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 Remote phosphor arrangements usually have low color quality and superior 

lumen output to that of protective-coating phosphor arrangements and in-cup 

phosphor arrangements. For this reason, many researches are done so that we 

could enhance the chromatic quality for the remote phosphor arrangements. 

For this research, we are suggesting the double-layer remote phosphor 

arrangement to boost the CRI (short for color rendering index) as well as the 

CQS (short for color quality scale) in WLED devices. Three identical WLED 

arrangements which have dissimilar chromatic temperature which covers 5600 

K, 8500 K will be utilized in this article. The initial idea involves placing one 

sheet of blue phosphor LaSiO3Cl:Ce3+,Tb3+ or one sheet of red phosphor 

Ca5B2SiO10:Eu3+ above a sheet of yellow phosphor YAG:Ce3+. Next, seek an 

appropriate concentration of Ca5B2SiO10:Eu3+ so that we could obtain the most 

desirable chromatic performance. Judging the result, the element 

Ca5B2SiO10:Eu3+ seem to help improve the CRI and CQS levels. Particularly, 

the more the concentration of La2O3:Eu3+ is the better level the CRI and the 

CQS will get, since there is the boost in red illumination within the WLED 

devices. 

Keyword: 

WLEDs 

LaSiO3Cl:Ce3+,Tb3+ 

Ca5B2SiO10:Eu3+ 

Luminous efficacy 

Color uniformity 

Mie-scattering theory 

Copyright © 2022 Institute of Advanced Engineering and Science.  

All rights reserved. 

Corresponding Author: 

Phan Xuan Le 

Faculty of Mechanical - Electrical and Computer Engineering, School of Engineering and Technology,  

Van Lang University, Ho Chi Minh City, Vietnam 

Email: le.px@vlu.edu.vn 

 

 

1. INTRODUCTION 

Clearly, the pc-WLEDs (stands for white-light diodes with conversion phosphor), and the 

conventional optical source which is replaced by the fourth potential generation, have countless applications 

in the optical field [1-3]. The said diodes are utilized in various fields such as street lighting systems, landscape, 

backlighting, etc. Nevertheless, it still faces some difficulties in the development process due to the 

effectiveness of optical extrication and the angular similarity for a CCT value (short for correlated color 

temperature) in the WLED device [4, 5]. It is necessary that certain development needs to be made to enhance 

the illumination effectiveness and hue standard, as there is a demanding market [6]. The composite including 

the illumination in blue color generated by the opposite phosphor in red color as well as LED chip’s 

illumination in yellow color is the most popular method to produce the white light. Apparently, the 

configuration for the LEDs as well as the settlement concerning the phosphor sheets is vital for the 

establishment of lumen output, specifically the CRI [7, 8]. To create LEDs, there are some phosphor coating 

techniques such as conformal technique and dispensing technique [9-10]. However, they are not effective in 

improving color quality because the phosphor yellow emission causes the reduction in optical transmutation in 

phosphor elements to connect to the chip of LED. This causes the temperature boost between the LED device’s 

connection and the sheet of phosphor. Hence, decreasing the heat emission will boost the capability of the 

phosphor as well as eliminate any impairment to the phosphor layer. The remote phosphor arrangement is 

introduced in some other researches that devide the sheet of phosphor from the LED chip to lower the impact 
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of the heat on it. This could help avoid backscattering and light circulation. This method, which is the optimal 

resolution to limit the heat emission of LED, is able to boost the lumen output and chromatic quality for the 

LED devices [11-16]. The remote phosphor arrangement is suitable for the standard lighting systems, however, 

it may not be sufficient for other lighting utilization. As such, we must introduce a new generation of LEDs. 

