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In the device structure of ITO/hole injection layer/N, N'-biphenyl-N, N'- bis-(1-naphenyl)-[1,1'-
biphenyl]4,4'-diamine(NPB)/tris(8-hydroxyquinoline) aluminum(Alqs)/Al, we investigated an
effect of hole-injection materials (PTFE, PVK) on the electrical characteristics and efficiency of
organic light-emitting diodes. A thermal evaporatlon was performed to make a thickness of NPB
layer with a evaporation rate of 0.5 ~ 1.0 AJs in a base pressure of 5x10°° Torr. We measured
current-voltage characteristics and efficiency with a thickness variation of hole-injection layer.
The PTFE and PVK hole-injection layer improve a performance of the device in several aspects,
such as good mechanical junction, reducing the operating voltage and energy band adjustment.
Compared with the devices without a hole-injection layer, we have obtained that an optimal
thickness of NPB was 20 nm in the device structure of ITO/NPB/Algs/Al. And using the PTFE
or PVK hole-injection layer, the external quantum efficiencies of the devices were improved by
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24.5 % and 51.3 %, respectively.
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1. INTRODUCTION

Organic light-emitting diodes (OLEDs) have been
widely studied for next generation flat panel display
because of possible application in display, low-operating
voltage, low-power consumption, low-cost, self-
emission and capability of multicolor emission by the
selection of emissive materials[1-3]. The first report on
organic electroluminescence was published by Helfrich
and Schneider in 1965 with anthracene[4,5]. But there
was not much progress in 1960’s and 1970’s because of
limited size, difficulty of single crystal growth and high
driving voltage. In 1990, Friend et. al., in Cambridge
University reported first green light-emitting polymer
diodes using poly phenylenevinylene (PPV)[6]. Since
then, lots of progress has been done to obtain highly

efficient and stable light-emitting diodes for the last
twenty years[7-14].

In this paper, in order to enhance the performance of
OLEDs, some organic materials are adopted for hole-
injection layer inserted between indium-tin-oxide (ITO)
and the emissive layer. The N,N' — biphenyl-N, N'-bis-
(1-naphenyl)-[1,1-biphenyl] 4, 4'-diamine (NPB)[15]
was used as a hole-transport layer, and the polytetra-
fluoroethylene (PTFE)[16] and polyvinyl-carbazole
(PVK)[17] were used as a hole injection layer. In the
ITO/hole injection layer/NPB/tris(8-hydroxy-quinoline)
aluminum(Alqs)/Al device, we have studied the effects
of PTFE and PVK hole injection layer in OLEDs based
on Alqgy thin films by investigating current-voltage
characteristics, luminance-voltage characteristics,
luminous efficiency and external quantum efficiency.
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2. EXPERIMENTAL

In our experiments, we used NPB as a hole-transports
and Alqs; as an electron transport and emissive material.
Two device structures were made: one is ITO/NPB/
Alqgs/Al as a reference, while the other is ITO/hole
injection layer/Alqs/Al to be used to investigate the
effects of hole injection layer. The ITO glass, having a
sheet resistance of 15 €/ and thickness of 170 nm, was
received from Samsung Corning. A 5 mm wide ITO strip
line was made by selective etching using a vapor of
solution by mixing with hydrochloric acid (HCI) and
nitric acid (HNO;) at a volume ratio of 3:1 for 20
minutes at room temperature.

The distance between the ITO and etch ant was about
2 cm. Then, the patterned ITO glass was cleaned
ultrasonically in chloroform for 20 minutes at 50 °C, after
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Fig. 1. Molecular structures of hole-transport (a) and
hole-injection layer (b), (c).
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Fig. 2. Device structure of OLEDs.

which the ITO glass was heated at 80 °C for 1 hour in a
solution made with second distilled deionized water,
ammonia water and hydrogen peroxide at a volume ratio
of 5:1:1. We sonicated the substrate again in chloroform
solution for 20 minutes at 50 °C, in acetone for 20
minutes at 50 °C and in deionized water for 20 minutes
at 50 °C. After sonication, the substrate was dried with
N, gas stream and was stored under vacuum.

Figure 1(a), (b), and (c) show molecular structures of
NPB used as a hole—transport material and PTFE, PVK
used as a hole injection layer. Figure 2 shows a device
structure of ITO/hole injection layer/NPB/Alq;/Al to
investigate the influence of hole injection layer. Also, we
investigated electrical characteristics of organic light-
emitting diodes with the thickness variation of hole
injection layer. The film thickness of PTFE was made to
be 0.5, 1.0, 1.5, and 2.0 nm, and that of PVK to be 10.5,
11.0, 11.5, 12.5, and 13.5 nm.

