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Introduction 

RGB LEDs 
Blue-LEDs  

with  
yellow phosphors 

UV-LEDs  
with  

RGB phosphors 

White light-emitted diode (WLED) 

ǂHigh color rendering 
index (CRI) 

ǂHigh CRI 

ǂHigh efficiency 
ǂLower cost 

Ä High  efficiency 

Ä Low energy consumption 
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Key Index Consumer Cares 

Brand 

Color  

Quality 

Easiness of  

buying 

Lm/W 

Price 

Easy  

Replacement 

Life Time 

 Price is the main focus and entry door for consumer market , and 
     how to reduce price is very important issue. 

  In the future, if the price of LED could be reduced, it  will  help to  
     replace the  traditional lamps.  

 

 
  

Introduction 

4 /34  ԏ аԈᶾ ӣ Ϣ שׁ                         9/28/2011  



NCTU 

Photonics 

Ref Journal of Display Technology, Vol. 3,No. 2, June 2007 

Development of white light LED 

Introduction 
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Conformal coating and Remote 

phosphor technique   
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 It yields a thin , uniform phosphor  

along the perimeter of the chip. 

 

 

     

Ref. OPTICS EXPRESS, VOL. 18,NO. 102,JUNE 2010 

1.29mg/cm2 

Conformal phosphor coating  
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 (b) Conformal coating using PS (a)  Conventional dispensing 

CCT = 9533K CCT = 9519K 

Â Conformal coating technology show the uniform CCT at large angle.   
Ref. OPTICS EXPRESS, VOL. 18,NO. 102,JUNE 2010 

Advantages 
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   Vf  If  lm lm/W x y CCT CRI 

Dispense 3.154  0.350  103.80  93.4 0.361  0.396  4682  64.96 

Pulse spray 

Conformal 

Coating     

3.155  0.350  107.22  97.0 0.367  0.409  4554 58.42 

Pulse spray 

Remote 

phosphor 

3.169  0.350  116.43 105.0 0.363  0.397  4613 58.58 

Three types of white light LED 

   Vf  If  lm W Wp 

Ref.  Blue 

(Dispense) 
3.151 0.350 13.7 0.378 450 

Ref. Blue 

(Conformal 

coating) 

3.154 0.350 13.5 0.377 450 

Ref. 

Blue(Remote) 
3.160 0.350  13.4 0.372 450  

ü Blue chip size is 45mil. 

ü Pulse spray conformal coating has high efficiency than the conventional dispense. 

ü Development superior package efficiency is fabricated by pulse spray remote phosphor. 

Silicate EY-4453 
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CCT V.S. Luminous flux 

ÅThe optimum luminous flux  is in the range between  

      CCT = 4500K~6500K. 
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 Å Chip size 45mil 

Å Silicate EY-4453 phosphor 

Å Conformal coating package 
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æCCT=511.26K 

CCT V.S. Angle 

æCCT=227.28K 
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æCCT=1123.3K 

ÉPulse spray conformal coating has optimum CCT at the large angle compare to  
    dispense and remote. 
ÉAlthough remote package has the highest efficiency, improvement of remote  
    phosphor CCT at large angle is very important in the future.  
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Conformal 

CCT = 5059.7K 

æCCT = 30.6K 

Dispense 

Remote 

CCT = 5081.9K 

æCCT = 406.6K 

CCT = 5081.0K 

æCCT = 512.5K 

Simulation 
Optic Work 
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Dispense Conformal Remote 

CIE x 0.345 0.345 0.345 

CIE y 0.375 0.375 0.369 

Flux 2045.7 2097.47 2252.08 

Simulation 
Optic Work 

13 /34  ԏ аԈᶾ ӣ Ϣ שׁ                         9/28/2011  



NCTU 

Photonics 

Improvement of angular-dependent 

CCT via pattern remote   
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Motivation 

 In order to enhance the extraction of blue light, we could design a  
    region to increase the divergence angle of blue light. 
 

 The window region, a clear space without  coating phosphor, is   
    designed to increase the blue light at the large angle. 

Design a clear space 
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Spray nozzle 

Phosphor  slurry 

Experiment 

 Circular phosphor layer is formed by using a circular mask 
    (diameter = 2.4mm). 

 The window region is designed to enhance the blue light at larger  
    angle. 

Conformal Coating method 

Pattern of remote phosphor 

Conventional remote phosphor 
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Results and discussion 
Optical measurement 

 The ҟ//¢ǎ were 393K and 1302K for patterned remote phosphor and  
    conventional one, respectively. 

 We attributed the reduction in angular-dependent CCT deviation to  
    the optical path difference in the blue rays. 

 The luminous flux is slightly decreased by 1.12%, as compared to 
    the conventional phosphor remote structure at 150 mA. 

 To achieve the same CCT samples, we have to spray the patterned   
    remote  structure with thicker layer.  
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 Patterned Remote      @Blue

 Conventional Remote @Blue

 Patterned Remote      @Yellow

 Conventional Remote @Yellow

Phosphor layer

Phosphor layer

Results and Discussion 

 The b lue l ight  intensi ty o f  patterned remote at  the larger   
   divergence angle is higher than conventional remote phosphor. 

 In the simulation, the blue light at large divergence angle can emit from the  
   window region . 

Conventional 

Pattern 
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Results 

PATTERN VS CONVENTIONAL 
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Improvement of lumen efficiency in white 

light-emitting diodes with air-gap  

embedded package 
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Because of Snellôs law, the backscattering of LED in package was reduced by 

embedding low refractive index medium. 

