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ABSTRACT

With the growing field and growing interest in transparent organic light-emitting diodes (TOLED) in the industry,
various attempts are being made to improve the transmittance and performance of TOLED. TOLEDs are expected to
be used in next-generation displays such as mixture reality (MR) displays, displayable windows, televisions, etc. This
study presents a mesh TOLED with better transmittance and luminescence characteristics than existing TOLEDs
through an in-situ vacuum deposition method that does not require additional processes such as photolithography and
etching. In this study the mesh TOLED’s cathode consists of Mg: Ag 1:9 electrode. Mesh patterns are interconnected
with a 6 nm layer of interlayer. We approached transmittance improvement up to 30% at 555 nm at the cathode
electrode with similar current injection character, also we improved lumination characteristics up to 23% at 7 V
driving condition.

Key Words : Transparent Organic Light-Emitting Diode (TOLED), Mg:Ag, Mesh Pattern, Transmittance

_9,

LM E EAom <lg) By AT Teste] S A By
3} transpharant OLED (TOLED)E A|2Fsk 4= it} o]t

7] W gole = (OLED)L AFY ZofollA thefgt  TOLED:= st 5453 teo] HAZd o] A= mixure

W 205 tAele] 5 taBalo] W 44 AL reliy (VR), vitual ety (VR) $0pol 4] $8)7] #geley
Ro:2 me1g eI aeh o OLEDL 1 5ol 10 2 ool vl TOEDES el 708 of
= o)

Base shaadl dof 342 AREA BUL 2ol Wil eS 230 w529 04 g 2
om, ZAtE|= 7| wet fdsta, sold A A HASE s Fes FHeka, 11 vl YebEgl
Zro] 7hsslol1]. w3k 1 EA = AA A OE ‘ﬂE ol Byl mdlumhnomde (ITO), indium zinc oxide (IZO), L2}
, aluminum zinc oxide (AZO) 5= F2toto] F=E 34
"E-mail: Sjkwon@gachon.ac.kr A|ZItk o]¥ut olua}, Ag nano-wire, dielectric/metalidielectric

l

4

82



Ay Z2 By OLED 3= % g 54 /H4S 918 Mesh A= A+ 83

(DMD) 128 -838l0] ENEE Salt 7145 Edl o] o ]——?'—017\]7] o] TH6-8]
& 7H2] EHE A= JlrH24] £ AtollMe 71E9 ¢k T4 B1ERE(12 nm MgAg

YukAQl FPA=<I MO, IZ0 18]l AZO= 8 2 vhp) o]-83F TOLEDXE T 555 nm g Sl 4] & dff 30% 57}
HEE 34E 59l S2o] ot AnEE 342 g H AT Fwel 7 VY diving voltageof| A ZTh 23% 5
2ubg ggsto] 7)o B4 S0, f71=0] & 7H REEAS UESIth
2k 71gols f71=0l citical 3 damageE $13]7] Wi
of Z}7ke] & HF o7 &gsrlol= £4| Kottt ot 2. AEl dhH
219k o] ITOHTE FSofl T2ste] B A4k 9l
5] whebA, 2 AtolA= A TeE F ITOE 2§ ITO7} 52 =91z Soda Lime Glass 7|2 ©]-8-51o] 4
sto] botom HA=-g Fdste] B E SRS tE S APtk o [TO= 2242 anode W02 &
o] YRkl EYAH=T} §R A% 9ukE B TOLED  gE 3ok 78S 299 37| 8l =23 Al (Ulta-
£ T3kt Sonication) T}4-& 7z} o}A|E (Acetone) 10, TPA (Isopropyl

Mesh layer Included

Mg : Ag'Mesh
Mg : Ag Cathode

OLED

:

Fig. 1. Schematic illustration of enhancement in TOLED to
mesh TOLED.

