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Novel Dy*"-doped Gd(PO3); white-light phosphors under VUV
excitation for Hg-free lamps application®
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Novel Dy3+-doped Gd(PO3)3; white light phosphors each with an orthorhombic system are successfully synthesized
by solid-state reaction. The luminescence properties of white-light Gdl_x(PO3)3:)ch3+ (0 < x £ 0.25) under vacuum
ultraviolet (VUV) excitation are investigated. The strong absorption at around 147 nm in excitation spectrum energy can
be transferred to the energy levels of Dy3T ion from the host absorption. Additionally, the white light phosphor is activated
by a single Dy>* ion. Therefore, the luminescence of Gd, —x(PO3)3:xDy (0 < x < 0.25) under VUV excitation is effective,

and it has the promise of being applied to mercury-free lamps.
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1. Introduction

Recently, luminescence materials doped with Dy>* have
drawn much attention for their white emissions.!'™! In gen-
eral, Dy>" has two dominant bands in the emission spectra in
many host matrixes. The band located at 572 nm (yellow) cor-
responds to the hypersensitive transition *Fg ,—°Hy3 5 (AL =2,
AJ = 2), and the other one located at 478 nm (blue) cor-
responds to the transition 4F9/2—6H15 2. By adjusting the
yellow-to-blue intensity ratio (Y/B) value appropriately, it
is possible to obtain near-white emission with only Dy3*-
active luminescence material. Therefore Dy T -activated phos-
phors are promising white light phosphors and can be used in
mercury-free lamps. For a mercury-free lamp, the excitation
energy is mainly composed of VUV radiation, but most of the
VUV energy is absorbed by the host crystal. If the energy can
be transferred from the host to the rare earth ions, the rare earth
ions can emit visible light. So the host absorption efficiency
and the energy transfer efficiency play a very important part in
applying VUV-excited phosphors to the mercury-free lamp.

Rare-earth-ion-doped phosphate-based phosphors have
been used in various fields, such as plasma display panels
(PDP), mercury-free lamps, and visible lasers.!! It can be
concluded that orthophosphates are promising host materials
for their applications in the VUV region 6]

Ln(PO3)3 (Ln=La to Gd) complex polyphosphates and
Ln(PO3)3 with large rare-earth ions (La to Gd) each crys-
tallize into an orthorhombic crystal structure.! We have in-
vestigated the luminescence properties of La (PO3)3:Tb un-
der 172-nm excitation and found that the (PO3)§7 groups can
efficiently absorb the excited energy around 174 nm.”) The
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optimum emission intensity of the VUV excitation spectrum
of Lao,55(P03)3’:Tbgj5 indicates that the absorptions of the
(PO3)§* group are located at about 163 nm and 174 nm and
the absorption bands of the (PO3)§* group at 174 nm. These
results imply that the (PO3>§_ group can efficiently absorb the
excited energy around 172 nm and transfer the energy to Tb3*.
Thus we confirm that orthorhombic (POg)g’ is a promising
host under VUV excitation, too.

In this work, we synthesize Dy>*-doped Gd(PO3)3 phos-
phors by the solid-state reaction. Meanwhile, photolumines-
cence properties of Dy>*-doped Gd(PO3)3 phosphor in the
VUYV region are also investigated.

2. Experimental procedure

Preparation of Gd;_(PO3)3:xDy>* (0 < x < 0.25) by
solid-state reaction is as follows.  First, the purity of
(NH4),HPOy is AR, and the purities of Gd,03 and Dy,03
are both better than 99.99%. The value of doping con-
tent x of Dy,0O3 ranges from 0.05% to 0.25%. Appro-
priately high-purity (NHy),HPO4, Gd;03, and Dy,03 were
thoroughly mixed and ground together; a 5% excess of the
(NH4),HPO4 was used to compensate for the evaporation of
the (NHy),HPOj at high temperature in solid-state reactions.
The mixture was heated at 400 °C for 1 h and the mixture was
heated again at 700 °C for 1 h, reground and reheated at the
temperature of 1150 °C for 4 h.

The X-ray powder diffraction (XRD) patterns of samples
were carefully collected in the 26 range 10°-80° by powder
XRD (Rigaku D/MAX-2400 X-ray diffractometer with Ni-
filtered Cu K« radiation).
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The excitation and emission spectra were measured us-
ing an Edinburgh Instruments FLS920T. The scan speed was
30 nm/m in steps of 1 nm and the dwell time was 0.2 s. The
VUV light source of the spectrometer system was a 150-W
deuterium lamp (Cathodeon Incorporated). The emission and
excitation spectra were measured by the vacuum monochro-
mator (VM504, Acton Research Corporation, ARC). The slits
for the excitation and the emission spectra were 0.18 nm and
6 nm, respectively. The VUV excitation spectrum was cor-
rected by dividing the excitation intensity of sodium salicylate.

3. Results and discussion

The X-ray diffraction pattern of the typical sample
Gdl,x(PO3)3:ny3+ (0 <x <0.25) is shown in Fig. 1. All
diffraction peaks can be well matched with those of standard
card JCPDS 52-1761. It indicates the samples are single phase.
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Fig. 1. The X-ray powder diffraction patterns of Gdg 9o (PO3)3:0. 10Dy3+.

