
Bulletin of Electrical Engineering and Informatics 

Vol. 12, No. 6, December 2023, pp. 3388~3394 

ISSN: 2302-9285, DOI: 10.11591/eei.v12i6.4792      3388  

 

Journal homepage: http://beei.org 

The effects of Ca14Mg2(SiO4)8:Eu2+ phosphor on white light 

emission quality of LED-phosphor packages 
 

 

Ha Thanh Tung1, Dieu An Nguyen Thi2, Nguyen Doan Quoc Anh3 
1Faculty of Basic Sciences, Vinh Long University of Technology Education, Vinh Long Province, Vietnam 

2Faculty of Electrical Engineering Technology, Industrial University of Ho Chi Minh City, Ho Chi Minh City, Vietnam 
3Faculty of Electrical and Electronics Engineering, Ton Duc Thang University, Ho Chi Minh City, Vietnam 

 

 

Article Info  ABSTRACT 

Article history: 

Received Nov 2, 2022 

Revised Nov 16, 2022 

Accepted Dec 21, 2022 

 

 Ca14Mg2(SiO4)8: Eu2+ (CMS:Eu2+) green phosphor is used for creating the 

white-light emitting diode (W-LED) packages with conversion phosphor 

materials. The phosphor shows the broadband green emission that peaks at 

505 nm in the blue wavelength. The phosphor introduces the improvement 

in the blue and green emission spectra, which helps to heighten the luminous 

flux. Moreover, that the concentration of CMS:Eu2+ increases, the scattering 

events are enhanced to benefits the color blending for lower color variations 

or better color uniformity. The color renditions reduce with the rising green-

phosphor concentration. The green-light amount becomes surplus and 

redundant for balancing color elements of white light emission. Thus, it 

should adjust and keep the concentration of CMS:Eu2+ in the range of ~2–8 

wt%, to get the average number of color rendering index (CRI) (73–75), and 

color quality scale (CQS) (60–64). The CMS: Eu2+, hence, is suitable for 

white light realization, and the W-LED aiming at high-luminescence white 

light emission with improved color uniformity, and average rendering 

performances. 
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1. INTRODUCTION 

The invention of light-emitting diode (LED) has introduce the potential and effective solution for the 

lighting industry and market since LEDs have been reported to possess many outstanding characteristics: i) 

the long hour of using (can be up to 50,000 hours) [1], [2], ii) the compact size that is beneficial to the large 

scale production as the production cost could be reduced [3], [4], iii) the lower power consumption and 

significantly less carbon emission that contribute to the factor of eco-friendliness [5], [6], and iv) the 

usefulness and effectiveness in directional lighting applications as the light can be delivered effectively to the 

targeted surface. Therefore, keeping and developing the advantages while overcoming the disadvantages of 

the LED packages are constantly the interesting topics for researchers and manufacturers [7]–[9]. The LED 

that emits white light is the desirable for new generation lighting solution [10], [11]. The white colored light 

can be perceived with the combination of blue and yellow, or blue, green, and red emission colors. The 

preferred packaging method to achieve a white-emission LED is using the blue-excitation chip with the  

high-performance conversion phosphor. This method is reported to be simpler and save the production cost 

than combing several different colored-emission LED chips as it does not suffer the wiring complexity, or the 

problems of different currents for the chips to emits sufficient spectral color the form white light. The  

YAG: Ce3+ is the well-known yellow-emitting phosphor that was used to produce the white LED (W-LED) 
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from the very first day. The luminescent output of the W-LED using blue chip and  

YAG: Ce3+ phosphor is high, yet the color rendering index (CRI) would be somehow inadequate owing to the 

inefficient red or lack of green color spectra [12], [13]. Thus, providing one of the two mentioned color 

emission spectra can help improve the CRI of the W-LED. The green phosphor with the emission band 

including a part of orange or red color could be good for compensating the color shortage in the white light 

emission, contributing to stimulating the better color rendition. The phosphor that is expected for  

high-performance W-LED should has broad emission band and strong absorption ability in wavelength of 

blue LED to effectively converted the blue light and reduce the scattering loss [14]. Thus, the broadband 

emission ions (Eu2+ and Ce3+) could be used to satisfy this requirement. Besides, deciding the suitable host 

lattice for the ion dopant plays a crucial role in the optical performance of the phosphor. The alkaline earth 

silicate phosphor is recognized for its temperature stability, and high efficacy, and broad bandgap. When 

combining with Eu2+ ion, this type of phosphor can give high performance [15]. 

