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ABSTRACT

With the advancement of technology and the improvement of display performance,
stereoscopic display has become more and more popular, and pursuit of more realistic
images with higher image quality to meet the visual needs of human beings.

In 2013, David Fattal proposed a multi-directional backlight for a wide-angle,
glasses-free three-dimensional display, LED through waveguide technology with the
liquid crystal, the image is displayed in the correct direction.

In this paper, the model of metasurface combined with OLED is proposed. The
spatial multiplexing method will generate directionality with multiple images via
reflection, and divide into different viewing regions to simulate the propagation process
of electromagnetic waves by FDTD, and use optical simulation software to modulate
different parameters are used to simulate the far-field intensity distribution, light-
emitting efficiency and luminescence spectrum, of OLED and high-directional OLED,
in different periods of metasurface structure.

In this research, the problem of the lack of directionality of the light source in
different viewing angle areas in the naked eye display technology is solved. Therefore,
the high-directionality OLED through the DBR resonant structure is used to simulate
the light-emitting area by using the point light source array, so that the lower light-
emitting portion has periodicity through the bottom the metasurface can have a focusing
effect, where focusing refers to a partial intensity drop at a large angle of divergence.

In future research, not only can the OLED film structure design be changed to
increase the light directivity, but also through the structure of the grating or the
transmissive metasurface to achieve the angle deflection, the directionality of light is
further improved, and crosstalk can be improved to achieve better image quality in

naked-eye stereoscopic display.

Keywords: Autostereoscopic, Metasurface, High-directional OLED
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LB RE RTINS Firni B LARRONN - 57 RLAR
A EFIEFARE AR TR R R AE M o kR kB A
ZELTLEE T S L E R Y S

6. p# {2k & 3% ( Directional Backlight )

4p o # % R ( Directional Backlight )3 jis &£ 4 PS5 aHpez - o u— it
%%ﬁ%ﬁ%ﬁﬁ@&%’%ﬁhﬁ%ﬁ%@%@§%%£ﬁ§%$3D%%o

BRI RE AR T i Pl R AR 3D ST e o

BRBA YR ERF LG P By SRk Bl % 0 @ % LED kR
SR E G TE W » BRI AP o 0y AP EE DF S dpkiiaik
S PR A DA o B 113 (c) 0 TRk e o B E BT A
B R BB AT PR R R HEFARUL B OR o
A Bl A OB oo dg e & KRR Akt 3D R o [11]

N L
) ®°®¥

Liquid-crystal
shutter front plane

(b) nic back plane EEESSIEEYY =1

(d)

(¢)
Bl 1-13 (a) A Sest £ 82 4y 4 LR LB(b) e LRt me* 2 heiad
(HERBR PR LA P G P BN THEHRLPRIE(DR Y FHT B FRART

R & 03D Ao Ha 12]
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1.4 g p

RIS HN AR RATOREI R ARSI R LR LA - S
BT RGY B E o S Z ATk SieanB e gl o A2 * HP Lab
% 2013 3% < ( A multi-directional backlight for a wide-angle, glasses-free three-
dimensional display ) [11]¢ - $& d1dp & (4 £ R * 554K = R BT H A1 577 3
BF R B o

TR -4 R F MR AT AR (a)sER 12 E - BB IRE
MRF s e RBIS D Pd 7 i ﬁﬁ”-i FIARE T B e B
SEMPG o (D)RZF SN R S BRGE] FHA I el AL RAR
LREBORPEET I LROEG g FI s LRPERT B A 2 W

Ay I FELL R 1-14(b) > 2 T A LB 115 2R 116 224 0 A S
EofNET AR d AP RE RS e L dE 0 5 & OLED > B ¥
559 OLED v i kgd P3R4 F 64i8 > kB dpw i 4ol 1-15(a) » it
5 AP = AT 2 kiR o
HiES LRI g o g 0 #30% OLED 17 3 R ihangif e s S8k
PR e R e Bl A REF SR dp e e SR AT A
B0 BBy gk s B0 - OLED ek R 1E® S0Agan i b o A v ke F s
fHSIRNBHEAREYL
ji@f_g:ﬁ}“' PSS d2mi WERLE ‘N gl}’ p\ "'K“L’}fﬁ_fﬂ’bli’lFLLﬁ(’ AR
1
=3

