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ABSTRACT: Exploring oxide-based red-emitting phosphors is essential for
improving the color rendering index (R,) and reducing the correlated color
temperature (CCT) of white-light-emitting diode (LED) lighting sources.
Especially, it is challenging to design Eu** red emission in inorganic solids.
Here, the Eu**-activated oxide phosphor Sr,LaGaOs:Eu** was synthesized
with red emission peaking at 618 nm under 450 nm excitation. The crystal
structure and spectral analysis indicate that Eu** tends to occupy [Srl/
LaOg] polyhedrons with a smaller coordination number, resulting in a large
crystal field splitting at the 5d level and realizing the broadband 4f—5d red
emission. When Sr is substituted by Ba atoms, density functional theory
calculations verify that Ba tends to enter [Sr20,,] with a large coordination
number, further giving rise to the lattice distortion and a giant spectral redshift (618—800 nm). The white LED device fabricated by
mixing red Sr, ¢Ba,,GaO¢:Eu** and green Lu;Al;O,,:Ce*" phosphors exhibits a high color rendering index (R, = 92.1) and a low
color-dependent temperature (CCT = 4570 K). This study will give guidance for exploring new Eu®" activated oxide-based red
phosphors as well as achieving tunable emission through cations’ substitution.

Ba,Sr, LaGaO;:0.06Euz*
2 ) 618-800nm_

o~

Normalized Intensity

500 600 700 800
Wavelength (nm)

B INTRODUCTION phosphors with red emissions also encourage research in this
field."

The local environment around Eu®* ions plays an essential
role in photoluminescence tuning. In general, tunable
emissions in a given Eu®' activated inorganic phosphor can

Phosphor-converted white-light-emitting diodes (pc-WLEDs)
are considered as the new generation of lighting sources owing
to their merits involving compact structures, energy con-

servation, e{l:/ironmental protection, high efficiency, and long be achieved by adjusting the local environment around the

service life. " Therefore, developing pc-WLED lighting will Eu®" ion. For example, as the Sr content gradually increases in

help alleviate the energy crisis, environmental pollution, and Sr.Ba,_,SiO,:Eu®, the Eu—O bond length decreases corre-
. . . e X —X - )

other adverse situations. So far, exploring new red-emitting spondingly, leading to tunable emission colors from green to

phosphors is still one of the main challenges to solve the orange red."’ In addition, the local environment of Eu* in
problem of high correlated color temperature (CCT > 4500 K) Sr,_.Ba,Y,0,:Eu®* can also be modified through Sr/Ba
and low color rendering index (R, < 80) of commercial pe- substitution to achieve spectral regulations, leading to a
WLEDs.”® The present commercial red phosphors are substantial red shift emission from 620 to 773 nm."*
confined to nitride, sulfide, and fluoride, such as CaAlSi- Accordingly, the cation substitution is promising to achieve
N;:Eu®*,” Sr[LiAL;N,]:Eu**,® CaS:Eu*",” and K,SiFaMn*".'’ spectral regulation.

However, synthesizing nitride phosphors requires a high In this work, we designed the synthesis of red-emitting
temperature, high pressure, and expensive reagents, which Sr,LaGaOs:Eu** phosphors with good thermal stability. Eu**
increases the preparation cost. The physical and chemical ions preferentially occupy [Sr1/LaOg] polyhedrons with small
properties of synthesized sulfide phosphors are unstable, and coordination numbers causing large crystal-field splitting
they may also decompose, which is harmful to environments. (ecrs) of Sd levels of Eu*". Through Sr/Ba substitution, the
Fluoride phosphors have the drawback of requiring the use of

toxic and corrosive HF as a fluorine source.'' In contrast, oxide Received: August 8, 2023 Lo
matrixes have some advantages, including adjustable structure, Revised: ~ September 21, 2023 :

low cost, and no pollution. Especially, it is significant to explore Published: October 5, 2023
Eu** doped red phosphors in the oxide-based inorganic solids
because they can be excited by cheap and efficient blue GaN
chips. In recent years, some reported Eu** doped oxide
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Figure 1. (a) Crystal structure of Sr,LaGaO; highlighting the coordination numbers of each different cation. (b) XRD patterns of Sr,LaGaOg:xEu**
(0.01 < x < 0.1). (c) Rietveld refinement of the selected sample of Sr,LaGaO;:0.06Eu**. (d) The relationship between cell volume V (x) and x
(Eu) concentration in Sr,LaGaOg:xEu®* and (e) scanning electron microscopy of Sr,LaGaOg:Eu®* particles and electron spectroscopy of Sr, La,

