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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

structure.
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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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arrangement of PSS pattern.
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Fig. 5. The extraction efficiency change according to edge

spacing of PSS pattern.
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2] I Zlsjo] u}3) Yo} GaNojA] sapphireZoz &=
WA Fobe el FdFS &g 4 AT Ty
olzigt 4+ HAAoR HoFZ w DNt IFS
TR B2 gg0] I/ Ao|UA|] = Aow HHHTh
AMgE get AA 2391 LightTools2 w7 & T}
A F715 Zbe= A0l disiAe Aesh =AY
2 Qoh= StAI™o] 2A1gto 2 0.4 wm ©°]5te] edge

spacingo] et Zat e A2est wayEx gert
£ 21e welsyor wit.

3.3 RadiusO| 2|8t A&t

Hexagonal Wj¥, edge spacing 0.5 pum,
hemisphere @4}9] PSSofl tisl radius 1.0 um ~
3.0 um7tA] 0.5 pm T=E, o]Fo] 4.0 umE A&
sto] z71doz Ageold aigich Radius wato]
g g £ 552 Huwgh 2y radius 2.0 pmoj
A b42%=E 7V =2 ¥ FF aed B0 4iE9
2717} AdSS e wxo] AXA Tee] FutS
o o] wol n-GaNojA sapphire2 3 o]& Al A
WAL E3 9t 0 ekl ofs) @ 3%
| 5718 7102 oisict. 324 radiusol] o2
5 580 Walt = Aoz wolx] Qi) wgh

O

O

=
=
HEe] 37)E n-GaNQl uhote] g x71g mefstol
U 371004 3 wm olule] HEY o ¥ x5 &g
o] Al Atk T
100 —&— Total
— —&— Bottom
X 80 —&— Side
g
o 60F
© - - = = - a
=
2 40k
o — -
S 20fp w—= = =
2
Ll
0 . L . . . .
1 1.5 2 25 3 4

Radius(um)

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