Some original remote phosphor arrangements are presented to diminish the scattering of the phosphor element 

aimed at the chip of LED as well as to enhance the lumen efficiency. An earlier analysis demonstrated that the 

remote phosphor layer with a reversed cone lens encapsulant along with a bordering band can turn the light 

emission from the chip of LED back to the LED device’s exterior as well as decrease the depletion which is 

resulted from inverted reflection within the LED device [17]. One particular remote phosphor arrangement 

pattern having a visible area within the border which is not coating with phosphor can obtain higher consistency 

of correlated color temperature decided by angle as well as multi-colored consistency [18]. In addition, the 

underlayer sapphire for the remote phosphor formation can convey the better CCT level’s consistency for a 

farther field formation compared to a standard formation [19]. The remote phosphor having a double-sheet 

arrangement seemingly has better optical emission quality in LEDs. The referred works mainly aim at boosting 

the chromatic homogeneity as well as the luminous flux emitting from WLED devices with the remote 

phosphor arrangement. These works also, however, merely concentrate on WLED devices having one chip and 

small chromatic temperature. Meanwhile, the improvement of WLEDs luminous flux with high color 

temperature is a complicated process. Additionally, there is no study that effectively compares the applications 

of different layouts of two phosphor sheets. Therefore, the LED producers find it difficult to pick the most 

desirable way so that they could boost the chromatic performance as well as the lumen emitting. 

The paper’s purpose is to recommend two structures of dual-layer remote phosphor arrangement so 

that we could enhance the chromatic performance of WLED devices in various chromatic temperatures ranging 

from 6600 K to 7700 K. The initial idea involves utilizing the sheet of LaSiO3Cl:Ce3+,Tb3+ phosphor in green 

color so that we could increase the green illumination portion within the WLED devices, causing the lumen 

boost. The next proposal involves utilizing a sheet of Ca5B2SiO10:Eu3+ phosphor in red so that we could increase 

the red-illumination portion for WLED devices that later leads to the boost in CRI as well as CQS values. This 

article additionally explains in detail the chemical constituents in Ca5B2SiO10:Eu3+ which directly affect the 

luminous attribute of WLEDs. From the result, CRI along with CQS values have been considerably boosted if 

the phosphor layer Ca5B2SiO10:Eu3+ was added. Nevertheless, choosing an appropriate LaSiO3Cl:Ce3+,Tb3+ and 

Ca5B2SiO10:Eu3+ concentration is needed to avoid the great loss of the chromatic performance as well as lumen 

output when the green or red phosphor concentration is higher than the required level. Three distinctions occur 

if one sheet of phosphor in red or green color is coated over the yellow phosphor layer YAG:Ce3+. The initial 

difference is that the red or green light portion will cause a rise in the white illumination’s emission spectra. 

Such an event becomes a key element for the color quality enhancement process. In addition, the light scattering 

as well as propagation for WLED devices appear to be reverse to the added concentration of phosphor. Thus, 

the selection for the desirable concentration of phosphor is very essential for sustaining the luminous flux for 

WLED devices. 

 

 

2. RESEARCH METHOD 

 

2.1. LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+ granules: creation process 

The LaSiO3Cl:Ce3+,Tb3+ particle  is composed of La2O3, SiO2, CeO2, Tb4O7, NH4Cl, see Table 1 and 

Table 2. The emission light of this phosphor is a pale shade of yellow and green color. The radiation highest 

point is 2.29 eV. The stimulation effectiveness by UV is ++ (4.88 eV), + (3.40 eV); QE is approximately 80-

90%, and by e-beam is +/4%. 

 

Table 1. Preparation of LaSiO3Cl:Ce3+,Tb3+ 

Step 1 Mix by stirring in water (NH3 develops) 

Step 2 Let dry in air and powderize 

Step 3 Fire ~1 hour, ~500°C in capped quartz tubes, N2. Powderize 

Step 4 Fire 1 hour, 1200°C in capped quartz tubes, N2. Powderize 

Step 5 Fire 1 hour, 1200°C within open quartz boats, CO. Powderize 

Step 6 Wash several times in water then let dry in air. 
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Table 2. Ingredients of LaSiO3Cl:Ce3+,Tb3+ 

Ingredients Moles (%) By weight (gram) 

La2O3 100 (of La) 163 

SiO2 180 108 

CeO2 20 34 

Tb4O7 14 (of Tb) 26 

NH4Cl 130 60 

 

Phosphor Ca5B2SiO10:Eu3+ composition includes four elements CaCO3, H3BO3, SiO2, Eu2O3, see 

Table 3 and Table 4. The emission color is a red light. The emission peak is 2.03 eV. The stimulation 

effectiveness by UV is ++ (4.88 eV), - (3.40 eV); QE is about 50-60%, and by e-beam is poor. 

