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Abstract: Micro-LEDs can be applied to various parts of a product. However, it has disadvantages compared to general

LEDs in large displays such as low efficiency, intensity, and contrast ratio, among others, owing to their short history

of study. The simulations were carried out using ray-tracing software to investigate the change in light intensity and light

distribution according to pattern shapes on the sapphire substrate of the flip-chip micro-LED (FC p-LED) array. Three

patterns-concave square patterns, convex square patterns, and Ag coated convex patterns-which existed on the opposite

side of FC p-LEDs (115 ym x 115 pm) array, were applied. The intensity of FC p-LEDs on the center of the receivers

depends on the pattern depth with shape. The concave square patterns having FC p-LEDs arrays show that decreasing

intensity as the patterns depth. On the contrary, the convex square patterns having FC p-LEDs arrays shows that

increasing intensity as the patterns depth. In addition, the highest intensity shows that FC p-LEDs having Ag-coated

convex patterns on the opposite side of sapphire lead to a reduction in light crosstalk owing to the Ag film.
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Fig. 1. (a) Schematic of the FC u-LEDs, (b) top view of
simulation design, and (c) side view of simulation design
which appeared patterns shape.
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Table 1. Thickness and refractive index of the each layer.

Material Thickness Refractive index
P-GaN 0.15 m 2.45
MQW 0.1 /m 2.54
n-GaN 6.75 /m 2.45
Sapphire 100 /m 1.78

Si0, 1 /m 1.466

Ag 3,505 um 0.04

Al 6,300 1m 0.6079

1ITO 0.01 gm 2
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Fig. 2. (a) The light intensity of the concave patterned FC p-LEDs
arrays as the patten depth, (b) intensity on center of the receiver
and contrast ratio, and (c) FWHM with light distribution image as
the patterns depth.
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3.2 Convex square patterned FC »-LEDs
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Fig. 3. (a) The light intensity of the convex patterned FC p-LEDs
arrays as the patten depth, (b) intensity on center of the receiver
and contrast ratio, and (c) FWHM with light distribution image as
the patterns depth.

2 12.5% 7169t & o]
/g0l TetA AtolEr HESh=
o= &Skt Yol 7RI e
oAl LERt YUB|E
FC p-LEDs 9A| concave square patterned FC p-LEDs
o} OHEAI R HE10] fol7h wobdol whebd 2tadt

convex square pattern
Yt atmolo] A
LfEpdIc}. T3] 3(a)

XM convex square patterned

= BEtt ol " Fdo T Aol ZKoz 4l
o] g9 HH%‘_EJ Aol &&% 1 o] = crosstalk 57F
S ¥o7d & Q& 7ol 7HEE Qujsit. 19
3l = & %ol ZF mEe] izojo] wabA
FWHM9] 747} Uepdth FWHMO] ZtaA= = mA



12 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 1, pp. 8-15, January 2021: Y.-J. Cha ef al.

>~
A
S n
A
N
—
—_
—
(&)1
X
—_
—_
&)
=
=
or
o
i
S~
zZ =
O

Cw
S
T
X r_m*i
o o &
o g o R &
ox X fu rr S
AU T
Q
<

S
>
el
1
rg
s
=

Q

<

un
=)
i
Mk

012 convex 1€

Q
o)
5
<
@
=]
E=)
i)
o > i1

> -

)

o

)

=

>

®

=

ol
b S o m

X 2
wo
N
2
_|
=
SRt
O,
o
tu
i)
i
)
tr ok
=)

3.3 Ag film coated convex square patterned
FC u-LEDs
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Fig. 4. (a) The light intensity of the Ag coated convex patterned
FC p-LEDs arrays as the patten depth, (b) intensity on center of
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distribution image as the patterns depth.
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3.4 Concave, convex, Ag coated convex
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