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 The current diodes emit illumination (LED) display study is focused on strait-

band green phosphor samples yielding significant effectiveness as well as 

heating consistency. The cation substitution design technique was used to 

create Ba1-xCaxScO2F:0.001Bi3+,0.001K+ with x of 0-0.12) perovskite 

phosphors that emit strait green illumination when activated by a 415 nm chip. 

The impact of Ca2+ replacement for Ba2+ in the crystal structures of Ba1-

xCaxScO2F:0.001- Bi3+,0.001K+ and photoluminescence characteristics were 

examined. In the space group Pm3m, all of the phosphors have a cubic 

perovskite-type structure. The development of cell characteristics and the 

lengthiness of the Ba/ Ca/K/Bi-O bonds were studied. Beneath 415 nm chip 

stimulation, the phosphors with an interior quantum effectiveness of 77.4 

percent produce strong green radiation reaching the peak at 510 nm. The 

increase of luminous effectiveness and heating steadiness in response to local 

structural change was thoroughly addressed. The cation substitution design 

technique discussed here might be a significant way to realizing spectrum 

modulation by regulating the micro-surrounding within the latticework to 

achieve outstanding LED backlighting screens. 
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1. INTRODUCTION 

Currently, phosphor-transformed diodes emit white illumination (pt-wLEDs) have garnered a lot of 

interest as potential technologies for backlight displays [1]–[3]. As new-generation solid-state illumination 

supplies, they outperform conventional lighting in terms of longevity, stability, energy efficiency, luminous 

efficacy, environmental protection, and other factors [4], [5]. The most common method of manufacturing w-

LEDs for backlight displays involves a merger between one blue InGaN chip and YAG:Ce3+ phosphor along 

with nitride (Sr,Ca)2Si5N8:Eu2+ red phosphor [6]–[8]. Nevertheless, these phosphors’ ull width at half-

maximum (FWHM) values are too big (over 100 nm and 90 nm, respectively), limiting their uses. Meanwhile, 

owing to the shortage of green radiation, the hue scale for the backlights would merely exceed ~80% national 

television standards committee (NTSC) criteria under the commission on illumination (CIE) 1931 concept [9], 

[10]. Nonetheless, the shortage of green radiation diminishes the vibrancy of the hues. As a result, it is critical 

to investigate an elevated-effectiveness strait band green emitting phosphor with exceptional heating 

steadiness. Various green emitting phosphors have been created to rise the hue gamut in order to suit the needs 

of backlighting technologies [11]. For instance, the green phosphors Sr2SiO4:Eu2+ (hue scale reaching 74.7 

percent of the NTSC criteria), β-sialon:Eu2+ (hue gamut reaching 82.1 percent of the NTSC value) and 

https://creativecommons.org/licenses/by-sa/4.0/
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SrGa2S4:Eu2+ (Color Gamut - 83.8 percent of the NTSC value) are combined with red emitting phosphor [12], 

[13]. It is worth mentioning that the constructed device's greatest color gamut is <90% of the NTSC criteria, a 

result that isn’t too significant for the hue spectrum. The cation replacement method would be effective for 

creating phosphors with elevated-quality luminescence characteristics. The advantages range between red/blue 

shift adjustment for the emitting maximum location and increased illumination effectiveness or heating 

steadiness [14], [15]. The power transmission between Ce3+ and Mn2+ from (Lu1-

xYx)3Al4.8Si0.2O12:0.1Ce3+,0.2Mn2+ garnet solid compound, for example, may be altered via replacing Lu3+ ions 

via Y3+, being related to the decrease in the space separating the ions of Ce3+ as well as Mn2+ within the 

dodecahedron. The Ca/Ba substitution in the Ba2MgSi2O7:Eu2+ host can be used to move the emitting band to 

longer wavelengths by increasing the Eu2+ 5d electron crystal field cleavage [16], [17]. It is possible to adjust 

the valence line for the host latticework via substituting Sr2+ for Ba2+ within Ba2SiO4:Eu2+ due to increased 

structural stiffness and improved heating radiation steadiness. In most situations, phosphors with optimum 

photoluminescence characteristics may be obtained by cation substitution design. 

