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 We created the blue-green Ba2Si3O8:Eu2+ (or BaE) phosphor treated with 

Eu2+ using the standard solid-state method with the concentration of Eu as 

well as heating temperature properly adjusted for the maximum 

luminescence efficacy. It is possible to excite the said phosphor using near-

UV (n-UV) wavelengths and to display its wide emission band, which is the 

5d => 4f shift for Eu2+, caused by the combination of the Eu activator and 

the nearby host. We integrated the said phosphor with the n-UV LED to 

create the pc-LED (short for diodes based on conversion phosphor). For the 

task of creating the white light-emitting diode (WLED) device that yields 

significant color rendering index, we combined the orange ZnCdSe/ZnSe 

quantum dot with a distinctive sheet structure for the pc-LED made with 

phosphor BaE. This research demonstrates the electroluminescence features 

of the said elements. 
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1. INTRODUCTION  

Over the time, the white light-emitting diode (WLED) devices went through considerable 

development, primarily used for optical exhibition. The pc-LED devices are commonly used to create white 

illumination due to their price being more reasonable than the combined LEDs with colors red, blue and 

green [1]-[3]. Judging the preferred excitation wavelength for the phosphor, we can employ the InGaN chip 

based on blue with wavelength range from 440 nm to 460 nm or n-UV with wavelength range from 350 nm 

to 420 nm to create the pc-LED devices [4], [5]. To easily create a pc-LED device with the lowest cost, we 

can use a mixture of the LED emits blue light and phosphors emit yellow light like Y3Al5O12:Ce3+1 or 

Sr3SiO5:Ce3+,Li3+. On the other hand, a common flaw of the blue-integrated white LED devices is the low 

observable range of spectrum with a notable lack of the red element, which results in particularly low 

certainty of response index (CRI) or Ra (short for color rendering index). With an n-UV LED, it is possible to 

daub at least two phosphors to create the pc-LED device. Because of the benefits of the n-UV LED which 

includes great performance, reliability as well as the lack of its illumination’s influence on the chromatic 

output, the pc-LED devices made of n-UV LED are considered a potential optical generator [6]-[9]. By 

utilizing the suitable phosphors for the pc-LED devices, it is possible to create various emission colors, which 

creates high-CRI white illumination as a result. Because of the potent reaction between the Eu2+ activator and 

the nearby host lattices, the ions of Eu2+ with the suitable optical 5d-4f shift displays a band emission as well 

https://creativecommons.org/licenses/by-sa/4.0/
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as creates various emission wavelengths acting like a function for the selected hosts due to the extent of Stokes 

transfer for the emission of Eu2+ being related to the crystal field region as well as the host’s covalence impact 

on the activator. Silicate phosphors treated with Eu2+ have attracted considerable research interest in cold-light 

substances and appears to be highly effective phosphors for LEDs because of the unity between the excitation 

wavelengths of the phosphors and blue or n-UV illuminations. While various stoichiometric host compounds of 

the said phosphors may exist, the alkaline-earth hosts appear to be the ones most focused on. These hosts are 

selected to be treated with Eu2+ such as M3SiO5, M2SiO4, M2MgSi2O7, and M3MgSi2O8, [10]-[12]. Certain new 

researches have synthesized BaE phosphor utilizing the sol gel and analyzed its photoluminescence features. On 

the other hand, the creation of LEDs has not utilized such phosphor.  

Thanks to the innovations of the fabrication techniques for the quantum dots (abbreviated as QDs), 

many have pointed out their potential benefits for the biological as well as the optoelectronic areas, having 

effective fluorescence features like significant quantum yield (or QY) and optical reliability. Among the 

functions of the quantum dots (QDs), there is one involving the QDs to be used in the form of luminescent 

down-transmuters for the LEDs with the task of absorbing the photon power form the blue or n-UV wavelength 

of the LED chip as well as generating a distinctive wavelength, which is adjustable via the manipulation of the 

QDs’ proportion as well as constituents [13], [14]. To create LEDs made of QDs, the QDs made of CdSe are 

usually selected for the easily-adjustable nature in the observable emission on the basis of the blue or n-UV 

LEDs. Zhang et al. [15] utilized the red-light CdSe QDs in the form of a supporting chromatic center for the 

purpose of raising the CRI for the WLED devices made of the yellow phosphor Sr3SiO5:Ce3+,Li+ due to the 

devices’ lack of red spectrum. For our research, we created the phosphor BaE as well as the ZnCdSe/ZnSe QD 

using the solid-state method as well as hot solution phase chemistry. In order to properly utilize the  

phosphor and QD for creating the WLED device, we combined them with an n-UV LED having a distinctive 

sheet structure, comprising of QD and phosphor sheets as well as examined the electroluminescent features of the 

phosphor and QD. 

