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Abstract 
This paper proposes a new design of ultra-slim color 

mixing lens (CML) for backlight unit (BLU), and 

presents simulated performance of the design. The novel 

color mixing structure has a shorter mixing length (< 1 

cm) than the existing color mixing structure, and 

achieves high efficiency and uniformity. 
 

 

1. Introduction 

 

Recently, liquid crystal display (LCD) panel is 

getting thinner, and cold cathode fluorescent lamps are 

being replaced by light emitting diodes (LED). White 

LEDs are widely used for LCD back light units (BLU) 

in notebooks and desktop screens, but they have 

relatively low color reproduction. On the other hand, 

red, green and blue (RGB) LEDs can deliver an 

enormous color gamut, but require appropriate color 

mixing structures to be used in slim LED BLUs. The 

conventional color mixing rods, however, have at least 

4-5 cm mixing lengths [1-2], which cannot be used for 

a slim LED BLU. 

To solve these problems we designed new types of 

color mixing lenses (CML). Not only does the novel 

structure conduct color mixing, but it also has a short 

mixing length less than 1 cm. Furthermore, it can have 

a variety of uniform radiation patterns. In this work, 

we present the numerical analysis of the CML, 

simulated by a commercial ray-tracing program 

(ASAP). 

 
 

2. Results and discussion 
 

The CML consists of input coupler, mixing zone, 

and output coupler, made of polymethyl methacrylate 

(PMMA) which is transparent and transmits up to 

98% of visible light. The input coupler is formed at 

the bottom of the CML, and collects light from four 

LEDs – one red, one blue and two green LEDs. In the 

mixing zone, RGB rays are mixed up as light travels 

in the PMMA body, satisfying total internal reflection 

condition. The output coupler has a surface-emitting 

structure to achieve desired radiation patterns. 

The color distribution at the surface of output 

coupler is shown in Fig. 1 and 2. The surface-emitting 

RGB lights are well mixed and the CIE color 

chromaticity diagram shows that the color uniformity 

is reasonably good. The three-dimensional luminous 

intensity distribution in Fig. 3 shows that the CML 

emits white light like a Lambertian source. The 

efficiency, illuminance uniformity, and color 

uniformity are 85%, 77%, and 0.0413 respectively. 

We defined the efficiency as the ratio of radiation 

power to input LED power, the illuminance 

uniformity as the ratio of maximum to minimum 

values of the illuminance, and the color uniformity as 

the relative standard deviation in color coordinates. It 

should be noted that such high performance can be 

obtained by a CML with a short length less than 1 cm.  
 

 

3. Summary 

 

We have designed new ultra-slim color mixing 

structures with high efficiency and uniformities, and 

desired radiation patterns. We expect that these 

structures can be used for slim RGB LED BLUs with 

improved color reproduction. 
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Fig. 1.  RGB chromaticity data 
 

 

 

 

 

Fig. 2.  CIE color chromaticity diagram 

 

 

 

Fig. 3.  Luminous intensity 

 

 

 