Ga, O, and Eu.

emission peak is further tuned to the near-infrared region and
(Ba,Sr),LaGaO4:Eu*" maintains good thermal stability. The
local environment around Eu®* ions and the mechanism for
tunable emission through substitution are analyzed in detail.
Furthermore, WLEDs are also fabricated to evaluate the
performance of (Ba,Sr),LaGaOg:Eu’*, demonstrating their
high potential in developing solid-state lighting sources.

B EXPERIMENTAL SECTION

Materials. SrCO; (99.95%, Aladdin), BaCO; (99.95%, Aladdin),
La,05 (99.99%, Aladdin), Ga,O; (99.99%, Aladdin), and Eu,O,
(99.99%, Sinopharm). All the reagents were purchased from Aladdin
Industrial Corporation and used without additional purification.

Synthesis. Sr,LaGaOg:xEu (0.01 < x« < 0.1) and
BaySrz_yLaGaOS:Eu“ (0 < y < 1) phosphors were synthesized by
the high-temperature solid-state method. Based on the above
ingredients, the required raw materials were weighed according to
their stoichiometric ratios and ground in an agate for approximately
30—40 min for thoroughly mixing. Afterward, the mixture was poured
into an alumina crucible, heated to 1450 °C in a horizontal tube
furnace under a reducing mixture atmosphere of H, (20%) and N,
(80%), held for 6 h, and then cooled to room temperature.
Subsequently, the sample was thoroughly ground again, poured into
an alumina crucible, and then sintered again at 1450 °C in a mixed
atmosphere of H, (20%) and N, (80%) for 6 h. After cooling to room
temperature, the resultant solid was ground to fine powder for further
measurement.

Characterization. An Aeris powder X-ray diffraction (PXRD)
diffractometer (PANalytical Corporation, Netherlands) was used to
collect the PXRD patterns of all samples under monochromatic Cu
Ka radiation (4 = 1.5406 A) at 40 kV and 15 mA. The morphology
and particle size were characterized by using a scanning electron
microscope (SEM) (NOVA NANOSEM 430), and the elemental
mappings were obtained using an energy dispersive X-ray
spectrometer (EDS) attached to the SEM. An FLS1000 fluorescence
spectrophotometer from Edinburgh Instruments, equipped with a
xenon (Xe) lamp as a radiating source, was used to measure the
photoluminescence (PL) and photoluminescence excitation (PLE)
spectra, luminescence attenuation curves, and temperature-dependent
emission spectra of all samples. Thermoluminescence (TL) spectra
were recorded by an FJ427A1 thermoluminescence dosimeter
(CNNC Beijing Nuclear Instruments Factory) between S0 and 300
°C at a heating rate of 4 °C s™'. The photoluminescence quantum
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yield (PLQY) was measured by using an integrated sphere on the
same Edinburgh FLS1000 fluorescence spectrophotometer. WLED
devices were fabricated by combining the commercial blue InGaN
chips with A, = 450 nm, green-emitting LuAG:Ce*" phosphor, and
red-emitting Ba,,Sr, sLaGaOs:Eu** phosphor. The PL spectra R, LE,
and CCT of the WLEDs were measured by using an integrating
sphere spectral Radiometer system (ATA-1000, Ever fine).

B COMPUTATIONAL METHODOLOGY

Density functional theory (DFT) calculations were performed
for Sr,LaGaOyg using the Vienna Ab initio Simulation Package
(VASP).'1° Considering the co-occupied Sr/La atom in one
site, six models were first constructed to locate Sr and La at
different sites with the formula Sr:La = 2:1. During the
calculation, the projector augmented wave (PAW) method
based on the generalized gradient approximation (GGA) was
employed, and the Perdew—Burke—Ernzerhof (PBE) format
was adopted for the exchange correlation potential.'”"®
Structural optimization was conducted by using the PBE
exchange correlation potential for each model. The cutoff
energy of a plane-wave basis was set as 520 eV. The atoms in
each compound were fully relaxed until the Hellmann—
Feynman forces on them were within —0.01 eV/A. The model
with the lowest energy formation was chosen for the Ba/Sr
substitution. Calculation parameters for the Ba,Sr, ,LaGaOs
were set similarly to those for Sr,LaGaO;.

