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Abstract: We studied the performance enhancement of organic light-emitting diodes (OLEDs) using 2,3,5,6-fluoro-

7,7,8,8-tetracyanoquinodimethane (F4,~-TCNQ) as the hole-transport layer. To investigate how F4-TCNQ affects the device
performance, we fabricated a reference device in an ITO (170 nm)/TPD(40 nm)/Alq3(60 nm)/LiF(0.5 nm)/Al(100 nm)
structure. Several types of test devices were manufactured by either doping the F4;~-TCNQ in the TPD layer or forming
a separate F4;-TCNQ layer between the ITO anode and TPD layer. N,N'-diphenyl-N,N'-di(m-tolyl)-benzidine (TPD),
tri(8-hydroxyquinoline) aluminum (Alqs), and F4~-TCNQ layers were formed by thermal evaporation at a pressure of 10

torr. The deposition rate was 1.0-1.5 A/s for TPD and Alqs. The LiF was subsequently thermally evaporated at a

deposition rate of 0.2 A/s. The performance of the OLEDs was considered with respect to the turn-on voltage, luminance,

and current efficiency. It was found that the use of F4~-TCNQ in OLEDs enhances the performance of the device. In

particular, the use of a separate layer of F4~-TCNQ realizes better device performance than other types of OLEDs.
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Fig. 1. Molecular structures of F4-TCNQ.
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Fig. 2. A devices according to the method of F4;-TCNQ.
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Fig. 3. Electroluminescent properties of ITO/F4~-TCNQ : TPD/Algs/
LiF/Al devices with 5 and 10% F4;-TCNQ doped to hole-transport
layer of TPD. Voltage-dependent (a) current density, (b) luminance,
and (c) current efficiency.
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Table 1. Electroluminescent properties of ITO/F4,~-TCNQ : TPD/
Alqs/LiF/Al devices with 5 and 10% F4-TCNQ doped to TPD.

F4-TCNQ : TPD Undoped 5% 10%
Drivi 1t \Y%
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@ 100 mA/cm
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@ 100 cd/m
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xternal Quantum 1:1ency [%] 0.15 012 0.14
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Fig. 4. Electroluminescent properties of ITO/F4;~-TCNQ/TPD/Alqs/
LiF/Al devices with F4-TCNQ inserted between ITO and TPD
layer. Voltage-dependent (a) current density, (b) luminance, and

(c) current efficiency.
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Table 2. Electroluminescent properties of ITO/F4-TCNQ/PD/Alqs/
LiF/Al devices with F,~TCNQ inserted between ITO and TPD layer.

F4-TCNQ : TPD 0 nm 1 nm 2 nm 5 nm
Driving voltage [V] 0103 975 00
@ 100 A/cm
Driving voltage [V]
5 7.90 5.00 4.50 4.30
@ 100 cd/m
Current density
[mA/cm?] 7.50 10.0 8.00 13.0
@ 100 cd/m?
Current efficiency
[cd/A] 1.35 0.06 0.15 0.28
@ 100 cd/m’
External quantum
efficiency [%] 0.15 0.01 0.02 0.03
@ 100 cd/m?
Maximum current 1.70 10.7 9.89 10.4

efficiency [cd/A] @ 100 V@ 105 V @ 9.80 V @ 9.80 V
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