Figure 2 shows emission spectra of Gdl,x(POg)g:ny3+
(0 < x £0.25) under 147-nm excitation. From Fig. 2, the
peaks at 406 nm, 462 nm, 482 nm, 578 nm, and 660 nm
can be attributed to transitions *F; /2—6H15 /25 “F, /2—6H13 /25
*Fo/2-"Hys)2, *Fo/~-"Hy3)p, and *Fy/,—"Hyy 5 of Dy, re-
spectively. These attributions are similar to those of the other
systems in Refs. [10] and [11]. Transition *Fg/—Hs, is
mainly allowed in magnitude and hardly varies with the en-
vironment, while transition *Fy /2—6H13 /2 (yellow) belongs to
hypersensitive transition and is strongly influenced by outside
surroundings.!'>~'#* Their relative intensity depends strongly
on the local symmetry of Dy**, and a lower symmetry local
site will result in a higher ratio of yellow to blue as shown in
Ref. [15]. From our result, the ratio of yellow to blue is larger
than 1, indicating that the site Dy>* is located with lower sym-
metry. In the samples, it is obvious that the intensities of the
peaks at 482 nm and 578 nm are gradually enhanced with the
increase of x and become dominant when x = 0.10, then de-
crease when x > 0.10. Therefore, by adjusting the yellow-to-
blue intensity ratio (Y/B) value, the chromaticity coordinates

in the white light zone of Gdl_x(PO3)3:ny3+ 0<x<0.25
phosphors can be obtained.
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Fig. 2. Emission spectra of Gd]_,C(PO_3)3:)ch3+ (0 <x<0.25).

Figure 3 shows the variation of luminescence intensity of
the main emission peak at 578 nm with the increase of dop-
ing concentration x of Gd;_(PO3)3:xDy>* (0 < x < 0.25).
From Fig. 3, it is clear that the luminescence intensity of
Gdl,x(PO3)3:)ch3+ (0 < x < 0.25) increases with the in-
crease of x and when x = 0.10, the luminescence intensity is
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Fig. 3. Variation of luminescence intensity of the main emission peak
at 578 nm with doping amount x.

Figure 4 shows the excitation spectrum of Gdgg
(PO3)3:O.10Dy3+ monitored at 578 nm. In the excitation spec-
trum, the broad band ranging from 125 nm to 165 nm can be
attributed to the host absorption of polyphosphate, and there
have been similar observations in other systems in Refs. [8],
[9], [16], and [17]. The band at around 179 nm should be
attributed to f—d transition of Dy3". We can predict the po-
sition of Dy** f—d transition with the following Dorenbos’s

expression! 1]

E(Ln,A) = 49340 — D(A) + AE™™C¢ (cm™), (1

where E(Ln, A) is the f—d energy difference in units of cm~! of
lanthanide ion Ln** doped in compound A with the so-called
crystal field depression D(A); 49340 cm ™! is the energy of the
first f-d transition of Ce®" as a free (gaseous) ion; AEL™Ce
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is defined as the difference between the f-d energy of Ln*
and that of the first electric dipole allowed transition in Ce>*.
In Ref. [19] , D(A) is 16007 cm~! (Gd(PO3)3), and AE™™Ce
is (251004+610) cm™!. Therefore, by Eq. (1), we can calcu-
late the f—d transition position of Dy3* in the system to be
(171£2) nm, which is close to that shown in Fig. 4120.21]
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Fig. 4. Excitation spectrum of Gd 1,X(P03)3:)5Dy3+ (x=0.10).
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Fig. 5. Chromaticity coordinates (x, y) of Gdj _,(PO3)3:xDy*" (0 < x <
0.25) under 147-nm excitation in the CIE 1931 chromaticity diagram.

Table 1. Chromaticity coordinates of Gd; X(PO3)3:)ch3Jr O<x<
0.25).

The amount of The chromaticity The chromaticity
doping x coordinate x coordinate y
x=025 0.298 0.299
x=0.20 0.308 0.321
x=0.15 0.329 0.338
x=0.10 0.339 0.348
x=0.05 0.300 0.288

Figure 5 shows the chromaticity coordinate (x, y) of
Gdl,x(POg)g:)ch3+ (0 < x <€0.25) excited under 147 nm in
the CIE 1931 chromaticity diagram. It is obvious that the chro-
maticity coordinates of Gdl_x(P03)3:ny3Jr 0 <x<0.25)
gradually moves to the warm white side and approaches the
yellow region with the decrease of x; when x > 0.10, it moves
to the cold white side toward the contrary direction which can
arise from the ratio between the luminescence intensity of the
peak located at 482 nm and that at 578 nm. Detailed chro-
maticity coordinates are shown in Table 1, which are located
in the white light region.

4. Conclusions

Novel Dy**-doped Gd(PO; )3 white light phosphors each
with an orthorhombic system are successfully synthesized by
solid-state reaction. The strong absorption at around 147 nm in
excitation spectrum energy can easily be transferred to the en-
ergy levels of the Dy>* ion from the host absorption. The f—d
transition of the Dy>" ion is observed at 179 nm which is con-
sistent with the calculated value using Dorenbos’s expression.
Two strong emission bands located, respectively, at 482 nm
and 578 nm under 147-nm excitation are observed, which re-
sults in the chromaticity coordinates of Gdl_x(P03)3:ny3+
(0 < x £0.25) phosphors being located in the white-light re-
gion. Additionally, this white light phosphor is activated by a
single Dy>* ion and with solid-state reaction. Therefore, the
luminescences of Gdl,x(PO3)3:ny3Jr (0 < x £0.25) under
VUYV excitation are effective, and have the promise of being

applied to mercury-free lamps.
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