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Abstract 
In this paper, we have designed a novel lens for LED’s 

package that can expend the radiation angle of LED from 

120° to 170° successfully. At the same brightness and 

uniformity condition of 37” LED BLU system, using novel 

lens LED package can be reduced amounts of LED 40% or 

thickness of BLU 30% respectively. Besides, the power 

consumption of BLU also can be reduced 25% 
 

 

1. Introduction 

 

  TFT-LCD is a major product in FPD area [1]. 

However, different than conventional display like CRT 

or PDP, TFT- LCD is a non-emitting display. It should 

be needed a backlight unit (BLU) to help TFT-LCD to 

show the information. In conventional, the major light 

source of BLU system is CCFL, but, considering 

environment issue, LED will be became more and 

more important light source in this world. There are 

some advantages of LED like quickly on/off time 

(<1us), wide color gamut (NTSC>100%), small 

package size and low voltage operation that makes 

LED instead of CCFL in backlight system gradually. 

  Currently, the small and middle size TFT-LCD 

system like mobile phone, photo frame and notebook 

is almost used LED backlight to replace CCFL BLU. 

Besides, more and more monitor and TV system will 

be used LED BLU instead of CCFL BLU. According 

to this trend, LED BLU will be substituted for CCFL 

BLU step by step in the future. 

  But, there are some drawbacks of LED using in 

backlight system, especially cost and uniformity issue. 

To be solved above weakness point of LED, we 

designed a novel lens for LED package for reducing 

amounts of LED in LED backlight system and still 

kept the same brightness and uniformity. In this paper, 

we will introduce the novel lens design for LED 

package to solve cost issue. Besides, we also introduce 

the new color mixing method for reducing color mura 

issue in our backlight system. 

 

 

2. Experimental  
 

LED Chip Choice 
 

  LED is an essentially PN junction semiconductor 

diode that emits a monochromatic (single color) light 

when operated in a forward biased direction. The first 

commercially usable LEDs were developed in the 

1960's, and still been improving and developing over 

50 years. There are there types of LED at now, low 

power LED, middle power LED and high power LED 

respectively. Different type LED is applied in different 

area. Table 1 is low power and high power LED 

comparison sheet. According to this data, considering 

the compactable and backlight control system, light 

efficiency and cost issue, we decided the low power 

LED. 

  The color temperature of TFT-LCD display is 

depended on the spectrum of light source and color 

filter. To get right color temperature of TFT-LCD 

display, the TFT-LCD maker usually selected the 

suitable spectrum of light source because the spectrum 

of color filter is fixed. In here, we prefer the color 

temperature is 10000K. By this color temperature 

issue and EBU type color filter, we can calculate the 

RGB flux ratio of light source is about 1:10:4. 

However, the flux of green light LED is very low at 

currently that we should reduce the flux of red and 

blue light LED for getting right color temperature. It 

will damage the light efficiency of LED. To solve the 

low flux of green LED couldn’t match red and blue 

LED in 10000K color temperature, we use small chip 

for R, middle size chip for G and small chip for B and 

the chips data shown in Table 2. It could be solved the 

lower flux of green LED issue and we can get higher 

light efficiency utilization by using different chip size. 
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Table 1. Low power and high power LED 

comparison 

  Low Power High Power 

Cost Low  High 

Efficiency (lms/W)  High Low 

Area control  Good   Bad 

Distance for color mix Short Long 

 

 

Table 2. The Spec. of LED with different RGB chip 

size                   

  R G B 

Chip Size (mil) 14x14 17x17 14x14 

Chip Intensity (mcd) 320 2000 110 

Wavelength(λd) 626 529 460 

 Lumen (lm) 2.1 6.2 0.7 

 

 

Wider radiation angle LED package design 
 

  In traditional, LED BLU was usually used 3 in 1 RGB 

LED [2]. The radiation angle of 3 in 1 RGB LED is 120° 

as and Lambertian profile as shown in Fig.1. 

Considering large size BLU application, 3 in 1 LED 

should be used a lot of LED in backlight system because 

radiation angle limited. If we want to reduce amounts of 

LED, the larger radiation angle of LED is necessary. In 

here, we designed a novel lens which can expend the 

radiation angle of LED from 120° to 170°. We designed 

the shape of LED lens like artillery shell as shown in 

Fig.2.. This shape is like normal lamp type LED, but we 

moved the chip’s to optimum position that the radiation 

angle of LED can be expanded to 170°. According to our 

simulation data, the profile of radiation angle of LED is 

shown as Fig.3. 
 

