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Abstract. The characteristics of configura-
tion and illumination of Sm3% incorporated
BasCa(BO3)s samples produced using the tradi-
tional solid-status approach are discussed in this
study. The luminescence measurement of the
prepared red phosphor and phosphor-conversion
sheet for white light emitting diodes (WLED)
were conducted with Mie-scattering Monte Carlo
simulation and MATLAB computation. The
phosphor demonstrated a broad emission range
with the prominent emission peak at 601 nm
under the 402 nm radiation, originated from
the Sm>* ion’s 4G5/2 and 6H7/2 transfer. The
use of BayCa(BO3)y: Sm3t (BC(BO) : Sm)
in combination with CaCOs nanoparticles and
yellow phosphor to form a conversion layer
demonstrates the increase in red spectrum band
of the generated white light. By varying the con-
centration of CaCOs amount and maintain the
BC(BO) : Sm concentration constant, the im-
provement in specific properties of WLED can
be accomplished. According to the findings, the
phosphor BasCa(BOs3)s : Sm3t can prove uti-
lizable via one near ultraviolet (n-UV) or blue
chip for producing quality-enhanced WLED:s.

Keywords:  BayCa(BOs3)s : Sm3t;  X-ray
diffraction; BOs and BOy; Red spectrum;
LEDs.

1. Introduction

Three-valence rare-earth (RE) incorporated
samples have gained a lot of attention recently
due to their implementations in illumination,
thermic-luminescent (TL) dosage assessment,
plasma exhibiting units, diodes emit white illu-
mination (WLED) apparatuses as well as huge
bar space, inexpensive price, and environmen-
tally friendly qualities [1-3]. Samples incorpo-
rated using various RE elements may show ra-
diation between the UV and near-infrared zones
(NIZ) resulting from transformations between 4f
and 4f or 4f and 5d [4-6] in order to meet the
requirements for these uses. When it comes to
producing bright orange-red illumination owing
to 4f-4f transistions, the three-valence Sm3+ el-
ement featuring a 4f5 structure would be one
of the RE ions that is thought to be a key
activator. Instead, the Sm3-+ activated phos-
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phors’ stimulation peaks, which are at 345, 360,
375, 400, and 471 nm, are perfectly matched
the InGaN chips’ emitting maxima that gener-
ate NUV. As a result, the Sm3+ doped sub-
stances could be effortlessly stimulated by the
commercially available chips, which is a crucial
feature to remember when choosing an activator
for phosphor substance. Due to their powerful
4G5/2 — 4H9/2 red emission, substances trig-
gered using Sm3+ granules were also employed
like red phosphors. It has been widely doc-
umented that Sm3+ ion activated substances
have been employed because of the promis-
ing uses in WLEDs (Ca3Y2S5i3012 : Sm3+,
Sr3Bi(PO4)3 : Sm3+, Y2SidN6C : Sm3+,
Y AI3B4012 : Sm3+) and have the ability of
covering the amber space with great effective-
ness as well [7-10].

Owing to their huge band space and great
heat steadiness, which are necessary before a
phosphor to be taken into consideration for use
in businesses, the alkaline orthoborates with
the standardized formula X2Z(BO3)2 (X sig-
nifies Ba, Sr while Z signifies Ca, Mg) would
be thought to be the most effective phosphors
to the promising uses in solid state illumina-
tion. These phosphors have been documented
for use in TL dosimetry and LED systems
[11, 12]. Ba2Ca(B03)2, Sr2Mg(B03)2, and
Ba2Mg(B03)2 were reported to have monoclinic
crystal structures with a space group of C2/m
and a trigonal phase with a space group of
R3m, respectively [13]. Ba2Ca(BO3)2 as well
as Ba2Mg(B03)2 incorporated using Th3+ were
found to have luminous characteristics in 1974
[14]. It is believed that Ba2Ca(BO3)2 (short as
BC(BO)) doped with RE ions is a very useful
host for illumination studies due to their huge
band gap, great stability, and coordination en-
vironment, which is the coordinating numeral
for Ba2+ granules featuring nine O motes gen-
erating contorted polyhedron, being considered
one dominating element in determining their
morphological and optic characteristics, whereas
Ca2+ granules featuring six O motes forming
distorted octahedral with the existence of Bo-
rate hosts exhibit transparency to a broad spec-
trum of wavelengths, from ultra violet to in-
frared. A Ce3+ doped BC(BO) featuring Na-+
element acting in the form of one charge counter-

