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ABSTRACT

As a novel display technology, Micro-LED display technology is primarily based on
third-generation semiconductor material, gallium nitride (GaN). Its unique advantages,
including low power consumption, high brightness, rapid response, and high reliability,
have garnered widespread attention from both industry and academia. However, as LEDs
shrink in size, the reduction in Internal Quantum Efficiency (IQE) leads to decreased light
emission intensity, and an increase in lateral light emission results in some light being
less easily perceived by the human eye. Therefore, effectively collecting and utilizing
laterally emitted light becomes an important consideration.

In this paper, we utilize LightTools® for geometric optical simulations and analysis
to develop a secondary optical structure with reflector cups and a black matrix. This
design addresses the previously mentioned issues of increased lateral light emission and
enhances the utilization of Micro-LED light output.

The core concept involves constructing a hexagonal light path by using reflector
cups and trapezoidal structures, separating the Micro-LED light path from the light path
absorbed by the environment and converging the light paths as much as possible. This
approach reduces the mutual interference between the light-absorbing path and the light-
emitting path and optimizes them separately. Furthermore, as the light-emitting path
converges further, the light-absorbing path for environmental light can occupy a larger
area, further enhancing the panel's contrast. After the secondary optical design, the light
loss, which was initially at 40%, has been reduced to 4.54%, and environmental light

reflection has decreased from 25% to 4.92%.

Keywords: Micro-LED, LightTools®, Reflector, Secondary Optical Structure Design
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AFSHRE R RN 50 AR Y § 50 i Micro-LED i » Bt

M @ ARV AR T R e
Ip
kg = ——x100% (2.9)
Iunp

FREE R R HEBRERGELE AR5 s
L,
Loss = (1 - —) X 100% (2.10)
unp

B0 Ly 5 AHETANRER o L s HEG PN LER 0 4oR 29 7

I unp

uLED uLED

TFT Backplane TFT Backplane

BI29: #5552 527 AW (a) HED > THESMPE2Z NLFL 5 0%

(b) 4% » s pra d1 k34 5 40%

Flob BRI ki A F 6o T RTRE RF 5 a0 ot
I
Reflectivity(R) = — >< 100% (2.11)

B EF HF(R)NETETLER Jc}ﬁ'ﬁrﬁgli(lo)i%\ % (Ig)’5 micro-LED ¥ % 2_ &

b % 3] 40 B 555 B o
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$33 -AkERH2IRR

3.1 LightTools® f§ /i 2 %R K E

Atsend & € 1% LightTools® %k 22 # Micro-LED & &tk 8 #°3] > T fifichi

% 4 470 LightTools®&_d % W ORA 2> 2 B# » £ A5+ + Rg8 2 (Monte

Carlo method) PO2srig {5 5k 43¢ pr e o+ )"r*'uﬂ"»\%’ Jo M2 B ek St~ oz
£

FEDNATE RS T T R RSBk f LRk R

P st s A kA aE K4y 4 E%‘]J‘ K 548179 2 &0 5% o

3.2 ) =

W35 - B 5*S 2 WA de(@BTT o B F - BiE e F TS

NS
Ji
=
4y
e

%5 HE 40l R 111*¥1pm? > eB(b)#F 7 » At EHe ¢ % A4k £ L 456nm
Sk micro-LED (¥30 3% o A 2 $F342 = = k& 240 F 2% LightTools®?

GLED » fi- B4 )5 11F37um? 3 F 2 87 o F 8 R o T 9 2
# 11lpm 3 B4 & f - 37um 5 Biped -

(a) (b)

«

111 um

111 um

B 3-1:puLED "£7)2 7 R Bl > 2 ¥ B (a)5 "7z il » Zmép 5 H -

FEFFO)E - FFFRE B M) - BIERORER BHLES
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Ilpm » B2 5 37um

3.2.1 415k

£ /] Micro-LED @ 5 3% % {4 2_ )k 38 B 2 Micro-LED 33| ehfic ) ]33‘1“# 3
7 5+ & B % ki (Display Measurement System): it w 1! % 3 & g & d > eh[f] A

