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High-power white light-emitting diodes (LEDs) have attracted much attention due to their 

versatility in a variety of applications and growing demand in markets such as general 

lighting, automotive lamps, communications devices, and medical devices. In this paper, 

the effect of the red-emitting K2SiF6:Mn
4+

 phosphor concentration on the color properties 

of the 5600K conformal packaging white LEDs (CPW-LEDs) is investigated. The research 

results are demonstrated based on Mie Theory by Mat Lab and Light Tools software. From 

the research results, we can see that the concentration of the red phosphor is significantly 

influenced on the CCT Deviation (CCT-D), Color rendering index (CRI), Color quality 

scale (CQS), and lumen output (LO) of the 5600K CPW-LEDs. This research can be 

proposed a novel recommendation for selecting and developing the phosphor materials for 

LEDs manufacturing. 
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1. Introduction 

 

Nowadays, LEDs is popularly used in all areas such as LCD backlights, displays, 

transportation equipment lighting, and general lighting. LEDs are used as a light source for LCD 

backlights in products such as mobile phones, cameras, portable media players, notebooks, 

monitors, and TVs. Display applications include LED electronic scoreboards, outdoor billboards, 

and signage lightings, such as LED strips and lighting bars. Examples of transportation equipment 

lighting areas are passenger vehicle and train lighting (e.g., meter backlights, tail and brake lights), 

and ship and airplane lighting (e.g., flight error lighting and searchlights). General lighting 

applications are divided into indoor lighting (e.g., LED lighting bulbs, desk lighting, and surface 

lighting), outdoor lighting (e.g., decorative lighting, street/bridge lighting, and stadium lighting), 

and special lighting (e.g., elevator lighting and appliance lighting). The use of LEDs in general 

lighting has increased, beginning with street lighting in public areas and moving onto 

commercial/business lighting and consumer applications [1-4]. Thickness and concentration of 

phosphor are considered as the main factors in the white LEDs packaging. In previous studies, [8,9] 

in investigated the influence of thickness and concentration of the phosphor layer on the optical 

properties of WLEDs. In addition, the size, and concentration of the phosphor layer on the spatial 

color distribution (SCD) of WLEDs is proposed and investigated in [10]. Moreover, the influence 

of phosphor layer located on the optical properties of WLEDs is presented in [11-14]. In [15-17], 

novel recommendation for improving the optical performance of WLEDs by adding green or red 

phosphor into the phosphor layer. 

In this paper, we propose and investigate the influence of the concentration of the red-

emitting K2SiF6:Mn
4+

 phosphor particle on the color properties in term of the color quality 
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scale (CQS), color rendering index (CRI), CCT deviation (D-CCT) and the lumen output 

(LO) of the 5600K conformal packaging W-LEDs (CPW-LEDs). The results show that the 

concentration of the red phosphor in the phosphor layer significantly influenced on the 

optical properties of the CPW-LEDs. The main contributions of this research can be 

summarized as the followings: 

1)  The simulation model of 5600 K CPW-LEDs is conducted by Light Tools 

software. 

2) The mathematical and simulation analysis of the scattering process in the 

phosphor layer is analyzed by Mat Lab software. 

3) The influence of the K2SiF6:Mn
4+

 phosphor concentration on CQS, CRI, D-CCT, 

and LO is demonstrated. 

The remaining of this paper can be organized as follows. The physical model of the 

CPW-LEDs and the mathematical model of the scattering process are proposed in the second 

section. The results and some discussion is proposed in the third section. Finally, the fourth 

section concludes the research. 

 
 
2. Research method 
 

In this section, the real model of CPW-LEDs as shown in Fig. 1(a) is used to 

simulate the physical model of the 5600 K CPW-LEDs with the main parameters as the 

followings: 

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

mm, respectively.  

2) Four 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)).  

3) The phosphor layer consist 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) 

 

Fig. 1. (a) The real CPW-LEDs,  

(b) The physical model of the CPW-LEDs. 

 

 

The influence of the concentration of the red-emitting K2SiF6:Mn
4+

 phosphor on the 

optical performance of the MCW-LEDs can be demonstrated using Mie theory [1, 3].Here, 

we can apply the Mie-scattering theory[18-26]. 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): 
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( ) ( ) ( , )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)  

 

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       (4) 

 

( ) ( ) ( ) .[ ( ) ( )]dif phos N dif phosN r N r N r K f r f r       (5) 

 

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       (6) 

 

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       (7) 

 

Here ρdiff(r) and ρphos(r) are the density of diffuser and phosphor crystal. 

 

 
3. Results and discussion 
 

From the mathematical description, we can see that the scattering coefficient of 

wavelengths 453nm, 555nm and 680nm increased when the concentration of the red phosphor 

varied from 4% to 24% as shown in Fig. 3. We can see that the red phosphor concentration 

crucially affected the optical properties of the white light. In the same way, Fig. 4 shows that the 

reduced scattering coefficient of the red phosphor is the same with wavelengths 453nm, 555nm, 

and 680nm in the increasing of the concentration of the red phosphor from 4% to 24%. Also, the 

anisotropy coefficient is presented in Fig. 5 with the concentration of the red phosphor varies from 

4% to 24%. Finally, the connection between the scattering amplitude and the red phosphor 

concentration is proposed in Fig. 6. From the results, we can conclude that the red phosphor 

significantly influenced on the blue and yellow light of the CPW-LEDs. 
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Fig. 3. Scattering coefficients of the red phosphor. 

 

 

 
 

Fig. 4. Reduced scattering coefficient of the red
 
phosphor.

 

 

 

 
 

Fig. 5. Anisotropy coefficient of the red
 
phosphor.

 

 

 

 
 

Fig. 6. The scattering amplitude of red phosphor. 
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In this section, we investigate the influence of the concentration of the red phosphor 

on the CQS, CRI, D-CCT and lumen output (LO) of the 5600 K CPW-LEDs by Light Tools 

software. As displayed in Fig. 7, CQS rises when the concentration of the red phosphor 

varies from 4% to 14% and then had a decrease after that value. The optimal value of CQS 

is near 62 with 14% concentration of the red phosphor. In the same direction, Lo of the 

CPW-LEDs increases significantly with the increasing the concentration of the red phosphor. 

The maximum value of LO can be obtained at 24% concentration of the red phosphor. 

However, CRI and D-CCT of the CPW-LEDs decrease while the concentration of the red 

phosphor increases from 4% to 24%. The optimal value of D-CCT can be proposed at 24% 

concentration of the red phosphor. 

 

 

 

Fig. 7. CQS of CPW-LEDs. 
 

 

 
 

Fig. 8. CRI of CPW-LEDs. 

 

 

 
 

Fig. 9: LO of CPW-LEDs. 
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Fig. 10. D-CCT of CPW-LEDs. 

 

 
4. Conclusion 
 

In this paper, we introduce the new solution for improving the color properties of the 

5600K CPW-LEDs by the red-emitting K2SiF6:Mn
4+ 

phosphor. It is observed that the 

concentration of the red phosphor crucially effected on the CRI, CQS, LO, and D-CCT of 

the 5600K CPW-LEDs. We can see that the optimal value of CQS is near 62 with 14% 

concentration of the red phosphor. The maximum value of LO can be obtained at 24% 

concentration of the red phosphor. The optimal value of D-CCT can be proposed at 24% 

concentration of the red phosphor. From the research results, we can conclude that the red 

K2SiF6:Mn
4+ 

phosphor is the novel solution for improving the color properties of the 5600K 

CPW-LEDs by the red-emitting K2SiF6:Mn
4+ 

phosphor. 
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