actor, for instance, was found to have good lumi-
nous characteristics in 2007 [15]. Following this,
the luminous characteristics of BC(BO):Ce3+,
Mn2+ phosphors was reported with the gen-
eration of white illumination via altering the
dosage for Mn2+ granules from BC(BO):Ce2+
phosphors [16]. There have also been reports
on the characteristics of near-ultraviolet-excited
BC(BO) featuring incorporated Eu3+ as well as
Tm3+ [17,18]. Yet no research has been done
on the luminescence characteristics of Sm3+ ion
doped BC(BO).

The goal of current researches were to develop
novel phosphor materials that effectively close
the amber gap. The Ba2Ca(B03)2:Sm3+ phos-
phor can be a potential candidate to achieve
this goal. The Sm3+-doped BC(BO) red phos-
phor here is produced using the solid-state re-
action route. The red phosphor is mixed with
the yellow phosphor and nanoparticle CaCO3
for modelling the white LED device. The lumi-
nescence properties of the as prepared phosphor
and the modelled LED device are calculated and
presented. The change in scattering particle
CaCO3 is applied to the simulation process to
monitor the performance of both colour quality
and lumen output of the white LED. The simu-
lation is carried out with Mie-scattering Monte
Carlo theory and MATLAB computation. The
obtained results show that addition of Sm3+-
doped BC(BO) red phosphor broaden the emis-
sion band and induce the strength of red emis-
sion from the phosphor layer.

2.  Experimental

2.1. Meterials

By utilizing an elevated temperature solid state
reaction technique, the BC(BO):Sm3* samples
can be prepared. The initial chemical ingredi-
ents include BaCOs3, CaCO3, H3BO3, Sms0s3.
All of them were used without further purifi-
cation.  According to previous studies with
rare-earth-doped BC(BO) phosphors, 2 mol%
was the optimal dopants’ concentration in the
BC(BO) host, yielding the greatest lumines-
cence power for the phosphor [17,19]. Thus, the
amount of Sm37T in the work was set at 2 mol%.
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The typical synthesis of BC(BO):Sm3* started
with weighing the reactants based on the sto-
ichiometric proportion and mixing them utiliz-
ing agate mortar and pestle for an hour. Subse-
quently, some ethyl alcohol was introduced into
the mixture. The attained uniform combination
was then transferred to an alumina pot for sin-
tering under 900 °C within six hours. Finally,
the products were cooled down to ambient heat
level before being ground into powder. For de-
termining the phase pureness as well as crys-
talline formation for individual BasCa(BO3)s
as well as BaaCa(BO3), integrated with Sm3™,
power Xray diffraction (PXD) assessment needs
to be conducted with the profiles displayed
within referential sources [20].

2.2. Characterizations

The luminescence excitation and emission spec-
tra of the phosphor were collected with
the Cary—Eclipse Spectrofluorometric apparatus
featuring Xenon illumination under 150 watts in
the form of one exciting means. Mie-scattering
Monte Carlo simulation and MATLAB compu-
tation were utilized for simulating and exam-
ining the optical performance of the modelled
WLED’s phosphor-conversion layer. The 3D
model of a conventional package was built with
the LightTool software, as shown in Figure 1.

3. Results and Disscusion

3.1. Assessment of the BC(BO):

Sm phosphor luminescence

When doping Sm?3* into the BC(BO) phosphor,
the cation substitution is likely to occur between
the Sm3t and Ba?t sites. It can be attributed
to the difference percentages among their ionic
radii (D,.), which can be calculated using eq. 1:

_ R;(CN) — R,(CN)
Dr = R;(CN)

where R;(CN) and R(CN) represent the radii
of Ba?t and Sm3*, respectively. The radius
of Sm3t and Ba?* are 1.12A (CN = 8) and
1.35A (CN = 8), in turn; thus, the calculated

x 100%

(1)

(d)

Fig. 1: WLED configuration: (a) WLED gadget, (b)
Bonded chip setting, (¢) WLED graphical depic-
tion, (d) WLED recreation through LightTools.

