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Compared with conventional lamps, LED-based light sources have a superior lifetime, 

efficiency, and reliability, which promise significant reductions in power consumption and 

pollution from fossil fuel power plants. In this paper, we proposed and investigated the 

effect of the concentration of Ba[Mg2Al2N4]Eu2+conversion phosphor on the CCT 

deviation (D-CCT) and lumen output (LO) of the 6600 K conformal-packaging white 

LEDs (CPW-LEDs). For this purpose, we used the Light Tools and Mat Lab software to 

investigate this problem. From the research results, we can state that the concentration of 

the red phosphor has a significant effect on the optical quality of the 6600 K CPW-LEDs. 

The D-CCT can be decreased from 4700K to 2500K, and the LO can be increased from 

600 lm. to 1200 lm. This research can provide the new recommendation for LEDs industry 

at this time. 
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1. Introduction 
 

Conventional incandescent or fluorescent lamps have huge disadvantages due to the 

significant energy losses based on high temperatures performance and massive Stokes shifts. In 

comparison with the conventional lighting methods, light-emitting diodes (LEDs) based on 

spontaneous light emission in semiconductors with some excellent advantage such as superior 

lifetime, efficiency, and reliability can be considered as the next lighting generation [1-10]. In 

LEDs industry, we can generate the white light in three ways. Firstly, the white light is generated 

by mixing blue, green, and red colors LEDs. In a second way, the white light can be generated by 

using blue, green, and red phosphors in the phosphor layer LEDs. The last way, the white light can 

be generated by combining ultraviolet (UV) LEDs with blue, green, and red phosphors. In this 

paper, we investigate the second way with the following characteristics: (i) high conversion 

efficiency; (ii) high stability against chemical, oxygen, carbon dioxide, and moisture; (iii) low 

thermal quenching; (iv) small and uniform particle size (5–20 mm); and (v) appropriate emission 

colors [11-20]. 

In this paper, we proposed and investigated the effect of the concentration of 

Ba[Mg2Al2N4]Eu2+ conversion phosphor on the CCT deviation (D-CCT) and lumen output (LO) 

of the 6600 K conformal-packaging white LEDs (CPW-LEDs). For this purpose, we used the 

Light Tools and Mat Lab software to investigate this problem. From the research results, we can 

state that the concentration of the red phosphor has a significant effect on the optical quality of the 

6600 K CPW-LEDs. The D-CCT can be decreased from 4700K to 2500K, and the LO can be 
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increased from 600 lm. to 1200 lm. This research can provide the novel recommendation for LEDs 

industry at this time. The main contributions of our paper can be drawn as the followings 

1. Light Tools conduct the physical model of the 6600K CPW-LEDs. 

2. The scattering processes in the phosphor compounding of CPW-LEDs is investigated by 

Mat Lab. 

3. The effect of the red phosphor concentration on the D-CCT and LO is investigated and 

convinced. 

The rest of our paper can be presented in the following sections. The second section 

provides the physical model, scattering processes in the phosphor layer. The third section gives 

results and some discussions. The last section concludes this manuscript. 

 

 
2. Research method 
 

2.1. The CPW-LEDs physical model 

In this section, we use the Light Tools to conduct the 6600K CPW-LEDs. In this 

simulation stage, we set the main parameters of the in-cup MCW-LEDs like below: 

1) The depth, the inner and outer radius of the reflector to 2.07 mm, 8 mm and 9.85 mm, 

respectively. 

2) Nine LED chips are covered with a fixed thickness of 0.08 mm and 2.07 mm. Each blue 

chip has a dimension of 1.14 mm by 0.15mm, the radiant flux of 1.16 W, and the peak wavelength 

of 453 nm(Fig. 1(b)) [13-15]. 
 

    

(a)                                                            (b) 

 

Fig.1. (a) The real WLEDs; (b) The physical model of the 6600K CPW-LEDs. 

 

 

2.2.The scattering processes in the phosphor compounding 

In this section, we use the Mie-scattering theory to investigate the scattering processes in 

the phosphor compounding of the CPW-LEDs as in [22-25]. The scattering coefficient μsca(λ) 

(mm
-1

), the absorption coefficient μabs(λ) (mm
-1

), anisotropy factor g(λ) (mm
-1

), and reduced 

scattering coefficient δsca(λ) (mm
-1

)can be computed by the below expressions (1), (2), (3), and (4): 

 

( ) ( ) ( , )sca scaN r C r dr                                       (1) 

 ( ) ( ) ( , )abs absN r C r dr                                  (2) 

 

 
1

1

( ) 2 ( , , ) ( ) cos cosg p r f r d dr     


                                (3) 

 

 (1 )sca sca g                                                (4) 
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In these equations, N(r) indicates the distribution density of diffusional particles (mm
3
). 