Bl Bz kil £ 4234 P A% &34 B(Far field Receiver) & B 7 F & =

LendlRE R T BT L

Light measurement devices

5 @ Axis
; i' I\ w6 | y
e Microscope Optics €
1\ — e \ Reflective
lllumination
ahngle / A Axis
ol
// Y Ax
ZA b
Xis // o et
/
| : /
= > "
= -

‘ ‘/‘/7_—//// - > Heat-0ool system
DUT Driving Unit » - ek

3 -~ Pt -
(0 Jop] m i) < T s
/ Software Package

¥ Axis Transmissive llumination 4
@ oDuscontrol N ViPer Evaluation

] 3-2 : Display Measurement System -+ %, [
% LightTools® % ® > K T @ F < FF 5 B e - BHIpZE I LFA R,
T H BRI E R EF A B AR d ok LR de§] 3-3 H7o

)

Mk BRI E

BHERETE o
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N
[0 180,561 287.236]

Bl 3-3: kR 2 RFHAE RHD
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322 B8 k0T

£ P Micro-LED o 3t X5 (6 2 B L F 53 2 R A B R L RFRIE >
12 3k Sk iR (3] 8L V-670 UV-VIS-NIR Spectrophotometer )2 % - & 54 - T3
ke F bR P duE 2 et H TR £ 47 T Micro-LED ¥ %125 § bt bk
BF AR BRI oo 0 B P kB ER D65 & 5°0F drd 0 & =3 Micro-
LED %77 % F » igpr g g 50eni= i o T 1 A BT B A F SR Ao

3-4 #57 o

D65 &5 ik

/

BHRE

80L

Sample

180V, 0L

B34 (4 % F M7 & RORSE % 2L L2 R LB SRR
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3.3 HCRRw ~ 2 iF

A2 ¥ A % i Micro-LED 325 5k LED » & * j B A=456nm » ** #3]
FOONRCEAUE L - F A P BB AL g 4 (um) 4T n 2k
Tl k REHOF R 0 MDA S S0 F M Nrefiector =147 ~ B A
Ninverted trapzoid =147 >  Over Coating #F & % Nover coating =1.65 & & i
Ngiructure=1.65 % 2 4B v% £ 44 B Np1ack matrix=1-9710.241 4 @] 3-5 #7577 > Fuk 558
(Anti-Reflection Film) 5 — 7 6 7 L ek 455 H F 8435 -4 & Bl4c® 3-6 #77 » £

TRT - FHRB A SRR o i .

Nplack matrix—1.57+0.24i

nstructure=1 ‘65

Njnverted trapzoid=1°47
Nyyer coating=1'65

ha nreflector=1'4'7

B13-5: = & R F SR SR 7 LW

Anti-Reflection Film,R-A

1.4
1.2

(%)

~ 0.8
o
0.6
ey
w 0.4
0.2

—— AR Film

400 500 600 700
& Mnm)
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FAR S ARLRERPIFEERF LM A

Micro-LED 2. fy ¥ HiEB 415 > 5§ & Ak o4 ¥ RATEK ql\_‘efifco‘éting

||

(OC)» 4 &4 & Rk @ F ke 1% » 3L F 41
B kR S BB %~ b

NNNNN N 4L

B 4-1: OC 4 %7 £, W
A B RTRB R F MR DU RITA A uE 43 5 25%Fc 40% o LT k)
A FOLE A OC K it & kI A > 4] 42

Normalized Field

12
1F
£os
T
H
= 06
2 0.
=
o
g
5 04
02t
Pure uLED
ULED with OC

n , , : . : . : : .
100 80 60 40 20 0 20 40 60 80 100
angle (*)

