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Abstract. This study presents the influence of the distance between phosphor layers in the dual-layer and 

triple- layer remote package on luminous efficacy. During the simulation, it is recognized that an 

appropriate distance can produce higher luminous flux of the multi-chip white LED (WLEDs) through 

adjusting the distance between two and three phosphor layers. According to the research results, 0.1 mm is 

the outstanding distance between two phosphor layers so that the performance of MCW-LEDs can be 

accomplished the best optimal effect. In addition, the simulation results show that the dual-layer structure 

yielded higher optical properties than the triple – layer structure in relation to the distance. 

1 Introduction  

As a development, a next generation of remote phosphor 

configuration is proposed, in which the dual-layer 

structure is employed in the remote phosphor package to 

enhance luminous efficiency of pc-LEDs. A study with 

applying a thin silicone layer into dual-layer remote 

phosphor structure can yield 5% higher lumen output 

than a conventional remote phosphor package at the same 

CCT [1-8]. Similarly, there are some approaches 

focusing on the phosphor structure proposed to reduce 

the probability of the backward light from the phosphor 

layer to the absorptive LED chip such as remote 

phosphor package with the hemispherical dome, 

employing a double remote micro-patterned phosphor 

film into pc-LEDs as well as ring remote phosphor 

structure [9-12]. A different propose also demonstrated 

that an air-gap layer embedded in the remote phosphor 

package offers advantages in luminous flux and 

chromatic stability [13- 15]. Besides, the different 

phosphor material arrangement has a significant role for 

improving the phosphor converted efficiency. A two-

layer remote phosphor structure in which a 

SrO.3B2O3:Sm2+ red phosphor layer above a yellow 

phosphor layer can achieve more than 17% in lumen 

compared to the mixed red and yellow phosphor package 

[16-23]. However, these phosphor layers in this structure 

are placed adjacent to each other at a random distance 

with LED chip in remote phosphor package and in these 

studies, the specified distance between phosphor layers is 

not determined so it should be suggested to achieve the 

best optical performance. 
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Fig. 1.  (a) Simulation of the white LED package (b) Illustration 

of WLEDs with dual-layer (a) and triple-layer (bottom) 

structures. 

In this research, we study the effect of the distance 
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between phosphor layers and LED chip on the optical 

properties of both dual-layer and triple layer structures. 

The luminous efficiency, the color rendering ability in 

two and three-layer remote phosphor package versus 

distance between phosphors are investigated and 

presented. We try to look into a best position of phosphor 

layers within LEDs and hope to achieve an optimized 

design of the high efficiency LEDs. The obtained results 

indicate that the highest overall light output, lumen 

efficiency as well as better color quality of LEDs can be 

achieved at the distance between two phosphor layers of 

0.1mm for dual-layer structure and 0.6mm for triple layer 

structure. The enhancement of efficiency was due to the 

improving in the utilization of blue, yellow rays within 

the LEDs. The simulation results show that the LED with 

the two-layer remote phosphor package exhibits the light 

extraction, color rendering ability better than triple-layer 

remote phosphor package. 

Table 1. The actual parameters of LED chip 

LED vender Epistar 

LED chip   V45H 

Voltage (V) 3.5~3.6 

Peak 

Wavelength 

(nm) 

453 

Power (mW) 320~340 

Lead frame 4.7mm Jentech Size-S 

Die attach Sumitomo 1295SA 

Bonding 

diagram 

 

2 Simulation  

The basic WLEDs model is made of a reflector, a 

phosphor layer, and a silicone layer. The reflector has a 

depth of 2.07 mm, a bottom length of 8 mm and a surface 

length of 9.85 mm. The dimensions of each blue LED 

chip are 1.14 mm x 0.15 mm. These chips are covered by 

the phosphor layer with a 0.08 mm thickness as 

illustrated in Fig. 1. The luminous power of each blue 

chip is 1.16 W, and the light emitting wavelength is 453 

nm, see Table 1. Furthermore, the spectra values of 

YAG:Ce including absorption spectrum and emission 

spectrum are presented in Figure 2. 

 
Fig. 2. Absorption spectrum and emission spectrum of 

YAG:Ce. 

 

 

Fig. 3. Luminous efficacy of two structures.  

 

Figure 3 depicts the influence of the distance between 

phosphor layers and LED chip of remote phosphor 

package on the lumen output. The simulation results 

show that the variation of the distance has a significant 

impact on the light extraction. For the dual-layer package, 

the lumen output dramatically enhances and gets the peak 

value with ranging from 0 to 0.1 mm. Conversely, it 

tends to drop when the distance of phosphor layers 

continuously increases further. When the distance d 

varies from 0 to 0.1 mm, it means that these two 

phosphor layers are separated further away, the 

probability of light trapped in the gap between two 

phosphor layers will reduce. The reflected light which 

directly impinges on the absorptive LED chip could 

decrease and the transmitted light through phosphor 

layers can be increased, thus this improves the LED 

efficiency. With distance range within 0 – 0.1 mm, the 

heat generated by the LED chip only transfers to the 

substrate instead of the contact surface of two phosphor 

layers. The increase of the distance between these 

phosphor layers can offer not only the high luminous flux, 

but also produce the temperature stability of this 

multilayer phosphor configuration. This leads to more 

light be transmitted and extracted through the phosphor 

layers. For the distance ranging from 0.2 to 0.7 mm, the 

drop of the luminous flux is attributed by the weakened 
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photon extraction and the heat effect of phosphor. The 

blue light from LED chip will encounter the first 

phosphor layer and be converted to the yellow light.  

However, some portion of light is lost inside the 

LEDs due to the backscattering, absorption and reflection, 

the other portion is converted to yellow light and 

transmitted through the second phosphor layer. The 

further increasing of the distance makes phosphor layer 

move closer to LED chips, and thus more light is trapped 

and reflected inside the gap between the first phosphor 

layer and LED chips. This causes the junction 

temperature rise of phosphor layers and LED chips which 

may produce the low conversion efficiency. For the 

triple-layer structure, the process of the light propagation 

inside LEDs has similar tendency. Luminous flux also 

increases with the distance range within 0 – 0.6 mm and 

reduces at the position of the distance range within 0.6 – 

0.7 mm. The lumen of triple layer structure reaches the 

highest value at the distance of 0.6 mm. The simulation 

results show that the case of the dual-layer package has a 

better enhancement than the case of the triple-layer 

package at the beginning (see Fig. 2). In other words, the 

dual-layer configuration produces a higher percentage of 

extracted photons to the total light energy than triple- 

layer configuration. 

3 Conclusions 

In this research, the influence of the distance between 

phosphor layers as well as the number phosphor layers on 

the optical characteristics of remote phosphor package at 

the same CCT is analyzed and demonstrated in detail. 

The researched results revealed that the appropriate 

position of phosphor layer in remote phosphor package 

significantly improves the luminous flux and color 

rendering index of LEDs. The luminous flux remarkably 

enhances and achieves the maximum value at the 

distance of 0.6 mm for the case of trial-layer package and 

0.1 mm for dual-layer package. Meanwhile, with the 

distance ranging from 0.1 mm to 0.7 mm of dual-layer 

package, the lumen output and the color quality of LEDs 

have slightly downward tendency. The reason of this 

issue is due to the increase of the trapping, the absorption, 

the re-scattering of light in LED package and the 

chemical change of the heated phosphor layer. Therefore, 

finding a suitable distance between phosphor layers in 

remote phosphor package is a key factor in designing 

high efficiency pc-LEDs. 
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