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Abstract

The advancement of luminescent. materials for plasma display
panel (PDP) and mercury-free lighting-devices is highly dependent on the
development of vacuum ultraviolet ((VUV) excited phosphors. The
research is attempted to investigate the VUV luminescence spectroscopy,
visible quantum cutting and design of phosphors based on the energy
levels for lanthanide ions in the VUV range.

The occurrence of visible quantum cutting (QC) via
downconversion has been observed and investigated in two series of
newly discovered R’* (R = Eu,Tb,Er)-doped gadolinium fluorides of
Cay(Gd «Ry)sFs3 and  Ba(Gd; Ry)Fs synthesized by sealed-tube

solid-state reactions at 1,000°C and 800°C, respectively. In the QC
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process, one UV photon absorbed by quantum cutter Gd°” was found to
split into more than one visible photon emitted via a two-step energy
transfer (cross-relaxation and direct energy transfer) from the Gd** °G;,
level to Eu’" ions and results in increasing quantum efficiency. Our
results indicate that a visible quantum efficiency of 144% (Aex = 195 nm)
and 137% (Aex = 195 nm) has been achieved in CazzGd3F53:Eu3+(7%) and
BaGdFs:Eu’(7%), respectively.

On the other hand, Tb’" acts as a quantum cutter in the
green-emitting Cay(Gd,. Tby)sFs; and Ba(Gd,,Tby)Fs with Gd**-Tb’* QC
couple. Upon VUV excitationsin'the'Tb>" 4f'5d levels, energy can be
transferred to another Tb’" by cross 'relaxation and only feeds the Dy

level, which makes only “the ‘relative-intensity of ’D,—'F; emission

increase. The calculated visible quantum efficiency has been found to be
168% (hex = 215 nm) and 180% (hex = 187 nm) for BaGdFs:Eu’"(15%)
and 154% (Aex = 212 nm) and 129% (Ay = 186 nm) for
CazzGdngngu3+(9%), respectively.

Finally, in the Er’*-activated Ca,,Gds;Fs; and BaGdFs phosphors,
only BaGdFs:Er’*, but not Ca»GdsFs;:Er’*, was found to exhibit apparent
QC giving a visible quantum efficiency of 115% observed in
BaGdFs:Eu*'(9%). The occurrence of the cross relaxation causes the

population of Er’**S5, state and it subsequently emits an extra photon.
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