Luminous efficiency is useful for the display
application. It is given by n = zL/JV [Im/W], where L
[cd/mz] is the out coming luminance that is measured
normal to the emitting surface, J [A/mz] is the current
density, and V [V] is the applied voltage.

3. RESULTS AND DISCUSSION

3.1 Characteristics of PTFE hole injection layer

Figure 3 shows the current density-voltage and
luminance-voltage characteristics of ITO/PTFE /NPB(20
nm)/Alqs/Al device, and with a thickness variation of
PTFE layer from 0.5 to 2.0 nm. As the thickness of
PTFE layer increases, the current density and the
luminance also increase as well. When the thickness of
PTFE layer is 1.0 nm, the efficiency is higher than the
others.

The efficiency strongly depends on charge balance.
The PTFE layer helps more holes to be injected into the
emissive layer. By inserting thin layer of insulating
material such as PTFE, it acts either as a reducing a work
function of the hole transport layer. It is thought that the
PTFE layer controls a hole injection and recombination
rate. Fig. 3(d) shows the external quantum efficiency of
the device.
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Fig. 3. I-V-L-1 of hole injection layer (PTFE)

The external quantum efficiency begins to increase
near 6 V and becomes maximum value near 13 V.

It was found that the device without the PTFE layer
shows the external quantum efficiency of 0.38 %.
However, with a use of 1.0 nm thickness of PTFE layer.
The external quantum efficiency becomes 0.47 %. The
improvement of the efficiency is about 24.5 % with a use
of PTFE layer. As the thickness of PTFE layer increases
up to 1.0 nm, the efficiency increases as well. However,
when the thickness of PTFE layer becomes 2.0 nm, the
efficiency decreases. When the PTFE layer increases
further, it acts like a resistive layer for hole-injection
layer.

3.2 Characteristics of PVK hole injection layer

Figure 4 shows typical nonlinear current-voltage
characteristics shows the current-voltage and luminance-
voltage characteristics of ITO/PVK/NPB (20 nm)/Alq3
(60 nm)/Al with a thickness variation of PVK from 10.5
to 13.5 nm. As the voltage increases above 5 V, the
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current density and the luminance start to increase. As
the thickness of PVK layer increases, the current density
and corresponding luminance decrease. The luminous
efficiency and external quantum efficiency increase
gradually for then layer thickness and decrease for
thicker one. The efficient hole injection is expected to
enhance the efficiency in the OLEDs. It is thought that a
recombination rate in the emissive layer increases as the
PVK layer thickness increases because the PVK layer
prevents the hole injection properly. Figure 4(d) shows a
quantum efficiency of the devices. The external quantum
efficiency starts to increase from & V and reaches a
maximum near 13 V. In the case of device without hole
injection layer, the maximum efficiency is about 0.38 %.
On the other hand, the device having a 11.0 nm thick
PVK layer gives an efficiency of about maximum
0.575 %. With a use of PVK layer, there is an
enhancement of efficiency by 51.3 %. But, it shows that
the efficiency is reduced if the thickness of PVK
increases to 13.5 nm. '
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Fig. 4. I-V-L-nj of hole injection layer(PVK).

Thus, we confirmed that optimum luminance and
external quantum efficiency could be obtained by using a
proper thickness of the PVK layer.

4. CONCLUSION

To investigate the effect of the hole-injection
materials on the electrical characteristics, we fabricated
ITO/hole injection layer/NPB/Alqs /Al device structure.
When introduced into OLEDs as a hole injection layer,
PTFE or PVK layer can efficiently enhance the hole
injection in order to achieve a hole—electron balance in
the OLEDs. It was found that the device without the
PTFE layer showed the external quantum efficiency of
0.38 % while the device with 1.0 nm PTFE layer showed
the external quantum efficiency of 0.47 % resulting in
24.5 % efficiency improvement. When a PVK layer was
used, it was turned out that the effect was more
significant. The device without the PVK layer showed
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0.38 % external quantum efficiency and the device with
11.0 nm PVK layer showed the external quantum
efficiency of 0.575 %, which results in 513 %
improvement in efficiency.

ACKNOWLEDGMENTS

The present Research has been conducted by the
Research Grant of Kwangwoon University in 2005.

REFERENCES

[1] G. B. Blanchet, Y. L. Loo, J. A. Rogers, F. Gao, and
C. R. Fincher, “Large area, high resolution, dry
printing of conducting polymers for organic
electronics”, Applied Physics Letters, 82, p. 463,
2003.

