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 The yellow phosphor Y3Al5O12:Ce3+(YAG:Ce3+), which sees its most 

popular use in white light-emitting diode (wLEDs), possess an optical 

spectrum that lacks the red element. The following article will propose a 

fresh solution for this problem, which involves adjusting the properties of 

Ce3+ spectrum by using exterior dye particles of ATTO-Rho101, possessing 

dramatic, wide absorption within the zone of green-yellow spectrum of Ce3+ 

emission and significant release of the red element. The globular YAG:Ce3+, 

which is micrometer and nanometer in size with significant dispersion 

(micro/nano-YAG:Ce3+) was created by employing an altered solvothermal 

technique. The YAG:Ce3+ produced by said technique, along with the heated 

micro-YAG:Ce3+ and commercial phosphors, were exteriorly covered with 

SiO2 and immersed in dye at the same time. Effective radiant 

transmission/reabsorption from Ce3+ within the YAG’s internal bowel to the 

dye particles of the exterior hull of SiO2, regardless of the phosphors’ size, 

was displayed in the YAG: Ce3+@SiO2+ dye powder amassed over the 

stimulation of the light of blue, which boosted the red element of it. The 

fluorescent microscope was considered an effective device intended for 

detecting the reabsorption event in grinded substances. 
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1. INTRODUCTION 

Over the decades, such kind of lighting has immensely advanced, which consists of lumen 

efficiency, great color rendering index (CRI), as well as various advanced attributes [1]-[3]. The creation of 

the diodes that generate white light-emitting diode (wLED) involves merging the blue, green, and red chips 

of light-emitting diode (LED), despite that the foundation of most LED lights is phosphor-converted LEDs 

(pc-LEDs) thanks to the simplicity, quality along with the low cost of the creation process. In this research, 

we selected an extremely effective organic dye of a rhodamine 101 derivative that can be acquired on the 

market, and positioned it by covering the surface with silica using an altered Stöber technique and at the 

same time, immersing in the matrix of SiO2, upon the exterior of the solvothermally-derived 

(ethylenediamine) micro/nano-YAG:Ce3+ phosphors (∼1.0 μm and 10 nm) along with bigger commercial 

phosphors (∼14.8 μm), which subsequently created bowel/hull YAG:Ce3+@SiO2+stain compound phosphors 

[4]-[6]. The stains possess dramatic and wide absorptivity in the 550-590 nm wavelength range, which is 

almost identical to the YAG emission, as well as the red element of the spectrum at the wavelength of 

approximately 609 nm [7], [8]. At all phosphor sizes, instead of the Förster resonance energy transfer 

https://creativecommons.org/licenses/by-sa/4.0/
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(FRET), the photoluminescence (PL) researches displayed a propagation event of radiative energy, which is 

the reabsorption process, and used fluorescent microscopy and luminescence degradation dynamics to 

acquire control of the power reaction between YAG bowel and stain particles of the external hull impacted 

by blue stimulation [9]-[12]. A fluorescence microscope integrated with an incandescent optic 

spectrophotometer was proven to be exceptionally effective in detecting the reabsorption event of ground 

substances through registering the emission spectrum of particles with considerable dispersion on a glass 

slide and/or a film of conglomerated powder with a shutter is only half-open. In truth, according to our 

research, the dye, which was stuck in the exterior of the SiO2 matrix in the micro-YAG:Ce3+ after being 

calcinated, displayed remarkable heat consistency and photo-stability at the temperature of 130 0C 

(temperature below such threshold is usually a condition that allows wLED to work). Notably, the defective 

and/or poorly-attached SiO2 exterior layer on the bigger commercial phosphors would lower the photo-

stability of the dyes placed on such phosphors. We merged the calcinated micro-YAG:Ce3+@SiO2+stain 

phosphors with chips that have blue color of LED to create a warm wLED [13]-[15]. When we used the 

profited YAG:Ce3+@ (SiO2+dye)5, the Ra of the wLED achieved a mere value of approximately 79, which is 

caused by the small phosphor concentration scattered within the epoxy resin, followed by the lower 

reabsorption of the dye particles. 