In this study, the phosphor Ca14Mg2(SiO4)8: Eu2+ (shortened as CMS: Eu2+ or Eu2+-doped CMS) is 

prepared and applied to analyze its optical influences on the W-LED performances. This phosphor has green 

emission that peak at about 505 nm when being monitored under excitation wavelength of 400 nm. The 

analysis is conducted on the hue consistency, hue rendition factors, and lumen of the white illumination 

emission at the three different wavelengths of 6,000 K; 7,000 K; and 8,000 K. The collected data show that 

the CMS: Eu2+ encourages the improvement of the luminous flux (LF) intensity and the color uniformity or 

homogeneity by increasing its concentration within the phosphor setting. In contrast, the surging 

concentration for CMS: Eu2+ leads to the decrease in CRI as well as color quality scale (CQS). By lowering 

the concentration for CMS: Eu2+, the average CRI of 72–75 and CQS of 63–64 can be attained. The study 

shows that this green phosphor is suitable for high-luminescence white light emission with improved color 

uniformity, while keeping the average rendering ability. 

 

 

2. METHOD 

2.1.  Making green Ca14Mg2(SiO4)8: Eu2+ 

CMS: Eu2+ is synthesized using solid state method [16]. Chemical components of the required green 

phosphor are presented in Table 1. The raw components are blended by grinding and then burned in the 

reducing environment of 5% H2/ 95% N2. The burning stage is carried out at the temperature range of  

1,100 °C–1,400 °C and lasts 4 h. The concentration of doped rare earth ion Eu2+ is determined at 0.3 mol. 

Characterization procedure is carried out to monitor the luminescence and crystal structure of the as-prepared 

Eu2+-doped CMS phosphor. The Cu K(alpha) radiation (Xray diffraction pattern) of Eu2+-doped CMS 

phosphor is measured with 10°≤2θ≤100° angular range and a 0.026° step size, using the diffractometer 

X’Pert supplied by Philips. 

 

 

Table 1. Chemical components of green-emitting phosphor CMS: Eu2+ 
Components Purity (%) Purchased from 

CaCO3 99.9 Sigma-Aldrich 

SiO2 99.9 Sigma-Aldrich 
MgO 99.9 Sigma-Aldrich 

Eu2O3 99.9 Sigma-Aldrich 

 

 

The luminescence of the phosphor that is monitored at the room temperature is attained with the 

hitachi F-4,500 spectrophotometer (300–700 nm). The ultraviolet/visible/near infrared (UV/VIS/NIR) 

spectrophotometer model varian cary 500 would be used for measuring diffuse reflectance spectra of the 

phosphor with the wavelength ranging from 200 nm to 600 nm. The quantum efficacy is collected under an 

excitation wavelength of 400 nm using the measurement system QE-1,000 provided by Otsuka electronics. 

For the W-LED packaging modules, an InGaN-based LED chip, exhibiting the peak wavelength of 395 nm, 

is applied to excite the phosphor powders. The dimension of the chip would be 1.14×0.15 mm (square 

base×height). The encapsulation film placed on the chip is comprised of yellow phosphor (YAG: Ce3+), green 

phosphor (CMS:Eu2+), and silicone, and its thickness is about 0.08 mm. The W-LED structured model will 

be displayed by Figure 1. 