In this paper, we describe a phosphor with a maximal stimulation wavelength of 415 nm and a vivid 

green radiation. The Ba1-xCaxScO2F:Bi3+,K+ (with x value of 0-0.12) compositions were created using the 

cation replacement technique, which began with BaScO2F:Bi3+,K+. By substituting smaller Ca2+ ions for larger 

Ba2+ ions, a sequence of Ba1-xCaxScO2F:Bi3+,K+ (x = 0-0.12) phosphors were created. The structural 

development, morphology, absorbing spectra, luminous characteristics, temperature-dependent luminous 

characteristics, and LED backlight efficiency of these materials were all thoroughly examined. The impacts of 

microstructure modification on luminous strength augmentation, red shift for the emitting line, as well as 

heating steadiness enhancement were thoroughly examined. Furthermore, one w-LED product offering one 

great hue scale reaching 110% of the NTSC criteria was found utilizing the combined phosphor as a green 

emitter, indicating great potential implementation in backlighting displays. 

 

 

2. METHOD 

The solid-state reactivity under great heat level approach was used to create phosphor powders Ba1-

xCaxScO2F:0.001Bi3+,0.001K+ (x = 0, 0.03, 0.06, 0.09, and 0.12). Various pure substances acquired from 

Aladdin were blended BaCO3, BaF2, Sc2O3, CaCO3, Bi2O3, as well as K2CO3. The blend was then calcinated 

in a box furnace at 1200oC for 8 hours. The specimens were then subjected to calcination under 11000C for 4 

hours within lowering aerosphere (H2 10% + N2 90%) gaseous combination for obtaining the three-valence 

status in Bi granules [18]. The resultant compounds were progressively chilled then coarsely pulverized to be 

further analyzed. 

X-ray diffractometry was used to characterize the crystal layouts of the specimens utilizing X-ray 

diffractometry, using Cu-Kα radioactivity with cathode voltage and pipe current reaching 30 kilovolts and 20 

milliamperes. The general structure analysis system (GSAS) software performed the structural improvements. 

Scanning electron microscopy (SEM) and energy dispersive spectrometry were used to characterize the micro-

formations along with elemental compounds for the specimens. A UV-VIS-NIR spectrophotometer was used 

to measure the absorbing spectra of the specimens in the 200-800 nm range. The photoluminescent (PL) along 

with PL exciting spectra (PLE) were computed at room temperature utilizing a fluorescence spectrophotometer 

and a 150 W Xe lamp. One F-7000 accompanied by a Quanta-φ incorporated globular orb along with a 

polytetrafluoroethylene specimen dome was used to measure the internal quantum efficiencies. An FLS980 

spectrometer accompanied by one Xe light under 450 W in the form of the stimulation supply was utilized to 

study the temperature-dependent luminescence parameters. One FLS920 spectrometer implemented onto one 

nanosecond flashing light to acquire a stimulation supply was used to measure the lifetimes. The integrating 

sphere approach was used to analyze the photoelectric characteristics for the produced WLED device, 

consisting of the PL spectra, hue coordination, along with color rendering index (CRI). A transparent silicone 

resin was mixed with Ba0.94Ca0.06ScO2F:0.001Bi3+,0.001K+ phosphor and commercial CaAlSiN3:Eu2+ 

phosphor to make the w-LEDs. After vacuuming out the bubbles, we daubed the resulting slurry above one 

415-nm NUV chip then fired it under 100 oC within 1 hour then 150 oC within 3 hours. 

 

 

3. RESULTS AND DISCUSSION 

There are the XRD patterns for all Ba1-xCaxScO2F:0.001Bi3+,0.001K+ powders (x = 0, 0.03, 0.06, 0.09, 

and 0.12). All diffraction peaks are clearly compatible with those of BaScO2F, indicating pure phase formation. 