Moreover, we thoroughly specified the compositions, the crystalline formations, the forms along 

with the luminescence features of the solvothermally-created micro/nano-YAG:Ce3+ phosphors. Judging the 

outcomes, the micro-YAG:Ce3+ phosphors have a globular form and can automatically form themselves 

using tinier nano-particles throughout the solvothermal reaction. In micro/nano-YAG:Ce3+, we detected an 

interface effect between such nano-particles within the micro-particles and an area influence caused by the 

greater surface-to-volume scale, respectively [16], [17]. When we follow the yellow radiations, the Ce3+ ions 

exhibit notable widening and blue changes in their stimulation spectrum on the interfaces and surface due to 

the suitable modifications from 4f to 5d, resulting in a constant wide stimulation range roughly from 300 to 

500 nm. Moreover, the Ce3+ ions’ emissions merely displayed minor blue shifts. As such, said phosphor can 

be integrated with a chip of LED that generates ultraviolet (UV) lighting to blue lighting. The ability of 

protonated amine classes (-NH3
+) to connect with the outer metal ions (Ce3+, Y3+, or Al3+) of the 

solvothermally generated YAG was demonstrated. They are able to oxidize Ce3+ to Ce4+ via electron and 

proton transmission in the event of photoirradiation and heating, and as a result, significantly extinguishing 

the yellow radiations later covering YAG with a film of SiO2 or pure YAG nano-particles and after being 

scattered into the epoxy resin. At the calcination temperature of 1100 oC, we can eliminate the species on the 

exterior and boost the phosphors’ PL consistency in the event of high temperature and photoirradiance. 

 

 

2. EXPERIMENTAL DETAILS 

2.1.  Composition of micro-YAG:Ce3+, nano-YAG:Ce3+ and YAG:Ce3+@YAG  

We performed every handling in ambient environment. Using an altered technique mentioned above  

to merge the co-precipitation with a solvothermal procedure which is carried out after, we created the 

globular YAG:Ce3+ phosphors. We used de-ionized water to dissolve suitable portions of Y(NO3)3 × 6H2O, 

Al(NO3)3 × 9H2O and Ce(NO3)3 × 6H2O for a standard composition, while also attempting to maintain the 

molar proportion of lanthanide ions (Y3+ and Ce3+) to Al3+ at 3 : 5. When it came to Ce3+-doped specimens, 

the Ce3+ mol concentration in comparison with the total amount of Y3+ and Ce3+ ions remained steady at 3%. 

We back titrated the mother salt combinations into a 0.6 M NH4HCO3 ethanol–water (2: 1, v: v ratio) 

compound at a rate of 2.0 mL min
−1

 with strong stimulation at normal temperature, creating white-color 

precipitants. After that, we continued to stir the product for 2 hours and then carried out the aging process for 

20 hours [18], [19]. After complete cleaning using lots of de-ionized water as well as ethanol, we managed to 

acquire the precipitate. We used the soggy precipitate to prepare for the following solvothermal reaction 

through scattering into 70 mL EDA while magnetically stirring. After that, we tightly packed the milky glue 

scattering (∼0.7 g mL
−1

) into a bottle of 100 mL poly (phenylene oxide) in a pressure cooker made of 

stainless steel and fired it at 270 oC within one full day inside a fan oven that had been preheated. Once the 

autoclave’s temperature went down to room level, we separated the precipitate from the mixture by draining 

the liquid, cleaned it using absolute ethanol, leave it to dry at room temperature in a vacuum oven to obtain 

the yellow substances, which is YAG powder. For our research, we used the substance as as micro-

YAG:Ce3+. 

To synthesize the micro-YAG:Ce3+@YAG powder, we utilized a solvothermal reaction as a second 

step to alter the undoped nano-particles of YAG onto the micro-particles of micro-YAG:Ce3+. We rapidly re-

scattered a portion of the previously acquired YAG powder into the EDA solution containing the shapeless 

co-precipitated precursor of YAG (∼0.3 g mL
−1

). We let the glue scatterings mentioned participate in more 

solvothermal reaction within an autoclave at the temperature of 270 oC for a day. Afterwards, we cleaned the 
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acquired product using absolute ethanol. As it turned out, such co-precipitated YAG forerunners 

disintegrated and re-crystallized to generate pure YAG nano-particles with diameters of ∼100 nm or less, or 

particles of sub-micro size. A part of the nano-particles have a nucleus in a non-homogenous way, increased 

in size and formed themselves as quasi-shells located on the exterior of re-scattered micro-particles of micro-

