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ARTICLE INFO ABSTRACT

Keywords: Sr3Gdy(BO3)4: Ce®*, Sr3Gdy(BOs)s: Th® and Sr3Gdy(BOs)4: Ce®, Tb®* phosphors were synthesized through

Ll']mineSCe.Ilee conventional high temperature solid state reaction method. Phase purity, crystal structure, photoluminescence

%‘ghlyLigCIe“t energy transfer properties, and lifetime of the samples were analyzed in detailed. Sr3Gdy(BO3),: Ce®t showed a bright blue broad
ite S

emission band, which was attributed to 4f — 5d transitions of the Ce>" ions, and it exhibited two broad excitation
ranged from 200 nm to 400 nm. For all Sr3Gdy(BO3)4: Tb>* samples, under ultraviolet excitation bands of 240
nm, four emissions peaked at 490 nm, 544 nm, 585 nm and 623 nm appeared, due to the 5D4 - 7F 7J=6,5,4,
3) transitions of Tb®' ions. For the Sr3Gda(BO3)4: Ce3+, b3+ phosphors, the lifetime of the samples were
analyzed, which showed the presence of energy transfer between the Ce®>* and Tb®". The energy transfer effi-
ciency from Ce®* ions to Tb®" ions reached 98.37%. When the temperature reached 443 K, the luminescence
intensity reached 88% of the initial value. Finally, a white LED was fabricated by using a 365 nm near ultraviolet
LED chip combined with BaMgAl;¢017: Eu?* (blue), SrsGdg.01(BO3)4: 0.09Ce3*, 1.0 Tb®* (green), and CaAlSiNs:
Eu?* (red) phosphors. The color coordinates was (0.40, 0.42); correlated color temperature was 3721 K; color
rendering index was 91.1. The results showed that the Sr3Gdy(BO3)4: Ce®*, Tb®* green phosphors were suitable
for white LEDs.

Green phosphor

1. Introduction

White light-emitting diodes (LED) had the characteristics of energy
conservation, environmental protection and high efficiency. It was the
excellent light source that purchased by all of mankind. LEDs promoted
a new type of lighting revolution [1-7]. Current commercial white
lighting was generally obtained by a combination of blue-emitting
InGaN chips and yellow-emitting rare-earth phosphors [8,9]. Another
better approach was that near ultraviolet chips combined with red, blue
and green phosphors. This method had high color rendering index and
excellent prospects, which attracted many researchers to develop novel
and efficient phosphors that could be excited by ultraviolet light
[10-13].

As one of the most promising rare earth activators, Tb>" ions showed
excellent green emission at around 545 nm, which originated from the
5D4 — Fs transition of Tb3" ions. The 4f — 4f transition of Tb®* ions was

b3+
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forbidden. Therefore, Tb>* ions had very weak absorption in the ultra-
violet region [14-17]. In order to solve this problem, Ce3* ions usually
used as an effective sensitizer for the Tb®" emission, because Ce®>" ions
allowed the 4f — 5d transition. There was highly efficient energy
transfer from Ce>" ions to Tb®* [18-22].

At present, the energy transfer from Ce>* ions to Tb®" ions have been
reported. For instance, CasYHf2Al3012: Ce3", Tb3*, LaAls.03B4010.54:
Ce®*, Tb3", BasLusBsOq7: Ce3F, Tb3F, BasY(B2Os)s. Cedt, Tb3T etc.
[23-30]. A. Shyichuk reported the Sr3Gda(BOs)4: T3+ samples, the
materials could be used in high-frame rate 3D PDP screens [31]. In this
paper, we prepared the SrsGdy(BOs)s: Ce>*, Sr3Gda(BOs)s: Th®* and
Sr3Gda(BO3)4: Ce>t, Th3* phosphors. We analyzed the crystal structure,
spectral properties, thermal stability and life time of the samples. The
results indicated that Sr3Gda(BOs)4: Ce*, Th3* green phosphors have
potential application in ultraviolet excited white LEDs.