 

 

2. EXPERIMENTAL 

2.1.  Creating the phosphors BaE 

We created the phosphors through the standard solid-state technique using the substances which 

include pure BaCO3, SiO2 as well as Eu2O3 (99.9%, Kojundo Chem). We predetermined the substances’ 

proportions and combined them with ethanol then let the powders dry under the temperature of 100oC in an 

oven. For the phosphor Ba2-xSi3O8:Eux, the concentration x of Eu fluctuated from 0.005 to 0.07. We 

pulverized the acquired substance then heated it under the temperature of 1100oC to 1300oC for four hours at 

lowering atmosphere, which is made of 25% H2 and 75% N2 with a tube furnace. The emission intensity of 

photoluminescence for the phosphors went up as the heating temperature increased to 1300oC maximumly. 

As the temperature exceeds the said threshold, the phosphors took a glass-like form. We heated every 

phosphor under the temperature of 1300oC [15], [16]. 

 

2.2.  Creating the WLED devices 

With the blue-green phosphor BaE, we created the pc-LED device through daubing the InGaN n-

UV LED device positioned on the exterior under the wavelength of 405  5 nm with a blend containing the 

phosphor and silicone resin (Dow Corning, OE 6630B). We created the orange QD through daubing the said 

LED with a chlorobenzene mixture containing QD and poly (methyl methacrylate) (PMMA, Mw = 120000). 

We determined the mass proportion between polymethyl methacrylate (PMMA) and QD to be 68-70 and the 

PMMA concentration of chlorobenzene to be 1.7 mM. To create a WLED device that yields significant CRI, 

we integrated the phosphor and QD with a chip having the following sheet layout. Initially, we loaded the 

nUV-LED’s mold with a blend containing QD and PMMA then let it dry under the temperature of 60oC for 

half an hour for the chlorobenzene to vaporize. The hardened blend of QD and PMMA accounted for roughly 

under one-fifth of the mold’s capacity. We subsequently daubed the blend of phosphor and silicone resin 

above the QD-PMMA blend then cured it under the temperature of 70oC for twelve hours, which filled the 

mold’s unused capacity. We took into account a different sheet layout containing the phosphor-resin blend 

followed by the QD-PMMA blend. However, this layout didn’t work as expected due to the chlorobenzene of 

the QD-PMMA mixture ruined the cured silicone resin. 

 

 

3. RESULTS AND ANALYSIS 

In addition to the many impurity-doped semiconductors discussed previously, in which the radiation is 

driven by electronic transferences inside the impurity ion, semiconductor nanoparticles (or quantum dots, QDs) 

are suggested as hue transformation substance in LEDs. Quantum confinement may happen with a discretization 
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of the electronic range configuration if they grow exceedingly small (with a dimension of a few nm). When 

comparing the bulk case, the band gap energy goes up considerably, owing to the presence of large absorbing 

highest points because of the discretized power levels [17]-[19]. 

With the aim to promote effective luminescence, non-radiative degradation through outside covering 

defect states have to be declined, which may be performed by passivating the organic capping outside 

covering or by utilizing an inorganic shell. CdSe is put to shame the most often used quantum dot in 

conjunction with blue pumping LEDs owing to its fairly great quantum effectiveness and adjustability of 

radiation over the whole visible region. The radiation is quite limited with quantum dot solutions and a 

constrained dimension dispensation, with an FWHM of roughly 30 nm. This, regarding to the modest Stokes 

shift, permits the pairing of a blue pumping LED with green and red generating QDs with no leaking a lot of 

emitting power into the intense-red section of the bands of color, where eye sensitivity is negligible.  