B PRE SEHLB N NEEE R L RTE R R
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$o3 WP REAWEER

2.1 3 W% k- EM A

7 1% % - #&4( Organic Light-Emitting Diode » #§ # OLED) - p % % 3~
1+ > OLED & &7 b3 & &7 %74 2 ¢ » 2% & & ¢ % ( Liquid-Crystal Display)
v FAF R T VY CRREEFHRERENE

Top Emission Structure Bottom Emission Structure

Color Filter

Semi-transparent Emission Layer Cathode
Cathode — Transparent
Anode

Anode
TFT

Glass Substrate

(a) (b)
B12-1 OLED (a)t % %554 14 £ - 58 (b)T 4 %554 #5 % - $E4[29]

REHL F A G gk G 9 % - = H( Top Emission OLED )& ™ 4 sk
;97 8% £ - &4 ( Bottom Emission OLED ) > 4= ] 2-1 OLED (a )} % 5% 3 8%
k4R (b)T kN G kS AT o W oA bkt 4Rk - Rl

RERTIHE ALELEPET TR N A AT BED SIEE > F ¢
RP| T EET SRR A B(b)THE RS RE R o mME R ITA R EA
1o ABERLEPETREBAAE T > kgd 2 ERF S gd T2 E

=

T de A8 )k o [28]
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(3 FE RS FEHRE
L # AR L
ITOH % B % R 44 b 18 ITOH% # By 4%
A RR HAH AR HAHER

(a) :: (b) (c) ::

B 220LED 77 . Bl(a)T #k4(b)} 3 %4 (c)Fm ~ 2

W) 2-2(c) AR H LR TH KPS L FP & OLED © [26] {548
TR BahEP ITOHBe > AP Lk T 84ERAT B4 220nm =+
FESIB SR 0 5L OLED & &5 5 45 6 5 % » 4 e o) g - [33]

AP AP A PF kS R R SRS R LT gk R
DEC RIS S CEE R IR I AL e R
(crosstalk ) » #fé it ~ H g i 2 - FAE D LDRARHY RS G
{5 RE B UKRP AT Bahg Ko
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2.2 ﬁ%ﬁﬁ RO

221 R &Rxehd 2 f 2
d N.Yu & £ 355 B & 07 2 § % =( Generalized Snell’s law ) &3 # A #
[19] > i & 833 42 7 ##*( Metamaterials ) + 1+ 72 ¢ A& } DR R R
Rt B e kA e A iR A2 B enT 2k 49 =( Phase )
I f i 3+ W ( Interference ) {8 2 1 1) 4 g o 1% 6 L % (wave front ) - [20]
i’é;ﬁ /i % ( Metasurface )i.%{r} :‘LEJTE*H AL T ok el w ~ 4p
MR 0 R EDBEED BB R A DE S LET] Ao 2-3 5 46 L

e J B

(b)
B 2-3(a) et jApedendtits LM(b)A &+ F4p L chF 547 LR

375t ¢ [kon;sing; dx + (¢ + d¢)] — (kgn, sin,dx + ¢) =0 (2-1)
F &t o [kon;sind; dx + (¢ + dp)] — (kon; sinO,.dx + ¢) =0 (2-2)
0
378 . ngsinf; —n;sinf; = (j—;) % (2-3)
F &t : sinf, —sinf; = (zi(;l) % (2-4)
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HP 0 0,810, 5 % %~ StE L F SHE 24T E  midin s A B g o 22
X
AR AP CEIERR T > B BAT AR P BB A6 L At
RRIFH/RELIP R o BPFF A2 25 E P8l L5 M - F 4

d¢

BoAIEAG P (23R EhE RS =0 0 WL - ahE SRR
4o (2-5) .
0; =0, (2-5)

2.2.2 #é’_%ﬁ it 2 fpisgi

BB 2-4 ¢ o g 2 4p =1 4 5 g (Rotation ) ~ 254 ( Shape )fr# b F]
= (Fill Factor or Duty Cycle )% = B #g3][22] > (a)p K Ll m G LB > i
ELE &P OF BRI A R R E it o (D) * 3 A eV ) kgl
e (c)FFmBE hip s P BT A Al G Ak AL b
% enT Bk 4 (phase) » ¥ g3+ H(interference) (s 2 H 4 # iy & 0T Gk