 

2.2.  Computational analysis 

With the doping amount of 0.3 mol for Eu2+ ion, the prepared CMS: Eu2+ phosphor emits potent 

green discharge focalized under 505 nm, monitored under the exciting wavelength reaching 400 nm. As the 

concentration of Eu2+ increases, the discharge spectrum of the green phosphor tends to move to a larger 

wavelength band of orange color. The reabsorption factor among the doped ions is the main cause of this 
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change, indicating that the change in crystal field surrounding the ions has less impact on the phosphor’s 

emission shift. The crystal field surrounding of Eu2+ ions (Dq) is generally expressed in (1) [17]: 
 

∆= 𝐷𝑞 = (𝑍𝑒2𝑟4)/(6𝑅5) (1) 
 

with R shows the distance between the central Eu ion and its binding ions; Z and e indicate the charges of the 

anion and the electron, respectively; r means the radius and d means the wavefunction. The ionic radii of 

Ca2+ (8 coordination) and Eu2+ were 1.12 Å and 1.25 Å, showing that the splitting phenomenon in the crystal 

field does not directly and significantly cause the red-shift in the CMS:Eu2+ emission. 

The critical distance for the energy transfer between the Eu ion (Rc) in the phosphor matrix, which 

describes the separation between the ions that is closest to the others at a critical ion concentration (Xc), can 

be expressed using (2) [18]: 
 

𝑅𝑐 ≈ 2 [3𝑉/(4𝜋𝑋𝑐𝑁)]1/3 (2) 
 

From this equation, the essential parameters to calculate the Rc includes V is the unit cell’s volume, 

N is the total number sites of the Eu2+ ion in each unit cell, and Xc, which are 1356.5 Å3, 8, and 0.3, 

respectively. Consequently, the computed Rc is about 12.9 Å. The energy transfer between the ion is also 

influenced by the interaction mechanism. In this case, the allowed transition of Eu2+ is attributed to the 

dipole-dipole mechanism. Thus, the critical distance can also be measured using the suggested Blasse’s 

formulas [19]: 
 

𝑃𝑆𝐴 = [(2𝜋)/ℎ] |⟨𝑆, 𝐴 ∗ |𝐻𝑆𝐴|𝑆 ∗, 𝐴⟩|2 ∫ 𝑔𝑆(𝐸)𝑔𝐴 (𝐸)𝑑𝐸 (3) 
 

𝑅𝑐
6 = 0.63 × 1028 × [(4.8 × 10−16 𝑃)/𝐸4] ∫ 𝑓𝑆(𝐸)𝐹𝐴 (𝐸)𝑑𝐸 (4) 

 

in which, P means the Eu2+ oscillator strength; E means the max spectral overlap energy which is 2.66 eV. 

∫ 𝑓𝑆(𝐸)𝐹𝐴 (𝐸) indicates the spectral overlap integral, which is 1.88×10-2 eV-1. Here, the taken value for P is 

10-2 which is in relation to the wide absorption of 4f7 → 4f65d. Thus, the obtained Rc is equal to 14.9 Å. 

According to Dexter’s theory, the multipole-multipole electric interaction causes the non-radioactive 

power shift and electron transition among the ions Eu2+ in the green-emitting phosphor Eu2+-doped CMS 

phosphor. It is because the critical distance of exchange interaction that controls the forbidden-transition 

energy transfer is usually approximately 5 Å, implying that this factor does not participate in controlling the 

energy transfer among Eu2+ ions. The relation of emission strength (IE) and doped ion concentration (C) can 

be demonstrated with (5) [20]: 
 

𝐼𝐸/𝐶 = 𝑘/(1 + 𝛽𝐶𝜃/3) (5) 
 

Note that C is in connection with the self-concentration quenching of the phosphor. k and β mean the 

constants of each interaction under the same setting of excitation for a specific host lattice. If 𝐶 ≫ 𝑋𝑐 the loss 

of nonradiative energy transfer could be owing to the multipole transfer [21]. Thus, it is possible to simplify 

(5) as in (6): 
 

𝐼𝐸/𝐶 = 𝑘1/𝛽𝐶𝜃/3 (6) 
 

here, k1 is constant; 𝜃=6, 8, 10 indicates electric interactivities of dipole-dipole, dipole-quadrupole, and 

quadrupole-quadrupole, respectively. In this case, 𝜃 can be determined from − 𝜃/3 which is -2.16, so the 

result is ~6. This indicates the dipole-dipole interaction for concentration quenching of the ion Eu2+ in the 

prepared CMS phosphor [22]. 

