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ABSTRACT

A method for achieving efficient and stable solution-processed small-molecule organic light-emitting diodes
(OLEDs) is presented by utilizing a combination of a multifunctional hole injection layer (HIL) and a
mixed-host emitting layer (EML). The polymeric HIL facilitates efficient hole injection into the solution-proc-
essed EML and blocks electrons from the EML through self-organization of polymer chains in the HIL. In
addition to the multifunctional HIL, the optimized mixed-host EML, composed of electron and hole transporting
host materials, along with phosphorescent dopant, enables efficient energy transfer, balanced charge transport,
and efficient charge carrier recombination in the device. As a result, it improves luminance (~14,000 cd/m?),
luminous efficiency (~55 cd/A), and operational lifetime (~180 minutes under constant current emitting initial
luminance of 1,000 cd/m’, equivalent to approximately 150 hours at an initial luminance of 100 cd/m’).
Notably, this device architecture does not include an additional hole transporting/electron blocking layer. This
is because the introduction of a mixed-host composition widens the recombination zone in the EML, effectively
preventing triplet-triplet excitons/triplet-polaron annihilation caused by charge carriers and excitons accumulated
at the narrow heterointerfaces in OLEDs.
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2.1. Materials

Poly(3,4-ethylenedioxythiophene): poly(styrenesulfo-
nate)(PEDOT:PSS)(AI4083)-2 CLEVIOS-HeraeusA}o]|
A FufslF o,  tris(4-carbazoyl-9-ylphenyl)amine
(TCTA), 4,4" -bis(N-carbazolyl)-1,1" -biphenyl(CBP), 2,2’,
2"-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benzi-
midazole)(TPBI)+= Organic Semiconductor Materials
(OSM)A}, bis[2-(2-pyridinyl-N)phenyl-C](acetylacetonato)
iridium(II)(Ir(ppy)a(acac)= Nichem Fine Technology
AL A Fulistitt. Tetrahydrofuran(THF )= Sigma-
AldrichAtoll A uksteick

2.2. Device Fabrication

T elSHe  indium-tin-oxide(ITO) 7]¥-2 acetonel}
isopropyl alcoholo]] Z¥Z} 1584 215072 2-S1tbA|
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2.3. Characterization
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Fig. 1. (a) Chemical structures of the organic compound semiconductors used in this work as host materials in
solution-processed OLEDs and (b) schematic energy level diagram for the host materials.
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Fig. 2. Absorption and photoluminescence spectra of host, dopant, and exciplexes obtained in solution-processed thin
films. (a) TCTA, TPBI, TCTA:TPBI and TCTA:TPBLIrppy»(acac), (b) TCTA, CBP, CBP: TCTA and CBP:T

CTA: Trppyz(acac).
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Fig. 3. Current-voltage-luminance characteristics of solution-processed OLEDs according to host composition of EML.
(a) Current density-voltage and luminance-voltage, (b) current efficiency-voltage characteristics, (c) normalized

EL spectra of the solution-processed OLEDs.
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Fig. 4. Current-voltage-luminance characteristics of solution-processed OLEDs according to host composition of EML.
(a) Current density-voltage and luminance-voltage, (b) current efficiency-luminance, (c) capacitance-voltage chara-
cteristics, (d) normalized EL spectra of the solution-processed OLED:s.

Table 1. Current efficiencies (CEs) and their roll-off characteristics of solution-processed OLEDs according to host
composition of EML

CEmax CE@1000 nit

CEgso00 nit

TCTA
CBP
CBP:TCTA

100% (43.8 cd/A) 85.4% (374 cd/A)
100% (4.5 cd/A)

100% (53.7 cd/A)

82.9% (369 cd/A)
94.2% (50.6 cd/A)

37.7% (16.5 cd/A)
41.6% (18.5 cd/A)
71.1% (38.2 cd/A)
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Fig. 5. Operational half lifetime of (a) TCTA, TCTA:
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tem. (b) Scheme of recombination zone in
CBP mixed host system.

114



RSCIMERIEEEX|, 2023 62, M2 X113, pp. 107-118
Journal of Flexible & Printed Electronics, June 2023, Vol. 2, Issue 1, pp. 107-118

N

ik
mixed hostE E%] 0}0% EML
g Ui dot 5] 245 3 Aot w3
9] A Ro] FA BAE= T
< EML o] G FgA1A dsyd
3t TTAU TPAS} 22 oA & &4
9 P E A FIAIFTHFig. 5(b)). ©
219l HIL ¥ mixed host7-%9] YL 7|&9]
2E OLED 4o Hsto] ¢ 8-59] S7F, &8
€9 roll-off £49] 74, A0 25 g4 e] &t
9] 7S HoJFTH~55 cd/A, LTs: ~150 h at
100 cd/mn).
£ A5 Bl &4F4 OLEDY BT Y &4
¥} EML Hpe} U Ro| 9] X6t g2 AAM0] A&y
FYgell 2 FFS VA= IAAZ dSstleH, o
715/ HILS| 7t 2|25k At o3 450] 71
3} mixed host EML2] 7jgke- 8ol OLEDCQ] 412
2 82 7FsAlBH: anbAQl Ago] F Zojth

fr L rlr
=
i
)
X

)
o2
I

o b

Ao X
e

¢

2
I =2 o8’

foi foi U o 1o I8

N,

i)
o5
)
ol
-
£

i
(L gk

©)
=

ux
oR

7|1S%

OLED: Organic light emitting diode
FMM: Fine metal mask

HTL: Hole transporting layer

EBL: Electron blocking layer

HIL: Hole injection layer

EML: Emitting layer

TTA: Triplet-triplet annihilation

TPA: Triplet-polaron annihilation

PEDOT:PSS: Poly(3,4-ethylenedioxythiophene):poly
(styrenesulfonate)

TCTA: Tris(4-carbazoyl-9-ylphenyl)amine

CBP: 4,4’-Bis(N-carbazolyl)-1,1"-biphenyl

TPBI: 2,2°,2"-(1,3,5-Benzinetriyl)-tris(1-phenyl-1-H-

benzimidazole)

Ir(ppy)(acac): Bis[2-(2-pyridinyl-N)phenyl-C](acety-
lacetonato)iridium(III)

EL: Electroluminescence

C-V: Capacitance-voltage

PL: Photoluminescence

SO-HIL: Self-organized hole injection layer

HOMO: Highest occupied molecular orbital

LUMO: Lowest unoccupied molecular orbital
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