Received 25 July 2021; Received in revised form 7 November 2021; Accepted 9 November 2021

Available online 16 November 2021
0022-2313/© 2021 Elsevier B.V. All rights reserved.


mailto:sxueyuan@163.com
www.sciencedirect.com/science/journal/00222313
https://www.elsevier.com/locate/jlumin
https://doi.org/10.1016/j.jlumin.2021.118594
https://doi.org/10.1016/j.jlumin.2021.118594
https://doi.org/10.1016/j.jlumin.2021.118594
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jlumin.2021.118594&domain=pdf

X. Fan et al. Journal of Luminescence 242 (2022) 118594

PDF # 00-058-0627 1.0, 1.25, 1.5) and Sr3Gd(1.01)(BO3)s: 0.09Ce>", yTb>" (named as
SGBO: 0.09Ce>", yTb®H) (y = 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8)
were synthesized by high-temperature solid state reaction technique.
The starting materials, CeOy (99.99%; Sinopharm Chemistry Reagent

x=0.04 Co., Ltd), Tb407 (99.995%; Quannan County New Resources Rare Earth

Co., Ltd), H3BO3 (AR; Sinopharm Chemistry Reagent Co., Ltd), SrCO3

’;-‘ (AR; Sinopharm Chemistry Reagent Co., Ltd), Gd203 (99.999%;
& x=0.09 Quannan County New Resources Rare Earth Co., Ltd) were weighed
i) according to the stoichiometric ratio. All of the raw materials were
z’ grinded 40 min with an agate mortar. Then mixtures were placed in
‘2 corundum crucibles, added crucible covers, and then put them into the
= y=1.0 muffle furnace. The samples were sintered at 1100 °C for 6 h under CO

reducing atmosphere. After sintered, the products were slowly cooled to
room temperature. The samples were ground again into the powders for
x=0.09,y=1.0 subsequent use.

The crystal phase of all the phosphor samples was identified by using
X-ray powder diffraction (XRD) analysis with a Rigaku D/MAX-RB
/ s Ay diffractometer. The emission and excitation spectra were measured by
20 30 40 50 60 the fluorescence spectrometer (FL-4600, Tokyo, Japan) equipped with a

20 (degree) 150 W Xe lamp. The Tb>" fluorescence lifetime was measured by
Tektronix-TD digital oscilloscope. The Ce®" fluorescence lifetime was
measured by FLS980 fluorescence spectrometer. Temperature-
dependent emission spectra were recorded on the Raman Spectrom-
eter (JY-Horiba labRam infinity). The performance of the packaged LED
was measured by the Ocean Optics micro fiber spectrometer USB4000.
Internal Quantum Efficiency (IQE) and External Quantum Efficiency
(EQE) value were measured by F-7000 spectrometer based on the inte-
grating sphere method, and an integrating sphere coated by BaSO4 was
used as the attachment.

Fig. 1. XRD patterns for SGBO: 0.04 Ce>", SGBO: 0.09 Ce®*', SGBO: 1.0 Tb>"
and SGBO: 0.09Ce®*, 1.0 Tb*" phosphors.

2. Experimental

The phosphors of Sr3Gd(.x)(BO3)4: xCe3* (named as SGBO: Ce3*) (x
= 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.075, 0.1, 0.15, 0.2), Sr3Gd(s-
0(BO3)4: xTb** (named as SGBO: Tb®*) (x = 0.05, 0.1, 0.25, 0.5, 0.75,
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Fig. 2. (a) The emission spectra of SGBO: xCe>* phosphors. (b) The excitation spectra of SGBO: xCe®" phosphors. (c) Dependence of photoluminescence intensity on
Ce®* concentration. (d) The emission spectrum of SGBO: 0.04Ce>" phosphor was analyzed by Gaussian fitting.
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Fig. 3. (a)The emission spectra of SGBO: xTb3+ phosphors (Aex = 240 nm) and (b) the excitation spectra of SGBO: xTb3+ phosphors (Aem = 544 nm).
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Fig. 4. Emission and excitation spectra of (a) SGBO: 0.04Ce3+, (b) SGBO: 1.0
Tb** and (c) SGBO: 0.09Ce>", 1.0 Tb** phosphors.
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Fig. 6. Energy transfer efficiency of SGBO: 0.09Ce>*, yTb®* phosphor.
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Fig. 5. (a) Spectra of SGBO: 0.09Ce>", yTb*>" phosphors under 337 nm excitation. (b) Ce** ions and (c) Tb®* ions emission intensity dependence.
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3. Results and discussion
3.1. Phase identification