Ar is about 17%. It is advisable to have Ar
smaller than 30%, in accordance with the Hume-
Rothery rule [21], meaning that Sm3*t can re-
place the Ba?T. When the Sm?t enters the
Ba?* sites, a shrink in the lattice parameter can
occur as the Sm?*t radius is smaller than that
of Ba?*. In the BayCa(BO3)s host, the Sm3+
inclusion can be primarily attributed to charge
compensation mechanisms, leading to the for-
mation of intrinsic defects within the material.
The Sm>* ions can occupy various positions, in-
cluding substitutional sites of Ba?* ions, inter-
stitial sites, and Vp, vacant sites. This process
can be described by the equation:

3Ba®*T — 25m3t + ng.
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The charge transmission bar (between 0%~
and Sm3T) can induce the absorbing range at
about 200-250 nm with regard to Sm3*-doped
BC(BO). The other faint absorbing ranges from
350 nm to 500 nm are also found and are appro-
priate for the 4f — 4f transformations of the
Sm3t ion. The shifts between bottom states
for 6H5/2 towards 6F11/2, 6F9/2, 6F7/27 as well
as OF5/5 for Sm3" granules can be attributed
to the peaks in the range from 325 nm to 525
nm [22|, with the most intense at about 402 nm
(6H5/2 —0 L13/2)~

Intersect alleviation (IA) procedures (non-
radioactive power transmission) amid Sm3*
granules, being the outcome of an inter-
change interplay, radioactivity re-assimilation,
or multipolar-multipolar interplay, are the main
causes for dosage quenching. The critical dis-
tance (R.) among the nearby Sm3* ions may
be used to determine the type of contact mech-
anism. The power transmission’s value of the
critical range could become attainable via uti-
lizing Blasse’s formula in the following equation
2 [23,24]:

1/3
R, =2 3V
4 X N

where X, signifies the critical dosage for trigger
granules and V signifies the capacity for a single
cellule. Z signifies the cationic quantity within
said cellule. Generally, the interchange inter-
play is rendered non-proficiently while merely
one many-pole interactivity becomes effectual
when the range among Sm3T granules exceeds 5

2)

&. Nevertheless, the interchange interplay starts
to work as said range becomes less than 5 A.
V = 303 A?), Z = 2, while X, reaches 0.02 in
this instance, respectively. According to calcu-

lations, the critical power transfer range (R.)
is 24.36 A. The BC(BO) : Sm phosphor’s R,

of Sm3t — Sm3*t value is greater than 5 1(-7\;
therefore, the multipole-multipole interplay is
the main working mechanism affecting concen-
tration.

The illumination deterioration arches for
BC(BO) : Sm3T under various dosages for
Sm3t stimulated under 402 nm while tracked
under 601 nm discharges. Equation 3 may be
utilized to fit the deterioration curves featuring

the opening-sequence exponential deterioration
expression:

I(t) = Io + Aexp (-j) 3)

I and Ij signify the luminous intensities at time
t and t = 0, respectively, and A signifies fitting
constants. t also represents the passage of tem-
poral units, and 7 shows the deterioration dura-
tions. The BC(BO) : Sm3*’s identified deteri-
oration lifespans for the deterioration curve and
Equation 3 are 0.1191, 0.1101, 0.1079, 0.1012,
and 0.0996 ms, which illustrates how the decay
lifetime decreases as the dosage of Sm3t ions
increases.

One of the most critical considerations when
assessing the effectiveness of phosphors is
thought to be the color purity. The hue purity
for BC(BO) : Sm3*t is measured by utilizing
expression 4:

\/(x - xn)z + (y - yn)2 % 100
(4)

(z4,y,) signifies the coordinating numeral for the
illuminant spot, (zs,ys) signifies the coordinat-
ing numeral for the specimen point, whereas
(z4,yq) signifies the CIE coordinating numeral
for the corresponding dominant wavelength at
601 nm.

In this instance, choosing (0.596,0.403),
(0.642,0.357), as well as (0.3333,0.3333) in the
case of (x5, ys), (T4, ya), as well as (z;, y;) coordi-
nates respectively, yields the chroma clarity for
samples. The hue pureness for BasCa(BOs3), :
Sm3* reaches 82.29% using these coordinates.