Cabs and Csca is the absorption, and scattering cross sections (mm
2
), p(θ,λ,r) is the phase function, λ 

is the light wavelength (nm), r is the radius of diffusional particles (µm), and θ is the scattering 

angle (°), and f(r)) is the size distribution function of the diffuser in the phosphorous layer. 

Moreover, f(r) and N(r) can be calculated by: 

 

 ( ) ( ) ( )dif phosf r f r f r                                      (5) 

 

                                       ( ) ( ) ( ) .[ ( ) ( )]dif phos N dif phosN r N r N r K f r f r                                    (6) 

 

N(r) is composed of the diffusive particle number density Ndif(r) and the phosphor particle 

number density Nphos(r). In these equations, fdif(r) and fphos(r) are the size distribution function data 

of the diffusor and phosphor particle. Here KN is the number of the unit diffusor for one diffuser 

concentration and can be calculated by the following equation: 

 

 ( )Nc K M r dr                                   (7) 

 

where M(r) is the mass distribution of the unit diffuser and can be proposed by the below equation: 

 

 34
( ) [ ( ) ( )]

3
dif dif phos phosM r r f r f r                                   (8) 

 

Here ρdiff(r) and ρphos(r) are the density of diffuser and phosphor crystal [26-30]. 

In Mie theory, Csca and Cabs can be obtained by the following expressions: 
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where k = 2π/λ, and an and bn are the expansion coefficients with even symmetry and odd symmetry, 

respectively. They can be calculated by: 

 

 
' '
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where x = k.r, m is the refractive index, and ( )n x  and ( )n x  are the Riccati - Bessel function. 

Moreover, the phase function ( , , )p r   can be calculated according to: 

 
2

4 ( , , )
( , , )

( , )sca

r
p r

k C r

  
 


                                               (14) 

 

Here ( , , )r    is the dimensionless scattering function, which is obtained by the scattering 

amplitude functions 
1( )S   and 

2 ( )S  . 

 

 
2 2

1 2( ) (1/ 2)[ ( ) ( ) ]S S                                                 (15) 
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where 1(cos )nP   is the associated Legendre polynomial [22-25]. 

 
 

3. Results and discussion 
 

In this section, we investigate the scattering processes in the phosphor compounding of the 

6600K CPW-LEDs by Mat Lab software. The scattering coefficient (SC) versus the concentration 

of the red phosphor is plotted in Fig.3. In Fig. 3, the SC of all increase significantly while the 

concentration of the red phosphor varies from 0% to 26%. This effect is caused by enhancing the 

white light quality in the CPW-LEDs by controlling the red phosphor concentration. Furthermore, 

the reduced scattering coefficient (RSC) with wavelengths 453nm, 555nm, and 680nm have 

illustrated in Fig. 4 with the increasing the concentration of the red phosphor from 0% to 26%. We 

can see that the RSC are the same as the red, yellow, and blue lights due to the scattering stability 

of red phosphor in the phosphor layer of the CPW-LEDs. Finally, the anisotropy coefficient (AC) 

versus the red phosphor concentration is plotted in Fig. 5. From the research results, we can state 

that the AC of the red and blue light is the same and are crucially lower than the AC of the yellow 

light.  

 

 

 

Fig. 3. Scattering coefficient (SC). 

 

 

 

Fig. 4. Reduced scattering coefficient (RSC). 
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Fig. 5. Anisotropy coefficient (AC). 

 

 

Furthermore, the D-CCT versus concentration of the red phosphor of the 6600k CPW-

LEDs is illustrated in Fig. 7. In this Fig., the concentration of the red phosphor varies from 0% to 

26% in the phosphor layer. As shown in Fig. 6, the D-CCT has a massive decrease from 4700K to 

2500K when the concentration of the red phosphor varies from 0% to 26%. This effect is caused 

by the more scattering process on the phosphor compounding of the 6600K CPW-LEDs. 

Moreover, the effect of the concentration of the red phosphor on the LO of the 6600K CPW-

LEDsis plotted in Fig. 7. From this Fig, we can see that the LO increases from 600 lm to 1300 lm 

with the increasing concentration from 0% to 26%. This effect can be caused by the more 

scattering and reduced scattering of the red phosphor particle in the phosphor layer. 

 

 

 

Fig. 6. The D-CCT. 