Fig 19141 TOLEDS] Fab g 22)7] 9J3) ZEel41
G, o HEe] F71 B0l B G meh IS B
3 OLEDE TL#she 198 F4H 0= vehfolck
o OLED A% 34 3 Zelfs o o35

e 7] e B wBAA 2740 5

o]

!

=3

S =R d =
e Aae % A, o A ANSH mesh A5
< 38351 OLED:= 1% | A A] QAL (break) in-situ 52}

7
o] itk ojul, A2k TOLEDE:
o171 SR meh el
Aol TS et wg S40] ek, ol
 mesh 129] A0 E cabodeoll ) SEE 15
7} current crowding effect 2 215}0] mesh A=+ WHol| A=
o Aol gl AR 718 Fow A AFY

o] 7hsstche 4
Wy et ‘HOﬂH

ru‘in“

s
2=

5 =
ERES

Alcohol) 10, 2] 4> (Deionized Water) 1054 =314 0.2
28 3t} o|uf, ZF LN £l 2ou} H2lo] APH

12 o v
mufch & ol 22 T1HE 1A, AAE (N ©]8-S]
713e] zho] & o] 2425 A AL ©]F hot plate 250°C
2 AR5t 7|TS 3057 AAEE Blo] HE SRS
w= AASHAE HEH R 110 U= ML 3|
UV-ozone 71 2] A& ©0]-§5t0] UV-TreatmentE 10427F
RYshgict

A= AT AFe] &7|dkg ho] 9
(OLED Evaporator) AR&-3}9c} o]

=

Evaporation) 14 0]-83}m, OLEDO| AFR-E&= §7) S}
w5 225S SEAA SR A Ay F s

A gL insitu 32 FARE AsATh ¥4 AlH
H 7S 715 HolA (Organic Camber) 7132
ITO 9]°] hole transfer later (HTL)Q1 N, N-Di-[(1-naphthyl)}-N, N-
diphenyl}-1, 1-biphenyl-4, 4diamine (NPB)Z 1.0 A5 0. & 40 nmE
Z 2819t o]& emission layer (EML)O|H, electron transfer
layer (ETL)2] tris{8-hydroxyquinoline) aluminum (Alg3) 1.0 A/
50 nm Z2F5FR 0, 1 €9 electron injection layer EIL)21
lithium fluoride (LiF)Z 0.1 As2 05 nm Z2}5}9ith 2280
2 TOLED 4382 93} cathodeZS MgAgE 1:99] H| &2
10 As9) =2 Falste] 4245 eHdatelct oluf, Axke]
Q1 TOLED= MgAg A=+S 12 nm T2 F2151% 1, mesh
TOLED:= 6 nm 2] 7] % MgAg interfayer©} 12 nm 72} MgAg
meh byr® S5tk o] RE BE Azte] Axvh
ANEL A P FAL AYsH= Insiuz FS2HE k.
F3e At B4 3L (Encapuaton) 4 9172
LA g ZEHE dkA (Globe box) WollA g4z oz A
5l o] AbA9 2o Hokst 97| E9]S H B35}
7] $lko]ck Encapsulaion-2 A17HE 5 (selant) %] encap-
sulaion Glass9Jol] =E gt 5 22 9fo]l 22 H UV 2A1S
o) AEAA glass encapsulationd A} 0% 47
o WFEAS 31517 95 BAfolei Al] M6100 %

26T o= =

Journal of KSDT Vol. 23, No. 2, 2024



199 - g -

gul

84

H1E Bol 548 A o)u) AHE source meteri
Keithley AF2] 2601a7} 2-8-%] 1 .0 1, spectrometer+= Minola A}

] €S-20000] AR5 Atk

Al
=

3.

ot

2
3.1 TOLED 2 mesh TOLED & M= EY
TOLEDE Ajal7leo] 9b 45 Aplo] B4& 2}

27} shick 12 mm o] £ 712 MgAg 45 6 mm o

interlayer2} H&E0] 12 9] mesh #+27} X23HE A= &

T 547 05 U S4E B of), Al A

Bole] Avel] weh Hae] perfomanced LERRE

MgAgH=9] vl&& 192 AAste] dadS J3ysteint

[10].