B 4-2 1 OC K 50 1 L3532 B o5
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AEEL RGP Y R ARG > BB AL F L RS Micro-
LED »c% » d 5+ % & I P4 2 Micro-LED el sk s o MR 3 3k e f 543 4o 44
T B K S fT) ST E T 10 3E i K- Micro-LED 1) Sk frgk 5t Sk ek g e B
Yo T BATT L d FERETE FHRE S - B AEE DR R FERAR E
Plenfe ] 2 LB LT A BT IR gk H 5 dicde™ Bl 4-3(a) ~ (b) % ()R
F BA5 ® R Hpe ®]1-7) % & ~ Hr ®17)2 £ 38 & 5 0pp, ~ & Sr ki & 5 Opar
Wir s £ A RELELLQHTR GH L@l & 50~ F e &3
Oras™ 2 Wirs » ‘i A B E 2B 2 BHA 0 R -

(@)

Reflector

TFT Backplane

111 um

(b)

TFT Backplane
37 um
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4.1 Micro-LED 4} sk & 45
A& g L& 7 H 3f Micro-LED 2 d) 3k » fe bwi 3% 5 50 ",% o b oAk gk
4 A LA plink d o £ B E G @ T ik H3F R &S Micro-LED § ¢

eh§ + 2 (Multiple Quantum Well, MQW) % s » 2 H 3 &>t LightTools® * i3z s

.
¢ A)ﬁfl’h’j

B 4-4 © H3F Micro-LED 2. 11k sk m # 7 & > (6 i & 5 P 2 R

TR RS MQW aikoT

42 F MERPEAF

2. PERTEF M/ L R

3. R$TRF A RBEEF Hire Pk

HY 1% 22 % 3 kiR F bbr folicy s BB S K by i 2
Mkred > PHREGREEL S RN N RINGEEAG F TS 2
F S 14 (n=1.47)82 % 375F 5 OC & (n=1.65)end 7o 5 £ > & 7 4l #-% 5001 % 30 g
Vil SRR SIS R AEC g e B R fj*u{f*ﬁ“d BLIE 30 TR BL R SR e 1] % 2

% BM it ek Br b O e IR B KR i 0 o B 4-5 2 4-6 47T
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Reflector

TFT Backplane

B 4-5 0 F St 2B b2 4T &

(@)

(b)

Bld-6: F st a2 o= w2 4 k()i ™ J1 R (b) AR 2 Bk

TR L B Kl R BB AR ST e bk s R B RSt
oA REE Sk B g kA E B e bk o k4R % (Loss) TR K R B

(Reflectivity)$4 5 5447 & B Opap * Opas2 (€ B4- B 4-7 577 ;
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(b)

uLED w/ reflector - Loss

uLED w/ reflector - Reflectivity
50 20 . . ; ; ! . .
— Reflector Angle(shorl side)=T5"
45 e e 18 Reflector Angle(sharl side)=80° (0 )
T e Reflector Angle(short side}=85° RAS
403 —— N ] 16 Reflector Angle(short side }=80°
. ] e
M AN M
35 X: 14 e
N e i
ot F 12 A0 Ela) —
z Sy |
25 = 10 — e
3 i = ;
P e e e e e e S 2 ar
15 sk
PR 0 I e
10 Reflector Angle{short side)=75 L RAS 4
Reflector Angle{short side)}=80"
5F — Reflector Angle{short side}=85" ot
— Reflector Angle{short sidej=80"
0 \ \ | \ 0 \ \ . . . \ \ .
45 50 55 60 65 70 75 80 85 90 45 50 55 60 65 70 75 80 85 90
Reflector Angle(long side)® Reflector Angle(long side)® ( )
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Bl 4-7 0 2 AR 2 5 Sr(a) 1) R R A $ 5 S & R(D)TRE R F S
$ 5 or & R 2 (FBI@Hpe = 15um