 

Table 3. Preparation of Ca5B2SiO10:Eu3+ 

Step 1 Mix by grinding or dry milling 

Step 2 Fire 1 hour, 1100°C within open quartz boats, air. Powderize (milling) 

Step 3 Fire 1 hour, 1200°C within open quartz boats, air. Powderize 

Step 4 Fire 1 hour, 1300°C within open quartz boats, air. 

 

Table 4. Ingredients of Ca5B2SiO10:Eu3+ 

Ingredients Moles (%) By weight (gram) 

CaCO3 100 100 

H3BO3 50 31 

SiO2 22 13.2 

Eu2O3 5 (of Eu) 8.8 

 

The chemical ingredients of LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+ are explained in detail shown 

by Table 1 and Table 2. The composition considerably affects the phosphor optical properties. Hence, before 

applying these particles to WLEDs, thoroughly studying their compositions is a must. The condition for these 

phosphors to be applied is the demand for a spectrum that is suitable to the blue illumination generated by the 

chip in the LED device. The spectrum which absorbs these phosphors has to be suited to the emission spectra 

in the blue chip. The absorption band in LaSiO3Cl:Ce3+,Tb3+ under 250 nm - 502 nm is quite advantageous to 

absorb the illumination generated from various bands. As the blue illumination is not solely generated, the 

yellow illumination is generated as well through the conversion in the sheet of phosphor in yellow color. 

Identically, Ca5B2SiO10:Eu3+ also has a large absorption band which is under 3.4 eV - 4.88 eV, with more than 

70% in absorption efficacy. Before the optical simulation process for the LaSiO3Cl:Ce3+,Tb3+ and 

Ca5B2SiO10:Eu3+  particles, some numeric parameters have to be measured precisely including the 

concentration of phosphor, the granules’ measurement of phosphor, excitation spectrum, absorption spectrum, 

as well as phosphor emission spectrum. In the listed factors, the concentration and the granules’ measurement 

of phosphor would be elements that can maximize the color quality and the lumen output for the LED device. 

The other factors would be displayed as constant. Judging the result from the earlier study, the phosphor 

granules’ diameter is kept firm at 14.5 µm. Meanwhile, LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+ 

concentrations are modified so that we could pinpoint the best result which would be the main purpose of the 

research. 

 

 

2.2. Building the two layouts: the layout of two phosphor sheets of yellow and green and the layout of 

two phosphor sheets of yellow and red 

For our research, we utilized the WLED devices with nine inner chips of LED, which is displayed by 

Figure 1(a). The wattage of every chip in blue color is 1.16W, whose wavelength is 453 nm. Figure 1(b) details 

the LED optical parameters. For the task of finding the optimal concentration for LaSiO3Cl:Ce3+,Tb3+ and 

Ca5B2SiO10:Eu3+, the GYC and RYC layouts (two phosphor sheets of yellow and green and two phosphor 

sheets of yellow and red respectively) are suggested. The GYC layout contains two sheets of phosphor that are 

positioned over the chips in blue color. LaSiO3Cl:Ce3+,Tb3+ layer is placed on top of the sheet of YAG:Ce3+ 

phosphor in yellow color as displayed by Figure 1(c). The RYC layout contains two sheets of phosphor that 

are positioned over the chips in blue color. A sheet of Ca5B2SiO10:Eu3+ is placed on top of the yellow phosphor 
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layer YAG:Ce3+ as displayed by Figure 1(d). We can utilize the said layouts and enhance the chromatic quality 

as well as the luminous flux for WLED devices. We could obtain such result when the dispersion along with 

the red, green illumination portions of the WLED devices are increased. Nevertheless, the LaSiO3Cl:Ce3+,Tb3+ 

and Ca5B2SiO10:Eu3+ concentration are still required an appropriate modification. 