As a result of effectively acquiring the anticipated phosphors while co-doping Bi3+,K+, and Ca2+, the primary 

phase structure does not alter [19]. Because of the reduced ionic radius of Ca2+ (1.34 Å) replacing Ba3+ (1.61 

Å), all the diffraction peaks shift to greater angles as the Ca2+ concentration rises. The Bragg equation might 

explain these shifts in XRD patterns [20]: 
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2𝑑 𝑠𝑖𝑛𝜃 = 𝑛𝜆 (1) 
 

where d represents the interplanar distance, λ represents the X-ray wavelength. θ represents the diffraction 

angle. The Ba2+ granules would be substituted using tinier Ca2+ ions, causing the unit cellule as well as the gap 

to shrink. Rietveld rectifications for X-ray diffraction (XRD) behaviors would be done to study crystal structure 

disorder produced by Ca2+ doping. There are the improved crystallographic characteristics of Ba1-

xCaxScO2F:Bi3+,K+ with x values of 0, 0.03, 0.06, 0.09, and 0.12. The refinement's residual factors (R) focalize 

at an insignificant level, suggesting that the rectification findings can be deemed accurate. The cell 

characteristics as well as cell volume V reduce as the Ca2+ doping concentration increases. It is demonstrated 

that Ca2+ ion doping has a clear effect imposed on (Ba/Ca/Bi/K)O12 polyhedron, shrinking alongside growing 

Ca2+ concentration, leading to the lesser binding spans d(Ba/Ca/Bi/K-O). As a result, variations in bond length 

(Bi-O) cause deformation of the [BiO12] polyhedra then alter the crystal field stability for Bi3+. Slight 

displacements of polyhedra can result in asymmetric contracting, twisting, and bending kinds of polyhedra, 

leading to the varying states for polyhedral deformation. The asymmetric contraction for the (Bi-O) bonds is 

responsible for the deformation of the BiO12 polyhedra. As a result, the polyhedral deformation index (D) may 

be determined as: 
 

𝐷 =
1

𝑛
∑

|𝑑𝑖−𝑑𝑎𝑣|

𝑑𝑎𝑣

𝑛
𝑖=1  (2) 

 

di signifies the span among the centered particle and the i-th coordination particle. dav signifies the mean span 

for a link. As is well known, increasing the polyhedral distortion of BiO12 can result in increased crystal field 

cleavage for Bi3+, resulting in lesser 1S0-3P1 power state shift. The crystal layout for (Ba,Ca)ScO2F:0.001- 

Bi3+,0.001K+ reveals that the unit cellule would include angle-bonded [Sc(O/F)6] accompanied by the 

Ba/Ca/Bi/K cation found under the octahedral cavity alongside cuboctahedral [Ba/Ca/Bi/K(O/F)12]. The anion 

sublatticework would include transposed oxygen as well as fluorine within about 67:33 percent proportion.  

Based on the fault relation, the allowable percentage variation for the ion radius between the incorporated and 

alternative ions should remain below 25% to demonstrate the Ca2+ replacement relationship in the host. The 

following equation may be used to compute the replacement relationship [21]: 
 

𝐷𝑟 = 100 ×
[𝑅𝑚(𝐶𝑁)−𝑅𝑑(𝐶𝑁)]

𝑅𝑚(𝐶𝑁)
 (3) 

 

Dr denotes the radius percent dissimilarity. Rm denotes the base cation radii. Rd demotes incorporated granule 

radii. CN denotes the coordinating values. As previously stated, the ion radius for incorporated Ca2+ (rCa2+ = 

1.34Å, CN = 12) would be identical to that of Ba2+ (r Ba2+ = 1.61Å, CN = 12)34, and the radius proportion 

disparity among Ba2+ and Ca2+ is 16.6%, which is less than the limitation amount. Ca2+ ions may thus be 

incorporated with the BaScO2F base for the task of substituting Ba2+ locations. In comparison to 

BaScO2F:Bi3+,K+, Ba0.94Ca0.06ScO2F:-Bi3+,K+ possesses comparatively high crystallinity. The Ba, Ca, Sc, O, 

F, Bi, and K factors are evenly dispersed across the BaScO2F motes, indicating that Ca2+, Bi3+, and K+ would 

be effectively integrated with the crystal latticework. The PL stimulation and PL spectra of Ba1-

xCaxScO2F:Bi3+,K+ (x = 0, 0.03, 0.06, 0.09, and 0.12) were examined to evaluate the impact of Ca2+ substituting 