The XRD patterns of SGBO: 0.04Ce>", SGBO: 0.09Ce**, SGBO: 1.0
Tb3* and SGBO: 0.09Ce®*, 1.0 Tb3* phosphors were presented in Fig. 1.
All of the diffraction peaks matched well with the standard card PDF #
00-058-0627, which was reported to crystallize in an orthorhombic
crystal system with space group of Pmmm (47). Unit cell parameters a =
7.4226 A, b = 16.0624 A, ¢ = 8.7589 A, a = p =y = 90° and V =
1044.28 A® [32]. There were no impurity peaks in the experimental
range, which indicated that doping of Ce>* ions and Tb®" ions did not
cause significant changes to the host structure. The radius of Ce3" jons
(1.034 A) and Tb>" ions (0.923 A) were similar to the radius of Gd** ions
(0.938 10\), therefore Ce®* and Tb®* ions replaced the position of Gd3*
sites in SGBO host.

3.2. Photoluminescence properties of SGBO: xCe>* phosphors

Fig. 2(a) and (b) presented the emission spectra and excitation
spectra of SGBO: xCe3t (x = 0.01, 0.02, 0.03, 0.04, 0.05, 0.075, 0.1,
0.15, 0.2). Under the 342 nm excitation, SGBO: xCe®* showed bright
blue luminescence, and the broad emission bands extending from 350
nm to 600 nm were ascribed to the parity-allowed 5d — 4f transitions of
Ce®* ions. When monitored at 424 nm emission, Ce>* ions showed broad
excitation bands ranged from 200 to 400 nm, which were attributed to
the parity-allowed 4f — 5d transition of ce®t ions [33,34]. At around
273 nm, all samples had a sharp peak, except SGBO: 0.2Ce>" sample,
which were ascribed to the 857/2 - 6113 /2 transitions of Gd®" ions. The

intensity of 887 /2 — 6113/2 transitions decreased with the increasing of
Ce>" ions, and disappeared finally. It indicated that the excitation en-
ergy absorbed by Gd>" ions decreased with the concentration increase of
Ce>* ions, and the energy transfer from Gd>* ions to Ce>" jons became
weaker.

Fig. 2(c) showed the integral luminescence intensity of the SGBO:
xCe®* (x = 0.01, 0.02, 0.03, 0.04, 0.05, 0.075, 0.1, 0.15, 0.2) under 342
nm excitation. The luminescence intensity of SGBO: xCe3* phosphors
increased first (x = 0.01-0.03) and then decreased gradually (x =
0.05-0.15) with increasing Ce®" ions concentrations. The optimum
doping concentration of Ce>* jons was x = 0.04. The luminescence in-
tensity decreased greatly when the Ce3t concentrations x = 0.2. This
phenomenon was due to concentrations quenching.

Fig. 2(d) showed the emission spectrum of the SGBO: 0.04Ce®" under
the 342 nm excitation. The emission spectrum was analyzed by Gaussian
fitting. The asymmetric Ce>" emission band could be divided into two
Gaussian bands centered at 24,570 em~! (about 407 nm) and 22,717
cm™! (about 440 nm), which were attributed to the transitions from
lowest 5d excited state to the %Fs /2 and °F, /2 ground states of Ce3* ions.
The energy difference between these two bands was about 1853 cm !,
which was close to the energy difference between the two sub-levels 2Fs,
2 and 2F7/2 (~2000 cm™) decomposed by the ce®* jons [35,36].

