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1. INTRODUCTION

The phosphor-converted white-light-emitting diode (pc-WLEDS), short for phosphor-converted white
light emitting diodes, are commonly seen as suitable apparatuses when it comes to optical exhibition [1], [2].
Compared to older lighting devices, the pc-WLEDs carry various benefits such as extended time of use, high
reliability, and low power consumption. Creating WLED devices usually requires a merger between yellow
phosphor YAG:Ce®*, one blue InGaN light-emitting diodes (LED) chip and red phosphor (Sr,Ca),SisNg:Eu?*
[3], [4]. On the other hand, this method is not particularly practical, due to full width at half maximum (FWHM)
values for YAG:Ce* and (Sr,Ca).SisNg:Eu?* exceeding 100 nm and 90 nm, respectively. In addition, the
insufficient green discharge causes a hue scale of merely around 80% based on the national television system
committee criteria (NTSC) and also harms the hue authenticity [5], [6]. Hence, acquiring thin-line green
phosphor that offers significant heat consistency would be vital. The criteria of WLED devices requires said
phosphors to have superior hue scale [7], [8]. The method of replacing cations would be useful for task of
creating phosphors that offer desirable photoluminescent features, which may include red or blue shift
alteration for the location of discharge apex, superior luminescent performance and heat consistency [9]-[11].
Generally, it is possible to create phosphors having superior features of luminescent via replacing cations.
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For this study, green phosphors yielding excitation wavelength reaching 415 nm were examined. The
study utilizes the method of replacing cation to create BCSOF via BaScO,F:Bi**,K*. We replaced the ions of
Ba?* with the ions of Ca?* to acquire multiple BCSOFs and examined formation development, form, absorption
spectra, luminescent features with or without reliance on temperature, as well as the performance of LED
device. We also examined the result of augmenting luminescent intensity, discharge line’s redshift as well as
heat consistency via managing micro-formation. Ultimately, we managed to create one WLED device yielding
110% NTSC hue scale by incorporating BCSOF. As such, this phosphor may prove effective when utilized in
WLED devices.

2. METHOD
2.1. Creating BCSOF (Ba1.xCaxScO2F:0.001Bi**,0.001K*)

Using the solid-state technique under high temperature, we created the BCSOF samples with x values
of 0, 0.03, 0.06, 0.09, 0.12. The materials required for the creation process will be detailed in Table 1. Certain
steps of the process will also be shown by the Table 1 [12]-[14].

Table 1. Constituents and creation process of BCSOF

Materials  Purity Process
BaCO3  99.99%  — Combine predetermined amounts of all materials
BaF2 99.99%  — Calcinate the acquired substance under the temperature of 1,200 °C within eight hours inside a furnace
Sc208  99.99% [14]
CaCO3  99.99%  _ cCalcinate the substance under the temperature of 1,100 °C within four hours under a lowering atmosphere
Bi203  99.99% with gas containing 10% H2 and 90% N2, resulting in ions of Bi in three-valence condition
K2CO3  99.99%  _ et the substance cool down, then pulverize it

2.2. Characteristics of the phosphor samples
Following the creation process of BCSOF samples, we proceeded to examine their characteristics. For
this task, various tools were employed. The characteristics and their matching tools is detailed in Table 2 [15].

Table 2. Characteristics and determining tools

Characteristics Tools

Crystal formation X-ray diffractometry with Cu-Ka radiation under 30 kilovolts
and 20 milliamperes

Formation rectification GSAS program

Micro-formation and elemental configuration Scanning electron microscopy and energy dispersive
spectrometry

Absorption spectra between 200 nm and 800 nm UV-VIS-NIR spectrophotometer

Photoluminescent and photoluminescent excitation spectra Fluorescent spectrophotometer accompanied by Xe light
under 150 watts and room temperature

Inner quantum performance F-7000 having one Quanta-¢ globe as well as one
polytetrafluoroethylene sample cup

Luminescent features reliant on temperature FLS980 spectrometer accompanied by Xe light under 450
watts in the form of excitation cause

Lifetimes FLS920 spectrometer accompanied by nanosecond flash
lamp in the form of excitation cause

Photoelectric features in WLED device (photoluminescent spectra, Integrating globe method [13]

hue coordinates, CRI - color rendering index)