Ba2+ on the luminescence characteristics in the host. When x = 0.06 is used instead of x = 0, the maximal 

strength of radition is enhanced by 2.5 times. This is owing to the tiny particle magnitude for Ca2+ ions used as 

an alternative to larger atomic size Ba2+ ions. Because of the lattice shrinkage impact, which minimizes the 

non-radioactive alleviation then improves the stiffness for BaScO2F configuration frameworks, the luminous 

efficiency of the Ba1-xCaxScO2F:Bi3+,K+ phosphors are increased. The photoluminescence intensity diminishes 

when a considerable amount of Ba2+ is replaced by Ca2+ owing to the creation for faulty power states. Inner 

quantum performances for Ba1-xCaxScO2F:Bi3+,K+ (x = 0, 0.06) measured at room temperature reach 54.3 % 

and 77.4 %. As Ca2+ substitution for Ba2+ increases, the emitting bands illustrate a noticeable red shift from 

504 to 510 nm. The red shift is caused by a decrease in cell volume (or latticework factors) along with crystal 

latticework diminution, which generally results in a severe crystal field splitting. As we are aware, a little 

change in the bond lengthiness for the Bi3+ coordination environment with an increase in Ca2+ concentration 

can cause a change in the Bi 3P1 trajectorial cleavage, Stokes shift, as well as centroid shift. As a result, we 

must describe the alteration in the crystal field, calculated using an expression [22]: 

 

𝐷𝑞 =
𝑍𝑒2𝑟2

6𝑅5   (4) 

 

Dq signifies the cleavage power. Z signifies the anion charge. e signifies the electron charge. r signifies the 

radius for d-wave function. R signifies the lengthiness of the bind regarding the luminous cation and its ligand. 
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According to the expression above, Dq would be mostly determined by R. The average bond length R decreases 

when Ba2+ ions are replaced with Ca2+ ions, resulting in more crystal field splitting. As a result, the red shift 

for the discharge line would be caused by an increase in the crystal splitting for Bi3+ ions Furthermore, the 

inclusion regarding doping ions reduces symmetry, which changes the favored orientation of a Bi3+ P orbital, 

as a result of which the Bi3+ emission changes into one greater wavelength. The phosphor degradation period 

is determined by the trigger’s radiation as well as the non-radioactive shift mechanism. As a result, study of 

the decay curves can shed light on the luminescence decay kinetics. The degradation arches for the Ba1-

xCaxScO2F:Bi3+,K+ (with x values of 0, 0.03, 0.06, 0.09, and 0.12) specimens tracked under normal 

temperature. The double-exponential function can be used to approximate the decay curves [23]: 

 

𝐼(𝑡) = 𝐼0 + 𝐴1 exp (
−𝑡

𝜏1
) + 𝐴2exp (

−𝑡

𝜏2
) (5) 

 

t denotes time. I(t) signifies the luminous strength for that moment, A1 and A2 signifies the fitting constants. τ1 

and τ2 the degradation durations correlating with the respective exponential elements. The median duration τ* 

may be represented as [24]. 

 

𝜏∗ =
𝐴1𝜏1

2+𝐴2𝜏2
2

𝐴1𝜏1+𝐴2𝜏2
  (6) 

 

The ground state for Bi3+ generated by the 6s2 electron arrangement would be widely known to be the 
1S0 state. Bi3+ statuses subjected to excitation having the 6s6p setting would be 3P0, 3P1, 3P2, and 1P1. Spin is 

absolutely banned during the shifts between 1S0 and 3P0 as well as 3P2. Spin-orbit coupling mixes the two energy 

levels 3P1 and 1P1. As a result, only the 1S0 → 3P1 along with 1S0 → 1P1 transitions possess enough absorptivity 

power. Bi3+ luminescence is greatly influenced by the crystalline surrounding within the base latticework. 

The temperature stability of the phosphors as produced has a significant impact on the 

implementations of elevated-quality wLEDs. As a result, the heating quenching behavior of the as-prepared 

phosphor must be evaluated. As the heat rises, the summed emission intensities of all the specimens decrease, 

increase, and then decrease. The shift of the population among the 3P0 and 3P1 stimulated states, as well as the 

ejection for electrons stuck within defects, result in increased emitting strengths under heat levels. Overall, the 

heat abatement was linked mostly to an increase of non-radioactive shift possibility. The increased thermal 

stability can be attributed to higher structural stiffness and increased defect development in the host. To assess 

the structural stiffness of Ca2+-doped phosphors further, the Debye heat level regarding the particle with 

crystallography (ΘD,i) would be determined using anisotropic particle translocation factors utilizing the 

expression as [25]: 

 