 

 
 

Fig. 7. The color quality scale (CQS). 
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4. Conclusions 
 

In this paper, we proposed and investigated the effect of the concentration of 

Ba[Mg2Al2N4]Eu2+ conversion phosphor on the CCT deviation (D-CCT) and lumen output (LO) 

of the 6600 K conformal-packaging white LEDs (CPW-LEDs). For this purpose, we used the 

Light Tools and Mat Lab software to investigate this problem. From the research results, we can 

state that the concentration of the red phosphor has a significant effect on the optical quality of the 

6600 K CPW-LEDs. The D-CCT can be decreased from 4700K to 2500K, and the LO can be 

increased from 600 lm. to 1200 lm. This research can provide the novel recommendation for LEDs 

industry at this time. 

 

 

Acknowledgments 

 

This research was supported by National Key Laboratory of Digital Control and System 

Engineering (DCSELAB), HCMUT, VNU-HCM. 

 
 
References 
 

  [1] LED Packaging for Lighting Applications. 2011. “Design of LED Packaging Applications,”  

        215–315. doi:10.1002/9780470827857.ch6. 

  [2] Gibney, Elizabeth. 2014. “Nobel for Blue LED That Revolutionized Lighting.” Nature 514  

         (7521): 152–153. doi:10.1038/514152a. 

  [3] Winkler, Holger, Quang Trinh, Peter Bodrogi, and Tran Quoc Khanh. 2015. LED Lighting:  

        Technology and Perception. Weinheim: Wiley-VCH. 

  [4] Luo, Xiaobing, Run Hu, Sheng Liu, and Kai Wang. 2016. “Heat and Fluid Flow in High- 

        Power LED Packaging and Applications.” Progress in Energy and Combustion Science 56:  

        1–32. doi:10.1016/j.pecs.2016.05.003. 

  [5] Hu, Run, Xiaobing Luo, and Sheng Liu. 2011. “Effect of the Amount of Phosphor Silicone  

        Gel on Optical Property of White Light-Emitting Diodes Packaging.” 201112th International  

        Conference on Electronic Packaging Technology and High Density Packaging.  

        doi:10.1109/icept.2011.6067015. 

  [6] Tran, Nguyen T., and Frank G. Shi. 2008. “Studies of Phosphor Concentration and Thickness  

         for Phosphor-Based White Light-Emitting-Diodes.” Journal of Lightwave Technology 26  

         (21): 3556–3559. doi:10.1109/jlt.2008.917087. 

  [7] Shuai, Y., Y. He, N. T. Tran, F. G. Shi, 2011, Angular CCT uniformity of phosphor-converted  

        white LEDs: effects of phosphor materials and packaging structures, IEEE Photonics  

         Technology Letters 23(3): 137–139. doi: 10.1109/LPT.2010.2092759. 

  [8] Sommer, Christian, Franz-Peter Wenzl, Paul Hartmann, Peter Pachler, Marko Schweighart,  

        Stefan Tasch, and Günther Leising. 2008. “Tailoring of the Color Conversion Elements in  

        Phosphor-Converted High-Power LEDs by Optical Simulations.” IEEE Photonics  

        Technology Letters 20 (9): 739–741. doi:10.1109/lpt.2008.921063. 

  [9] Li, Shuiming, Kai Wang, Fei Chen, Shuang Zhao, Zhili Zhao, and Sheng Liu. 2012. “Angular  

        Color Uniformity Enhancement of Phosphor Converted White LEDs Integrated with  

        Compact Modified Freeform TIR Components.” 201213th International Conference on  

        Electronic Packaging Technology&amp; High Density Packaging. doi:10.1109/icept- 

        hdp.2012.6474888. 

[10] Liu, Zongyuan, Sheng Liu, Kai Wang, and Xiaobing Luo. 2008. “Analysis of Factors  

        Affecting Color Distribution of White LEDs.” 2008 International Conference on Electronic  

        Packaging Technology &amp; High Density Packaging. doi:10.1109/icept.2008.4607013. 

[11] Liu, Zongyuan, Sheng Liu, Kai Wang, and Xiaobing Luo. 2008. “Optical Analysis of Color  

        Distribution in White LEDs With Various Packaging Methods.” IEEE Photonics Technology  

        Letters 20 (24): 2027–2029. doi:10.1109/lpt.2008.2005998. 

[12] Liu, Zongyuan, Sheng Liu, Kai Wang, and Xiaobing Luo. 2008. “Effects of Phosphor’s  



363 

 

        Location on LED Packaging Performance.” 2008 International Conference on Electronic  

        Packaging Technology &amp; High Density Packaging. doi:10.1109/icept.2008.4606982. 

[13] Minh, Tran Hoang Quang, Nguyen Huu Khanh Nhan, Nguyen Doan Quoc Anh, and Hsiao-Yi  

        Lee. 2017. “Red-Emitting α-SrO·3B2O3:Sm2 Phosphor: an Innovative Application for  

        Increasing Color Quality and Luminous Flux of Remote Phosphor White LEDs.” Journal of  

        the Chinese Institute of Engineers 40 (4): 313–317. doi:10.1080/02533839.2017.1318720. 

