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Abstract 
The structural and optical properties on Tb3+ addition 
into LiGd(PO3)4 compound  were investigated by X-ray 
powder diffraction and photoluminescence spectroscopy. 
The emission spectrum shows the strongest peak 
corresponding to the 5D4→7F5 transition of Tb3+ at 546 
nm under 147 nm and 173 nm excitation. 85 mol% 
concentration of Tb3+ for LiGd(PO3)4 is much higher 
than other Tb-doped phosphors. 

 
 

1. Introduction 
 

Plasma display panels (PDPs) is the most available 
technology for the large flat panel displays because of 
its scalability and high performance. [1-3] 

The plasma display panels (PDPs) have been 
developed prosperously to replace the cathode-ray 
tube displays (CRT) because CRT is very heavy and 
bulky. Although PDPs are available commercially, 
some problems have to be solved. For example, 
commercial blue phosphor, BaMgAl10O17:Eu2+ shows 
luminance degradation. The commercial red phosphor, 
Y2O3:Eu3+ shows poor color gamut. Beside the 
commercial green phosphor, Zn2SiO4:Mn2+ shows 
high discharge voltage and relatively long decay time 
[4]. Lifetime and persistence are main concerns in 
case of green phosphor. Efforts are being made to 
develop better phosphor and replace the existing 
Zn2SiO4:Mn phosphor. It is urgent to find a new 
appropriate green PDP phosphor, which should have 
some good properties such as strong and broad 
absorption around 147/173 nm and strongly emission 
under 147/173 nm excitation. RE3+-activated 
phosphors perform a significant role for optical 
applications of PDPs. In order to be a high-efficient 
phosphor in PDPs, the activators in the host-lattice 
have to gain strong absorption between 140 and 180 
nm. It is known that the inorganic condensed 

polyphosphates with general formula MIREIII(PO3)4 
(MI are alkali metal ions and REIII rare-earth metal 
ions) are relatively stable under normal conditions of 
temperature and humidity [5-7].  

In this work, the LiGd(PO3)4:Tb3+ phosphor were 
synthesized and then the luminescence properties of 
the LiGd(PO3)4:Tb3+ phosphor under VUV excitation 
were investigated. Our results show that 
LiGd(PO3)4:Tb3+ has good properties as a green 
phosphor for PDPs application. 

 
 

2. Experimental  
 

The LiGd(PO3)4:Tb3+ green phosphor compositions 
were prepared by a solid-state reaction method at high 
temperature and their properties were optimized under 
VUV excitation. For the preparation of phosphor 
samples, stoichiometric amounts of Li2CO3 (99.99%), 
Gd2O3 (99.99%), NH4H2PO4 (99.99%) and pure Tb4O7 
(99.99%) were weighed and mixed in an agate mortar 
with pestle. The mixture was calcined at 900℃ for 10 
h in ambient air. After firing, the phosphor samples 
were gradually cooled to room temperature in the 
furnace. The obtained phosphors were ground in 
powder form. In order to analyze the crystalline phase 
of the synthesized phosphors, phase identifications 
were performed using a Rigaku D/MAX-33 X-ray 
powder diffractometer with Cu Kα (λ=1.5406 Å) 
radiation. The operation voltage and current were 
maintained at 40 kV and 40 mA, respectively. The 
XRD profiles were collected in a range 10°< 2θ < 
50°. The photoluminescence excitation and 
emission spectra of samples under the excitation by 
vacuum ultra violet (VUV) ray were measured using a 
spectrophotometer with a D2 lamp. All measurements 
were performed at room temperature. 
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3. Results and discussion 

 
The X-ray powder diffraction (XRD) measurements 

were performed for all LiGd(PO3)4:Tb3+ phosphor 
samples to characterize the phase purity. The XRD 
patterns of LiGd(PO3)4:Tb3+ phosphor and JCPDS 
files of LiTb(PO3)4 and LiGd(PO3)4 were shown in 
Fig. 1. The XRD pattern of LiGd(PO3)4:Tb was 
recognized as a single phase and consistent with  
JCPDS standard card #11-6130 [LiGd(PO3)4], which 
means that the phosphor was synthesized successfully 
at 900℃ in air. This synthetic temperature is 
relatively lower than the Zn2SiO4:Mn2+ phosphor 
which is well known as the commercial green PDP 
phosphor and usually prepared at about 1200℃ by 
solid-state reaction method. From the comparison of 
XRD patterns on the changes of Tb addition amount, 
it is confirmed that the addition of Tb into LiGd(PO3)4 
does not result in the formation of secondary phase. 
Beacause Tb3+ and Gd3+ ions have the much small 
ionic radius difference, the XRD pattern of 
LiGd0.15(PO3)4:Tb0.85 phosphor is the same as that of 
LiGd(PO3)4 although 85 mol% of Gd3+ ions were 
replaced by Tb3+ ions [8]. 

 
 

 
Fig. 1. XRD patterns of the LiGd1-x(PO3)4:Tbx 

phosphor calcined at 900℃ for 10 h. 
 