(wave front)  [23]

300 nm

(a)

Bl 2-4 AZ47 4 6 24P 2% 1 4 df(a ) (b )Rk (¢ )i Bl [25]

FFRR KT % T R EES 500 ~ 800 ~ 1000 ~ 1500 2000 nm - 67
AL Sl BT AFN(2-6)Y 0 7 REEHET R i i o] 2-5

H IR 2-6 (a)dfp e G o ks Rdpdp 00 S BEFEO0D T2

=

o ¥ #3(b)e F4p =B (wrapped phase map) °
21 > 5
<P(x)=z(f—\/x +1%) (2-6)
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(a)

(a)

OLED : point source

B12-5 4247 i o LEEE =8 Sdor LR

Phase
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_12 +

-14 v

—16.|: + + + + + + + l
-2 -18 -1 -058 0 05 1 15 2
X (um)

(b)

w»l
[N o1
:

fanl
[62]

Phase (&)

o
[62]

0

2
:

—
[62]
:

-2 -15 -1 -058 0
X(pm)

0.5 1 1.5 2

B 2-6 %4 EA; =532 nm & £FEf = 1000 nmpE > (a)dp =4 F(b)é Rip = F

ffo

ffn

ff :Aill factors of building blocks

(b)

Phase

ff

B12-7 (a) @t E ~ g L 5] (b)F B L FlF T ehdp 7 & B
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AR AR o e Bl(b) o EF A P N(2-6)r RN ehin B B Ap A o ;‘gvﬂ )
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ffs
ff: =
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B 28 (a)F 52 FI5 o facidn n R B(b)AA 66 4 B} efp 8 ()&

gﬁ&aﬁ%iﬁiﬂéiﬁﬁ@

300 nm
—>

DY TR

W 2-9 427 4 6 B4 LW

2.2.3 i¥¥ fii’éﬁ a2 A%
BREFAEDERDARE A MR R B 0 TR R X T
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(a) (b) d<dl

B 2-10 (a )#ed & 47 & nB R (b 4 5 2 B A&

RF NG RFREET > B P B Y AR AR s
FOP A G AFRFF AR A B E AT LD R R EhH o w g
BB Gt B0 ARG 4 G AR G - B A Ped G e 21] 0 - E
- BR R R BRI R o FRAE BN 6 SR S TR @5 - B R4y e e
Tk o fe Ehrk KR G BEEORE b oo RIS o Sk A -

R 6 MERE S vl B2 PR kR 0 doT B 2-11 S5 o

AR

I0] BEETEL INTDEET A

(‘a) Dipole source at the center ('b) Several dipole sources
B 211 (a)Bhkil ¥ o i § SUBAAE A F 57 L BI(D) 5 B8R RITEALSE G 5 F o
T X B
i SR

El

HAG KR AR A PR R RSPy o R A - B
X G AL 2 KPR EF L WF G EDEE o 4oB2-120 FI D BEE B
BLL RN TP & LN B EE L > B R IV F Ak dhdp e (23 > Ao
2-13 ©
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(a) b= 4um -

(b)

(¢)
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) T=09um
l 1
F— 4 um -+l

Bl 212 (a)defi /i o Ak 5 — B 44 5 87 L H(b) T=1.5 um B HALH 4 5 7 4 W

(c)T=09 pm F Y Az 4 5 7 & W
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2.3 Rty

2.3.1 RSOFT™ ##& 3K %_

FullWAVE™ ¥ 7 * $it48 RSOFT™ Z L E##1 £ ¢ » @ * FDTD &%

Brad i 2 AR R £ o F] 5 RSOFT™ ¢ FullWAVE™ @ # 235 & ;2 >
L AREHAEFERSIRERR 0 3 I3 3 R IR 28 0 Tl ARk E T
BRERE LG BRERAESETR o

FullWAVE™ #7gz & # il Jf if 2 5 = % ok (Perfectly Matched Layer >
s PML)>PML R d 5 BRE S - S8 BAk S FIRR % 38 il ik > R 0
R > Hofesrd » s a4 A4 F b S e F 52 B B Lk
b ANEER T AL kg Rk 5o Az BFDTD EH XN T A
eI EER O AV A RT- BAES L Oy AR E RO 4E 0 T
gR* 3 VNI FEFLATENEOE  kELRREERS - F R EEXR
im&#ﬁﬁé&ﬁ%&%ﬁ%%c