Color purity =

The McCamy empirical formula in Equation
5 identifies the hue correlated heat level (CCT)
in the case of BayCa(BO3)y : Sm3t:

CCT = —473n>+3601n* —6861n-+5514.32 (5)

n equates to (z — z.)/(y — y.), whereas the fo-
cal point of chromaticity would be located under
ze = 0.3320 and y. = 0.1858. With the CCT
figure being below 5000 K, warm white illumi-
nation utilized in household gadgets manifests;
whereas with said figure being above 5000 K,
cool white illumination utilized in business light-
ing manifests. For LEDs in solid-state illumi-
nation, the red phosphor BayCaBO3)y : Sm3+
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may therefore become employed in the form of
a suitable orange-red sample [25-27].

3.2. Influence from CaCO;

@red upon WLED
proficiency

The BC(BO) : Sm3t phosphor’s photolumi-
nescence excitation (PLE) spectral factor was
captured under one emitting wavelength reach-
ing 601 nm. Strong wide-scope and thin-line
absorbing ranges make up the excitation spec-
trum. The O?~ — Sm3t transition charge
transfer is thought to be the cause of the power-
ful absorbing range of 200-250 nm that is cen-
tered at 205 nm (CT). The low-power absorb-
ing ranges at 344 nm (°Hj;o —* Hg)5), 360 nm
(6H5/2 —4 Dg/g), 375 nm (6H5/2 —6 P7/2),
402 nm (6H5/2 —4 Ly3/2), as well as 471 nm
(6H5/2 —4 Ly3/2) are caused by Sm3t transi-
tions from 4f — 4f. The 6H5/2 —6 Ly3/o tran-
sition state is represented by the intense stimu-
lation maximum at 402 nm, which is one of the
4f — 4f transitions.

With 402 nm stimulation, the PL emitting
spectrum of BC(BO) : 0.02Sm3* phosphor is
noted, and it includes highest points placed at
565 nm, 601 nm, 649 nm, and 711 nm. These
peaks are ascribed to the Sm3* ion’s transfor-
mation states 4G5/2 —6 Hs o, 4G5/2 —6 Hz /o,
4G5/2 —6 Hg/g, and 4G5/2 —6 Hll/g, in turn.
Said sample exhibits a bright orange-red radia-
tion under 601 nm, which is associated with the
4G5/2 —° Hy /5 transformation [28]. The emis-
sion of BC(BO) : Sm3* appears under 601 nm
with the stimulation wavelength reaching 402
nm. Said mechanism is a good fit for n-UV-
based LEDs’ wavelength. The findings demon-
strate the effectiveness of this substance as an
orange-red sample in LED apparatuses subject
to solid-state illumination.

Figure 2 displays the emitting spectra of
the CaCO3@QBC(BO) : Sm-based WLED. The
complete range of white emission highlights the
power of phosphor for augmenting orange-red as
well as blue illumination. It is possible to mod-
ify CaCOs3 characteristics, subsequently mod-
ifying the profile for illumination dispersal as
well as absorptivity, thus improving illumina-
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Fig. 2: Luminescent energy for WLED subject to dif-

ferent BC(BO):Sm dosages

tion efficiency. The prominent peaks at blue
(450 nm) and bright red (~ 600 nm) are also
demonstrated, indicating the efficiency of using
BC(BO) : Sm3* phosphor to increase the red
spectral energy. Besides, upon the addition of
higher CaCO3 in the phosphor film, the peaks’
intensities change notably. The blue peak de-
clines, and the red peak becomes more intense,
which indicates that the blue light used by the
phosphor increases and the conversion of phos-
phor is promoted. Such results can be attributed
to the higher scattering performance by CaCOs3
nanoparticles.

The interaction among the illumination dis-
charge dispersal element as well as CaC'Os3 pres-
ence in the BC(BO) : Sm3" film is shown in
Figure 3. As can be seen, the scattering coeffi-
cient shows a perceptible increase under greater
phosphor concentrations, signifying an increase
in illumination scattering. It is possible to en-
hance wavelength conversion and light transmis-
sion efficiency while also increasing the ratio of
CaCOs. Brightness can be increased by causing
onward blue illumination discharge dispersal to
rise as well as blue illumination dispersal along
with re-absorptivity to be lessened. This is done
by raising the amount of CaCO3 while decreas-
ing the amount of yellow phosphor YGA : Ce
and keeping the BC(BO) : Sm3* amount fixed.
As a result, the variation in the related color
temperature (CCT) is likewise decreased. Fig-
ure 4 demonstrates that the concentration of
YGA : Ce drops when CaCOs concentration
increases, in contrast to Figures 5 and 6, which
exhibit CCT being constant with dosage. Under
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Fig. 4: YGA:Ce phosphor proportion values with differ-
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supplementary administration of C'aCOg3, the
phosphor layer will become effective at dimin-
ishing the disparity in the layer’s CCT, as shown
in Figure 5. Under roughly 900 K, the ACCT
eventually achieves a nadir outcome under 35%
CaCOs3, see Figure 6, which is about 150 K be-
neath the outcome with no CaCO3 percentages
being employed.