[2] H. E. A. Huitema, G. H. Gelinck, J. B. P. H. Vander,



Efficiency Improvement of Organic Light-emitting Diodes depending on Thickness of Hole Injection Materials : Weon-Jung Kim et al. 237

K. M. Hart, E. Cantatore, and D. M. de Leeuw,
“Active-matrix  displays driven by solution
processed polymeric transistors”, Advanced
Materials, 14, p. 201, 2002.

[3]1 L. S. Hung and C. H. Chen, “Recent progress of
molecular organic electroluminescent materials and
devices”, Materials Science and Engineering, R. 39,
p- 143, 2002.

[4] M. Pope, H. P. Kallmann, and P. Magnante,
“Electroluminescence in organic crystals”, J. Chem.
Phy., 38, p. 2042, 1963.

[5] W. Helfrich and W. G. Schneider, “Recombination
radiation in anthracene crystals”, Phys. Rev. Lett.,
14, p. 229, 1965.

[6] R. H. Friend, R. W. Gymer, A. B. Holmes, J. H.
Burroughes, R. N. Marks, C. Taliani, D. C. Bradley,
D. A. Dos Santos, J. L. Bredas, M. Logdlund, and
W. R. Saraneck, "Electroluminescence in conjugated
polymer", Nature, Vol. 397, p. 121, 1999.

[71 K. Kudo, “Organic light emitting transistors”,
Current Applied Physics, Vol. 5, p. 337, 2005.

[8] C. Jiang, W. Yang, J. Peng, S. Xiao, and Y. Caoet,
“High-efficiency, saturated red-phosphorescent
polymer light-emitting diodes based on conjugated
and non-conjugated polymers doped with an Ir
complex”, Advanced Materials, Vol. 16, No. 6, p.
537, 2004.

[9] H. S. Lee, K. W. Jang, M. K. Choi, S. L. Lee, T. W.
Kim, M. Iwamoto, and J. U. Lee, “Inelastic electron
tunneling in Au/polymide/monolayer organic film/
Pb structures using a polyimide barrier”, J. of
KIEEME(in Korean), Vol. 17, No. 2, p. 196, 2004.

[10] D. H. Chung, S. W. Hur, S. K. Kim, J. U. Lee, C. H.
Kim, J. W. Hong, and T. W. Kim, “Temperature-
dependent electrical properties of organic light-

emitting diodes depending on cathodes”, Current
Applied Physics, Vol. 4, Iss. 6, p. 667, 2004.

[11] D. H. Chung, S. W. Hur, S. K. Kim, J. U. Lee, M. J.
Song, K. U. Jang, S. K. Kim, H. N. Cho, and T. W.
Kim, “Frequency-dependent response in ITO/Alq;
120/Al organic light-emitting diodes”, Current
Applied Physics, Vol. 4, p. 543, 2004.

[12] S. K. Kim, D. H. Chung, J. W. Hong, T. G. Chung,
T. W. Kim, W. J. Lee, and K. U. Jang, “Effects of
buffer layer in organic light-emitting diodes”, Mol.
Cryst. Liq. Cryst., Vol. 377, p. 129, 2002.

[13] S. K. Kim, D. H. Chung, J. W. Hong, T. G. Chung,
H. S. Lee, J. W. Park, T. W. Kim, M. J. Song, and
W. S. Choi, “Current-voltage characteristics of
organic light-emitting “diodes depending on the
application of forward-reverse bias voltage”, Mol.
Cryst. Liq. Cryst., Vol. 377, p. 133, 2002.

[14] S. K. Kim, D. H. Chung, H. S. Lee, H. N. Cho, J. W.
Park, J. W. Hong, and T. W. Kim, “Temperature
dependent electrical properties in ITO/TPD/Alqs/Al
organic light-emitting diodes”, Synthetic Metals,
Vol. 137, p. 1041, 2003.

[15] S. Tokito, H. Tanaka, K. Noda, A. Okada, and Y.
Taga, “Thermal stability in oligomeric triphenylamine
/tris(8-quinolinolato) aluminum electroluminescent”,
IEEE Trans. Electron Devices, 44, p. 1239, 1997.

[16] Y. Qiu, Y. Gao, Liduo, and D. Zhang, "Efficient
emitting diodes with Teflon buffer layer", Synthetic
Metals, Vol. 130, p. 235, 2002.

[17] A. Tsuchida, A. Nagata, M. Yamamoto, H. Fukui,
M. Sawamoto, and T. Higashimura, “Hole resonance
among more than two carbazole chromophores in
poly(N-vinylcarbazole)”’, macromolecules, 28, p.
1285, 1995.