 

 

 

Lead frame: 4.7 mm Jentech Size-S 

LED chip: V45H 

Die attach: Sumitomo 1295SA 

Gold Wire: 1.0 mil 

Phosphor: ITC NYAG4_EL 

(a) (b) 

  

(c) (d) 

Figure 1. The MCW-LEDs with conversion phosphor: (a) The real MCW-LED device along with (b) its 

information; (c) GYC configuration (d) RYC configuration 

 

 

 
(a) (b) 

Figure 2. The concentration of phosphor in GYC (a) and RYC (b) fluctuates to sustain the standard CCTs 

 

Figure 2 illustrates the contrasting alteration which occurs among the LaSiO3Cl:Ce3+,Tb3+ phosphor 

in green, the Ca5B2SiO10:Eu3+ phosphor in red, and the YAG:Ce3+ phosphor in yellow. Such alteration serves 

two purposes: maintaining the mean CCTs, influencing the dispersion and absorption process in the two sheets 

of WLEDs, which guarantees a great impact to the hue standard and the illuminating beam in the WLED 

devices. When the concentration of LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+ are increased from 2% to 20% 

wt as well as from 2% to 26% wt respectively, the yellow phosphor concentration declines so that the standard 

CCT levels can be sustained. Such condition applies to different WLED devices having various chromatic 

temperatures such as 6600 K and 7700 K. 
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(a) (b) 

 
 

(c) (d) 

  
(e) (f) 

Figure 3. The emission spectrum in layouts of two phosphor sheets: (a) GYC - 5600 K; (b) RYC - 5600 K; 

(c) GYC - 7000 K; (d) RYC - 7000 K; (e) GYC - 8500 K; (f) RYC - 8500 K 

 

In Figure 3, the red phosphor Ca5B2SiO10:Eu3+ concentration has a big effect on the emission spectrum 

in WLEDs. Depending on the demand for production, we can choose which concentration will be used. WLEDs 

which require significant chromatic performance will have a minor decline of lumen output. The intensity in 

certain regions of the spectrum, 420 nm to 480 nm as well as 500 nm to 640 nm will rise along with the 

LaSiO3Cl:Ce3+,Tb3+ concentration. Additionally, as the dispersion of blue illumination within the WLED 

device is increased, the dispersion within the phosphor sheet as well as within the WLED device will increase 

as well, this is advantageous for color uniformity. This is an important result when LaSiO3Cl:Ce3+,Tb3+ is 

applied. Obviously, in the spectral region 649 nm – 738 nm, the intensity will rise with the Ca5B2SiO10:Eu3+ 

concentration. The emission spectrum must be increased in two other regions (420 nm to 480 nm along with 

500 nm to 600 nm). The boost in the 420 nm – 480 nm emission spectrum helps improve the lumen output for 

the dispersion of blue illumination. Greater chromatic temperature leads to greater spectrum, which means the 

chromatic efficiency and also the lumen output are higher. Although the modification of the chromatic 

efficiency in the WLED devices having significant temperature appear to be quite challenging, our research 

proves that Ca5B2SiO10:Eu3+ can enhance the color quality in both low temperature (5600 K) and great 

temperature (8500 K). 
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3. RESULTS AND DISCUSSION  

Light-emitting diodes create quasi-monochromatic illumination (i.e. with a limited emitting band), 

there are essentially two techniques to obtaining a white LED. For one side, a set of (at least) three LEDs with 

energy ratios tuned to produce white light with a given color temperature. A single LED, on the other side, 

may be utilized in conjunction with one or many phosphor materials to partly or completely transform the LED 

output. 