 

To optimize the chemical composition of Li(Gd1-

xTbx)(PO3)4 phosphor, the VUV excitation and emission 
spectra of the prepared phosphor samples were 
measured. As a reference for comparison of PL 
properties, the VUV excitation and emission spectra 
of commercial phosphor Zn2SiO4:Mn2+ are also 
displayed in Fig. 2 ~ 4. Fig. 2 shows the room 
temperature VUV excitation spectra of the 

LiGd(PO3)4:Tb3+ phosphors. As can be seen, the VUV 
excitation spectrum is composed of some absorption 
bands. The bands between 150 nm and 260 nm are 
supposed to be the host-related absorption, the f–d 
transitions of Tb3+ in the host lattice, and part f–f 
transitions of Tb3+ [8]. Two the strongest broad bands 
are observed at around 175 nm and 220 nm. Firstly, 
the excitation spectrum at 220 nm can be attributed to 
the 4f–5d transitions of Tb3+ ion. There is an energy 
transfer from the host to the Tb3+ ion because the 4f–
5d transition absorption of Tb3+ is in the range from 
150 to 260 nm, which part overlapped with the host 
absorption. Secondly, the excitation bands around 175 
nm may correspond to the host-related absorption 
band of the PO-

3 in LiGd(PO3)4:Tb3+. The host-related 
absorption bands of some phosphates and 
fluorophosphates were examined in previous reports 
[9,10]. Although the structures and the constitutions of 
these polyphosphates, fluorophosphates and 
phosphates are different, these appear absorption band 
around 150-170 nm. We think that the inherent 
absorption of PO-

3 is located around this range. When 
one electron is excited from ground states 4f8 to 4f75d1 
excited states inside Tb3+ ions, it can provide rise to 
two groups of f–d transitions. 

 
 

 
Fig. 2. Photoluminescence excitation spectra of the 

LiGd1-x(PO3)4:Tb x phosphor. 
 
 

The emission spectrum of LiGd(PO3)4:Tb3+ 

phosphor and the dependency of emission intensity 
with Tb3+ concentration under the excitation at 147 
nm and 173 nm are expressed in Fig. 3 and Fig. 4, 
respectively. To compare PL property, also, the 
emission spectra of Zn2SiO4:Mn2+ under the excitation 
at 147 nm and 173 nm, were declared in each figure. 
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The substitution of 85 mol% Tb3+ for Gd3+ sites in 
LiGd(PO3)4 host results in excellent green emission. 
Under both 147 nm and 173 nm excitations, it is 
observed that the Tb3+ concentration showing the 
highest green emission intensity in the concentration 
range from 10 mol% to 85 mol% is 85 mol%, 
indicating the increase of emission intensity with 
increasing Tb content. This result indicates that 
LiGd(PO3)4:Tb has a relatively higher critical 
concentration than that of the other Tb3+-activated 
phosphors such as YBO3:Tb3+ [12], (Y,Gd)BO3:Tb3+ 

[13], LaPO4:Tb3+ [14], and etc. 
In emission spectra, there are several sharp 

emission peaks at 485, 545, 590 and 620 nm because 
of the inner shell transitions from the excited state to 
the ground states by the transitions of Tb3+ ion. The 
5D4→7F5 transition of Tb3+ centered at 545 nm, which 
corresponds to the intensity changes in Fig. 3, results 
in the relatively higher emission intensity compared 
with those of other transitions. 

 
 

 
Fig. 3. Photoluminescence emission spectra under 

VUV excitation (λex=173 nm) of the LiGd1-

x(PO3)4:Tb x phosphor and commercial 
Zn2SiO4:Mn2+ phosphor. 

 
 
The LiGd1-x(PO3)4:Tbx green phosphors exhibit 
relatively higher emission intensity under 173 nm 
excitation than 147 nm. The emission band of 
Zn2SiO4:Mn2+ phosphor upon the excitation at 173 nm 
is located at 527 nm, which is originated from the 4T1-
6A1 transition of Mn2+ [11]. By comparison, the 
brightness of LiGd(PO3)4:Tb3+ is evaluated to be about 
105% of the Zn2SiO4:Mn2+ phosphor. 
 
 

 
Fig. 4. The dependency of emission intensity as a 

function of Tb3+ concentrations under 
VUV excitation (λex=147/173 nm). 

 
 

4. Summary 
 

Novel Tb3+-activated LiGd(PO3)4 green phosphors 
were synthesized by solid-state reaction method. The 
single phase of LiGd(PO3)4:Tb3+ phosphor was 
obtained by firing at 900℃ in air atmosphere. The 
photoluminescence properties of LiGd(PO3)4:Tb3+ 

phosphor have been investigated. VUV excitation 
spectrum appears strong absorption between 150 nm 
and 260 nm range. Upon excitation with 173 nm, the 
relative emission intensity of LiGd(PO3)4:Tb3+ is 
about 105% of Zn2SiO4:Mn2+ phosphor. In the 
concentration range of Tb from 10 to 85 mol%, the 
maximum emission intensity is achieved at 85 mol% 
Tb content. We expect that this green phosphor could 
be applied for a new promising green phosphor for 
PDPs application. 
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