YAG:Ce3+, which created the micro-YAG:Ce3+@YAG phosphors. Meanwhile, the other nano-particles 

having nucleus in a uniform fashion and increased in size in the mixture, with the subsequent event of phase 

segregation. Such independent nano-particles had inferior size in the range of 5 to 20 nm, and they formed 

themselves as globular particles with the size of approximately 50 nm to 200 nm. In the article, such 

independent nano-particles will be called nano-YAG. In order to obtain the micro-YAG:Ce3+@YAG 

phosphors with increased size and weight at a reduced spinning speed (900 rpm) as a precipitate at the 

bottom of the pipes, we used a centrifugation speed derived size-isolation approach. We obtained the nano-

YAG with inferior size and weight at a greater spinning speed of 3000 rpm in the precipitated mixture. We 

acquired the nano-YAG from the mixture using more centrifugation at great speed (7000 rpm). We obtained 

the micro-YAG:Ce3+@YAG:Ce3+ and nano-YAG:Ce3+ by utilizing the Ce3+ doped co-precipitated 

forerunners in the next solvothermal reactivity. We dried such samples at room temperature in a vacuum 

oven. The micro-YAG:Ce3+ was contained in a quartz tube and heated at the temperature of 1100 oC for three 

hours in flowing reducing gas (N2/H2, 95%/5%) so that organic species on the exterior can be eliminated.  

 

2.2.  LED fabrication and performance measurements 

We used the following components for the job of making wLEDs: solvothermally produced YAG, 

profited YAG, compound phosphors changed by SiO2 and stain, and blue-color InGaN chips (about 460 nm). 

We mixed the phosphors with epoxy resin (with a volume proportion of YAG to epoxy resin of ∼1:10 to 

2:10). We exteriorly covered the chips of LED with the resulting product and heated at the temperature of 

120o for twenty minutes in an oven to turn it into a solid substance. The forward current of the operating 

wLEDs was 20 mA. We determined the photoelectric features of the apparatuses made using an auto-

temperatured LED optoelectronic analyzer. To evaluate the YAG photothermal consistency in epoxy resin, 

we used thermal solidification at 120 °C for 20 minutes to cover a 0.17 mm-thick glass slide with the 

phosphor-epoxy resin mixture and then placed the glass slide on the heating and cooling phases for 

measurement. 

 

2.3.  Scattering computation 

With the Mie theory [20]-[25], we can determine the diffusing factor μsca(λ), anisotropy factor g(λ), 

and decreased diffusing factor δsca(λ) with the: 

 

 𝜇𝑠𝑐𝑎 = ∫ 𝑁(𝑟)𝐶𝑠𝑐𝑎 (𝜆, 𝑟)𝑑𝑟 (1) 

 

𝑔(𝜆) = 2𝜋 ∫ ∫ 𝑝(
1

−1
, 𝜆, 𝑟)𝑓(𝑟)𝑐𝑜𝑠𝑑𝑐𝑜𝑠𝑑𝑟 (2) 

 

𝛿𝑠𝑐𝑎 = 𝜇𝑠𝑐𝑎(1 − 𝑔) (3) 

 

for the calculations above, N(r) is the dispensation density of diffuse particles (measured in mm3), Csca 

represents the scattering cross sections (measured in mm2), p(θ,λ,r) represents the phase function, λ represents 

the illumination wavelength (measured in nm), r represents radius of diffuse particles (measured in µm), θ 

represents the dispersing angle (measured in °C), and f(r) represents the dimension distribution function of 

the diffuser in the phosphorous. 

