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Quantum Dot Light-Emitting Diodes with Poly-TPD/PVK Bilayer Hole Transport Layer
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Abgract: A poly[bis(4-butypheny)-bis(phenyl)benzidine] (poly-TPD) and poly(9-vinylcarbazole) (PVK) bilayer was
employed as a hole transport layer (HTL) in solution-processed CdSe/ZnS quantum dot light-emitting diodes (QLEDS).
The thickness of the PVK layer spin-coated onto the poly-TPD layer, whose thickness was fixed to 40 nm, was varied,
with PVK layer thicknesses of 0 nm, 35 nm, 45 nm, and 55 nm. Because the thickness of the PVK can determine the
hole transport properties of the HTL, a PVK thickness that maximizes the performance of the HTL for the QLEDs was
investigated. By employing the optimized PVK thickness of 45 nm, the current efficiency of the QLED exhibited a 1.74
times improvement when compared with that of the QLED with poly-TPD based HTL without PVK. This was mainly
attributed to the decrease in the energy barrier between the HTL and the quantum dot (QD) emitting layer (EML).
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Fig. 1. (@) Schematic diagram of the fabrication process for the
quantum dot light-emitting diodes (QLEDs) (b) energy band
diagram of the QLEDs.

T2 AREHE A S 2Es AHSH] #si QLED 7
ol FAE o 2o QLED 542 435ttt 19
o]

2.2 QLED 27t £4 97}

2 AoA+= poly-TPDe] AlAtEl QLED 4ARe] A
FEE-AY-3= 542 AFEHE Aoj=E= Keithley
2400 Source-measure unit®} 3]=0JE (Minolta LS100)
2 =AX519ct A7y AEIE (Electroluminescence
spectra, EL spectra)Q} dgk} AmlE 2 Photoluminescence,
PL spectra)2 Spectroradiometer (Minolta CS1000)0. &2

Stk

3. Zui ¥ aF

=2

0% poly-TPD} PVKZ 74H 0|5 33445
A PVK] £712 WEA7|HA QLED S48 ZAS
71 glel 4l ohe PEE JHA ARE ARkl §

-

395

o
ok
4>
o

o

ol
Ko
rr

| EN

o2

[

S~

—

ol

o

ol o o i%
oL 2L

2 o2y

o ne _ZL

dy > o} —=

LA o o

=) I-\]f‘l

rir

| N

N 2

O rin

Ho

4>

ol

o

=]

jan)

O

=

O

Hu
>
o
52
=
glo

L2 oy o & ox
gjo oo |o ol pE njo

-AZAF A: ITO (150 nm)/poly-TPD (40 nm)/QD
(20 nm)/ZnO NPs (40 nm)/Al (100 nm)

: ITO (150 nm)/poly-TPD (40 nm)/PVK
(35 nm)/QD (20 nm)/ZnO NPs (40 nm)/
Al (100 nm)

: ITO (150 nm)/poly-TPD (40 nm)/PVK
(45 nm)/QD (20 nm)/ZnO NPs (40 nm)/
Al (100 nm)

- ITO (150 nm)/poly-TPD (40 nm)/PVK
(55 nm)/QD (20 nm)/ZnO NPs (40 nm)/
Al (100 nm)

poly-TPD/PVK?] o]% AZ54352 AEist 4l B

AAF CoF AAF DOlAE & He Aol 42 VE &

o3t 7FS Wol=olt) o]gst Aul2HE PVKZ} 9
o

YAl g4 xpolz= Qlsl HWgS
Bee O F2 AGoA golstA 2AA7 = I9L=
e Aoz A4 4 ot Eot O 2288 It

2 mEl A} A, A&} B, A}
3 zrzb 127.9 mA/cm? 170.8
mA/cm?, 167.3 mA/cm??t 165.0 mA/cm?o|gict.
Poly-TPD ©d A54E35 #2125 7Ml A4 A9 A
FUE7F 7 At poly-TPD/PVK ol% Aua3%

y-T
5 758 71 4% Bo ARUET} VY ¥UT
A} CoF 27} DML PVKe] 7} £ 8452 A
et ok

73] 32 QLED 47t9] 3w-AQt E4& wolxm
Itk A%k A, A& B, A& Co A& DO] 3]wo] o
St 8 XU 53V, 42V, 4.1 Ve 4.2 Vo]t
o71oA Pz et He HAL F= 1 cd/m?Ql
W WAl 9@ QsbEgoeR  Felsielnt
Poly-TPD ©3 HE+55S AMgste 241 A%} 7t
=2 e digt ©

du p- o



396 J Korean Ind. Electr. Electron. Mater. Eng., Val. 32, No. 5, pp. 393-398, September 2019: H.-S Kim &t al.

—=— Device A
—e— Device B
—a— Device C
—v— Device D|

[ w

(5] o

o o
T T

N
o
o

-
o
o

Current density (mA/cm?)
g g

0 2 4 6 8 10 12
Voltage (V)
Fig. 2. Current dendity versus voltage characteridtics for the QLEDs.
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Fig. 3. Luminance versus voltage characteristics for the QLEDs.
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Fig. 5. EL spectra at 10 V for the QLEDs.
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