The use of simply LEDs (no phosphor converters) provides some distinct advantages. To begin with, 

converting losses related to phosphor usage are eliminated. Moreover, it enables the construction of smart 

illuminations that may vary their emitting hue (from main hues to white light with changeable hue heating) and 

strength based on certain situations or the customer’s preferences. Aside from ordinary lighting applications 

that merely require a constant hue and intensity, there is undoubtedly a significant market for these smart 

illumination types. LEDs' relatively narrow emission bands, along with the ability to select peak emission 

wavelengths, enable the production of light sources with a high LER and good color rendering. A 4-LEDs 

merge appears to be required for better color rendering. This will be quantified later. One drawback is that 

more complicated circuitry (perhaps with feedback mechanisms) must be utilized to compensate for the 

differential aging of current red, green, and blue LEDs. When frosting an RGB-LED combo when keeping the 

emitting hue, both current and temperature-dependent hue shifts are difficult. The spectrum shifts for these 

LEDs are generally not equal as a function of driving current and chip temperature related to the driving current, 

the ambient temperature as well as the apparatus’ cooldown. Because smart LED-based illumination sources 

based on strength and hue selection, phosphor-free light sources need significant research work. 

In contrast to the RGB technique, white light is generated via mixing a single LED illumination source 

with one or many converting phosphors. This method is currently used by the majority of commercially 

available LED-based white illumination sources. Until recently, these were nearly entirely based on a blue 

LED and a YAG:Ce3+-based phosphor. There are two techniques that may be distinguished. The first technique 

can utilize a blue LED and change a portion of the generated illumination into greater wavelengths by using a 

phosphor material, or another one can use phosphors to completely change the radiation from a 

(close)ultraviolet LED. 

Owing to inherent 4fn–4fn transitions that are scarcely impacted by the host chemical, most trivalent 

rare-earth ions (with Ce3+ being the notable exception) produce a set of rather strait emitting lines. However, 

the host determines the relative strength for the emission bands (through selecting standards related to local 

symmetry), the emission lines’ cleavage related to the crystal field, as well as the quantum efficacy of these 

4f–4f emitters (via the non-radiative pathways as well as the heat quenching behavior). Many of these rare-

earth ions emit visible light. Tb3+ (green radiation, main highest point at 545 nm) and Eu3+ (orange to red 

radiation, the main highest point close to 600 or 620 nm) are particularly interesting rare-earth ions that have 

been thoroughly demonstrated to be beneficial in fluorescent light phosphors or cathode ray tubes. The main 

issue with shifting these substances to LED implementation, as previously stated, is the shortage of efficient, 

wide band stimulation routes in the close-UV to the blue proportion of the spectrum, as 5d levels and charge 

transfer states (CTS) are often located under 350 nm, as Y2O2S:Eu3+. Nevertheless, power shift from the MoO6
6 

complex occurs in Eu3+-doped (Sr,Ba)2CaMoO6, allowing efficient pumping at 400 nm. By sensitizing with 

the right co-dopants, the stimulation spectrum can also be expanded to longer wavelengths. The extra of Ce3+, 

for example, can sensitize Tb3+ emission. It has been reported that the addition of Bi3+ creates additional (wide 

band) routes for Eu3+. We already mentioned that mixing thin line radiation at 460, 540, and 610 nm can result 

in efficient white light emission. In this instance, wLEDs with moderate hue rendering characteristics but great 

lighting effectiveness can be created. Surprisingly, the primary Tb3+ and Eu3+ emission peaks correspond to 

the requisite green and red components. Furthermore, the usage of Eu3+-doped red phosphors is favorable since 

the reabsorption of the green phosphor radiation is prevented, which may be an issue with red phosphors 

according to Eu2+. 

The CRI parameter evaluates an entity’s chroma as it is illuminated. The amount of excessive green 

illumination is the reason causing the chromatic disproportion among three key chromas, which include green, 

yellow and blue. This affects the chromatic efficiency in WLED devices which leads to the reduction of the 

chromatic fidelity in WLED devices. The result illustrated by Figure 3 (above) shows a slight decrease of CRI 

if the sheet of LaSiO3Cl:Ce3+,Tb3+ phosphor is present, which is sufficient as the CRI parameter would merely 

be a CQS’s facet. If compared, the CQS parameter is of greater importance while being more challenging to 

attain. Judging Figure 4, the CQS parameter remains the same as the concentration of LaSiO3Cl:Ce3+,Tb3+ is 

under 8%. As such, 8% LaSiO3Cl:Ce3+,Tb3+ concentration is applied, after considering the emission spectrum. 

