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Abstract: Recently many studies being carried out to increase the light efficiency of LED. The external quantum
efficiency of LED, generally the light efficiency, is determined by the internal quantum efficiency and the light
extraction efficiency. The internal quantum efficiency of LED was already reached to more than 90%, but the light
extraction efficiency is still insufficient compared with the internal quantum efficiency because the total internal
reflection is generated in the interface between the LED chip and air. Thus, we studied about flip chip LED with
PSS and performed the optical simulation which find more optimized PSS for flip chip LED to increase the light
extraction efficiency. Decreasing of the total internal reflection and effect of diffused reflection according to PSS
improved the light extraction efficiency. To get more higher the efficiency, we simulated flip chip with PSS that
the parameters are arrangement, edge spacing, radius, height and shape of PSS.
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Fig. 1. A simplified schematic diagram of flip chip LED
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Table 1. Thickness and refractive index condition for each
layer’s material of the flip chip LED.

Materials Thickness Refractive index
p-GaN 0.15 pm 2.45
MQW 0.1 pm 2.54
n-GaN 4.75 pm 2.45
Sapphire 150 pm 1.78

Ag 1 pm 0.151
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Fig. 2. Schematic diagram of (a) rectangular arrangement and
(b) hexagonal arrangement of PSS patterns.
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Fig. 3. The extraction efficiency change according to
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Fig. 7. The extraction efficiency change according to radius of
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Fig. 8. Schematic diagram of PSS pattern with height from 0
pm to 3.0 pm.

100

—&— Total
—a&— Bottom
80 F —&— Side

60 F

40 b

20

Extraction efficiency(%)

12 14 16 2 24 3
Height(um)

0 04 08 1

Fig. 9. The extraction efficiency change according to height of
PSS pattern.

= sttt Height #1g}o]
% I N Alggo]d Ao s
% AU ¢ 4 A0 Fo) ver

7} £ sapphire sideZ Wo|

5 sidez o] EE&Edh+=

3.5 Shape0fl 2|8t 233t

Hexagonal B, edge spacing 0.5 pm, radius 2.0
um, height 1.2 pm@ PSSo| ths PSS shapes
cone, truncated-cone, pyramid, truncated-pyramid,
cylinder @42 A-&sto] Alado]d sttt

29 10014 21 gygel ololE Eglon) 2t
Wit o] 2L 7t g HASACE ojnf ZtEt
I+ Aoz golz HFaR
tt. Shape ‘{12}011 % % &% 5 ¥st Ans 13

Aspherical Cone Truncated-Cone
ZFe 30° 2k 50°
Pyramid Truncated-Pyramid Cylinder

2 30°

2} 50°

Fig. 10. Schematic diagram of PSS pattern shapes.
100
—a— Total
. —=— Bottom
X sof —8— Side
3
& eof
S
b=
© s}
c
L
3=
S 20} : ::k
-
LR Ry Pl

Asphencal Cone T-Cone PyramIdT PyramndCyImder

Shape

Fig. 11. The extraction efficiency change according to shape of
PSS pattern.

110] YERfQIT}. Aspherical @40l 7V £2 582
Eoﬂo o]b 0]7\-12] A]%a]o]/dEo] aspherlcal oé/g
of oty Haso] Mgy o] V] flEos wWHEN o
oi/\}‘:oﬂ Q']OH/\']E 7]—7]— 7}7(} 50 ;_%.% io]%
REAdoz QlsiA O Aus A3 2 A=
7h Aol Zteo] mE §ib= cone PAF9
AWt ol Zte 7t HX|H truncated-cone
&3, pyramid FJoIA A= Eh ARSF
truncated-pyramid @A4lo] Eloz zizto] i
54 Ato] o2 o g 24 g 2= Aol gt
8282 955 & 4 A Cylinder F74<
Pl vloll B2 dFZ Eole=dl,
%}1\- S

edge spacing SENe)

o
U‘|
=
3 oX P
19 Jo o my

rlo rlm m{x

-k
o2 r
o =
|o
Hu
rel
o
i
)

Ql

oA PSSE ZF- flip chipo] PSSQ] of2



A7) AR 53] =7A, A28 A10% pp. 676-681, 20151 104:

& a80] ofgA W7o

ESESEeR-1 O.:jU}Ur %“*Q—Kl 0]= Synopsys A9} &
&A7 mz 7389] LightTools AlE20]He Ea) &9l
ol & Qrct

PSSQ] arrangement, edge spacing, radius,
height 3 shape Wgto] ©& & & 58 ¥} 1}
e Amyore o, PSS/t 9= referenceo] A
hexagonal arrangement A-83FO 16.8%0f| A
53.9%2 37.1%p AlSst= ZAS 8
PSS7} Ex|sto @M o] n
2 gol EYHT w7
= e e A