3.3. Photoluminescence properties of SGBO: xTb>*phosphors

Fig. 3(a) presented the emission spectra of SGBO: xTb%* (x = 0.05,
0.1, 0.25, 0.5, 0.75, 1.0, 1.25, 1.5) phosphors. Under 240 nm excitation,
the emission spectra of SGBO: xTb>" samples peaked at 490 nm, 544 nm,
585 nm, 623 nm, which were originated from the 5D4 — "Fe, °Dy — "Fs,
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Fig. 8. (a) The decay curve of Ce3* excitation at 337 nm when monitored under 415 nm. (b) The decay curve of Tb3* excitation at 355 nm when monitored at 544
nm. (c) Ce®* ions and (d) Tb>* ions lifetime dependence with Tb®* ions concentration.

Table 1

Ce®" and Tb3* ions lifetime dependence with Tb®*

ions concentration.

Tb>" concentration Ce>" lifetime (ns) Tb®* lifetime (ms)

0.2 18.4 2.25
0.4 13.7 1.76
0.6 10.5 2.02
0.8 7.8 1.98
1.0 6.2 1.72
1.2 4.9 1.26
1.4 3.8 0.75
1.6 3.1 0.51
1.8 2.6 0.29

D4 — "F4, °D4 — "F3 transition of Tb>™ ions, respectively [37,38]. Fig. 3
(b) presented the excitation spectra of SGBO: xTb3* (x = 0.05, 0.1, 0.25,
0.5, 0.75, 1.0, 1.25, 1.5) phosphors. The excitation spectra were ob-
tained by monitoring the 544 nm emission. The phosphor exhibited a
broad excitation in the range of 200 nm-300 nm, which was attributed
to the 4f — 5d transition of Tb>* ions. Two sharp peaks were observed at
around 273 nm and 317 nm, which were ascribed to the 857/2 - O3 /2
and s, 2 — 6p, 2 transitions of Gd>* ions. This indicated the occurrence
of energy transfer from Gd>* ions to Tb®* ions [39,40]. Also, several
sharp excitation peaks were obtained in the range of 300 nm-500 nm,
which could be attributed to the parity-forbidden 4f — 4f transition of
Tb%" ions.

3.4. Photoluminescence and energy transfer of SGBO: Ce3', Th>*

properties

Fig. 4(a) showed two different excitation bands appeared in the
excitation spectra at around 284 nm and 342 nm, which monitored at
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Fig. 9. Energy levels transition of Ce>* and Tb®* in SGBO.

424 nm. And these bands originated from the 4f — 5d transition of Ce>*
ions, and the strongest excitation band was at around 342 nm [41]. The
photoluminescence spectrum exhibited a broad band peaked at 424 nm
excited by near ultraviolet 342 nm, which was assigned to the transition
from the lowest 5d state to the 4f ground state of Ce>".

The emission and excitation spectra of SGBO: 1.0 Tb>" sample was
presented in Fig. 4(b). The excitation wavelength was 273 nm. It could
be clearly seen that the emission spectrum included a series of emission
peaks in the range of 450 nm-650 nm. The emission peaked at 490 nm,
544 nm, 584 nm, 623 nm, which were attributed to the >D4 — "F¢, °D4 —
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Fig. 10. The CIE 1931 diagram of SGBO: 0.09Ce>", yTb®' under 337
nm excitation.

Table 2
The CIE in SGBO: 0.09Ce®", yTb*>" under 337 nm excitation.
sample CIE (x, y)
SGBO: 0.09Ce*, 0.2Tb3* (0.21, 0.25)
SGBO: 0.09Ce®*, 0.4Tb** (0.25, 0.38)
SGBO: 0.09Ce>*, 0.6Tb>* (0.27, 0.46)
SGBO: 0.09Ce>", 0.8Tb>" (0.28, 0.50)
SGBO: 0.09Ce®*, 1.0Tb** (0.29, 0.53)
SGBO: 0.09Ce>*, 1.2Tb>* (0.30, 0.53)
SGBO: 0.09Ce>", 1.4Tb>" (0.30, 0.53)
SGBO: 0.09Ce®*, 1.6Tb** (0.30, 0.54)
SGBO: 0.09Ce>", 1.8Tb%* (0.30, 0.54)

