaline earth borates con-
tained the tetrahedral BO,4 unit which can stabilize the diva-
lent rare earth ions formed in the solid Satereaction in air a
high temperature. Because of the existence of Eu** and Eu?*
in the BaBgOy3, the broad-band emisson region at about
400-460 nm of Eu?* also appeared in the emission spectra,
which would be due to the parity-allowed € ectronic trans-
tions of 4f°5d-4f" of EU**. Because the position of 5d leves
depends strongly on the crystalline environment of Eu*", the
changesin the energy level s between the excited and ground
states can vary by tens of thousand of cm™ for the samerare
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Fig.2 Excitation spectra of Bay_4Eu,BgO;3(0<x<0.2) with Xe900 as
exditation source

A _=2541m

15% Eu

10% Eu
5% Eu A \
300 400 500 600 700

Wavelength/nm
Fig.3 Emission spectra of Bay yEuBgO13(0<x<0.2) (Ae=254 Nm)
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