232 Fgy UL L B

FF3 5 'L A 4 Z (Finite Difference Time Domain > f§ £ FDTD) d K.S.Yee %
1966 & % H % <~ ( Numerical solution of initial boundary value problems involving
Maxwells equations inisotropic media ) [18]% #& 41 » 2 &F ¢ fefeng "LL 231 5
e R T e B E SRR S PR BRI R R
Aol 3R E AR o

z Ey
1
Ex Hz ' gy
1
Ez | Hx | pEz
.
1
A& [Ey "By ,
7 Hy \EyHy
Ez |” ,H‘; EZ/
Exg'd-c - -
»” Hz X
,
.
.

(i) Ey

S

Bl 2-14 277 x,y,z=2 B> v inieditr 2%
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955 oL = f 2 4258 ( Maxwells equations ) § R EA e p d F F(free
space )&% B 7 (vacuum ) ¥ w0 i epE A A7 50 he( 2-7 )38 F(2-8 ) & 2 ARV

T

Jet

A A AT A BAE AN > o(2-9)N F(2-14)8 %% o B p i

Wt ¥c( permeability ) » €5 4 ® ¥ #( permittivity ) -

0H 1 .
o _ 2-7
n M(V><E) ( )
0E 1 .
E:E(VXH) (2'8)
BHEEY X, y,zZ B ool FETHFABELTT Y BTN
I3 o
0H,  1(0E, JE, 2o
ot~ u\dy oz (2:9)
dE, 1(0H, 0H,
W‘E(ay "o (2-10)
0Hy, 1(6Ex J0E, 511
ot u\oz Ox) (2-11)
E, 1<6Hx aHz) (2-12)
at 0z O0x
0H,  1(0E, OE, 013
at ~  u\dy Oox (2-13)
0E, 1(0H, 0H,
ot _E(ay 6x> (2-14)

233 B2
B A FDTD fiost® > x 8z 7 4 % o <o) o PR D L B
ﬁ&%@kﬂgﬁﬁﬁﬁﬁﬁ’éﬁﬁﬁﬁﬁ%méﬁ

Bo Rt 32 Z 8 FhuF R AEFEYEHT FHE T FRER

£ oS F B8R F A%

( Grid PPW, point per wavelength ) » ¥ 5 7 k#4214 7 b ddrs4F > Rz HAL o
BEEFEE > dopt - ko R RE A R F AN Gk Ko i o o) 2-

157 e se o &% PPW =30 “rHgd chir £ LB 8 2Pt o
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® 2-15 Grid PPW

- A g o R A48 - 85393 (uniform ) 0 Kdp - BAEA
ME LR A RF R T - f85 22355 (non-uniform )ik $2 22 2] 0 F 44
B Bk 2 RBER AT L) o iR AT R AR AR
dok 2 AR VAt § BRIE P kiR

hzd e bk 3 ARHR TRESEER R RG R T
A e B AL B o ST E AP g FR 0 2Li0 g che e 3] 0 i R 7] (Edge
Factor Ji 24 0.1 % 7 i B ehfe e 2 o) 5 - &% 8 (Bulk )0 0.1 & » 2 5
#]( grading ratio ) % % 5 ch% V2 B fintR e iR E » T T
Tt B LM FE2 b 2 TGRSR F AR 4o B 2-17 5 R 2-16 & 30
AT Rl 2 25353 2393 e R B2 e

Contour Map of Index Profile

1N

Z(um)

-0.1 0.0 0.1 0. 133
X(um)

B 2-16 fp 28444147 54 5 )
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Y cut

2.2
2.0 4
S E 18
N N
1.6
1.4
T T T T T T T
0.4 -0.2 0.0 0.2 0.4 0.4 -0.2 . 0.2 0.4
(a) X(um) (b) X(um)

Bl 2-17 (a)2-39 3 et sr 2)(b )33 dipfr )

234 »HHR T

AR S-Y > FullWAVE™ 4 @A (CW)EEF 2 8t chH L E £R2
*OASHE 2 A 47 0% B pulsed )z B AN o