FAEFR LG S RH e RIPEL T RILF ST R SR

3L LMY o BFSFTEB LR Opa =65 REF ST ] AR R 5 KA

§ Opal A2 65 B 2 Opaghei 75 R FF » AR hAR S BT 3 2 R FIN 2R M2 i

X oo TR 2 Mk o BT D OpanL =05 ROpas=T75 B PBF 0 BT 3 HiE K SR e

2F S b kI Rk B R AR LR E G G ERM G R

3

AT A RARA S F S P T UL F DR EL R FAR S o 2K BT B AR T

ETIES

/3 EL

BRERITINF ST RN RSB R S 2R S F SR A g% 0 F

' 2

G g T - B G B R 2 R kR S

H
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4.3 PR E L AT

43.1 425 & B B 2 B 4

kG e AT
3. KRB EP AL P 2F B & OC § ¢ gk e it o
4. k7 ZEHA 0 w3 REATH -

FLZ2 52N EREPR AT > 532 5 4FA 3% £ NEo
FA e 2 > A G BLED R e P Bjar o A - &% 3 LED O
KRR F 2 A RA DRy 0 A 0 d F SRS S Kk R 0 2 @

- et LED &1 % > g 2 @371 % Highn OC & @2 e st 5 £ 8 o

%

»

HE TR R 2N RN P Ik doT (B 4-8 2 4-9 HroR

/\
¥ °

\ [ GITL;HITS

\/
TFT Backplane

Reflector

Bl 4-8 1 4o b i) 0 B2 AR 2 F br 2w kT R
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(a) (b) ()

(d)

1 4-9 : Micro-LED § ¥ = 87 I e X H-)(2) 2 45 5(D) (b)w + 4754

(@) ()P 2 F stE Rk () (d)w 3 RlF7T3H(D)

KM 49 ¢ 7 g (1) : @1 e 2T & B (o BT ) ik R ki
o Qa B AR RE RO B XL L B 4-9a)5E e b k2 F(b)
g FdTEF Ak LT e 0 R ke g M o AT Hir k4
OraL=05°% F b417 1Eif & Opas=75°2 T > Bl 4-10 5 E4f(Loss)® Tk K & 5K

(Reflectivity) ¥t &[4 & if & Oy, FH7) 28 & Opg2 B 5%
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Loss(%)

(a) (b)

uLED w/ reflector & IT - Loss uLED w/ reflector & IT - Reflectivity
100 T T T T T T T T 30
L — IT Angle(short side j=90" IT Angleishort side}=80"
90 IT Angleishort side=85" IT Angleishort side}=85"
80 b IT Angle(short side =100 25+ IT Angle(short side)=100"
IT Angle(short side =105 IT Angle(short side)=105"
70 + IT Angle(short side)=110" IT Angle(short side)=110"
—-—-—IT Angle(short side)=115" —-—-—IT Angle(short side}=115"
60 IT Angle(short side)=120" 2 IT Angle(short side)=120°
—-—-—IT Angle(short side)=125" §‘~i ————— IT Angle(short side)=125"
50 —-—-—IT Angle(short side)=130° T = IT Angle(short side)=130°
40 IT Angle(short side=135" 2 15 | IT Angle(short side}=135"
3]
%
o L —
100
e e e e e e e
-10
L n n L . . n n 0 n n n n n n s s
90 95 100 106 110 115 120 125 130 136 90 95 100 106 110 115 120 125 130 136
IT Angle(long side )* IT Angle(long side)®

B 4-10 © @A) +F SAr+ 2R 2 (a) 1k pR S A HH R ST & R (D)
Bk F oSSR s & B 2 (FB@Hr = 15um

TR B ARk RO, = 115 Ak e g T k0 EF G RA R
B 4 F) 5 @ 3Tt m sree kg 2 sk ) Oppp > 13000 R 4F 4 € K4 0 £
F) R H A, et B RS TR 2 R SBR[ € kR 3 AN 2 R 4 ) WEHA el
& R Oppsd 4v o BEL 4 F L A andr bt m sten ks 2 ks RAERE2 TR
Orrs = 120°%F 5 B 43 2. % % » Oppg > 120°F) 5] 43 cnad B R {6 TR pe 2 112 L j

2k 35N 2 BUEH 4 o B ATRBEIVA TG X X B s F i RB kD
aﬁi&ﬁﬁgwg%aaﬁa%zg%g%@ﬁigﬁﬁﬂjﬁﬁ%¥:%¥ﬁ
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s gdde ko
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Loss(%)