B RESULTS AND DISCUSSION

Structural Characterization. As displayed in Figure 1a,
Sr,LaGaOj belongs to the I4/mcm space group.'” Sr has two
coordination modes. Srl and La are randomly distributed in
Sr,LaGaOg with a ratio of 1:1, and they form a eight-
coordination polyhedron with oxygen. Sr2 and oxygen form a
decacoordinated polyhedron, and Ga and oxygen form a four-
coordinated polyhedron. Figure 1b shows that the diffraction
peaks of all samples match well with the standard
crystallography data, indicating the pure tetragonal phase of
Sr,LaGaO; (JCPDS No. 50-0500)"7*° (Figure 1c, Figure S1,
Supporting Information). All fitting parameters R, R,,, and Ve

are presented in Table S1, Supporting Information, and the
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Figure 2. (a) PL emission and excitation spectra of Sr,LaGaOg:Eu’* before and after second sintering under 450 nm excitation. (b) Luminescence
decay curves of Sr,LaGaO4:0.06Eu*" at 78—330 K under excitation at 450 nm and monitored at 618 nm. (c) Persistent luminescence decay curve
of Sr,LaGaO;:Eu** phosphor and (d) TL curves of Sr,LaGaO4:0.06Eu** and Sr,LaGaOjs host; the illustration shows the afterglow generated by
turning off the light source sample after 1 min irradiation with a 360 nm light source.

small values indicate that the refinement was reliabile.”” Tables
S2 and S3 list the fractional atomic coordinates and primary
bond lengths of Sr,LaGaOg:xEu.”’ As presented in Figure 1d,
an increasing x(Eu) leads to the gradual reduction of the cell
volume V, which could be attributed to the ion replacement of
Eu®* « Sr** because the ionic radius of Eu** is slightly smaller
than that of Sr** (Eu**, (CN = 8,IR=1.25A) (CN =10,IR =
1.35 A); Sr*, (CN = 8, IR = 1.26 A) (CN = 10, IR = 1.36
A)).>"** In addition, the substitution of Eu*" < La** ions may
also be another reason for the decrease in cell volume V after
doping with Eu (Eu*, (CN = 8, IR = 1.066 A); La*", (CN = 8,
IR = 1.16 A)). Besides, it is also possible for a small number of
Eu®" ions to occupy the La®* site. The question of which sites
Eu** is more likely to occupy will be further discussed later. A
SEM image and element atlas image of Sr,LaGaOs:0.06Eu**
are shown in Figure le. The particle size of the sample is about
15—30 um, and the shape is irregular, indicating that the
microcrystals have a high-quality crystallinity. In addition, the
element mapping images also show that Sr, La, Ga, O, and Eu
were uniformly distributed in the phosphor particles.
Photoluminescence. Figure 2a demonstrates the lumi-
nescence behaviors of Sr,LaGaOg:0.06Eu**. Obviously, the
luminescence intensity of the sample was significantly
improved after secondary sintering. At the same time,
monitoring the luminescence of Eu®" under the excitation of
393 nm before and after secondary sintering indicates that the
Eu®" luminescence is significantly reduced after secondary
sintering, which proves that more Eu** is reduced to Eu®*
(Figure S2). Through a comparison of the XRD patterns
before and after secondary sintering, it can be seen that all
samples belong to the pure phase (Figure S3). The
photoluminescence excitation (PLE) spectrum of the sample
was monitored at 618 nm, which exhibited a broadband
spectrum from 380 to 600 nm attributed to 4f’ — 4f° 5d'
transitions of Eu®* ions.”> Under 450 nm excitation,
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Sr,LaGaO;:0.06Eu”* exhibited a broadband emission from
550 to 800 nm, with a full width at half-maximum (fwhm) of
78.2 nm. As shown in Figure S4, all of the samples display
similar peak positions and spectral profiles under 450 nm
excitation, and x = 6% is the optimal doping concentration. In
order to further understand the dynamics of the Eu®* excited
state in Sr,LaGaOj and further confirm the site occupation of
Eu®, we conducted temperature-dependent PL decay curve
measurements in the temperature range from 78 to 330 K. The
decay curves and the detailed fitting results are summarized in
Figure 2b and Table S4, respectively. Obviously, all decay
curves fitted well with the double exponential function I(t) =
Ae™™ 4+ A,e™™, indicating that all samples have two
luminescence centers. Generally, as the temperature decreases,
the probability of non-radiative transitions decreases, and the
emission attenuation gradually extends.”* As can be seen, it is
found that the Eu?*-PL decay in Sr,LaGaOg was significantly
increased at 330 K compared with that at 78 K (Figure 2b,
Table S4). The abnormal temperature decay of Eu** with
increasing temperature can be explained by the capture of
electrons thermally filled at the Eu** 5d level.

