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Abstract. In this study, a unique high-
temperature sintering process was used to
create a red-emitting, non-dosage abatement
K7ST’Y2_2mBl5030.' IE‘UBJr (KSEBOE) (01 S
x < 1.0) sample. The phosphors were suggested
with the purpose of accomplishing warm and
good-color-rendering white light for phosphor-
conversion LED. By steadily increasing dop-
ing BEu*t ions, K7SrYeBi5030 (KSEBO) may
demonstrate impressive photoluminescent profi-
ciency and the greatest discharge wavelength fo-
calized under 617 nm. Additionally, the absence
of dosage abatement may result from the large

range (7.012 13) among two Eu3t granules. The
phosphor exhibited great inner quantum yield (~
78.71%), superb hue clarity (~88.32%), as well
as potent heat consistency (with discharge in-
tenseness under 140°C reaching nearly 97.51%).
The strong white illumination yielding a low
correlated chroma temperature (CCT) reaching
4211 K as well as chroma coordination shown
as (0.8675, 0.3556) may be produced by cover-
ing BaMgAloO17: Ev*t, (Ba, Sr)2SiOy: EuT,
along with KSEBO above one n-UV chip. The
KSEBO phosphor also demonstrated notable n-
UV /blue-light scattering performance, especially
at high doping concentrations (30-40%), en-

abling its potential to improve the color unifor-
mity of the white LED. Shortly, the non-dosage
abatement KSEBOFE molecule possesses a strong
chance of being a red phosphor sample for the
solid-state illumination industry.

Keywords: Photoluminescence; Eu?t granules;
solid-state reactivity; WLED apparatus derived
from red phosphor samples.

1. Introduction

Owing to their benefits of great effective-
ness, light level, reliability, safety, as well as
power conservation, white light-emitting diodes
(WLEDs) have emerged as a standard illumina-
tion apparatus meant for worldwide carbon neu-
tralization [1,2]. Normally, a yellow commercial
Y3Al50:2: Ce3t sample is coated on one blue
InGaN chip to create a WLED. Due to the ab-
sence of a red element in the spectrum, the con-
siderable CCT as well as low chroma rendition
index (CRI) would restrict employment, partic-
ularly when it comes to interior illumination as
well as screens [3]. One way to get around these
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drawbacks is to add red phosphor samples sub-
ject to excitation through blue LED chips [4].
As an alternative, trichromatic phosphors can be
combined with near-ultraviolet chips to produce
high-quality white illumination emission. Be-
cause red phosphor is invisible to human sight, it
seems especially crucial to produce red emitting
phosphor in comparison to green and blue phos-
phors. The light field is currently dominated
by red phosphor samples derived from nitride
as well as sulfide, but their widespread use is
restricted by the chemical as well as physical
unreliability in sulfides along with the difficult
manufacturing criteria for nitrides. Thus, the
creation of innovative, highly bright and stable
n-UV or blue-illumination-driven red phosphor
samples is essential [5,6].

Rare-earth ion doped phosphors have received
a lot of attention recently due to their benefits,
including brilliant, visible emissions, adjustable
emission bands, and ease of production |7, §].
The °Dy — “F, transition can be attributed to
the intense red-light emission that Eu3" ions can
produce among the rare-earth ions. This emis-
sion occurs at roughly 610 nm. The phosphor
bases impact the amplitude of the CSB strength,
and the formation surrounding the Eu?t gran-
ules would alter the shift strength proportion
for the electrical dipole to the magnetic dipole
[9-11]. Hence, for Eu** ion doping, picking
the right host is essential. As of now, inor-
ganic substances such as oxides, borates, molyb-
dates, phosphates, as well as fluorides have been
chosen as luminous hosts. Borates, in con-
trast, have acceptable chemical as well as phys-
ical reliability along with a small level for man-
ufacture processes, making them an appropri-
ate host for rare-earth ions [12-16]. A new
CaszLu(AlO)3(BOs3), sample yielding significant
quantum effectiveness as well as good hue clarity
was described by Huang et al. [17]; however, the
severe heat degradation is unsatisfactory. High-
quantum efficiency CagEusB4012 phosphor with
non-concentration quenching was reported by
Li et al. [18], but its temperature stability was
universal. Eu** doped YGaz(BO3)4 phosphors
show excellent heat stability, according to Lu et
al. [19], although the illumination mechanism is
yet unknown. There are not many investiga-
tions on Eu®t doped borate materials that may