LiREE T 532 nm enik sk > K F_unit power =1 HfEp RE F 22 F 5 100 % o
FREFR P EREA L S Tin(current) > Hdpd BiRTA 2 DT ERLG E
ot RSoft 2 FullWAVE™ i % FDTD i & ;2 » ¥ 5 s#rad i > f2 8 £z > #
® LED Utility i& (7 it 4 & ST A 2 sk B it o & ) ko g foid a3 30
§F BB DERRE

Bk R PR AP ERERREE S S AR Aax=-15 ~ 075
0 ~ 075 ~ 15um hiz§ - F] 3 BHE 7 A - E8& symmetry f5¢ > 7
PR R e R eiEE > o T B 2-18 A OLED # £ g ¥ +x * w F kiR =

Booo®kRE 2 B4R 2EE 24 (Incoherently ) o

Simulated Current Source Positions

J Colors\Weights:
3 Red >1
0.20 E Blue =0
g 0167
= E . . .
2 04127
o E
N 3
0.08
0.04 T T T T T T
0 1 2
X position

B 2-18 %= OLED # £ k ? +x * & + KRz =}
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AR 244

2% OLED i* % kiR » # i & %38 OLED A% 1 & (Reflective Metasurface )
F R kE BAGEIREArE: ) KRB N ke BOTARGLT
S F R R IR S AR R T -

%udﬁaﬁT%%ﬁﬁomDﬁﬁ’%%ﬂm%gjﬂiﬁéﬁﬁﬁ’%
HEF 2E G360 ;ﬁ d 7 4% & &+43( Distributed Bragg Reflector, DBR )3 4¢ %=
%%ﬁ’ﬁﬂﬁﬁ#mﬁm@f1@’3%3@@£1kh#4mm%$ﬁ%,
Flao R F P R Rejp i iaRan BF2REFH > REL I fps > e T

B P R Bk (8 )k g R e o

2.4.1 OLED %

AT d B :}ﬁ wik ek KR R R 0 70 e OLED %0k k3t € 5 ik
RS AT F-MATH SO 2 3 e £ o DBR( distributed Bragg
reflector ) » ¥ o R AR 3 MW E > AN T RTEZRE lﬁég A4 s
Fiprafem B S Lk o R kipe b NTREHAFA R
W& 747 o

Glass
P NPB  n=18 |
bemmmmeooLE__D=13
NPB
Glass Mg/Ag
NPB LiF (1)
Mg/Ag TPBI
LiF (1) CBP_PtN7N (20) EML
TPBI NPB
mCBP:Ir(ppy)2(acac) (20) EML HATCN (10)
NPB e _____9o .~~~
HATCN (10) :' Si02 n=1.4 i
110 b e e Tio2 n=25 |
Filling layer <« n=15 Filling layer » =15
Metasurface y | | Metasurfaqe v~ [
Ag (150) n=2.5 Ag (150) 2= )
(a) (b)

® 2-19 (a )OLED 1 (b )3 345w 14 OLED &1f
28

doi: 10.6342/NTU201902534



%Rl 2-19 (a)? > OLED ~ i 1 $-8cde™ : Glass/ NPB( 65 nm )/ Mg:Ag( 20
nm )/ LiF( 1 nm )/ TPBi( 50 nm )/ mCBP:Ir(ppy)2(acac)( 20 nm )/ NPB( 150 nm )/
HAT-CN( 10 nm )/ ITO( 80 nm )/ Plannarization layer (n=1.5 )( x nm )/ MS & *
TiO2( 500 nm )/ Filling Material( n=1.5 )( 500 nm )/ Ag( 150 nm ) > @ B 2-18 (b )
OLED 3 3% 4 & 2~ i 4§ S-dfcde™ @ Glass/ NPB( 65.77563 nm )/ LiF( 91.50832
nm )/ NPB( 65.77563 nm )/ Mg:Ag 1:10( 30 nm )/ LiF( 1 nm )/ TPBi( 176.7149 nm )/
cbp PtN7N( 20 nm )/ NPB(45.94646 nm )/ HAT-CN( 10 nm )/ ITO( 64.25975 nm )/
SiOx( 83.95971 nm )/ tio2_S(49.51206 nm )/ Plannarization layer (n= 1.5 )( x nm )/
MS & * TiO2( 500 nm )/ Filling Material(n= 1.5 )( 500 nm )/ Ag( 150 nm ) - H ¢ H