As shown in Figure 2¢, Sr,LaGaO4:Eu* exhibits a weak and
brief afterglow decay after 450 nm excitation. The reason for
the existence of this decay is related to the defects generated by
Eu** occupation at the La*" position. To confirm this
speculation, we studied the distribution of Sr,LaGaOg:Eu**
traps through TL spectroscopy, as depicted in Figure 2d.
Apparently, Sr,LaGaOg:Eu** phosphors possess deep traps
near 85 °C compared to the Sr,LaGaOj host. Typically,
delayed photoluminescence emerges in phosphors with traps,
which corresponds to the PL decay curve (Figure 2b, Table
S$4).” Thus, one of the luminescence centers occupied by Eu**
should be La*. Admittedly, the main factors affecting the
emission energy distribution of Eu** are the nephelauxetic
effect, crystal field splitting, and Stokes shift.”*” Dorenbos has
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Figure 3. (a) XRD patterns of Ba , St LaGaOs: :0.06Eu** (0 < y < 1). (b) Photoluminescence emission and excitation spectra of
Ba,Sr,_,LaGaO;:0. 06Eu** (0 <y < 1). (c) Normalized emission spectra of Ba,Sr,_ LaGaOS:O.OéEuZJr (0 <y < 1) under 450 nm excitation. (d)

The requlred formation energy model for Ba®* to replace Sr**

at different sites in the calculation model with the lowest formation energy.

studied the ecpg of Ce®* in oxides, and the empirical formula
for determining the relationship between the shape and
volume of the coordination polyhedra and crystal field splitting
is given as follows.”®

ﬂpoly av
Ly
= Z (R, — 0.6AR)
Among them, ﬂPoly is a constant that depends on the type of

polyhedron and is independent of the valence state of rare
earth ions. The optical properties of Ce** and Eu** are similar.
R, is the distance between the coordination anion and Eu** in a
lattice without relaxation, and there are N coordination anions.
However, due to the actual lattice relaxation around Eu*',
0.6AR is introduced to correct the distance between the atoms,
AR = Ry — Ry, where Ry, is the ionic radius of the cation
replaced by Eu** and Ry, is the ionic radius of Eu**. In
addition, Dorenbos summarized the following empirical
equation through data statistics and analysis:
ﬂOctahedron:ﬂHexahedron:ﬂCubic Octahedron = 1:0.89:0.44. Accordingly,
the coordination numbers of octahedrons, hexahedrons, and
cubic octahedrons are 6, 8, and 12, respectively. Therefore, the
smaller the coordination number, the larger the crystal field
splitting, giving rise to the redshift of the PL spectra.”” For
instance, some previous reports propose that the red emission
is mainly dominated by Eu** occupying low coordination
positions, such as Sr,ScAlOg:Eu®* (Sr*', (CN = 6));*°
CaYGaO,:Eu** (Ca*, (CN = 6));31 and so on. In addition,
our group also found that Eu*" occupies eight coordlnated Sr
sites in SrLaScO :Eu®*, producmg red emission.>”** Therefore,
it is also credible that Eu®* occupies the La** and Sr2+ sites with
coordination numbers of CN = 8 in Sr,LaGaOs:Eu**, which
leads to red emission.
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Furthermore, Ba,Sr,_ LaGaOg:Eu** (0 < y < 1) phosphors
have been prepared through Sr/Ba substitution, and their XRD
patterns are shown in Figure 3a. All diffraction peaks are
consistent with the standard data for Sr,LaGaOg (JCPDS No.
70-5050). As the Ba doping amounts increase, the diffraction
peaks gradually shift toward a small diffraction angle direction,
which can be attributed to lattice expansion caused by
substituting the larger Ba** for the smaller Sr** in the same
fold of coordination (Sr**, (CN = 8, IR = 1.26 A) (CN = 10,
IR = 1.36 A), Ba>*, (CN=8,IR=142A) (CN =10, IR = 1.52
A)). Figure S5 shows SEM images and EDS patterns of the
selected Bay,Sr; sLaGaOs:Eu** sample. The sample size is
approximately 20—40 ym. The EDS diagram declares uniform
distributions of Ba, Sr, La, Ga, O, and Eu in the phosphors.
Through Sr/Ba substitution, the emission spectra of the
samples gradually red shift, with a maximum displacement of
800 nm. The PLE and PL spectra of Ba,Sr,_,LaGaOjs: :Eu®* (0
<y < 1) are further depicted in Figure 3b As the Ba doping
concentration gradually increases, the emission spectra
gradually shift to the deep red region, while the luminescence
intensity of the sample also decreases little by little. The
corresponding PLQY values are listed in Table SS, from 40.5%
aty = 0to 10.3% at y = 1, suggesting the decreasing trend. The
normalized PL spectrum of Ba,Sr,_ LaGaOs:Eu** (0 <y < 1)
is shown in Figure 3c.