 

Phosphor :  

n = 1.8 

Silicone : 

n = 1.5 

Air  

Low n 

medium 

Motivation 
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ü The blue vertical LED with chip size of 1Ȗ1 mm2 and emission wavelength of 

about 450 nm was placed in the commercial plastic lead-frame package by silver 

paste and wire-bonding. 

 

ü The thickness and concentration of phosphor layer was about 100 ɛm and 50 wt. %. 

Fabrication 
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@350 mA 
Radiation 

Flux (mW) 

Luminous 

Flux (lumen) 

Luminous efficiency 

(lumen/W) 
CCT 

Reference 280.51 88.02 75.73 7325 

Air -gap 308.04 95.80 82.04 7358 
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 No air-gap

Å The radiation flux of blue chip at 350mA is about 380 mW. 

Å By embedding an air-gap layer, the output lumen flux could be 

enhanced by 8.8% . 

Air -gap Ref 

Results 
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Reference 
PET : n=1.5 

Phosphor : n=1.8 

Silicone  

n=1.5 

Å 5ǳŜ ǘƻ ǘƘŜ ǎƴŜƭƭΩǎ ƭŀǿΣ ǘƘŜ ǳǘƛƭƛȊŀǘƛƻƴ ƻŦ ōƭǳŜ Ǌŀȅǎ ǿŀǎ ŜƴƘŀƴŎŜŘ ŀōƻǳǘ 

12.3% and the backscattering of the air-gap embedded LED was reduced. 
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Iair-gap saturation = Iref saturation 

ŸIair-gap turnning point  Ȗ ɖair=Iref turnning point Ȗ ɖref 

Air : n=1 

Air -Gap 

PET : n=1.5 

Phosphor : n=1.8 

Silicone  

n=1.5 

[Ref  : IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 17, NO. 6, JUNE 2005] 

Low utilization  High utilization  

I = Intensity of blue rays 

ɖ = utilization of blue rays in phosphor layer 

Results 
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Å The intensity of blue rays emitting into phosphor layer was designed as the 

same. 

Å The backscattering of air-gap LED was reduced. 

Reference Air -gap 

PET 

Phosphor 

Air-gap 

Silicone 

Detector 

PET 

Phosphor 

Air-gap 

Silicone 

Air  

This result was submitted to Microelectronics Reliability. 

Simulation 
Optic Work 
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Improvement of lumen efficiency in white 

light-emitting diodes by roughened-

dispensing package 
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Å The backscattering of the 

LED emission 

Å Rough phosphor structure  

ü Reducing the back-

scattering and improve the 

extraction of phosphor layer 

ü More blue rays and yellow 

rays could be extracted 

Propose a method 

Motivation 
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28 

1 2 3 4 

 

üTexture silicon pattern was fabricated by wet-etching method 

üRelease film was spin-coated on texture silicon pattern 

üPrinting silicone and bake 

Flat silicone   Texture silicone pattern 

Surface Roughness of Silicone 
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1 221.64 12.558 

2 221.52 12.558 

3 221.15 12.693 

4 221.89 12.755 

Number mW lm 

1 239.48 13.739 

2 236.65 13.554 

3 208.6 12.521 

4 210.94 12.619 

average % 

238 

+13% 
209 

Reference  

After 

Texture Silicone 

Flat Silicone 

Â Enhancement blue ray output power was due to 

the texture silicone pattern, that provide gradual 

refraction. 

Results 
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ü The GaN-based vertical-injection LEDs with chip size of 0.5Ȗ0.5 mm2 and 

emission wavelength of about 450 nm was placed in the commercial plastic lead-

frame package by silver paste and wire-bonding. 

Blue Chip in plastic holder  

Blue Chip in plastic holder  

Blue Chip in plastic holder  

Flat phosphor structure 

LED I  

Flat phosphor-package 

 

Half -spherical structure 

            LED II   

Flat phosphor-package 

 

Imprinting  

Textured c-Si stamp 

Textured phosphor structure 

LED III  

(a) 

(b) 

(c) 

Fabrication 
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ü The height of the random pyramid 

structure was about 4 µm. 

ü The roughened-dispensing surface 

shows the RMS of 1.17 µm. 

Results 

sample 

   Light 

Incidence 

Transmittance 

     (0-order) 

Transmittance 

   (diffraction) 

total

diff

T

T
Haze=

Tdiff.= All diffraction transmittance 

Ttotal=Total transmittance 

Definition:  
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This result was submitted to INEC conference 2011. 

ü The enhancement of the lumen output was 5.4% and 2.5% higher than flat 

phosphor-dispensing and lens molding package, respectively. 

 

ü The flat phosphor-dispensing with half-spherical lens show almost the same view 

angle at the full -width at half-maximum ( 68ǯ and 70ǯ).  
 

ü The view angle of roughened-dispensing was enlarged to 87ǯ because of the total 

internal reflection is significantly suppressed by roughened surface. 
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Results 
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Conclusion 

First     
The Conformal coating technique were used to finish the 

Remote and Conformal phosphor. 

Second    
We effectively reduced the angular-dependent variation of 

CCT by patterned remote phosphor coating technique. 

 

Third      
We effectively increased the lumen efficiency air-gap  

embedded package. 

 

Fourth 
We effectively increased the lumen efficiency by roughened-

dispensing package. 
 

This result was published to Optics Express. 

This result was submitted to Microelectronics Reliability. 

This result was submitted to special issue paper in INEC 2011 
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Thanks for your attention!  
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