Jeon et al. [19] demonstrated a 41 lm/W effective gadget for flat panel display backlighting according to 

multi-shelled CdSe-based QDs which emit green and red illumination. Lastly, their small size decreases 

dispersion losing (compared to traditional phosphors) and enables them to be implanted in transparent 

matrices. However, the popular usage modern QDs as hue changers is hampered by a number of problems: (i) 

Cd-based compounds are harmful to the environment, and the amount of substitute, greener hosts with elevated 

quantum effectiveness, which is required for transformation-based LEDs, is restricted. (ii) When QDs are 

utilized for green and red radiation, the modest Stokes shift causes significant reabsorption [20]-[22]. To reduce 

some of the reabsorption, distinct ways of QDs has been considered. (iii) Heat quenching is typically highly 

strong as comparing to bulk impurity-doped semiconductors, requiring a distant technique for elevated flux 

gadgets. The illumination from a 450 nm pump LED has been shown to degrade the YAG:Ce nanoparticles 

organic capping film. 

Particles having dimensions range from a few tens of nanometers to hundreds of nanometers are 

neither QDs nor bulk materials. They are not 'actual' quantum organizations with considerable quantum 

confinement. These particle sizes, however, are appealing used in clear, refractive index-matched matrices to 

decrease dispersion losses. The downsides of very tiny particle sizes include a significantly increased 

surface-to-volume proportion, which increases the effect of non-radiative decomposition paths happened by 

surface defects. This has the potential to have a negative influence on quantum effectiveness and heat 

quenching behavior. Dopant incorporation may also be more challenging for littler particles. The wide 

excitation band increasing to 420 nm maximumly is caused by the shift from the 4f-ground to the 5d-

stimulated condition for the ion of Eu2+, which means that the phosphor can be utilized for the creation of pc-

LED device based on the n-UV LED. The blue-green emission with maximum wavelength of 506 nm and a 

wide bandwidth of the 5d => 4f shift (from the lowest relaxed 5d state to the 8S7/2 state) in the ion of Eu2+, 

caused by the potent reaction between 5d electron and the nearby hosts. When it comes to creating white light 

that yields significant chromatic output, it is better to select a broad band emission. We determined the 

phosphor’s full width at half-maximum as 105 nm, thinner compared to the common yellow phosphor 

Y3Al5O12:Ce. The intensity of emission went up as the said concentration raised to 0.05 and went down at 

0.07 because of the abatement in concentration, the non-radioactive energy shift among the ions of Eu2+ via 

the galvanic multipole-multipole interactivity. Such event was seen earlier for the phosphors treated with 

Ce3+ or Eu2+. When the concentration of Eu2+ goes up, the ions of Eu2+ having greater 5d states are more 

likely to relax or perform energy shift for the purpose of decreasing the 5d states within the identical or the 

surrounding Eu2+ locations, which causes a red emission. The concentrations of BaE green phosphor and 

YAG:Ce3+ yellow phosphor shown in Figure 1 are in inverse proportion. In other words, the growth green 

phosphor doping amount results in the decline in yellow phosphor one. Particularly, BaE amount increasing 

from 2% to 10 % causes YAG:Ce3+ concentration to notably decline. This occurrence is to keep the consistent 

CCT during the operation and examination and modify the scattering and absorption features of the remote-

phosphor configuration. Consequently, it is possible to mange the color and luminous performances by the 

regulate the integrating concentration of BaE, which is applicable for WLEDs having 5600-8500 K. 

Figure 2 presents the emmison power of white light from the WLED using remote-phosphor layout 

with BaE green phosphor. Obviously, the emission power exhibits two notable spectral intensities within the 

blue and yellow-green wavelengths regions, 420-480 nm and 500-570nm, respectively. These two 

wavelength regions are imperative for generating white light. The addition of BaE phosphor results in the 

more intense power with these regions, suggesting the increasing brightness of the WLED light. Besides, the 

increase in blue illumination wavelength suggests higher activity of the scattering in the phosphor layer and 

in WLED, which improves chromatic uniformity as a consequence. The data illustrated in Figure 3 also 

contributes to affirming the effectiveness in using BaE phosphor to elevate the luminous strength of the 

WLED. As the increasing doping concentration of BaE green phosphor (2% wt to 20% wt.) is introduced to 

the remote phosphor sheet, the luminous intensities increase substantially. Moreover, as depicted in Figure 4, 

the color variation of WLED declined with the higher BaE concentration Such a result may be critical for the 

BaE application, meaning that the enhanced scattering property with BaE phosphor is efficient. Such results 
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are crucial to the application of BaE in WLED production, especially to perform the high-CCT WLED with 

significant color uniformity. 