𝛩𝐷,𝑖 = √
3ħ2𝑇𝑁𝐴

𝐴𝑖𝑘𝐵𝑈𝑖𝑠𝑜,𝑖
 (7) 

 

Ai signifies the particle mass. kB signifies the Boltzmann constant. ħ signifies the Planck constant, Uiso,i denotes 

the particle average translocation factor. ΘD,i signifies reversely proportional to Uiso. Refinement yielded the 

Uiso values for Ba1-xCaxScO2F:Bi3+,K+ (x = 0, 0.06). The findings demonstrate that Ba0.94Ca0.06ScO2F:Bi3+,K+ 

possesses an Uiso reaching 0.01042, which is the same as that of BaScO2F:Bi3+,K+ (0.01307). Based on the 

findings, Ba0.94Ca0.06ScO2F:Bi3+,K+ possess a higher stiffness than BaScO2F:Bi3+,K+, which is 0.4461), 4369 

K correlated color temperature (CCT), and 27.00 lm W-1 luminance efficiency (LE). For the task of getting the 

LED's hue spectrum, white light was filtered using ordinary commercial color filters. To better understand the 

phosphor's chromatic characteristics, the chroma clarity was computed using as [26]: 

 

𝐶𝑜𝑙𝑜𝑟 𝑝𝑢𝑟𝑖𝑡𝑦 =
√(𝑥−𝑥𝑖)2+(𝑦−𝑦𝑖)2

√(𝑥𝑑−𝑥𝑖)2+(𝑦𝑑−𝑦𝑖)2
 (8) 

 

(x, y) is the coordination for sample Ba0.94Ca0.06ScO2F:Bi3+,K+. (xi, yi) is the hue coordination for equivalent-

power white illumination shown as (0.3333, 0.3333). (xd, yd) is the coordination for the illuminant's correlated 

prevalent wavelength [27]. The computed hue purity of the sample is around 68.4%, which makes it suitable 

for use in backlight displays. Furthermore, the hue scale for WLED fabrication may achieve 110.3% level of 

the NTSC criteria. Based on the photoelectric properties, the sample is determined to be an effective green-

element source. The LED offering the broad hue range as well as good hue fidelity demonstrated shows promise 

for use in backlight displays. Judging Figure 1, the YAG:Ce3+ presence is inversely proportional to 

(Ba,Ca)ScO2F:Bi3+,K+. Said altreration leads to certain outcomes: one is to sustain median CCTs, and the other 
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is to influence how two phosphor layers within our WLED device assimilate then disperse illumination, altering 

the hue precision as well as illumination efficiency in the device. As such, the (Ba,Ca)ScO2F:Bi3+,K+ dosage 

results in the chroma standard in said device. The YAG:Ce3+ dosage declined to maintain the mean CCTs while 

the (Ba,Ca)ScO2F:Bi3+,K+ dosage grew from 2% to 20% Wt. The same is relevant in the case of WLEDs, which 

have chroma temperature scope from 5600 K to 8500 K. 

The effect of (Ba,Ca)ScO2F:Bi3+,K+ presence upon the transmittance spectrum of our device shall be 

clearly shown in Figure 2. We might be able to make a decision depending on the requirements of the 

manufacturer. High-hue-grade WLED devices might somewhat reduce lumen. White ray would be generated 

based on the spectral range, as seen via Figure 2. The temperatures shown by these five photos are 5600K, 6600K, 

7000K, 7700K, as well as 8500K. Obviously, the intensity for specific spectrum zones (420-480 as well as 500-

640 nm) escalates alongside (Ba,Ca)ScO2F:Bi3+,K+ dosage. Said extension for the dual-band discharge spectrum 

suggests a lumen extension. On the other hand, with the superior blue-illumination dispersion in the WLED 

device, the dual phosphor sheets will augment chroma consistency. Manipulating the chroma consistency for the 

phosphor setting at elevated heats could be challenging. The study shows that (Ba,Ca)ScO2F:Bi3+,K+ may boost 

the hue standard of WLEDs at both high and low hue heats (5600K and 8500K). 