Based on the result in Figure 3 (below), CRI rises with the concentration of Ca5B2SiO10:Eu3+ at three mean 

CCT levels, which could be made clear via the absorption properties in the red phosphor layer. As 

Ca5B2SiO10:Eu3+ absorbs the blue illumination produced by the LEDs chip, the granules of red phosphor change 
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the color of blue illumination into red. Besides, Ca5B2SiO10:Eu3+ also absorbs the yellow illumination. Between 

the two absorptions, the absorption of the blue illumination generated by the chip in LED would be more 

potent, thanks to the material’s absorption properties. The proportion of the red illumination of WLED devices 

is boosted if we additionally include Ca5B2SiO10:Eu3+ which results in the rise of CRI. Judging the parameters 

of today’s WLED device, CRI would be among the vital ones. Certainly, a bigger CRI results in a higher cost 

for making a WLED device. Regardless, the advantage offered by WLED with Ca5B2SiO10:Eu3+ is the low 

price. For this reason, the Ca5B2SiO10:Eu3+ can be widely used. However, the CRI would merely be an element 

intended for assessing chromatic performance for WLED devices. It does not mean that WLEDs with high CRI 

have high color quality. Therefore, modern studies have introduced another index which is CQS. CQS is a 

numeral figure which is defined by three elements: CRI, consumer interest, as well as chromatic coordinates. 

By including such elements, the CQS parameter is almost a general color quality scale. Figure 4 (below) 

demonstrates better CQS when the remote phosphor layer Ca5B2SiO10:Eu3+ is increased. Plainly, 

Ca5B2SiO10:Eu3+ can enhance the white-color quality for WLED devices with the two-layer phosphor 

arrangement. Such an outcome is vital for the research whose purpose involves boosting chromatic 

performance. We also must consider the impairment in the emission spectrum caused by the Ca5B2SiO10:Eu3+ 

phosphor. 

 

  
(a) (b) 

Figure 3. The CRI values with respective concentrations of LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+: (a) 

GYC; (b) RYC 

 

 
 

(a) (b) 

Figure 4. The CQS values with respective concentrations of LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+ : GYC 

(a); RYC (b) 

 

The mathematical configuration of the emitted blue illumination along with transformed yellow 

illumination in the dual-sheet phosphor arrangement, which could produce some significant change of LED 

efficiency can be attained, will be illustrated in this part. The emitted blue illumination along with the 

transformed yellow illumination packed in one-sheet remote phosphor having the phosphor layer’s thickness 

of 2h: 

 PB1 = PBo x 𝑒−2𝛼𝐵1ℎ (1) 

 

 PY1 = 
1

2

𝛽1 𝑋 𝑃𝐵0  

𝛼𝐵1− 𝛼𝑌1
(𝑒−2𝛼𝑌1ℎ −  𝑒−2𝛼𝐵1ℎ) (2) 

 

The emitted blue illumination and transformed yellow illumination for dual-sheet distant phosphor 

layout having the phosphor layer’s thickness of h which is as follow: 
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 PB2 = PBo x 𝑒−2𝛼𝐵1ℎ (3) 

 

 PY2 = 
1

2

𝛽2 𝑋 𝑃𝐵0

𝛼𝐵2− 𝛼𝑌2
(𝑒−2𝛼𝑌2ℎ −  𝑒−2𝛼𝐵2ℎ) (4) 

 

Each phosphor sheet’s thickness is represented by h. The one-sheet and dual-sheet distant phosphor 

packages are respectively displayed via the subscripts “1” and “2”. β represents the converting factor when the 

blue illumination transforms into yellow. The yellow illumination’s reflecting factor is represented by γ. The 

light intensity for the blue LED device is the blue illumination’s (also known as PB) and the yellow light’s 

(also known as PY) intensity which would be illustrated by PB0. The ratios of the wasted power for blue and 

yellow illuminations throughout their circulation within the sheet of phosphor are depicted as αB; αY 

accordingly. The dual-layer phosphor arrangement significantly improves the illumination effectiveness of pc-

LEDs if compared to the one-sheet counterpart: 