 

Fig. 1. The radiation shape of traditional LED                              

 

Fig. 2. The shape of LED and novel lens 
 

 

 

Fig. 3. The radiation angle of LED using novel         

      lens 
 

 

The novel LED Layout at BLU for color 

uniformity 
 

  As above description, the novel lens can expend the 

radiation angle of LED. But, the novel lens LED is not 

like 3 in 1 LED can package RGB chips in one 

package. The novel lens LED package only can 

package one LED chip. For color display, we should 

be used LED set which combined R, G, B LED in our 

LED BLU system. Color mura will be occurred if 

poor LED layout at BLU system. To solve color mura 

issue, we should find a better LED layout at BLU 

system. In here, we fund a better layout is the green 

and blue LED toward the side frame of the reflector 

cavity for color mixing as shown in Fig.4 and Fig.5 is 

shown color mixing simulation result by TracePro. 
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Fig. 4. The R G B LED layout in BLU system 

 

Fig. 5. The color mixing simulation result. 
 

 

4. Final Result 
 

  According to our design, we made the wide 
radiation angle LED package and shown as Fig.6. 
Considering thermal issue, the novel package is used 
“thermal conduction isolated” solution. The traditional 
lamp type LED is only two pin for anode and cathode. 
The heat conducted also by these two pin. Our new 
package is used three pin type. Expect anode and 
cathode pin, the center pin is only conducted head that 
can be solved light reduced due to thermal issue. 
Comparison with traditional LED, the temperature of 
BLU can be reduced 20℃(60℃→40℃) in the same 
brightness. Using “thermal conduction isolated” 
method can provide better performance in the BLU 
system.   
  The cross-sectional view of direct type LED 
backlight is shown as Fig.7. It’s including LED sets 
(RGB LED), optical films (diffuser plate, diffuser film, 
and 3M DBEF-TV) and mechanism. The target 
brightness of LCD TV is over 400nits at now. 
According to target brightness and considering the 
characteristics of LED lighting efficiency and all 
optical components, we estimated the least 
requirement amount of LED quantity in the LED 

backlight module as Table 3.  As table 3 listed, a 37” 
LED BLU should be used over 480 PCs. LED set. 
However, by using traditional LED sets, the thickness 
of BLU will be over 40mm when we only used 480 
LED sets in 37” BLU system. If we want the thickness 
of BLU is 30mm, a 37” LED BLU system will be 
used 720 PCs. LED set in previous time due to 
radiation angle limited. By using novel lens LED, the 
amounts of LED set is just only used 480 PCs and the 
thickness of BLU is still keep 30mm. It can be reduced 
amounts of LED 40% or thickness of BLU 30% 
respectively. Besides, using less LED sets also can be 
reduced cost and power consumption of BLU system. 
By using the novel lens LED package to fabricate a 
prototype 37” LCD TV, the backlight uniformity can 
be reached over 85%. The power consumption of BLU 
is less than 100W. The photograph of the 37-inch 
TFT-LCD TV is show as Fig.8 and Table 4 
summarizes the specifications of our development 37” 
TFT-LCD display system.   

 

 

 

Fig.6. Novel LED Package 
 

 

 

Fig. 7. The cross-sectional view of LED Backlight 
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Table 3 Estimation formula for LED backlight 

 

 

Table 4 Specifications of the 37-inch LED TV 

 

 

 

5. Conclusion 
 

   LED BLU application in the large size display is 

not popular at now due to cost issue. When light 

efficiency of LED is improved year by year, the 

amounts of LED set also can be used less and less in 

LED BLU system. However, if we don’t expend 

radiation angle of LED, the less LED will be brought 

large thickness issue at BLU system. In this paper, we 

have designed a novel lens for LED package can 

expend radiation angle LED can reduce the number of 

LED 40% and still keep the same thickness of BLU 

system. Comparison with traditional LED package, 

using novel lens can be reduced 25% cost of BLU 

system at least. Besides, the LED’s chip size will be 

become smaller because light efficiency increase of 

LED that the LED cost is also can be reduced. We 

believe that LED as light source will dominate the 

large backlight system in the near future. 

 

 

 

 
Fig. 8. The photograph of the 37-inch LED TV 
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