[14] Anh, Nguyen Doan Quoc, Hsiao-Yi Lee, Tran Thanh Phuong, Nguyen Huu Khanh Nhan,  

        Tran Hoang Quang Minh, and Truong Huu Ly. 2017. “Y2O3:Eu3  Phosphor: a Novel  

         Solution for an Increase in Color Rendering Index of Multi-Chip White LED Packages.”  

         Journal of the Chinese Institute of Engineers 40 (3): 228–234.  

         doi:10.1080/02533839.2017.1299592. 

[15] Anh, Nguyen Doan Quoc, and Hsiao-Yi Lee. 2016. “Improving the Angular Color Uniformity  

        and the Lumen Output for Multi-Chip White LED Lamps by Green  

        Ce0.67Tb0.33MgAl11O19:Ce,Tb Phosphor.” Journal of the Chinese Institute of Engineers  

        39 7): 871–875. doi:10.1080/02533839.2016.1208062. 

[16] Chen, Changcheng, and Erqing Xie. 2014. “Synthesis and Luminescence Properties of Red- 

         Emitting M2Si5N8:Eu2 -Based (M=Ca, Sr, Ba) Phosphors by a Simple Nitrate Reduction.”  

         Science China Physics, Mechanics and Astronomy 57 (3): 433–436. doi:10.1007/s11433- 

         013-5204-4. 

[17] Duan, C.j., W.m. Otten, A.c.a.Delsing, and H.t. Hintzen. 2008. “Preparationand  

        Photoluminescence Properties ofMn2 -ActivatedM2Si5N8 (M=Ca, Sr, Ba)  

         Phosphors.”Journal of Solid State Chemistry 181(4): 751–757.  

         doi:10.1016/j.jssc.2007.12.031. 

[18] Li, Hui-Li,Rong-Jun Xie, Naoto Hirosaki, Takashi Takeda, and Guo-Hong Zhou. 2009.  

        “Synthesis and Luminescence Properties of Orange-Red-Emitting M2Si5N8:Eu2 (M=Ca, Sr,  

         Ba) Light-EmittingDiode Conversion Phosphors by a Simple Nitridation of  

         MSi2.”International Journal of Applied Ceramic Technology 6 (4): 459–464.  

         doi:10.1111/j.1744-7402.2009.02370.x. 

[19] Li, Y. Q., J. E. J.Van Steen, J. W. H.Van Krevel, G. Botty, A. C. A. Delsing, F. J. Disalvo, G.  

         DeWith, and H. T. Hintzen. 2006. “Luminescence Properties of Red-Emitting M2Si5N8:Eu2   

         (M:Ca, Sr, Ba) LED Conversion Phosphors.” ChemInform 37 (36).  

         doi:10.1002/chin.200636013. 

[20] Zeuner, Martin, Peter J. Schmidt, and Wolfgang Schnick. 2009. “ChemInform Abstract:One- 

        Pot Synthesis of Single-Source Precursors for Nanocrystalline LED Phosphors M2Si5N8:Eu2  

        (M: Sr, Ba).” ChemInform 40 (42). doi:10.1002/chin.200942207. 

[21] Fukuda, Yumi, Aoi Okada, and Ariane Keiko Albessard. 2012. “Luminescence Properties of  

        Eu$^{2 }$-Doped Red-Emitting Sr-Containing Sialon Phosphor.” Applied Physics Express 5  

        (6): 062102. doi:10.1143/apex.5.062102. 

[22] Optical Properties of Nanoparticle Systems. 2011. “Beyond Mie's Theory II - The  

         Generalized Mie Theory,” 317–339. doi:10.1002/9783527633135.ch10. 

[23] Frisvad, Jeppe Revall, Niels Jørgen Christensen, and Henrik Wann Jensen. 2012. “Predicting  

        the Appearance of Materials Using Lorenz–Mie Theory.” The Mie Theory Springer Series in  

        Optical Sciences, 101–133. doi:10.1007/978-3-642-28738-1_4. 

[24] Mackowski, Daniel. 2012. “The Extension of Mie Theory to Multiple Spheres.” The Mie  

        Theory Springer Series in Optical Sciences, 223–256. doi:10.1007/978-3-642-28738-1_8. 

[25] Wriedt, Thomas. 2012. “Mie Theory: A Review.” The Mie Theory Springer Series in Optical  

        Sciences, 53–71. doi:10.1007/978-3-642-28738-1_2. 

[26] Luo, X., & Hu, R. (2014). Chip packaging: Encapsulation of nitride LEDs. Nitride  

        Semiconductor Light-Emitting Diodes (LEDs), 441-481. doi:10.1533/9780857099303.2.441. 