not concentrate. The non-concentration quench-
ing specimens’ examination of their lumines-
cence characteristics is unclear, and their ther-
mal stability is not especially good either. Find-
ing non-concentration quenching red phosphors
that are ideal for this purpose and have great
hue purity, high brightness, and thermal stabil-
ity is crucial. The elevated inner quantum effec-
tiveness (~ 78.71%), outstanding hue clarity (~
88.32%), as well as solid heat consistency when
subject to the radioactivity reaching 393 nm
may enable a phosphor’s implementation within
WLED apparatuses. The study herein con-
cerns a red K7SI‘Y2_2xB150301 XEU3+ (KSYBO
xEu?t) (0.1 < z < 1.0) sample yielding non-
dosage abatement. One possible option for an
illuminating gadget is one WLED enclosed us-
ing a UV chip along with K;SrYs_2,B1503¢
(KSEBO) phosphor.

2. Method

2.1. Phosphor synthesis and

characterization

The intricate XRD behavior for the Eu?t in-
corporated and undoped KSYBO samples along
with the KSYBO canon readings have been
demonstrated. The fact that it is possible to
fit the solid solution’s diffraction peaks to the
K7SrYsB1503¢ canon XRD behavior and that
contamination is not discovered suggests that
the whole hard compound may seldom cause a
revolution in the crystal structure [20]. Also, the
foundation for the impressive optic performance
will be set by the total substitution of Y37 ions.
The first model presented by Mutailipu’s work
was utilized for rectifying the KSYBO base as
well as KSEBO via the GSAS software in or-
der to better examine the stage clarity as well
as corroborate the formation for the KSYBO
base. The results of the fitting, the locations
of the Bragg diffraction peaks, and the discrep-
ancy among the calculated and observed find-
ings are shown. The refinement’s detailed infor-
mation reveals that the powder was obtained,
crystallizing within one trigonal formation ac-
companied by an R32 space group [21]. Also,
the low determined/profile R-elements (R, val-
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ues of 10.36%, 10.94%, R, values of 7.76%,
8.36%,) along with x2 values of 1.50, 1.97 points
to the creation of the clarified stage accompa-
nied by accurate structural data supporting ad-
ditional research. The KSYBO: Eu?* picture
was obtained using scanning electron microscopy
(SEM). The synthesized sample exhibits a wide
particle size range, ranging from 5 ~ 10 ym, and
an uneven shape.

The YAG:Ce nano-sized particles were pre-
pared with sol-gel technique without additives
[22]. The obtained phosphor possesses a size of
about 3-4 microns and a nearly spherical shape.
The preparation route can be summarized as fol-
lows. Initially, the raw yttrium oxide and cerium
nitrate hexahydrate were dissolved in aluminum
nitrate nonahydrate solution (60 mL). The pro-
duced solution was then continuously stirred and
heated at 80 degrees Celsius, followed by a two-
hour evaporation phase to get a gel form. Next,
the gel underwent a drying phase for five hours
at 120 degrees Celsius. The obtained product
was subsequently subjected to a calcination pro-
cess in a reduced atmosphere for three hours at
1550 degrees Celsius.

2.2. 'WLED simulation

The yellow phosphor mixture YAG:Ce3* is com-
bined with a number of LED chips to make the
LED model. Figure 1 provides an illustration of
the LED model. Figures 1b, 1c, along with 1d,
display bonding as well as element organization
diagrams, whereas Figure la displays the con-
structed model of the LED used in this work.
Figure 1d also shows the 3D simulation model
made with the LightTools program.

3. Results and discussion

3.1. Computation

It is clear that the structure is made up of YOsg,
SrOg, as well as KOg/g corner-shared polyhe-
drons. Eight, eight, and six O%~ ions coordinate
the three K+ sites to produce deformed poly-
hedra with precise bond lengths. The selective
occupancy in Eu?t from KSYBO is examined in

Fig. 1: WLEDs setting: (a) WLED device, (b) Bind-
ing graph, (c) WLED’s graphical depiction, (d)
WLED recreated via LightTools.

order to ascertain the photoluminescence varia-
tion of Eu?t. The study demonstrates that the
percent aberration for radius disparity remains
below 30% according to Davolos’ calculation of
the percentage of radius difference (Dr) [23]:

Rou(CN) = Ry(CN)
Run(CN)

Dr = 100* (1)

The cation and activator radius are rep-
resented by the symbols Rm (CN) and Rd
(CN). With computation involving the radii for
K+(1.38 A (CN = 6) and 1.51 A (CN = 8)),

S12+ (1.18 A (CN = 6)), Y+ (0.9 A (CN —

6)) and Eut (0.947 A (CN = 6)) accompanied
by various coordinates, the percent difference
among Eu?t as well as K1, K2, K3, Sr, Y reaches
approximately 29.4 %, 31.4 %, 19.7 % and 5.2
%, respectively. It is known that Eu?t benefits
from occupying Y3T cation sites by combining
with various cations’ valences.