The increase in CaC'O3 amount can induce
the brightness of the white light emission, as
seen in Figure 7. As can be observed, the best
results were acquired via 50% of CaCOs con-
centration whilst the most undesirable ones oc-
curred via 0 - 30% CaCOs. Resulting from
greater rear reflection as well as re-absorptivity,
said mechanism yields a fainted blue discharge
as well as an inconsistent chroma allocation.
Greater CaCOs proportions could encourage
optic alteration among blue as well as yellow or
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Fig. 5: CCT values with different BC(BO) : Sm pro-
portions
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Sm proportions
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Fig. 8: CRI for WLED subject to different BC(BO) :
S'm proportions

orange-red as the concerned sample absorbs ad-
ditional blue rear-reflected illumination. Once
reaching a sufficient CaCOs concentration, the
phosphor coating begins to expand. The con-
verted light’s emission spectrum may become
limited, resulting from every reflection from var-
ious surfaces. In other words, greater phosphor
presence would increase the quantity for trans-
muted illumination subject to rear reflection, re-
ducing luminous intensity while increasing CCT.
In this case, the decrease of phosphor concen-
tration obtained by increasing CaC' O3 amount
can help to address the issue. With the simu-
lated WLED, it was discovered that a ratio of
50% CaCO3 worked well to boost brightness,
yet the color homogeneity is not significantly
improved with the same CaCO3 amount. How-
ever, attempts to aim for a greater concentra-
tion are not advised as it is known that exces-
sive phosphor concentrations can lead to several
undesirable outcomes, including higher scatter-
ing, lower illumination proficiency, color alter-
ations as well as thermic problems [29-31].

The light level as well as chroma rendering for
WLEDs prove strongly dependent on the con-
centration for CaCO3z. When CaCOs3 concen-
tration increased to 50%, color rendition values
were assessed using the chromatic rendition cri-
terion (CRI) as well as chromatic performance
scope (CQS), which revealed one steady reduc-
tion, as shown in Figures 8 and 9, respectively.
Unbalanced blue, green, and yellow-orange hues
are potential reasons for the apparent reductions
in CRI and CQS. The high CaCO3 dose causes
more dispersion, as already mentioned, and the

,,,,,,,,,,,,,,,,,,,,,,,

10 Qs

50 60 70
CQs

Fig. 9: CQS values with different BC(BO)
dosages

Sm

chroma in illumination discharges tends to tilt
to the zone of yellow-orange, creating an unbal-
ance. This phosphor needs additional study on
other properties, like the particle size, which our
research study will analyze to control the CRI
and CQS [32,33].

4. Conclusion

In conclusion, this study explored the for-
mational as well as luminescence attributes
in BayCa(BO3)s : Sm3T samples made via
the standard solid-state approach. Lumi-
nescence measurements of the red phosphor
and phosphor-conversion sheet for white light-
emitting diodes were performed using Mie-
scattering Monte Carlo simulation and MAT-
LAB computation. The phosphor exhibited one
wide discharge spectrum featuring one promi-
nent peak under roughly 601 nm subject to
402 nm exciting process, attributed to the
Sm3t jon’s *Gsy —Y Hyjo transition. Utiliz-
ing BazCa(BOs3)2 in conjunction with CaCOs
nanoparticles and yellow phosphor to form a
conversion layer enhanced the red spectral band
of the emitted white light. By varying the
concentration of CaCQOs while maintaining a
constant concentration of BasCa(BO3)2, im-
provements in the specific properties of WLEDs
were achieved. The results indicate that the
BasCa(BOs3)s phosphor can be effectively used
with an n-UV or blue chip to produce high-
quality WLEDs.
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