The diffuse reflectance spectrum of the phosphor CMS: Eu2+ can be expressed with the relation 

between the absorption coefficient based on Kubelka-Munk theory (K/S) and the measured reflectance (R), as 

(7) [23]: 
 

𝐾/𝑆 = [(1 − 𝑅)2]/2𝑅 (7) 
 

The relation between the temperature quenching and the emission intensity of the phosphor CMS: 

Eu2+ can be shown via (8), which includes the computed activation energy for temperature quenching (E) by 

the Arrhenius equation [24]: 
 

𝐼(𝑇) = 𝐼0/[1 + 𝐴 𝑒𝑥𝑝 (
−𝐸

𝑘𝑇
)] (8) 
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where I and I0 are the initial intensity and the intensity under a determined temperature (T). A indicates a 

constant. k symbolizes the Boltzmann constant [25]. 

 

 

 
 

Figure 1. Illustration of the prepared WLED 

 

 

3. RESULTS AND DISCUSSION 

The emission spectra of the total W-LED package at 6,000 K, 7,000 K, and 8,000 K are 

demonstrated in Figures 2-4, respectively. The emission spectra clearly exhibit two emission peaks in blue 

and green region. It can furthermore be noticed that by modifying the concentration of CMS: Eu2+ phosphor, 

the peak emission band in the green region could broaden to orange region. With 2 wt% CMS: Eu2+, for 

example, the peak emission can be observed around 570-600 nm, at all correlated color temperature (CCT) 

levels. When this the green-orange emission band combining with the blue emission, the human eyes could 

realize that combination as white light emission. Thus, the use of CMS: Eu2+ phosphor is potential for  

white-light LED fabrication. 
 

 

  
 

Figure 2. Emission spectra of 6,000 K W-LEDs 

regarding CMS: Eu2+ weight percentages 

 

Figure 3. Emission spectra of 7,000 K W-LED 

regarding CMS: Eu2+ weight percentages 
 

 

 
 

Figure 4. Emission spectra of 8,000 K W-LED regarding CMS: Eu2+ weight percentages 
 

 

The yellow emission of YAG: Ce3+ should decrease to balance the color elements in the white light 

emission when the green phosphor is added to the phosphor layer. Moreover, the lesser YAG: Ce3+ amount 
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benefits the stability for determined CCTs of the W-LED model. That the YAG: Ce3+ presence steeply 

decreases with the increasing concentration for green CMS:Eu2+ is described in Figure 5. Besides, the stability 

of the CCT, the scattering property can also get advantages from this yellow-concentration reduction, leading 

to higher probability of the blue rays to be emitted, scattered, and transmitted through the phosphor layer to 

combine with the other colored lights (green and yellow). Therefore, the color uniformity can be enhanced. 

Accordingly, the color uniformity of the W-LED in connection with the green phosphor CMS:Eu2+ 

concentration is examined. The evaluation is carried out based on color deviation parameter (D-CCT), in 

which the lower value of D-CCT indicates better color homogeneity, as demonstrated in Figure 6. In the same 

manner with YAG: Ce3+ concentration results, the higher the concentration of green-emitting Eu2+-doped CMS 

phosphor, the smaller the D-CCT values, thus the more uniform the white light emission color, regardless of 

the W-LED’s predetermined CCT. This has confirmed the benefits on color property of W-LED by adding the 

green phosphor Eu2+-doped CMS and getting the yellow phosphor YAG:Ce3+ reduced. 