The KSYBO and KSEBO diffuse reflectance
spectra (DRS) range from the UV to the visi-
ble area. Both KSYBO and KSEBO exhibit the
same broad absorption peak of about 225 nm, in-
dicating the peak is a result of host absorption.
The charge shift band (CSB) for Eu3t-O%~ as
well as the distinctive shift for 7Fy, — °Ls and
"Fy — ®Dy can be attributed to the wide band
under 250 nm as well as the sharp bands under
393 as well as 467 nm for the KSEBO specimen.
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The Kubelka-Munk calculation will be employed
for assessing the optical band gap (Eg), based on
the DRS of KSYBO [24]:
[F(Roo)hv]™ = A(hv — Eg) (2)
A stands for the proportional constant. hv
signifies photon power. The formula is (R),
where R is the absorption coefficient divided
by the reflection coefficient. The computed
Eg of KSYBO is ~4.192 eV, demonstrating
its aptitude when it comes to rare-earth in-
corporation. The electrical structure and sta-
tus denseness (SD) would be computed concur-
rently using the first principles theory [25]. A
direct bandgap substance called KSYBO has
one bandgap reaching approximately ~ 4.384
eV, which is comparable to the observed opti-
cal bandgap. The total DOS of KSYBO and
the fractional state denseness (FSD) interacting
with the intrinsic K, Sr, Y, B, as well as O gran-
ules are displayed. The p orbitals for O (2p) as
well as the p trajectories for B make up the ma-
jority of the valence band’s top (VB) structure
(2p). The Sr (3d) orbitals contribute little to
the lowest point for the conducting band, which
primarily contains B (2p) as well as Y (4d) tra-
jectories. The large direct band gap for KSYBO
suggests that this phosphor base can be doped
with Eu®t granules.

The red KSEBO treated with 393-nm CIE
chromaticity diagram is provided. KSEBO spec-
imens’ coordinates are shown in the red area at
(0.6381, 0.3615). The KSYBO: xEu3" speci-
men’s chroma coordinates were measured at 393
nm of illumination. The specimen’s CIE coor-
dinates modestly changed in the red area when
Eut doping dosage increased. A further indi-
cation of the phosphor’s great hue stability is
that the coordinates for KSEBO specimens were
slightly altered while being heated, from (0.6179,
0.3816) under 20°C into (0.6136, 0.3858) under
230°C. Equation 3 can be used to assess the
emitting hue purity for narrow-band illumina-
tion sources as an indicator of the hue emitting
properties [25].

V@)’ + -y,

- = x100%
V@ —0)® + (va— 1)

Color purity =

3)

(x, y) are the specimen’s CIE coordinates; (x;,
yi) signifies the luminous points; the illumina-
tion’s coordinates are (0.3101, 0.3162). (x4, ya)
signifies the prevalent wavelength coordinates.
The synthetic specimens exhibit a high degree
of hue purity.

Evidence that there is no luminous dosage
quenching event may be found in the transient
spectrum for KSYBO: Eu®t phosphors. The
singular-exponential expression may effectively
fit every degradation arch, and it correlates with
the Eu3™ dosage in the KSYBO: Eu®* for the
room temperature PL lifetime [26]:

I(t) = Iy + Aexp(—t/T) (4)

where [ signifies the baseline rectification. A
signifies one constant. t signifies the excitation
status period, and I(¢)signifies the discharge in-
tenseness. Through the mentioned factors for
KSYBO: xEu?t, the median degradation du-
ration’s reach around 5.0485, 5.0103, 4.9438,
4.8302, 4.6698, and 4.5280 ms with x values
of 0.1, 0.3, 0.5, 0.7, 0.9, and 1.0. The find-
ings demonstrate that the predicted t values lie
within the typical Eu®t-activated phosphor mi-
crosecond range, confirming that the emissions
are spin prohibited. More necessary, the fluores-
cent durations for KSYBO: xEu?t were practi-
cally constant, showing that dosage abatement
was non-existent, for x = 0.1 — 1.0.