Thus, this dual-layer distant phosphor sheet's effectiveness at generating illuminating beam has been 

shown via the investigation. Figure 3 results, in particular, demonstrate that when (Ba,Ca)ScO2F:Bi3+,K+ 

concentration increased from 2 % weight to 20 % weight, a considerable increase in the luminous flux was 

also seen. Judging Figure 4, the phosphor (Ba,Ca)ScO2F:Bi3+,K+ concentration under every median CCT 

values greatly decreased the hue deviation. The red phosphor sheet’s absorptivity can explain this. When the 

(Ba,Ca)ScO2F:Bi3+,K+ takes in the blue ray generated via the LED chip, the blue-phosphor motes change the 

blue ray into green one. Furthermore, these motes will assmilate yellow illumination as well. On the other 

hand, the LED chip's blue illumination can assimlate a greater amount of blue glow, surpassing other 

absorptivity demonstrated owing to the material's absorption strengths. Subsequently, (Ba,Ca)ScO2F:Bi3+,K+ 

increases the amount of green illumination for the WLED device, boosting hue uniformity. Hue consistency 

would be a paramount factor in for WLED lights. WLED cost escalates under greater chroma consistency. On 

the other hand, (Ba,Ca)ScO2F:Bi3+,K+ would not be costly, hence may become broadly applicable. 

 

 

 
 

Figure 1. Altering phosphor dosage, thus maintaining mean CCT 

 

 

 
 

Figure 2. The discharge spectra for 6500 K WLED devices correlating with 

(Ba,Ca)ScO2F:Bi3+,K+concentration 
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Figure 3. The luminous flux in WLED device correlating with (Ba,Ca)ScO2F:Bi3+,K+ dosage 

 

 

 
 

Figure 4. Relation between CCT for WLED device and (Ba,Ca)ScO2F:Bi3+,K+ concentration 

 

 

Hue consistency is simply a factor used for examining hue output in WLED devices. It is impossible 

to say that hue quality is good when the hue homogeneity index is high. Hence, it is necessary to utilize CRI 

and color quality scale (CQS). The hue rendering index shows an object's actual hue when it is lit by 

illumination. If green illumination becomes excessive among the key chromas (green, blue, yellow), there will 

be an imbalance in hue gamut, altering the color precision in devices and yielding lesser chroma quality.  

Figure 5 exhibits one slight drop for CRI with (Ba,Ca)ScO2F:Bi3+,K+ sheet. The disadvantages would be 

minimal nevertheless since CRI would be only a flaw in CQS. CQS is formed through several factors: the first 

is CRI, the second is watchers’ taste, and the third is hue coordinate [28], [29]. CQS would be virtually an 

effective evaluation method when it comes to chroma efficiency. Judging Figure 6, CQS gets augmented using 

the distant (Ba,Ca)ScO2F:Bi3+,K+ sheet. On the other hand, the (Ba,Ca)ScO2F:Bi3+,K+ dosage would mostly 

leave CQS intact when the dosage is less than 10% wt. The substantial hue loss when green is prevalent results 

in CRI as well as CQS to be highly reduced with (Ba,Ca)ScO2F:Bi3+,K+ dosages exceeding 10% wt. For this 

reason, determining a compatible dosage is a must. 

 

 

  
  

Figure 5. Relation between CRI for WLED device 

and (Ba,Ca)ScO2F:Bi3+,K+ dosage 

Figure 6. Relation between CQS for WLED device 

and (Ba,Ca)ScO2F:Bi3+,K+ dosage 
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4. CONCLUSION 

The study shows how a dual-layer phosphorus arrangement's optical characteristics are affected by 

(Ba,Ca)ScO2F:Bi3+,K+ green phosphorus. Using Monte Carlo computer simulations, the study proved that 

(Ba,Ca)ScO2F:Bi3+,K+ is a suitable remedy for enhancing color consistency. This would be relevant if we 

employ WLED apparatuses with chroma temperature exceeding 8500 K along with ones with a hue color 

temperature of 5600 K. As a result, the results from said inquiry have succeeded in increasing color quality 

and luminous flux, which was a challenging task given the dispersed arrangement of phosphorus. CRI and 

CQS do yield one little downside, though. The CRI and CQS drastically decrease when the concentration of 

(Ba,Ca)ScO2F:Bi3+,K+ is raised to excessive levels. Subsequently, determining the proper concentration by 

considering the objectives of the producer. The study has offered beneficial information for creating WLEDs 

with improved color uniformity and luminous flux. 
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