7Fs, °Dy — "F4, °D4 — "Fs transition of Tb3* ions [42]. When monitored
at 544 nm, the excitation spectrum consists of a broad band and a series
of sharp peaks. The broad excitation band at around 240 nm was
attributed to the 4f® — 4f’5d transition of Tb®* ions. Two sharp peaks
were observed at around 273 nm and 317 nm, which were attributed to
the transitions of Gd®* ions [43]. The excitation peaked in the wave-
length range of 300-520 nm were attributed to the 4f — 4f electronic
transition of Tb®* ions.

It was obvious that the emission spectrum of Ce>" ions overlap with
the excitation band of Tb®* ions. It indicated that the possibility of en-
ergy transfer from Ce®* to Tb®* according to Dexter’s theory [44,45]. As
shown in Fig. 4(c), when monitored at 545 nm, SGBO: 0.09Ce3*, 1.0
Tb3 excitation band showed the characteristic of 4f — 5d transition of
Ce3" ions. At the same time, upon 337 nm, not only Ce>" ions emission
but also strong Tb>" ions emission appeared in the photoluminescence
spectrum.

The photoluminescence intensity of the SGBO: xCe3*, 1.0 Tb>*
phosphor was measured, the SGBO: 0.09Ce>*, 1.0 Tb®* was brightest, so
the concentration of Ce®>" was fixed at x = 0.09 in the next experiment.
The photoluminescence spectra of SGBO: 0.09Ce>*, yTb®* (y = 0.2, 0.4,
0.6, 0.8,1.0,1.2, 1.4, 1.6, 1.8) phosphors under 337 nm excitation were
shown in Fig. 5(a). Fig. 5(b) showed the emission intensity of Ce3* jons
upon 337 nm excitation. It was clearly found that the blue emission
intensity of Ce>" ions decreased with the Tb*" ions doping

Journal of Luminescence 242 (2022) 118594

concentrations increased. Fig. 5(c) presented the 5D4 - 7F 7J=6,5,4,
3) emission intensity of Th>" ions, which was increased first and then
decreased with the increasing in Tb>* ions concentrations, Tb>" ions
optimum doping concentrations was y = 1.0.
Energy transfer efficiency was calculated by the following formula:
I

n= I_E (€))]

where ; represented energy transfer efficiency between Ce®* ions and
Tb3* ions, where I, was the emission intensity of Ce>* with co-doped
T3+ ions, I, was the emission intensity of Ce®* in the absence of
Tb3" ions [46]. Energy transfer efficiency of SGBO: 0.09Ce>*, yTb>*
phosphor were plotted in Fig. 6. With the increasing in concentrations of
Tb®* ions, energy transfer efficiency gradually improved. When the
Tb3* ions concentration was y = 1.8, the energy transfer efficiency
reached 98.37%.

There were two main mechanisms of energy transfer: electric
multipole interaction and exchange interaction. Electric multipole
interaction included dipole-dipole, dipole-quadrupole and quadrupole-
quadrupole interactions. Electric multipole interaction and exchange
interaction were determined mainly by the critical distance (R.) be-
tween activator (Tb>") and the sensitizer (Ce*™). General, while R < 5
A, energy transfer was dominated by exchange interaction, when R, > 5
A, the energy transfer was mainly attributed to the electric multipole
interaction.

The critical distance (R¢) could be obtained by the following formula:

"
Ro=2(Y @
4xCN

where R, was critical distance, V was the volume of the unit cell (V =
1044 A®), N was the number of sites in a unit cell that could be occupied
by the activator (N = 8), C was the total concentrations of activator
(Tb®*") and the sensitizer (Ce®") (C = 0.545) [47,48]. R, was calculated
to be 7.7 A. Therefore, the main mechanism of energy transfer of Ce>* to
Tb3" was electric multipole interaction.