Equation 5 is used to compute the activation
energy and further describe the specimens’ heat
quenching behavior [27]:

1+cexp(—§$) ?

Iy and I(T) signify the initial intenseness as well
as intenseness based on heat level, respectively,
whereas AFE stands for trigger power. k signifies
the Boltzmann constant. Through computation,
AF reached approximately 0.172 eV via the lin-
ear fitting results for In[(fo/I7)—1] versus 1/kT.

BaMgAl;00:7: Eu?t, (Ba, Sr)2SiO4: Eu?t,
along with KSEBO samples would be merged
for the task of creating WLED apparatuses in or-
der to assess the possible applications of KSEBO
phosphors. The WLED device’s electrolumines-
cence (EL) spectrum, prepared at one conduct-
ing current measured at 20 milliamperes. The

I(T) =
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CCT for bright white light is 4211 K accompa-
nied by hue coordinate (0.3675, 0.3556). Appar-
ently, KSYBO: Eu?* would be appropriate in
warm WLED apparatuses.

Besides, for assessing specific the performance
of KSEBO phosphor, the YAG:Ce3t is solely
used to combine with the KSEBO phosphor to
reduce the simulation complexity. The results
also provide valuable data for improving the
commercial WLED with YAG:Ce3* phosphor as
the active-conversion layer. The detailed discus-
sion of the simulation and test results as a func-
tion of varying KSEBO concentrations is demon-
strated in the next section.

3.2. The effect of phosphor on

WLED performance

There are two dominated components in the
PLE spectrum, including CTB and internal
shifts for Eu?t granules between 310 and 500
nm, as well as all the excitation peaks. These
components can also be successfully suited to
the DRS. Particularly, the transition of “Fy to
the 5H6, 5D4,5G4, 5G2, 5L6, 5D3, and 5Ds lev-
els can be attributed to the abrupt apexes un-
der 321, 362, 380, 385, 393, 416, and 467 nm,
respectively. The n-UV region’s greatest stim-
ulation peak at 393 nm makes it suitable for
use in the form of an effective red phosphor in
n-UV LED chips. Sharp apexes appear under
578, 590, 617, 652, as well as 685 nm when 393
nm radiation exits the material. These peaks
are associated with the internal shifts for Eu?*
granules from 5Dy to "F; (j values of 0, 1, 2,
3, 4). Since the crystal field cannot affect the
split of the ®Dy — "Fy transition, the quantity
of discharge apexes associated with the °Dy —
7F, transition matches the number of different
positions. The presence of an independent peak
among the emission peaks associated with the
5Dy — TF, transition demonstrates that that
Eu3" ions take the place of Y31 ones.

The concentration quenching effect will have
a significant impact on the emitting strength
for samples subject to rare-earth incorporation.
On the other hand, with KSYBO: Eu®t phos-
phors, it is safe to disregard the dosage abate-
ment. KSYBO: xEu?t’s PL strength varies ac-

cording to the amount of Eut ions doped in
it (0.1 < 2 < 1.0). Thus, rising doping levels
only affect emitting strength and have no effect
on the shift in emission peaks. The emission in-
tensity reaches its peak when Eu?t completely
replaces Y3+ granules (x = 1.0).

The dosage abatement influence may gener-
ally result from the greater likelihood for ra-
diative (so-called photon exchange) and non-
radiative (caused by small-span reciproca-
tions or extensive-span multi-pole interactivi-
ties) power transmission processes between lu-
minous centers. Consequently, as the range
among the luminescent focal points decreases,
the dosage quenching effect will become more
apparent. According to Blasse, exchange inter-
actions will occur during the power transmission

[e]
process across a distance of less than 5 A. On the
other hand, the multipolar interactions will be
considerable if the separation among Eu3T ions

is greater than 5 K, but in comparison to the
exchange interaction effect, they will have a mi-
nor impact on the power transfer process. The
smallest separation among two Eu?* ions in the

KSEBO structure is determined to be 7.012 ;,
which is significantly greater than the distances
between the closest Eu3™ ions in LaSc3(BO3)4,
Ba6Gd2Ti4017, and K5Y (P207), which are re-

spectively 6.22 K, 5.93 K, and 5.6 11 Also, all of
the phosphors stated above can show the non-
dosage abating activity, indicating that one suf-
ficiently extensive range would be advantageous
for significant incorporating dosages as well as
the phosphors’ terminal discharge intensities.

