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Abstract
Organic light emitting diodes (OLEDs) are regarded as the next generation display and solid-state lighting due to their superb
achievements from extensive research efforts on improving the efficiency and stability of OLEDs in addition to developing
new materials. Herein, efficient green phosphorescent OLEDs were obtained by using hexaazatrinaphthylene (HAT) derivatives
as a hole injection layer. External quantum and current efficiencies of OLEDs were enhanced from 8.8% and 30.8 cd/A to
13.6% and 47.7 cd/A, respectively by inserting a thin layer of HAT derivatives between the ITO and hole transporting layer.
The enhancement of OLEDs was found to be originated from the inserted HAT derivatives, which resulted in the optimized

hole-electron balance inside the emission layer.
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Figure 1. (a) Device structure of OLEDs with HAT-CI6 or HAT-F6
and (b) hole-only device with HAT-CN, HAT-CI6 or HAT-F6.

§ LUMO #9115 7FA 3L Qlofof thekst &ape] o] uhe} 2719
AEAR 5ol 7FeE 4 A ek o]s HH O F 56,11,12,17,18-
hexaazatrinaphthylene (HAT)%} 2,3,8,9,14,15-hexafluoro-5,6,11,12,17,18-
hexaazatrinaphthylene (HAT-F6), 2,3,8,9,14,15-hexachloro-5,6,11,12,17,18-
hexaazatrinaphthylene (HAT-CI6) and 1,2,3,4,7,8,9,10,13,14,15,16-do-
decafluoro-5,6,11,12,17,18-hexaazatrinaphthylene (HAT-F12) 53 %
& tF FEAEC] FAHNT A71E HEAA] T 1A &
7ol 2-&¥ AT 12-15].

2 AFolE thest HAT F-=4158 Q1% OLEDs £4ke] HILE 4]
$3l] 71 548 371819 HAT-Cl69} HAT-F6S 843t OLEDs
224 R EES 77} 13.6% B 12.0%E 72421 8.8%0
Hlgto] O] 973 545 Bt ol &2 7= Ay 9 dAx
o Y& ¥ YA sto] E&E T ROE peldh

2. 4

Indium tin oxide (ITO)7} WE® {z|7]¥o] OLEDs A=}
hole-only 22} A &ol] AL&EQITh 2358 107 torre] 1 FA el
A AR S A 9719 Feuukao)A BXFH L R R WY
o] 24 ¥ 2t} OLEDs 24+ W hole-only 27+9] T3 Figure 1914]
Hojx]E= 73} 2l OLEDs AAR= ITO (90 nm)/HAT-CI6 or
HAT-F6 (0 or 2 nm)/1,4-bis[N-(1-naphthyl)-N’-phenylamino]-4,4’-dia-
mine (NPB) (50 nm)/4,4’,4”-tri(Ncarbazolyl)triphenylamine (TCTA)
(10 nm)/N,N’-dicarbazolyl-4-4’-biphenyl (CBP) doped with 6 wt%
tris(2-phenylpyridyl)iridium(IIl) (Ir(ppy)3) (20 nm)/4,7-diphenyl-1,10-
phenanthroline (BPhen) (10 nm)/ cesium (Cs) : BPhen (50 nm)/Al (100
nm) 0% TAEe] glrk tleket fEASe] AT 9 54 1Ale)
7] 913} ITO/HAT-CN (5 nm) or HAT-CI6 or HAT-F6 (0, 2, 5, 10
nm)/Al (100 nm)2] %% 7}4)+= hole-only A5 #2811 AF
DA 5A4L Keithley 240002 H7HE ATk

3. 43t & nE
S. Barlow 5= ThFst #2735 7HA= HAT 24 AAISH
3 e 12]. 2413} HAT =415 HAT 4+2] pheylene 122
P~

9 FAYAE day 220 =R X&S 725 7 oleg ¥

3stst ®l 26 H A 6 =, 2015

<3
, . . . .
10°E Type of HIL (2 nm) 110°
e 10't = None
9 « HAT-Cl6 110° ©
c 10°F 4 HAT-F6 i 3
= -1 Pl 410° 3
201 ;o 3
c ) 3 0]
-2
o 102k J 2~
2 ¢ 31100 8
g 10°F N 3
= 1 ' 1~
3 10} F e 10
10° Lo 10°
0 1 2 3 4 5 6 7
Voltage (V)

Figure 2. Current density versus voltage (filled symbol) and luminance
versus voltage (empty symbol) characteristics of OLEDs without HAT
derivative (rectangle) or with HAT-CI6 (circle) and HAT-F6 (triangle).
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Figure 3. Current density versus voltage characteristics of hole only
devices without HAT derivative (rectangle) or with 5 nm of HAT-CN
(open rectangle) or 2 (circle), 5 (triangle) and 10 (inversed triangle)
nm of HAT-CI6 (solid symbol) and HAT-F6 (open symbol).
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Table 1. Summarized Performance of OLEDs without HAT Derivative or with HAT-Cl6 and HAT-F6

HIL Operating voltage Current density Current efficiency Power efficiency External quantum CIE
V) (mA/cmz) (cd/A) (Im/W) efficiency (%) X, Y)
None 4.4 33 21.9 8.8 (0.34,0.61)
HAT-F6 4.5 24 29.8 12.0 (0.35,0.60)
HAT-Cl6 4.7 2.1 322 13.6 (0.34,0.61)
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Figure 4. Current efficiency versus current density characteristics of
OLEDs without HAT derivative (rectangle) or with HAT-CI6 (circle)
and HAT-F6 (triangle).
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Figure 5. Log-scaled electroluminescent (EL) spectra of OLEDs
without HAT derivative (rectangle), with HIL of HAT-CI6 (circle) or
HAT-F6 (triangle), and with HIL of HAT-F6 and HTL of HAT-F6
doped NPB (open triangle symbol).
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Figure 6. Energy diagram of OLEDs devices.
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