According to Dexter energy transfer mechanism and Reisfeld’s
approximation, the energy transfer mechanism of the electric multipole
interaction could be further determined by the following formula:

w Lo
oo 2k 3)

where 75, and 7 represented quantum efficiency. I, and I; was the
luminescence intensities of Ce>* in the presence and absence of ions. We
calculated it with I, and I,. The number n was equal to 6, 8 and 10,
corresponding to dipole-dipole, dipole-quadrupole and quadrupole-
quadrupole interactions [49]. Fig. 7 showed the relationship

betweenC™ and I,,/I;. When n was equal to 10, the linear fit was best.
The consequences distinctly showed that the energy transfer between
Tb%" and Ce®* in the SGBO host was due to the quadrupole-quadrupole
interaction.

Fig. 8(a) and (b) showed the decay curves of Ce®" ions and Tb®" ions.
The lifetime of the samples could be obtained by calculating the curve
areas. Fig. 8(c) and (d) showed the lifetime of Ce®>" ions and Tb>* ions.
Table 1 showed the Ce>* and Tb®* ions lifetime dependence with Tb3*
ions concentration. With the increasing of doping concentrations of
Tb%" ions, the decay times of Ce>* ions and Tb®" ions decreased. If the
sensitizer (Ce>") had energy transfer functional on the activator (Tb>™).
The decay times decreased with increasing the activator doping con-
centration, which could explain the existence of energy transfer from
Ce3* ions to Tb®' ions [50-52]. When the concentration of Tb®" was
more than x = 1.2, the lifetime of Tb>* jons became shorter and shorter,
which was due to concentrations quenching.

Energy transfer level diagram of Ce>* ions and Tb®" ions in SGBO
was shown in Fig. 9. Ce>" ions were excited from ground state to 5d
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Table 3
The IQE and EQE of SGBO: 0.09Ce>*, SGBO: 0.09Ce3*, 1.0 Tb>*, (Ba, Sr),SiO4:
Eu?" phosphor. (hey = 345 nm).

Sample IQE EQE

SGBO: 0.09Ce>* 32.2% 26.6%
SGBO: 0.09Ce>", 1.0 Tb>*+ 57.9% 46.0%
(Ba, Sr);Si04: Eu?’ 74.6% 64.3%

excited state. One part of the excited Ce>" ions returned to the ground
states, another part of the excited Ce>" ions transferred energy to the
excited state (°D3) of Tb3* ions. The 5pj state of Tb3* ions relaxed to 5Dy
state. Finally, Tb>" ions gave rise to green emission.

Fig. 10 presented the position of each concentration samples in CIE
1931. The CIE coordinates of SGBO: 0.09Ce>", yTb>* (y = 0.2, 0.4, 0.6,
0.8,1.0,1.2,1.4, 1.6, 1.8) excited by 337 nm were displayed in Table 2.
From the CIE coordinates of the samples, with the increasing of Tb®*
ions concentration, the samples could be modulated from white (0.21,
0.25) to green (0.30, 0.54). The photoluminescence spectra were mainly
determined by the emission of Tb®* ions, and showed green light.

3.5. Thermal stability and activation energy

Thermal stability is an important parameter in luminescent materials
to assess whether the phosphors are suitable for LEDs. The temperature
dependent emission spectra of SGBO: 0.09Ce**, 1.0 TH3* sample from
303 K to 443 K were presented in Fig. 11(a). It was clearly seen that with
the temperature increasing the emission intensity of all transitions
decreased due to the thermal quenching effect [35,53,54]. Fig. 11(b)
showed the emission intensity dependence on temperature. At 443 K,
the emission intensity reached 88% of the initial value. The SGBO:
0.09Ce®*, 1.0 Tb®" phosphor exhibited relatively high thermal stability
favorable for LEDs application. We also determined the activation en-
ergy of SGBO: 0.09Ce3*, 1.0 Tb3* green phosphor by following Arrhe-
nius equation [55]:

-1
Iy :l%l-&-Cexp(—f—%)} 4)

where I was the emission intensity at test temperature (T); Ip was the
emission intensity at 303 K; C was a constant; E, was the activation
energy for thermal quenching; k was the Boltzmann constant (8.62 x
107° eV/K) and T was the temperature in K. Fig. 11 (c) showed the plot
of In[(Io/I1)-1] versus 1/KT for SGBO: 0.09Ce>", 1.0 Tb3* green phos-
phor. The slope of the fitted line was about.0.14. Therefore, the acti-
vation energy of SGBO: 0.09Ce3", 1.0 Tb®* green phosphor was
calculated, and it was 0.14 eV [56,57].