P xnm & T3k & & (Plannarization layer ) > 4 %] % 300 nm ~ 500 nm ~ 800 nm ~

1000 nm ~ 1500 nm §= 2000 nm ° @] 2-20 = B 2-19 (a )& (b )z L H7 3 o

’ N Legend:
0.8 ] ".‘ cbp-PtN7N

Normalized Intensity( a.u. )
o
=9
|

400 500 600 700
Wavelength( nm )

B 220 # F OLED 2 47 :¥

242 BT B BH
AZAR A G KR A B EEA B 5500 nm ~ 800 nm ~ 1000 nm ~ 1500 nm
OLED &hp 3% » £2-T 5 Z4f Device #ref 1 &2 #ref2 2 1) kg 34 1§
$ZFhpF P o #E B Device 3 EHHET=15um £ T=0.9 um
A e

VL AN AR R
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22-1 AgH A B B S ER

OLED ’;—5%?-
Device #ref 1 #1 #2 #3 #4 #5
%iﬁ i EFe (nm) = 500 800 1000 1500 2000
H 5 #;, w4 OLED % fﬁ
Device #ref 2 #6 #7 #8 #9 #10
%”.7?‘ i EFe (nm) - 500 800 1000 1500 2000
%22 A5 EWHHET=15um
OLED ’;—5%?-
Device #ref 1 #1° #2 #3’ #4 #5
%iﬁ i EFE (nm) = 500 800 1000 1500 2000
H 5 47+ 12 OLED 14
Device #Href 2 #6 #7 #8’ #9o #10°
i’éﬁ' s £FE (nm) = 500 800 1000 1500 2000
% 2-3 i’éﬁ A5 FH FH T=09 um
OLED %1
Device #ref 1 #1” #2” #3” #4” #5”
i’éﬁ' s £FE (nm) = 500 800 1000 1500 2000
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¥
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(a) OLED % i Efficiency ( into glass )

Device #ref 1 #1 #2 #3 #4 #5
MS_f(nm) - 500 800 1000 1500 2000
T 300 43.55%  31.18%  30.03%  29.20%  29.92%  28.30%
3 500 36.70%  29.35%  28.15%  27.67%  28.85%  26.99%
R 800 33.47%  26.83%  26.57%  26.15%  26.96%  25.33%

E 1000 31.30%  26.30%  25.43%  25.43%  25.76%  24.22%
B 1500 28.30%  24.12%  23.29%  23.29%  23.90% 22.01%
(nm) | 2000 26.14%  2227%  2191% 2191% 22.71%  21.08%

(b) # 5. 3p # 12 OLED %1 Efficiency (into glass )

Device #ref 2 #6 #7 #8 #9 #10
MS_f(nm) - 500 800 1000 1500 2000
T 300 33.04%  21.44%  20.27%  19.02%  20.33%  20.58%
Ea 500 21.59%  20.78%  19.36%  18.48%  19.96%  19.41%
R 800 29.18%  20.40%  20.06%  17.99%  18.85%  19.10%

5 1000 22.44% 2021% 19.16% 17.21%  18.54%  18.53%
B 1500  22.68%  19.35%  18.54%  16.96%  18.16%  18.21%
(nm)| 2000  2224% 18.66%  18.30% 16.71% 18.07%  18.09%
% 3-1 % I £EESEHT 4 5 f(a) OLED #4£21(b) #{5 45+ 12 OLED B4 6.7 I % 41
B2k an ol ik
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B4 % 1.5um ¢7(a) OLED %42(b) # % 45+ 12 OLED &7 T 2 & 5 /& 2
Mkrr ot o VEED TR EERARLE MRV a4 o fERE S R
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(a) OLED % i Efficiency ( into glass )

Device #ref 1 #1° #2 #3 #4 #5
MS f(nm) - 500 800 1000 1500 2000
L 300 - 29.55%  28.79%  30.52%  29.49%  27.98%
bl 500 - 28.11%  26.96%  28.57%  27.77%  26.56%
R 800 - 24.82%  25.83%  27.40%  26.99%  25.73%
E 1000 - 24.45%  24.64%  26.39%  25.54%  24.24%
B 1500 - 23.8%  22.50%  23.46%  22.95% 21.81%