30
160 IT Angle(short side)}=90" IT Angle(short side j=90°
IT Angle(short side)=95" IT Angle(short side =95"
IT Angle(short side)=100" 25 - IT Angle(short side)=100"
140 IT Angle(short side}=105° IT Angle(short side}=105"
IT Angle(short side)=110 IT Angle(short sidej=110
L o IT Angle(short side)=115°|1 | |—e— IT Angle(short side)=115
IT Angle(short side}=120° o IT Angle(short side}=120"
100 —-—-—IT Angle(short side)=125" § —-—-—IT Angle(short side)=125"
—-— —IT Angle(short side)=130" é" — -~ —IT Angle(short side)=130"
80 IT Angle(short side)=135" 5 15 IT Angle(short side)=135"
=]
i
T
o
o
. . . n n n n 0 n s n s n n n n
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2 ‘@i & Oprs 0 LT B

(a) (b)

uLED w/ reflector & IT - Loss uLED w/ reflector & IT - Reflectivity
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B 4-11 3 S5+ F SH+ ) BB PR 2 (a)h % e 47 % $F St & 2 (b)
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433 G5 R CE LR F

B 431 #T4 2 cho EERA T KA e F Ik v b 3rEE s N 2 F SRR
HEAEE e R RIE c BAFEEWERURFEEEE RE NG A 2 R L

F b2 J AR

(a) (b)

uLED w/ reflector & IT - Loss

uLED w/ reflector & IT - Reflectivity
50 20
[ IT Angle(short side)=120°IT Angle(long side}=130°] [ IT Angle(short side)=120°IT Angle(long sice)=130]
45 18
40t

5 5 8
Reflectivity{ %)
=]

-H"‘—-\-‘_
15 Bt 6 T
10 4
5r 2
o L L L 0 . L . L L L
5 [ 7 8 9 0 1 12 13 14 15 5 [ T 8 9 0 1 12 13 14 15
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B 4-12: 3 I 5258 & ) ) £ 45 2 $H(0)RE % F 55

R 4-12 7 @Al ka4 hd BT 0 3] e Hp > 1lum o R4FE
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141 BELLRP AL

4.4.1 34 F W

1135 4322

iﬁ
\a

PR AR 2 L 0 T F SR IR R F B e
KA S tgHEH o RFIECER 2 € % £ s jr o st § S AR RE
Fomg™ AFEARELTELZ G0 RWm &Wirs » LA EIF A 2 i
BB S e

B 4-13 » 5w & > 2 ¢ Z R B@~-b~c~dre~f~g~h-~i-
2Gidh s MR A o L RIBl(k~l-m n~o~prqrresct)Z Kidhs TRB kR &
FogwiEFARE 2 EL2 5H% & AT Gap(long side), W) > Bl ® 5% -
ERAN L - BadARE 2 e 5H25 % A& (T Gap(short side), Wips) » -+ 5& B 4
WA F R ARk Oy, o B E B 4 O = 120°0R FIED B
-2 b B B (2 LB 4-10(a)) 2 2152 (R LB 4-11()) © Orps =
12008 20 s e P BTG 0 6 OB & 48 5 A Oy B 115 B~130 B 94T 4 B
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(a) (k)

IT Angle{long side) =90°- Loss IT Angle{long side) =90°- Reflectivity
100 T T . . T T T 20 T . T T T T .
— T Gap(short side)=0um — T Gapishort side)=0um
%0 IT Gapi(short side)=2um 18 IT Gap(short sidej=2um
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a 40 3 U
a 7]
= ol
30 o 8
] i i 6 L e
10 4
o
2
10—
o
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IT Gapilong side)” IT Gap(long side)®
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Loss(%)

Loss(%)

Loss(%)

(b)

IT Angle{long side) =95°- Loss

100 T T
| — IT Gap(short side)=0um | |
%0 IT Gapi(short side)=2um
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IT Gap(short side}=6um
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307 1
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IT Gapilong side)”
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IT Angle{long side) =95°- Reflectivity
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L IT Gap(short sid
— IT Gap(short side
L IT Gap(short side)=Bum
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