3.6. Application in white LED

A white LED was fabricated by using a 365 nm near-ultraviolet LED
chip combined with BaMgAl;40;7: Eu?* (blue), SGBO: 0.09Ce>*, 1.0
Th3+ (green), and CaAlSiNg: Eu®" (red) phosphors, the emission spec-
trum was shown in Fig. 12. The color coordinates (CIE), correlated color
temperature (CCT) and color rendering index (Ra) of LED were deter-
mined to be (0.40, 0.42), 3721 K and 91.1, respectively. All the results
showed that SGBO: Ge3*, Tb®" has the potential to be used as a green
phosphor for near ultraviolet white light LEDs.

Fig. 13 showed the emission intensity of SGBO: 0.09Ce®*, 1.0 Tb%*
phosphor and commercial (Ba, Sr)2SiO4: Eu** phosphor under 365 nm
excitation. Although the integrated luminescence intensity of SGBO:
0.09Ce3*, 1.0 Tb®* phosphor was about 40% of (Ba, Sr)»SiO4: Eu®"
phosphor, the 545 nm peak emission intensity of SGBO: 0.09Ce>", 1.0
T3+ phosphor was higher than the commercial (Ba, Sr)»SiO4: Eu?*
phosphor. Table 3 presented the IQEs and EQEs of SGBO: 0.09Ce>" and
SGBO: 0.09Ce3", 1.0 Tb®* phosphor under 345 nm excitation, IQEs were
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about 32.2% and 57.9%, EQEs were about 26.6% and 46.0%. The IQE of
SGBO: 0.09Ce3", 1.0 Tb®* phosphor has reached 74.3% of commercial
(Ba, Sr)»Si04: Eu?* phosphor.

4. Conclusions

In summary, a series of green color tunable SGBO: ce®*, SGBO: Tb3,
SGBO: Ce>*, Tb>* were successfully synthesized through conventional
high temperature solid state reaction method. The XRD results indicated
that SGBO: Ce3*, SGBO: Tb®* and SGBO: Ce>*, Tb>" phosphors were
pure phase. Fluorescence spectra showed the optimum concentration of
SGBO: xCe>" was x = 0.04, the optimum concentration of SGBO: xTb>*
was x = 1.0. With the concentrations of Tb®" ions increasing, the effi-
ciency from Ce®' ions to Tb>' ions energy transfer increased. The
maximum energy transfer efficiency reached 98.37%. By measuring the
fluorescence lifetime decay curves of Ce>* and Tb®*, it was further
proved that the energy of Ce>* ions were transferred to Tb®* ions, and
the energy transfer caused by quadrupole-quadrupole interaction. With
the concentrations of Tb®" ions increasing its CIE modulated from white
(0.21, 0.25) to green (0.30, 0.54). When temperature reached 423 K, the
luminescence intensity reached 88% of the initial value, indicating that
SGBO: Ce3*, Tb3* have excellent thermal stability. A white LED was
fabricated by using a 365 nm near ultraviolet LED chip combined with
BaMgAl;¢017: Eu" blue phosphor, SGBO: 0.09Ce>", 1.0 Tb®* green
phosphor and CaAlSiNs: Eu?* red phosphor. The CIE was (0.40, 0.42);
CCT was 3721 K; and R, of LED was 91.1. The IQEs of SGBO: 0.09Ce>*
and SGBO: 0.09Ce>", 1.0 Tb>* phosphor under 345 nm excitation were
about 32.2% and 57.9%. These results indicated that SGBO: Ce3", Tb>*
could be as a potential green LED phosphor.
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