The improvement in color homogeneity with the higher doping concentration of BaE can be 

attributed to the absorbing activities in a layer of green-emission phosphor. The phosphor particles will 

absorb the blue-emitted light rays from the blue-LED chip, converts and releases the green light rays 

eventually. Though the yellow light from the YAG:Ce3+ also goes through the same mechanism, the its 

amount is less than the blue one owing to the absorption of characteristic of the green-phosphor spheres. As a 

result, when BaE is integrated into the remote phosphor sheet, the converted green elements is added, 

increasing the total proportion of green light in the WLED package, leading to increasing color homogeneity. 

Color uniformity is an imperative factor for quality white light, hindering that the price of WLED will be 

more significant if it possesses great color uniformity index. The application of phosphor-converted material 

could help to elevate the cost-effectiveness, meaning the that using green-emission phosphor BaE can have 

economic benefits and while be able to attain high-quality WLED products. The manufacturers can easily 

choose the suitable amount of BaE to use, based on their production goal. When they aim to produced WLED 

lamps with high color recreation performance, it is acceptable to reduce luminosity slightly. 
 

 

  
 

Figure 1. Maintaining the median CCT by altering 

the phosphor concentration 

 

Figure 2. Emission power of white light at 8000 K as 

a function of BaE utilization 

 

 

  
 

Figure 3. Luminosity of the WLED with different BaE 

concentrations 

 

Figure 4. Color variations in the WLED with 

different BaE concentrations 

 

 

When defining the hue effectiveness of a certain WLED, we need more than only good color 

homogeneity. For this reason, the color rendering index and color quality scale, shortened as CRI and cultural 

intelligence scale (CQS), respectively, are introduced. These indices are utilized for accessing the color 

rendition of the tested white light. The CRI, particularly, accesses the ability to re-create colors of an object 

that is lightened by the examined white light. If the white light is insufficient in one or more emission colors 

of green, blue, yellow, and red, the chromatic homogeneity is diminished. When using BaE green phosphor, the 

increasing concentration would lead to significant amount of green light to be generated, which can be 

overabundant, resulting in the shortage in other emission colors. Consequently, the color uniformity is degraded.  

The CRI and CQS data of the WLED when using BaE phosphor are described in Figure 5 and Figure 6, 

respectively. The CRI is lower alongside the increasing concentration of BaE. Meanwhile, the CQS initially 

increases with the rise of BaE concentration and then declines when this phosphor’s concentration is more than 
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10%wt. Such decreases can be ascribed to the abundant green light demonstrated above. Here, we can tell that 

the color rendition of the white light is improved with the BaE concentration below 10%wt. as with that 

concentration limitation, the CQS shows its increase though the CRI decreases. As the CQS is the parameter 

that covers the CRI, the color coordinate, and the viewer’s inclination, it is more beneficial to attain high CQS 

than obtaining high CRI [23]-[26]. Hence, the concentration of green phosphor BaE must be selected carefully. 

 

 

  
 

Figure 5. CRI of the WLED with different BaE 

concentrations 

 

Figure 6. CQS of the WLED with different BaE 

concentrations 

 

 

4. CONCLUSION 

This work used green-phosphor Ba2Si3O8:Eu2+ to improve the efficiency of the WLED’s remote 

phosphor layout. The phosphor was prepared with the solid-state method; and its luminescent features were 

analyzed. When using BaE phosphor, the WLED showed notable spectral intensities in blue and yellow-

green wavelength areas, denoting the changes in scattering and absorption activities of the phosphor package. 

The luminosity was improved and the enhancement in color uniformity was attained with the increasing BaE 

concentration. The color rendition also increased with ~10%wt. BaE doped, as the CQS values showed 

apparent enhancement. However, the CRI and CQS were reduced if the BaE concentration was more than 

10%wt., due to the redundant green light. Therefore, the concentration of BaE must be chosen properly to 

achieve the desired outcomes. 
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