The increasing phosphor concentration of CMS:Eu2+ seems to be beneficial to the hue consistency 

as well as LF of the W-LED. The luminous performances of the W-LED at three CCT values are illustrated 

in Figure 7. It is easy to observe the heightening LF in coordination with the heightening CMS:Eu2+ 

concentration. The highest LF values are observed to be ≥180 lm with the concentration of CMS:Eu2+ 

ranging from 20 to 25 wt%, which is 40-lm higher than the LF at 2 wt% CMS:Eu2+. This result can be 

attributed to the enhancement in the two emission bands of blue (420–480 nm) as well as green  

(500–580 nm) (see Figures 2–4) that may be resulted from the reduction of yellow phosphor concentration to 

enhance the scattering and reduce backscattering. Particularly, when the blue-light scattering is increased, the 

blue light has higher change to be redirected and transmitted in forward direction, allow higher proportion of 

light to be extracted from the W-LED phosphor package. This also reduces the energy loss caused by 

backscattering and reabsorption. Thus, the emission strength could be significantly enhanced. 
 

 

  
 

Figure 5. Median CCT maintained by altering 

phosphor presence 

 

Figure 6. D-CCT indices of W-LEDs regarding 

CMS: Eu2+ weight percentages 
 
 

 
 

Figure 7. LF values of W-LEDs regarding CMS: Eu2+ weight percentages 
 

 

The color rendition features, on the other hand, does not favor the increasing CMS:Eu2+ 

concentration. As can be seen in Figures 8 and 9, the CRI and CQS of the white light is emission is inversely 

proportional to the green phosphor concentration. Greater green phosphor amount leads to worse CRI and 

CQS, at all CCTs. This decrease of color rendering parameters mainly caused by the green-light surplus. 

When the amount of green phosphor rises, the yellow phosphor concentration decreases (see Figure 5), and it 

requires more blue lights to efficiently excite the green phosphor, consequently, the yellow and blue light 

proportions considerably decrease. In other word, the continuously increasing green phosphor concentration 
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breaks the color balance among the green, blue, and yellow colors, leading to the greenish light with lower 

color fidelity [26]. In the case of CQS, it initially increases when the CMS:Eu2+ concentration rises to  

~8 wt%, and then gradually decreases as the green phosphor concentration continuously increases. 

Meanwhile, at the same ~8 wt%, the CRI decreases to ~ 70 for all CCTs. The CRI of the W-LED reaches its 

peak with 2 wt% CMS:Eu2+. The CRI peaks, about 73, 74, and 75, for 6,000 K; 7,000 K; and 8,000 K, 

respectively, can be attained with 2 wt% CMS:Eu2+. With the same 2 wt% concentration of green phosphor, 

the attained CQS is about 63 – 64, lower than that in ~ 8wt% case. Hence, to reach the average color 

rendition for the white light, it is recommended to keep the Eu2+-doped CMS concentration ≤ 8 wt%. 
 

 

  
 

Figure 8. CRI numbers of W-LEDs regarding  

CMS: Eu2+ weight percentages 

 

Figure 9. CQS numbers of W-LEDs regarding  

CMS: Eu2+ weight percentages 

 

 

4. CONCLUSION 

The green phosphor CMS:Eu2+, when added to the phosphor encapsulation layer, contributes to 

enhancing the emission spectra of the blue and green region, leading to significant alterations for the lumen 

as well as hue performances for the W-LED. High luminous efficiency and color uniformity is obtained by 

heightening the integrating concentration of CMS:Eu2+. The color renditions, in contrast, decrease as the 

green-phosphor concentration increases. The increase of the green phosphor results in the dominance of the 

green light, causing the insufficient proportion for blue as well as yellow illumination that would be necessary to 

realize the white illumination. Therefore, the attained CRI and CQS values are lowered. The recommended 

concentration range of CMS:Eu2+ for adequate CQS and CRI is ~2– 8 wt%, after considering the luminous factor. 
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