3. RESULTS AND DISCUSSION

Figure 1 will detail the phosphor attributes through assessments. Figure 1(a) demonstrates the XRD
(short for X-ray diffraction) activities in every samples of BCSOF [16]. As can be seen in Figure 1(b) and
Figure 1(c), every diffractions apexes match apexes in BaScO.F, which indicates pure stage development. As
such, the primary stage formation remains the same when Bi®*, K*, and Ca?* are co-doped, which results in
BCSOF. As Ca?* content surges in Figure 1(b), every diffraction apexes move towards greater angles, resulting
from Ca2* ion with lesser radius taking the place of Ba3* (1.34 A compared to 1.61 A). The Bragg expression
will demonstrate the alterations of XRD activities [17]:
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d indicates interplanar gap. 4 indicates X-ray wavelength. @ indicates angle of diffraction. When the ions of
Ca?* take the place of the ions of Ba?*, the unit cell along with the gap will become smaller. For the task of
examining the disarray of formation, we utilized Rietveld rectification for XRD activities, demonstrated via
Figures 1(d) and (e). Table 3 displays the crystal parameters for rectified BCSOF phosphors. The rectification
appears to be consistent and accurate, as evidenced by the rectification’s surplus factors (R) meeting at a low
point. The parameter, along with the volume of cells, declines as the Ca?* doping content surges. In Figure 1(f)
and Figure 1(g), the binding scopes for d(Ba/Ca/Bi/K-O/F) assumed the value of 2.9440(5) A, down from
2.9490(4) A, as x surges. The ions of Ca?* appear to alter polyhedron of (Ba/Ca/Bi/K)O12, displaying smaller
unit cell as Ca®* content surges, which leads to lesser binding scopes of d(Ba/Ca/Bi/K-O/F). As such, altering
the binding scope will alter the polyhedral of [BiO;1,] as well as the crystal field sturdiness for Bi®*. The minor
polyhedral movement may follow the forms of asymmetrical contact, and deformation, and leads to various
deformations of polyhedral. Said deformation results from the asymmetrical contact for the bindings of (Bi-
0). The expression will determine the polyhedral distortion index (D) [18]:

D — % ?:1 |dld;;av| (2)
di indicates the range between the center atom and the i-th coordinating atom. dav indicates the median scope
for every binding. D reaches the values of 0.0009, up from 0.0049, as Ca?* content surges in Figure 1(g). The
greater deformation of polyhedral BiO1, will escalate crystal field cleavage for Bi®*, causing a lesser shift for
power level between *S; and 3P;.

The X-ray Rietveld rectification and the crystal formation for BCSOF can be seen in Figures 1(e) and
(d), respectively, pointing out that the unit cell contains corner-linked [Sc(O/F)s] and the cation of Ba/Ca/Bi/K
located at gap of octahedral accompanied by cuboctahedra of [Ba/Ca/Bi/K(O/F)12]. The anion lesser
latticework contains oxygen in disarray along with fluorine, forming a proportion of 67%: 33%. For the task
of assessing the nature of Ca?* substitution, the allowed variance of percentage for the radius of ions that are
doped and replaced will remain at 25% or lower, with fault chemistry considered. The expression will
determine the nature of substitution [19]:

[Rm (CN) — R4(CN)]

D, = 100 x
Rm(CN)

@)

D: indicates the variance in percentage of radius. Rm and Ry indicate the radius for host cation as well as doped
ion. Coordination number (CN) indicates value of coordination. The radius for doped ion of Ca?* appears
identical to that of Ba** (1.34 A compared to 1.61 A) with both having value of coordination equal to 12. The
disparity of radius among said ions would be 16.6%, the limit. Therefore, with the distortion extent for
(Ba/Ca/Bi/K)O12 polyhedron altered by surging x value in Figure 1(e), it is possible to combine the ions of
Ca?* with BaScOF so these ions can be substituted for Ba?*.

Figure 2 exhibits the short for transmission electron microscopy (TEM) activities for
BaScO,F:0.001Bi%*,0.001K* and BCSOF, which is shown by the section Figures 2(a) and (b), respectively.
Figures 2(c) and (d) displays the short for high-resolution transmission electron microscopy (HR-TEM) for
BaScO,F:0.001Bi%*,0.001K* and BCSOF, respectively [20]-[22]. The latter sample possesses a considerable
crystallinity identical to BaScO,F:Bi**,K*. The EDS spectrum and elemental activities for the samples are
demonstrated by Figures 2(e) and (f), respectively, pointing out that Ba, Ca, Sc, O, F, Bi as well as K would
be equally allocated among the granules of BaScOF. This suggests that the crystal latticework manages to
receive Ca?*, Bi** as well as K*.

Figure 3 shows the relationship between the BCSOF and YAG:Ce?*" content. The findings imply that
the correlation's primary goals are to maintain the median short for correlated color temperature (CCT) values
and to have an impact on the WLED device's pair of phosphor sheets' absorptivity and dispersion [23], [24]. In
light of the fact that the device's hue output depends on BCSOF concentration, there may be an effect on both
lumen and hue output. The concentration of YAG:Ce3* will decrease if the aforementioned concentration is
increased (by 2% to 20%), allowing the median values of CCT to be maintained. Similar results will also be
seen with WLED devices operating within the 5,600-8,500 K temperature range.

Figure 4 illustrates how the concentration of BCSOF might change the WLED device's transmitting
spectrum. The demands of manufacturing must be taken into consideration while choosing a concentration.
There are WLED products that provide a sizable colour output, resulting in a hardly decreased lumen. White
illumination will result from a merging that produces a spectral zone. By comparing two optical spectrum
regions between 420 and 480 nanometers as well as between 500 and 640 nanometers, it appears that an
increase in BCSOF content will result in higher intensities. Superior luminous flux is indicated by the existence
of a larger discharge spectrum. The phosphor sheet and the WLED device may both experience more active
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dispersion as a result of the blue illumination's dispersion for the WLED device being more powerful. Such a
result will subsequently improve the color constancy, a need for using BCSOF. When the objective is to control
stated uniformity for a phosphor pattern under really high temperatures, it won't be easy. Our team's evaluation
has shown that the BCSOF is beneficial for boosting the color output for WLED devices at temperatures of
8,500 K as well as 5,600 K. Our evaluation measured the lumen performance for the two-sheet remote phosphor
arrangement.