Strikingly, the emission peak position of the sample shifts
from 618 to 800 nm (under 450 nm excitation). Moreover, the
fwhm values of the spectra also exhibit significant broadening
as the Ba doping amounts increase. Consequently, it can be
further confirmed that the local structure of Eu** can be
adjusted through Sr/Ba cation substitution, enabling spectral
regulation of BaSr,_LaGaOg:Eu** (0 < y < 1) from the
visible light (VIS§ to near-infrared light (NIR) region. In view
of the presence of two Sr sites (CN = 8 and CN = 10) in
Sr,LaGaOs:Eu**, DFT calculations were used to determine
which position of Sr is more easily replaced by Ba during the
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Figure 4. (a) Temperature-dependent normalized integrated emission intensities of Ba,Sr,

_},LaGaOS:O.06Eu7'+ (o< y< 1) from room temperature

to 200 °C under 450 nm excitation. (b) TL curves of BaySrz,yLaGaOS:0.06Eu2Jr (0 <y < 1)and (c) schematic energy level diagram for Eu** ions in
Sr,LaGaOs and Bay,Sr; sLaGaOs. &, denotes the centroid shift of Sd-levels of Eu**, e, shows the CFS effect, Efree represents the photoionization

barrier, and AS(A) represents the Stokes shift.

substitution process. First, based on the structural prototype of
Sr,LaGaOy,"” various structural models were constructed for
theoretical calculations by randomly fixing the positions of Srl
and La, as shown in Figure S6. La atom replaced the Sr site
that is eight-coordinated to the O atom to form [LaOg]. All
[LaOg] exists between the [SrO;,] and [GaO,] layers. Note
that all the La is fixed with the ratio of Sr:La = 2:1. Therefore,
the Ba/Sr replacement models were constructed by using the
structure with the lowest formation energy as shown in the
calculation results, and the model with the lowest energy is
labeled in blue (Figure S6, iii). Based on this model, the final
calculation results indicate that Ba tends to replace the Sr2 site
with the formation energy of 0.76 eV to form a ten-
coordinated [BaO,o] rather than that of the Srl site (1.50
eV) to create an eight-coordinated [BaOg]. Since the ionic
radius (IR) of Ba®* (CN = 10, IR = 1.52 A) is larger than that
of Sr** (CN = 10, IR = 1.36 A), the introduction of Ba ions will
cause the expansion of the ten-coordinated [Sr/BaOj,]
polyhedron and generate compressive stress around the
eight-coordinated [Sr1/EulQg] and [La/Eu2Qg], resulting in
structural distortion (Figure 3d and Figure S6). Distinct Stokes
displacement caused by sizable structural relaxation contributes
significantly to the enormous PL displacement.’* Therefore,
we speculate that the red shift and broadening of the spectrum
are caused by the Octahedron distortion of [EulOg] and
[Eu20g].