We also generated the micro- YAG:Ce3+@YAG and nano-YAG:Ce3+ for the manipulation task 

using a two-step solvothermal technique. Figure 1 displays their SEM and TEM pictures. As we can see in 

Figure 1, various nano-particles of YAG with an approximate size of 100 nm are near the exteriors of the 

YAG:Ce3+ micro-particles. As the second solvothermal procedure goes on, the YAG, which was scattered 

beforehand, yielded various crystal surfaces that became the favorable nucleation locations to house a second 

growth because of the inferior amount of activation energy. Such locations offer higher chances of nucleation 

event. The acquired YAG micro-particles shown earlier possessed coarse exteriors and poly-crystallinity, and 

as such the visible surfaces contain the small pieces detached by the particle limits. Therefore, instead of a 

constant one-particle shell, the number of nano-particles increased in size on the micro-particles. But the 

uniform nucleation phenomenon occurred as well. According to Figure 1, various tinier nano-particles of 

YAG:Ce3+, or nano-YAG:Ce3+ when the second reaction employs the Ce3+-doped YAG precipitate 

precursors, with approximate sizes between 5 and 15 nm were obtained from the supernatant via 

centrifugation at a low speed of the result of the second solvothermal reaction. The nano-YAG:Ce3+ 
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obviously displayed lattice rims, which suggested the presence of independent crystallinity. The activity of 

automatic formation expanded to the second reaction system as well. Figure 1 displays a number of globular 

compositions, which are roughly 50 to 200 nm in sizes. After similar processes, we also infused and 

exteriorly covered nano-YAG:Ce3+ with dye and silica respectively. 

Following the calcination process, we infused and exteriorly covered the micro-YAG:Ce3+ with dye 

and silica respectively, which is identical to Figure 1, along with commercial phosphors to boost the red 

element. Because of the larger dimensions and sleeker exteriors, the growth of SiO2 above the surface of 

commercialized phosphors became increasingly difficult and sluggish. It was necessary to have five cycles to 

pinpoint the sufficient amounts of SiO2 and dye particles. According to Figure 2, the chemical alterations 

created the coarse exteriors with defective and/or poorly-attached layers of SiO2. Through experimentation, it 

was assumed that the exterior SiO2 layer and the number of dye species failed to rise consecutively as the 

covering procedure was repeated until it exceeded five cycles. 
 

 

 
Figure 1. Dispersing factors of SiO2 particles at 450 nm and 550 nm 

 

 

 
 

Figure 2. The phase function of SiO2 particles at 450 nm and 550 nm 
 

 

3. RESULTS AND DISCUSSION 

We can determine the uniformity of the CCT that is subordinate to angle through lowering the 

highest CCT value to its lowest level. We examined the various masses of SiO2 nano-crystals in order to 

acquire the most desirable CCT deviation, which can be seen in Figure 3. As usual, the Ce3+ stimulation 

spectrum has two distinct ranges at ∼330 and 450 nm owing to electron transfer from the base condition of 

Ce3+ to another region of crystalline dividing the elements of the stimulated 5d condition of Ce3+ (2F5/2,7/2 → 
5d1 transformations).2 In Figure 3, this applies the heated micro-YAG:Ce3+, with considerable range among 

two stimulation ranges. But in the two brand new samples, the bands appeared to considerably widen and lay 

on each other, which produced a constant wide band between ∼300 and 500 nm. Specifically, at the 

wavelength of approximately 390 nm, there was almost no efficient excitation in the band of colors of the 

heated micro-YAG:Ce3+, but in the case of micro-YAG:Ce3+, it seemed to be noticeably more potent and was 

almost identical to the blue band at the wavelength of 450 nm. On the other hand, there was a new band 

created that yielded an inferior relative intensity in the nano-nano-YAG:Ce3+ spectrum. Furthermore, we 

examined the spectrum’s blue shifts of the said samples and saw that the nano-YAG:Ce3+ sample had a larger 
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shift. As the Ce3+ ion configuration is 4f, a single electron will advance to a 5d orbital upon the irradiation of 

UV or blue photon, which renders the 4f hull blank; whereas the closed 5s and 5p electron hulls protects the 

4f electrons from the surroundings. Subsequently, the electrons in the 5d orbital have greater sensitivity when 

spectroscopic is used to examine the changes in the local symmetry. As a result, it is possible for the Ce3+ 

excitation spectrum to directly display the separation data of 5d orbital in the region of crystalline. For the 

YAG lattice, we merely saw a single D2 site symmetry for the Ce3+ ions; and as such, it is obvious that the 

widening and the blue shifts have a close relationship with the surface or interface effects because of the 

particles’ insignificant sizes and complicated micro-formation. Because of its significant size of particle as 

well as tiny BET exterior region, the calcinated micro-YAG:Ce3+ hardly altered the size generally but rather 

abolished the widening effects with great efficiency. Therefore, various interfaces were created along with 

the tinier nano-units as the micro-particles were integrated with them. 
 