(nm) | 2000 - 20.88%  21.11%  22.09%  21.79%  20.70%

(b) 3 58 4p @ 12 OLED % 1 Efficiency ( into glass )

Device #ref 2 #6 #7T #8 #9 #10°
MS f(nm) - 500 800 1000 1500 2000
=t 300 - 22.82%  21.37%  21.67% 19.43%  19.24%
B 500 - 21.60% 19.31%  20.24%  18.74%  18.83%
R 800 - 20.80%  20.54%  19.98%  18.48%  18.36%
B 1000 - 20.36%  19.00%  19.43% 17.95% 17.97%
B 1500 - 19.46%  18.84% 18.77% 17.23%  17.31%

(nm) | 2000 - 18.97%  18.59%  18.61% 17.06%  17.19%

#32 3l BEESHZA A 6 W BHE S 1.5 um () OLED 427 (b) 3 4p v 12
OLED ‘g1 &7 o T 3n g 5 & 2 ) kst s
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333 &5 FHHHET=09 pm 2 ki

At - F WAL 35 dp o 1 OLED SpipfditTin f B R $30 015 & &
AR Gt AP A A BT B T =09 pm pFand) kande s 7
%33 7 EFESAZH 4 5 F 8 B4 0.9 pm (2 ) OLED 4§22 (b) 3 545 v 12
OLED Fif &7 o T3 & B R 2 J1kragvt o ¢ 18 3l chdicdy » 45 01 - b it

RS

(a) OLED % # Efficiency ( into glass )
Device #ref 1 #1” #27 #3” #4” #5”
MS f(nm) - 500 800 1000 1500 2000
= 300 - 29.81%  31.42%  28.63%  29.16%  29.23%
=10 500 - 27.99%  30.07%  26.87%  26.84%  26.93%
R 800 - 26.14%  28.18%  25.81%  25.83%  25.94%
. 1000 - 2538%  27.23%  24.83% 24.64%  24.77%
B 1500 - 23.58%  25.28%  22.87%  22.58%  22.71%
(nm) | 2000 - 22.04%  23.71%  21.53%  21.25% 21.38%
(b) # 5 3p # 12 OLED %1 Efficiency (into glass )
Device #ref 2 #6” #7” #8” #9” #10”
MS f(nm) - 500 800 1000 1500 2000
L 300 - 21.70%  22.81%  21.67% 19.16%  19.30%
ei 500 - 21.33%  20.24%  20.24% 18.87%  19.04%
L 800 - 20.77%  21.48%  19.98%  19.05%  19.30%
E 1000 - 20.58%  20.07%  19.43% 18.46%  18.69%
B 1500 - 19.84%  19.92% 18.77%  17.77%  18.01%
(nm) | 2000 - 19.17%  19.71%  18.61%  17.52%  17.76%

%33 3 BIESUZHT A 6 8 4 0.9 pm e a) OLED $4£82(b) # 5 47+ 12 OLED

BHAA T B2 S kg ik
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Normalized Intensity ( a.u.)

1.0

0.8 1

0.6 T

0.4 ¢

0.2 T

0.0 -

Far—field Angular Distribution

= Gaussian beam
Device #7"

0 30

30
Viewing Angle ( deg )

=90 —60 60

WHe-B] 7 B 27k i A 5 & Device#77 2 HA ¢ i

90

#-Device #772. % % » mATTIR P 2 M7 0% R+ 17.5° > 4o'ék-B 8

¢ > p A ercrosstalk & 15 % ’.k’i’v‘/gkt’fﬁii'lﬁﬂlo%ifB“iS% I N3

B G R KT o

Far—field Angular Distribution

(a)

Viewing Angle ( deg )

67

. 1.0 2\ I\
o 1 I’ “ " i\
[ A |
-~ 0.8 T N BRI
> | | 1 '
et TR W BRI Y
w 0.6 1+ e e S A R
=] ] ! ' \
3 T ’ ; \vl | \
' 1

S 04 1 ,' : N\ ! \\

l ’ LN \
3 SN N
N 0.2 + y P N S
o= P4 P ,\ \
E 4 " -’l 3 h \~~ \‘
g 00 ket e : e e
5 0.
g -90 -60 =30 0 30 60 90

doi: 10.6342/NTU201902534



Polar Plot of Far-Field Intensity Combined |F(¢)|?
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