_Q_
o=

Azke WFe) mAEL falvlE 9o v S
MgAg A=+o] £ate s B71st9lct Fig 2+ 349 A=
o) =rpeg Uehdich o) 7P 9elel 380 nm &

B 780nm< ¥ o] Bl ute selskich

27ke] o] Ho) el 380 me] Jelo|A] 7HY
e Eaw 242 Uehjodtd, ok 27 12 mm
Mg:Agol| 4] 55.09%, 6 nm + 12 nm mesh Z=Fof| A= 68.65%5
71235}9ct E3) geen 99] WY w391 555 nm 9] T}
Ao A Z}ZFo] BT 34.77%, 45.02%% SA o] 2F 30%
of B3 7o) o] 2ol HeS Flsiirt

olu} F3o] Mol ojLolH o4, meh Aol
patteming ] 6 nm + 12 nm&] G ol A= Ho] T}, mesh
o] gy EHRX YL 6 nm interdayer?] x| of| A o=
B dlo] 3] wgolck

70 T . T - T ' T . T x T . T . T
*Mg:Ag=1:9
* Inter Layer 6nm + Mesh Pattern 12 nm |
60 | Mesh Pattern Included Electrode _|
g * 12 nm Cathode Only
J
S . #— Mg:Ag 12 nm Cathode
Sl
§ S0 *e ]
s .
£ 40 - e -
(= .,
.‘
e
e
30 teo 2
®oq
PP T T P T B it © 2

400 450 500 550 600 650 700 750

Wavelength (nm)

Fig. 2. Spectral transmittance characteristics of 12 nm Mg:
Ag cathode and mesh Mg:Ag cathode.

RHE AT A ao] 745k A3 A%, 2024

4] w34} Sobrelel
Ae] §ol Ao Wy B4

Axu AR 7 BN B

Aol obuAg

R 27071

L}Hu].xl 2= 9t} 1

3%
32

E

1

o P ot 1~>
_>‘i
o_?L‘ |t

[e}

= &4 Pﬁq T2 AF
o2 ZA5HA ==t mesh
=94 BE mesh 7]2] dAo] ¥7] o
¢l Mg:Ag 6 nm interlayer2 A% o] 917] wjFoj
A2 SHA] Eopct meEbs] FVEAGS
hXFh} At cathode 12 nm A= 1] AF ¢

o N
At L

oX r_>i
lo :(m

lmr

N
r.EL ruE

N oqlo rﬂ
)
JIJ
lo

m OHH rE M )

OZ: :|:: _A_.

o5 o B
_, OlN‘

N
=~
Nﬂl

4;2
=l 5 V7R 9] AY-E 7S
97729 mA/em2, mesh Mg:Ag+= 973.19 mAlcm2 2 # 2] x}o|7}
el bA] okokeh 4be] 2o driving voltage ] 7 VO] 27
of| A= ZFz) 148200 mA/cm2, 1356 mA/m2 O &2 ZA3H 2}
o7 LR siA AR e SHe 279 a4

¢

o & 5F 2~
7} 24tz otk A BIe 4 Ak
L T T L T ‘ T % T L T
*Mg:Ag =1:9
1500 -+ 6 pm Interlayer + 12 nm Mesh Pattern P
o Mesh Pattern Included Electrode »
£ * 12 nm Cathode Only pe o
o
E —&— Mg:Ag 12 nm Cathode P
£1000 - o _
& ot
= o
g «q
=} %
- v
S 500 - pe B
£ e
= #
&)
]
.
o k" B
1 1 1 1 1 1

0 1 2 3 4 5 6 7
Voltage (V)

Fig. 3. J-V characteristic graph for comparing current injec-
tion character of electrodes.
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