The red/orange proportion, or the proportion
for the Dy - "F, emitting strength to the ®Dy
- "F| emitting strength, is determined to as-
certain the preference of the Eu3™ occupation.
The orange percent would be between 580 and
600 nm for integral potency. The red percent
would be between 603 and 630 nm. The red
percent would be between 500 and 750 nm in in-
tegral potency proportion. Said proportion was
slightly altered when Eu3* doping concentration
increased (R/O ~ m2), which is within the al-
lowed error range, indicating that it occupied
the Y37 site.
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The scattering factor of light emission as a
function of KSYBO: Eu3* dose is shown in
Fig. 2. By increasing the amount of KSYBO:
Eut used, the effectiveness of light transmission
and wavelength conversion can be improved.
Furthermore, an increase in forward emission
blue light diffusion and a decrease in blue light
scattering and reabsorption can result in in-
creased brightness. To do this, less yellow phos-
phor, or YGA:Ce, is used, and more KSYBO:
Eu3t is used instead. Moreover, this lessens
the variation in the related color temperature
(CCT). While Fig. 3 demonstrates that the con-
centration of YGA:Ce declines with increasing
KSYBO: Eu®t dose, Figs. 4 and 5 demonstrate
that CCT is concentration independent. Fig. 4
illustrates how greater doping may enable the
phosphor to lower the variance in its CCT. In
Fig. 5, the D-CCT eventually reaches its low-
est value when KSYBO: Eu3t is utilized with
40%, which is approximately 200 K lower than
the result when 20% of KSYBO: Eu3* is used.

As seen in Fig. 6, increasing the KSYBO:
Eu3t does not always lead to an increase in the
brightness of the white light emission. The best
results were obtained with 0-10% of KSYBO:
Eu3t, whereas the worst results were observed
with 50% of KSYBO: Eu?t. D-CCT at 40% of
KSYBO: Eu®t, where the reduction is greatest,
is shown in Fig. 5. As a result of increased
backscattering and reabsorption, this exhibits a
weaker blue emission and an uneven color dis-
tribution. Higher KSYBO: Eu3" dosages in
particular would promote the light’s conversion
from blue to yellow or orange-red because the
phosphor absorbs more backscattered blue light.
After the KSYBO: Eu" concentration is high
enough, the phosphor coating begins to expand.
To put it another way, a high phosphor dose
might increase the percentage of converted light
that is back-reflected, which could decrease lu-
minous intensity while increasing CCT. It was
discovered that a KSYBO: Eu?* ratio of 0 - 10%
was the best one for improving brightness and
color uniformity in the simulated WLED.

The KSYBO: Eu3t concentration has a sig-
nificant impact on the brightness and color ren-
dering of white LEDs. With the weight of
50% KSYBO: Eu?t, the hue rendering indica-
tor (CRI) and hue quality scale (CQS) assess-

ments of color rendition values showed a consis-
tent reduction, see in 7 and 8. Unbalanced blue,
green, and yellow-orange patterns may have con-
tributed to the apparent drops in CRI and CQS.
High KSYBO: Eu?* dose results in increased
dispersion and an irregular color of the light out-
put, which leans more toward the yellow-orange
region. Further study of particle size is needed
to manage the CRI and CQS, which is what our
future research investigation aims to do.

Figure 9 displays the emission spectra of the
KSYBO: Eu?t-based WLED. The ability of the
phosphor to intensify blue and orange-red light
was demonstrated by the whole spectrum of
white emission. The characteristics of KSYBO:
Eu®* can be altered to alter the patterns of light
scattering and absorption and increase lighting
efficiency. The blue (450 nm) and yellow-orange
(~600 nm) ranges have the highest peaks.

4. Conclusions

In conclusion, a thorough study was done on
the non-dosage abatement in K7;SrYs_2,B15030:
xEu?t solid-solution phosphors. The phosphor’
CIE coordinates were (0.6381, 0.3615), and its
chroma clarity reached roughly 88.32%, with
an IQE reaching roughly 78.71%. In addition,
KSEBO demonstrated strong heat consistency,
with the PL discharge intenseness remaining un-
der roughly 97.31% compared to its prelimi-
nary result under 140°C. Additionally, to cre-
ate a WLED apparatus yielding a small CCT,
we placed BaMgAl;(O17: Eu?t, (Ba, Sr)2SiOy:
Eu?t, and KSEBO above an n-UV chip. The
findings of the experiment indicate that the
KSYBO: Eu*t samples are candidates for use
as red phosphors in WLED applications.
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