 

 
 

Figure 3. CCT deviations of SiO2 particles with dissimilar diameters 
 

 

It is mandatory for the local symmetry to be relaxed and distinct from that of the ions within the 

particles. In the case of Ce3+ located at the interfaces, the highly malformed or jumbled local surrounding 

could reduce the robustness of the crystal field, leading to a reduction of the direct separation of the 5d orbital 

and a boost of the 5d electron’s inductance power, and subsequently, the excitation transformation from the 

base condition to the 5d1 stimulated condition needed additional power, which is displayed by the excitation 

band’s blue shift along with the occurrence of novel spectral reactions to the significant power aspect of the 

Ce3+ range in the particles. Because nano-YAG:Ce3+ has a considerably inferior size and greater exterior 

region, it is obvious that the occurrence of the new band at the wavelength of approximately 390 nm is 

caused by the surface influences; but there were not any more notable spectral reactions or more visible blue 

changes were in comparison to micro-YAG:Ce3+. From this, we can assume that the facade and interface 

impacts influenced the PL in various ways. The interface effects supported the newly-created excitation band. 

Furthermore, the exterior effects supported the blue shift of the spectrum. The surface effects with additional 

exterior faults (such as shattered links) and the species that are exteriorly absorbed (caused by the greater 

exterior region) along with the greater exterior pressure (caused by the inferior size) seem to be able to twist 

the local area around the exterior along with the Ce3+ internal triggers to alter the crystal field in various 

ways; and as such the excited situation behaves differently than that caused by interface impacts. Such effects 

may be able to reduce the direct separation of the 5d orbital and boost the electronic power of the 5d. Hence, 

the excitation transformation from the base condition to the 5d1 stimulated condition and the inversed 

radiation transformations need additional energy. As a result, we detected additional blue shifts in the blue 

stimulation range (seen in Figure 4) and also the yellow-green radiation range in nano-YAG:Ce3+. 

Judging the emission spectrum in Figure 5, we can see a standard wide Ce3+ band of the YAG host 

matrix, which increases when the wavelength is ∼475 to 650 nm and reaches its peak at an approximate 

wavelength of 500 nm, which is the result of the electron transformations from the 5d’s most inferior particle 

separating element to the base condition Ce3+ (2F5/2, 2F7/2). As the excitation spectrum displayed its trend, the 

excitation of the blue band at the wavelength of 455 nm along with the newly-created band at the 

approximate wavelength of 390 nm in the micro/nano-YAG:Ce3+ spectrum displayed a small blue shift, 

unlike the calcinated micro-YAG:Ce3+ spectrum, which is caused by the surface and/or interface effects of 

Ce3+. In a pattern, the excitation of 390 nm wavelength has a superior blue shift compared to that of 455 mm 

because the two excitations mostly have according to reaction to various Ce3+ ions of the surfaces or 

interfaces along with the inner ions. The 5d electron’s reduced energy cleavage of excited Ce3+, which is 
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caused by the inferior region of crystalline impacts of the facades/interfaces compared to that of the interior 

ions and the ensuing boosted the power space from the low-position 5d1 stimulated condition to the base 

condition when excited at the wavelength of 390 nm. In the picture in Figure 5, the bright yellow emission 

was emitted by micro-YAG:Ce3+ along with the extrinsic QY level of approximately 18.1% when excited at 

the wavelength of 450 nm. Due to the relatively high usual reducing potential of the Ce4+/Ce3+ (1.44 V) pair, 

the EDA particles appeared to decrease the Ce4+ ions were at the position of Ce3+ during the solvothermal 

synthesis. In fact, the event in which EDA and oleylamine decreased Eu3+ → Eu2+ was detected earlier 

throughout the thermolysis and solvothermal reactions. Following the calcination process, the extrinsic QY 

level was roughly 18.2%. 
 