The lumen experiences a significant jump as the BCSOF content increases to 20% wt. from 2%, as
seen in Figure 5. According to Figure 6, the hue aberration experienced a pronounced penalty when the BCSOF
concentration decreased under median CCT values. This outcome may be due to the layer of phosphor's
absorptivity. As the blue lighting from the LED chip is absorbed by the blue phosphor granules, it is
transformed into green light. In addition to the previously stated blue light, the BCSOF granules will also
absorb yellow light. The phosphor's properties result in greater efficiency for the chip's ability to absorb blue
light. Therefore, the green presence in the WLED device will be higher if we add BCSOF. The uniformity of
the hue would be one of the most important aspects of WLED devices. The cost of the gadgets will be impacted
by this uniformity. Due of BCSOF's cheap price, practical applications on a broad scale may result.
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Figure 1. Assessment of phosphor attributes (a) XRD activities having, (b) noticeable presence between 30°
and 31°, (c) X-ray Rietveld rectification, (d) Binding scope d(Ba/Ca/Bi/K-O/F) altered as, (€) x surges,
(f) Crystal formation in BCSOF, and (g) Effect on the surroundings of BaO12 from BCSOF as ion of
Ca?* is doped
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Figure 2. Additional phosphor attribute assessment (a) and (b) TEM display for BaScO2F:0.001Bi%**,0.001K*
and BCSOF respectively, (c) and (d) HRTEM display for BaScO,F:0.001Bi%**,0.001K* and BCSOF
respectively, (e) and (f) Phosphor’s EDS spectrum along with elemental display

Table 3. Rectification outcomes and formational information for BCSOF

Rectified expression x=0 x=0.03 x=0.06 x=0.09 x=0.12
Crystal formation Cube Cube Cube Cube Cube
Space group Pm3m Pm3m Pm3m Pm3m Pm3m
Cell parameter (A) 4.1678(8) 4.1675(4) 4.1671(6) 4.1664(1) 4.1655(7)
Volume (A3) 72.441(6) 72.421(4) 72.401(3) 72.386(5) 72.364(7)
Binding scope (Ba/Ca/Bi/K-O/F)  2.9490(4) 2.9481(3) 2.9469(3) 2.9457(2) 2.9440(5)
Ui (Ba) (A2) 0.0130(7) - 0.0104(2) - -
Rp 6.37% 6.48% 6.54% 6.62% 6.73%
Rup 9.22% 9.31% 9.47% 9.52% 9.61%
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A common factor used to evaluate the color quality in WLED devices is hue consistency. However,
this aspect only has a limited impact on the colour quality. An additional element that can evaluate both hue
output and hue generation was developed in earlier studies. When an object is lighted, color rendering index
(CRI) can identify its true color. The excessive amount of green illumination in comparison to the primary
colours, which are blue, yellow, and green, is what causes the lack of chromatic uniformity. Such an occurrence
may change the WLED device's color output, which would worsen hue consistency. Figure 7 shows how the
value of CRI suffers a negligible cost when a BCSOF sheet is included. It is important to note how
commonplace this punishment is. It is essential to concentrate on obtaining appropriate CQS values. This
crucial aspect would be evaluated by CRI, observer bias, and hue coordinates, making it extremely helpful for
assessing hue output [25]. Figure 8 shows how the presence of a BCSOF sheet causes a jump in color quality
scale (CQS). If the BCSOF content increases while staying 10% wt., the factor would essentially remain
unchanged. The waste of color brought on by green hue's dominance will cause CRI and CQS to significantly
deteriorate in the case of 10% wt. or greater. This makes determining the optimal phosphor concentration
before using BCSOF necessary.
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Figure 7. WLED’s color rendering index (CRI) Figure 8. WLED’s color quality scale (CQS) along
along with BCSOF concentration with BCSOF concentration

4. CONCLUSION

This study focuses on the samples of BCSOF yielding 60-nm FWHM, which we created to applied in
WLED devices by employing the method of replacing cation. A formation of cube-like perovskite within the
space group of Pm3m was found in the samples. As the ions of Ba®* are replaced by Ca?* with lesser size, the
formation becomes smaller, causing greater cleavage of crystal field. From here, it is possible to augment the
luminescent intensity as well as heat consistency in BCSOF. Replacing cation may prove useful for
manipulating photoluminescent spectrum through regulating the ion surrounding within the latticework of
crystal. Ultimately, the study succeeded in creating one WLED apparatus that yields a significant 110% hue
scale under 4,396 K. BCSOF has the potential to become an effective component for WLED devices.
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