I
Q
o))
Z
=
>

sapphireZ o
ols @ F& & &0
&’ilﬂf Edge spacing

&5t 53.9%0f| A
edge spacingo] A&
2 Al
S =I5t t. Height 1.2 wm aspherical &
4%6}04 54.2%0| A 56.3%= 2.1%p 44535}
oI5ttt HAE2A o2 LightTools Al&gfo]
Al flip chipo] PSS A&o= Qs & F& a&
39.5%p S7HAIE 4 AUt

0.5 wm, radius 2.0 umE
54.2%=2 0.3%p A53dt¥on,
4% @80] wolAd 1.0 um olslolHt 2

],

N

jo mlo %0
M u\o

Y o
_|k<,L J
o rzz rlr ok

A= 20149 Atst

I A4 AEA]) (No
C-01-93374)1} AIFSGAtE R E€go= Hosh
(RIC) (No. B-00- 0622)4 Rahd
oz ALEA

REFERENCES

[1] L E. Yablonovitch, C. Caneau, T. J. Gmitter,
and A. Scherer, Appl. Phys. Lett., 63, 2174 (1993).
[DOI: http://dx.doi.org/10.1063/1.110575]

[2] R. Windisch, P. Heremans, A. Knobloch, P. Kiesel, G. H.
Dohler, B. Dutta, and G. Borghs, Appl. Phys. Lett., 74,

Schnitzer,

wEy T 681

2256 (1999). [DOL: http://dx.doi.org/10.1063/1.123817]

[3] M. R. Krames, M. Ochiai-Holcomb, G. E. Hofler, C.
Carter-Coman, E. 1. Chen, I. H. Tan, P. Grillot, N. F.
Gardner, H. C. Chui, J. W. Huang, S. A. Stockman, F.
A. Kish, M. G. Craford, T. S. Tan, C. P. Kocot, M.
Hueschen, J. Posselt, B. Loh, G. Sasser, and D. Collins,
Appl. Phys. Lett., 75, 2365 (1999). [DOL:
http://dx.doi.org/10.1063/1.125016]

[4] P. Waltereit, O. Brandt, A. Trampert, H. T. Grahn, J.
Menniger, M. Ramsteiner, M. Reiche, and K. H. Ploog,
Nature, 406, 865 (2000). [DOI: http://dx.doi.org/10.1038/35022529]

[5] C. Huh, K. S. Lee, E. J. Kang, and S. J. Park, J. Appl
Phys., 93, 9383 (2003). [DOL: http://dx.doi.org/10.1063/1.1571962]

[6] T. Fujii, Y. Gao, R. Sharma, E. L. Hu, S. P. DenBarrs,
and S. Nakamura, Appl. Phys. Lett., 84, 855 (2004).

[DOL: http://dx.doi.org/10.1063/1.1645992]

[7] S. H. Huang, R. H. Horng, K. S. Wen, Y. F. Lin, K. W.
Yen, and D. S Wuu, IEEE Photon. Technol. Lett., 18,
2623 (2006). [DOL: http://dx.doi.org/10.1109/LPT.2006.886823]

[8] S. E. Brinkley, C. L. Keraly, J. Sonoda, C. Weisbuch, J.
S. Speck, S. Nakamura, and S. P. DenBaars, Appl. Phys.
Bxpress, 5, 032104 (2012). [DOL: http://dx.doi.org/10.1143/APEX.5.032104]

[9] R. Windisch, C. Rooman, S. Meinlschmidt, P. Kiesel, D.
Zipperer, G. H. Dohler, B. Dutta, M. Kuijk, G. Borghs,
and P. Heremans, Appl. Phys. Lett., 79, 2315 (2001).
[DOI: http://dx.doi.org/10.1063/1.1397758]

[10] Y. J. Lee, J. M. Hwang, T. C. Hsu, M. H. Hsich, M. J.
Jou, B. J. Lee, T. C. Lu, and H. C. Kuo, IEEE Photon.
Technol. Lett., 18, 1152 (2006). [DOI:
http://dx.doi.org/10.1109/LPT.2006.874737]

[11] K. Orita, S. Tamura, T. Takizawa, T. Ueda, M. Yuri, S.
Takigawa, and D. Ueda, Jpn. J. Appl. Phys., 43, 5809
(2004). [DOL: http://dx.doi.org/10.1143/JJAP.43.5809]

[12] J. K. Kim, S. Chhajed, M. F. Schubert, E. F. Schubert,
A. J. Fischer, M. H. Crawford, J. Cho, H. Kim, and C.
Sone, Adv. Mater., 20, 801 (2008).

[DOI: http://dx.doi.org/10.1002/adma.200701015]

[13] S. J. Lee, 4ppl. Opt., 40, 1427 (2001).

[DOI: http://dx.doi.org/10.1364/A0.40.001427]

[14] H. Wang, S. Zhou, Z. Lin, Z. Hong, and G. Li, Jpn. J.
Appl. Phys., 52, 092101 (2013).

[DOI: http://dx.doi.org/10.7567/JJAP.52.092101]