 

 
 

Figure 4. The lumen outputs of the SiO2 particles with distinct diameters 

 

 

In Figure 6, we can see the stimulation and radiation spectrum of micro-YAG:Ce3+, micro-

YAG:Ce3+@SiO2 + stain, micro-YAG:Ce3+@(SiO2 + stain)2 along with the ethanol scatterings of the ATTO-

Rho101-APTS conjugate stain. Almost no efficient stimulation displayed the dye in zone of blue spectrum 

from roughly 400 nm to 500 nm. On the contrary, through tracking the dye’s red emission at the wavelength 

of roughly 615 nm, coupled with the π → π* electron stimulation of a conjugated carbon-carbon double bond 

in the stain particle (∼270, 550 and 587 nm in UV, green and yellow areas, respectively), the standard wide 

band in the wavelength range of roughly 300 to 500 nm respective to Ce3+ stimulation. Furthermore, it 

seemed that the two cycles of exterior alterations produced stimulation with twice greater strength in the 

dye’s direct stimulation zone (from roughly 500 nm to 600 nm), while just yielded a minor improvement in 

the Ce3+ ions’ mediate stimulation zone, which means that merely a part of dye particles were involved in the 

activity of energy propagation. Judging the emission spectrum in Figure 6, the red emissions with greater 

strength (roughly 615 nm) respective to the dye ranges were detected in the patterns with altered exterior 

when excited into the Ce3+ blue band. The emergence and intensification of the dye emissions, which result 

in the sacrifice of the Ce3+ green-yellow emissions, correspond with the features of the activity of the energy 

propagation; which boosted the red element in the entire spectrum and as a result, becomes highly applicable 

to the warm wLEDs. Once we re-performed the exterior alteration procedure, the intensity only displayed a 

minor boost. 
 
 

 
 

 

Figure 5. The decreased diffusing factor of SiO2 

particles at dissimilar dimensions and wavelength at 

450 nm and 550 nm 

 

Figure 6. The diffusing cross section of SiO2 

particles at dissimilar dimensions and wavelength at 

450 nm  and 550 nm 
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4. CONCLUSION 

To sum up, the research examined the synthesis of the globular and hugely-scattered micro-

YAG:Ce3+ phosphors and nano-YAG:Ce3+ nano-particles by using an altered solvothermal technique 

combined with the procedure of exterior coating with SiO2 and dye-immersing using the ATTO-Rho101 

dyes, which also includes the commercial YAG:Ce3+ phosphors, in order to boost the red element of the 

spectrum in the yellow phosphors YAG and make it possible to be applied to warm wLEDs. We considered 

EDA to be a solvent. It is also the reducing solution used to obtain high PL. The research also thoroughly 

identified and examined the sizes, forms, crystal formations, compositions, along with the samples’ 

luminescence features. We heated the micro-YAG:Ce3+ in order to eliminate the protonated amine species 

located on the exterior and to compare the PL values. The Ce3+ excitation spectrum was demonstrated to be 

significantly expanded and coupled as a result of the interface/surfaces' relaxed local symmetry, which 

formed a continuous wide band in the wavelength range of around 300 nm to 500 nm. The interface and 

facades impacts have varying effects above Ce3+ luminescence. While the interface effects of micro-

YAG:Ce3+ changed the stimulation and luminescence ranges, it had no meaningful impact on the Ce3+ 

dynamics. Furthermore, the exterior influences of nano-YAG:Ce3+ had an impact on both. The photo-thermal 

consistency of micro-YAG:Ce3+ luminescence was found to be inferior after exterior alteration with SiO2 or 

YAG or immersion in an epoxy resin matrix owing to Ce3+ → Ce4+ oxidation caused by protonated amine 

types on the exterior when triggered by high temperature or photoirradiation rather than by the oxygen of the 

surrounding environment. On the contrary, it seemed that the exciting irradiation had greater potency when 

used to extinguish the PL of micro-YAG:Ce3+. By calcinating at great temperatures, we managed to boost the 

samples’ photo-thermal consistency. 
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