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 In this paper, we propose a new recommendation for improving lumen output 

(LO) and CCT deviation (D-CCT) of the 7700 K RPW-LEDs by 

K2SiF6:Mn4+ red phosphor. Based on Light Tool and Mat Lab simulation 

software, we can see that the D-CCT and LO can be improved significantly, 

but the CQS and CRI have a slight decrease with increasing the 

concentration of the red phosphor. Besides, the analytical and simulation 

results agree well with each other. 
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1. INTRODUCTION  

In the last few years, LEDs can be considered as a potential replacement for the conventional light 

sources based on their advantages such as long lifetime, low electric consumption, fast switching, 

high brightness, robustness, small size, and environment-friendly characters [1-7]. Nowadays, packaging 

direction is the primary direction research on improving the optical performance of the LEDs. By controlling 

the thickness and concentration of phosphor, we can control the optical properties of LEDs in term of Color 

colerrated temperature deviation (D-CCT), Color rendering index (CRI), Color quality scale (CQS) and 

lumen output (LO). Authors in [8, 9] experimentally studied that higher luminous efficacy are taken with the 

lower phosphor concentration and higher phosphor thickness. [10] states that we can improve the spatial 

color uniformity of white LEDs by changing the phosphor concentration or thickness. In [11-14], 
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authors investigate the effect of phosphor location on the spatial color distribution and derive that packaging 

elements should make the blue light and yellow light have a similar radiation pattern for obtaining high color 

uniformity. On the same direction, authors in [15-17] focus on improving the optical properties of multi-chip 

white LEDs (MCW-LEDs) by green or red phosphor [15-17]. 

In this paper, the red-emitting K2SiF6:Mn
4+

 phosphor is proposed to improving the D-CCT, CRI, 

CQS, and LO of the 7700K remote packaging W-LEDs (RPW-LEDs). The main contribution of the paper 

can be formulated as the followings 

- Physical model of the 7700K RPW-LEDs is constructed by Ligh Tools. By varying the concentration of 

the red phosphor, we investigate the D-CCT, CQS, CRI, and LO of the 7700K RPW-LEDs. 

- The analytical descriptions and simulation scattering process in phosphor layers of the 7700 K RPW-LEDs 

is built by Mat Lab software. 

- The results derived the influence of the concentration red phosphor on the D-CCT, CQS, CRI, and O of 

the RPW-LEDs.  

The rest of the paper can be organized as the followings. The research method is proposed in 

the second section. The third section provides the research results and discussions. Some conclusions are 

shown in the last section. 

 

 

2. RESEARCH METHOD 

In this research, we simulate the physical model of the 7700K RPW-LEDs as in Figure 1(b) based 

on the real model of the RPW-LED as in Figure 1(a). For this purpose, we set the main parameters of the 

RPW-LEDs as the followings: 

- The depth, the inner and outer radius of the reflector to 2.07 mm, 8 mm and 9.85 mm, respectively.  

- 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. 

- The phosphor layer consists of the yellow-emitting YAG:Ce and the red-emitting K2SiF6:Mn
4+

 conversion 

phosphors particles and the silicone glue, which respectively have the refractive indices of 1.85, 1.95 and 

1.50. Also, the average radius of the yellow-emitting YAG:Ce phosphor particles are set to 7.25 µm like a 

value of real particle size [15-17]. 

 

 

 
(a) 

 
(b) 

 

Figure 1. (a) The real RPW-LEDs, (b) Physical model of the 7700K RPW-LEDs 

 

 

Here, we use the Mie-theory for investigating the influence of the concentration of the red phosphor 

on the optical performance of the RPW-LEDs [1, 3, 15-17]. The scattering process in the phosphor layers can 

be formulated via the coefficients. 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) 
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( ) 2 ( , , ) ( ) cos cosg p r f r d dr     


    (3) 

 

(1 )sca sca g    (4)  

 

where 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 [18-26]. 

 

 

3. RESULTS AND DISCUSSION 

Figure 3 plots the influence of the red phosphor concentration on the scattering coefficient with the 

wavelengths 453nm, 555nm, and 680nm. From the results, it can be seen that the scattering coefficient 

increases with increasing the red phosphor concentration. The highest scattering coefficient is the 555nm 

wavelength, and the lowest is the 680nm one. It can be observed that the white-light quality can be enhanced 

by controlling red phosphor concentration. The reduced scattering coefficient of the RPW-LEDs phosphor 

layer versus the red phosphor concentration is presented in Figure 4. We can see that the reduced scattering 

coefficients of wavelengths 453nm, 555nm, and 680nm significantly rise up while red phosphor 

concentration from 0 to 30%. All reduced scattering coefficients of wavelengths 453nm, 555nm and 680nm 

are the same with each other.  

 

 

 
 

Figure 3. Scattering coefficients 

 
 

Figure 4. Reduced scattering coefficient 
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Anisotropy coefficients of wavelengths 453nm, 555nm, and 680nm versus the red phosphor 

concentration are illustrated in Figure 5. From Figure 5, we can see that all anisotropy coefficients of 

wavelengths 453nm, 555nm and 680nm do not change with increasing the red phosphor concentration from 

0 to 30 %. The anisotropy coefficients of wavelengths 555nm are higher than the other ones. The anisotropy 

coefficients of wavelengths 453nm and 680nm are the same. Besides, the scattering amplitude of 

wavelengths 453nm, 555nm and 680nm are shown in Figure 6. It can be observed that green light has 

the highest amplitude. 

 

 

 
 

Figure 5. Anisotropy coefficient 

 
 

Figure 6. The scattering amplitude 

 

 

The influence of the red phosphor concentration on the CQS and CRI is plotted in Figure 7 and 

Figure 8. In these figure, the red phosphor concentration varies from 3% to 26%. From Figure 7, we can say 

that CQS has a slight increase when the concentration of red phosphor varies from 3% to 18%, 

then significantly falls up with 18% to 26% concentration of red phosphor. On another hand, CRI decreases 

crucially from 68 to 63 while red phosphor concentration increases from 3 to 26% as shown in Figure 8. 

 

 

 
 

Figure 7. CQS 

 
 

Figure 8. CRI 

 

 

However, LO of the 7700K RPW-LEDs versus the red phosphor concentration is presented in 

Figure 9. It is observed that LO rises from 620 lm. To near 1500 lm when the red phosphor concentration 

varies from 3 to 26%. Also, the D-CCT has a massive decrease from 7200 to 3200 with increasing the 

concentration of the red phosphor as shown in Figure 10. The results show that we can control the LO and 

D-CTT by varying the concentration of the red phosphor. All the simulation and numerical results agree well 

with each other. 
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Figure 9. LO 

 
 

Figure 10. D-CCT 

 

 

4. CONCLUSION  

In this paper, we propose a new recommendation for improving lumen output (LO) and CCT 

deviation (D-CCT) of the 7700 K RPW-LEDs by K2SiF6:Mn4+ red phosphor. Based on Light Tool and Mat 

Lab simulation software, we can see that the D-CCT and LO can be improved significantly, but the CQS and 

CRI have a slight decrease with increasing the concentration of the red phosphor. In addition, the analytical 

and simulation results agree well with each other. 
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