 

 
(𝑃𝐵2+ 𝑃𝑌2)−(𝑃𝐵1+ 𝑃𝑌1)

𝑃𝐵1+ 𝑃𝑌1
 > 0 (5) 

 

The theory of Mie-scattering [20-23] is utilized so that we could analyze the dispersion among 

Ca5B2SiO10:Eu3+ particle. The said theory is used in the following expression to calculate the cross-section 

scattering Csca in globular granules. The law of Lambert-Beer [24-26] computes the converted light power as 

below: 

 

 I = I0 exp(-µextL) (6) 

 

For the above equation, the incident light power is indicated by I0, the phosphor layer thick is L 

(determined by mm), with the extinction coefficient indicated by µext. It is also illustrated as µext = Nr.Cext, with 

Nr being the amount of density of particle distribution (mm-3) and Cext (mm2) describes the extinction cross-

section of phosphor. 

 

  
(a) (b) 

Figure 5. The lumen values with respective concentrations of LaSiO3Cl:Ce3+,Tb3+ and Ca5B2SiO10:Eu3+: 

(above) GYC; (below) RYC 

 

From the algebraic expression (5), the luminous efficacy in the WLED devices having dual-sheet 

remote phosphor structure appear to be higher compared to the efficacy in the one-sheet structure. Certainly, 

our research proves the emission spectrum’s effectiveness in the two-sheet remote phosphor structure. Figure 

5 (as shown) emphasizes a considerable escalation of the emission spectrum as LaSiO3Cl:Ce3+,Tb3+ 

concentration is increased from 2% wt. to 20% wt. But the lumen output in the two-sheet remote phosphor 

would be significantly affected by the concentration of the Ca5B2SiO10:Eu3+ phosphor sheet. When we apply 

the Lambert-Beer law, apparently, the decreasing coefficient µext would be directly proportional to the 

Ca5B2SiO10:Eu3+ while being inversely proportional to the power of optical propagation. Therefore, when 

maintaining the thickness for two sheets of phosphor of the WLED devices, the emission spectrum could be 

diminished as the Ca5B2SiO10:Eu3+ concentration increases. In fact, Figure 5 shows the reduction of the lumen 

output at five CCT levels. As the concentration of Ca5B2SiO10:Eu3+ reaches 26% wt., the lumen output reduces 

remarkably. But if we include the advantage offered by the red phosphor Ca5B2SiO10:Eu3+ to augment the CRI 

and the CQS, along with the advantage that the two-sheet remote phosphor layout offers over the one-sheet 

phosphor one (not having a sheet of phosphor in red), the reduction could be totally tolerable. One final issue 
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would be that the manufacturers must adopt an acceptable concentration of Ca5B2SiO10:Eu3+ that is suitable in 

WLEDs mass production. 

 

4. CONCLUSION  

This paper illustrates how the green phosphor LaSiO3Cl:Ce3+,Tb3+ along with the red phosphor 

Ca5B2SiO10:Eu3+ would influence the CRI, CQS parameters as well as the lumen output in the two-sheet 

phosphor structure. Using the theory of Mie-scattering and the law of Beer–Lambert, our study proves that 

Ca5B2SiO10:Eu3+ is the most suitable phosphor intended for boosting the chromatic performance. In addition, 

LaSiO3Cl:Ce3+,Tb3+ phosphor would be used for boosting the luminous performance of WLEDs. This would 

be accurate for the WLEDs in small temperature (6600 K) as well as in high temperature (8500 K). Therefore, 

the outcome of our research would meet the goal to enhance the chromatic performance of the white 

illumination which would be very hard to complete with the remote phosphor arrangement. Nevertheless, there 

are still some downsides happen to the emission spectrum. When the concentration of LaSiO3Cl:Ce3+,Tb3+ and 

Ca5B2SiO10:Eu3+ reached more than the allowed amount, the chromatic performance and the luminous flux will 

decline remarkably. This is the reason why it is crucial to adopt a suitable concentration based on the production 

target. This research provides many pieces of key information as references for the better manufacture of 

WLEDs. 
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