Figure 4a and Figure S7 show the temperature-dependent
emission spectra of BaSr,_LaGaOg:Eu** (0 < y < 1)
phosphors under 450 nm excitation. Due to the different
sensitivity responses of Eu** to La and Srl sites at different
temperatures, the temperature-dependent PL peaks of all
samples exhibit a slight blue shift, as shown in Figure S7.
Moreover, all samples indicate good thermal stability, with a
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comprehensive emission intensity of approximately 78%—88%
at 150 °C compared to the initial value at RT. In addition, the
thermal stability of this material compared to other typical red
phosphors is also listed (Table S6). Figure 4b shows the TL
spectra of Ba,Sr,_ LaGaOg:Eu** (0 <y < 1). The principle of
this temperature-dependent spectral phenomenon was further
studied through the trap distribution. All samples contain
defects, and different trap depths lead to slight differences in
the thermal stability. However, the introduction of Ba did not
increase the number of traps in the samples. Taking
Sr,LaGaOs:Eu** and Bay,Sr; (LaGaOg:Eu®" as examples, the
trap depths of the two samples were estimated using the
corresponding formulas:*®
T

T 500

In the equation, Ey represents the estimated depth in eV and T
represents the peak temperature in kelvin (K). At 85 and 90
°C, the Er values are 0.17 and 0.18 eV, respectively. A
visualization mechanism model on the PL and carrier
compensation diagram was created to compare the effects of
defects before and after Ba doping, as shown in Figure 4c.
Under 450 nm excitation, the electrons on the Eu®" level rise to
the 5d excited state, and red emission will be achieved when
the excited electrons return to the 4f ground state. However,
when there are defects in the sample, a portion of the electrons
will be trapped and escape, thereby improving the thermal
stable emissions of the samples. Moreover, due to the
introduction of Ba, no new traps are generated, so the thermal
stability of all samples remains relatively stable. As mentioned
earlier, phosphors with traps generally exhibit delayed
photoluminescence, which may affect the PL decay curve.
Figure S8 and Table S7 show the temperature-dependent PL
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Figure 5. (a) CIE chromaticity coordinates of WLED and the device fabricated by blending green-emitting LuAG:Ce** and red-emitting
Bay,St; sLaGaOs:Eu** phosphors based on an InGaN blue-emitting (4,,, = 450 nm) chip. (b) PL spectra of the WLED device and the WLED lamp
are excited in the inset. (c) PL spectra of the fabricated WLED under 20—300 mA forward bias currents.

decay in the temperature at 80 and 300 K of
Bay,Sr, LaGaOg:Eu®". Notably, its changes are consistent
with Figure 2b and Table S4, so this will not be further
elaborated.

WLED devices were fabricated by coating commercial
green-emitting LuAG:Ce®" and red-emitting
Bay,Sr, sLaGaOg:Eu®* on the commercial 450 nm LED chips
to evaluate their potential lighting source applications. As
shown in Figure S5a, the International Commission on
I’Eclairage (CIE) coordinates of the WLED manufactured
are (0.357, 0.353). Figure Sb shows the output spectrum of the
device under a forward bias current of 20 mA. The CCT is
determined to be 4570 K, located in the white light area, and
R, is 92.1. The illustration shows a photo of the glowing
WLED with shinning white light. The output spectra of the
WLED device at a driving current of 20—300 mA are shown in
Figure 5c. These results on the WLED device indicate that the
Bay,Sr; sLaGaOg:Eu®* phosphor is a potential red converter for
capturing warm white light.

Bl CONCLUSIONS

In conclusion, we have demonstrated that Eu** occupying the
eight-coordinated [Sr1/LaOg] sites in Sr,LaGaO; can be
developed as a useful design principle toward red phosphors
for warm white lighting sources. Moreover, giant photo-
luminescence tuning can be achieved through a simple Ba—Sr
substitution in Sr,LaGaOg:Eu**. It is found that Ba is more
inclined to selectively replace the ten-coordinated [Sr20,,]
sites, resulting in a strong CFS and compression of [EulOyg]
and [Eu20g] polyhedra, enabling a spectral shift from visible
to near-infrared. Moreover, Ba,Sr,_ LaGaOs:Eu** (0 <y < 1)
phosphors showed excellent thermal quenching resistance,
attributed to the existence of defect levels. This also provides
feasible guidance for developing Eu** doped oxide-based near-
infrared luminescent phosphors. A WLED with high color
index (R, = 92.1) was fabricated by combining
Bay,Sr; sLaGaOg:Eu** with a blue chip and green-emitting
phosphors LuAG:Ce’®". This work demonstrated some new
design principles toward Eu*" activated oxide-based red
phosphors as well as achieving tunable emission through
cations’ substitution.
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