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Abstract
The Iluminance efficiency of the red organic light-
emitting devices fabricated utilizing a double electron
transport layer (ETL) consisting of an Al-doped and
an undoped layer was investigated. The Al atoms
existing in the ETL acted as hole blocking sites,

resulting in an increase in the luminance efficiency.

1. Introduction

Organic light-emitting devices (OLEDs), which
offer many advantages of low cost, fast response, and
low power consumption, have been emerged as
excellent candidates for the next generation flat panel
[1-5].
improvement of OLEDs have been performed by

display Many studies on efficiency
enhancing the recombination probability and the
balance of carriers in emitting layer (EML) of OLEDs
[6-8]. OLEDs with a lithium (Li)-doped tris(8-
hydroxyquinoline)aluminum (Alq;) electron transport
layer (ETL) or a hole-blocking layer of an Al-doped
organic layer have been particularly attractive because

of interest in fabricating OLEDs with a high

efficiency [9-13]. Even though many investigations
concerning the efficiency enhancement of OLEDs
utilizing a single ETL have been reported, very few
studies on highly efficient OLEDs with a double ETL
consisting of an Al-doped layer and an undoped layer
have been performed. This paper reports data for
enhancement mechanisms of luminance efficiency in
red OLEDs fabricated utilizing a double ETL
consisting of an Al-doped layer and an undoped layer.
The electrical and optical properties of the red OLEDs
fabricated utilizing a double ETL consisting of an Al-
doped layer and an undoped layer formed by using
organic molecular beam deposition were investigated.
Current density-voltage, efficiency-current density,
electroluminescence (EL) measurements were carried
out to investigate the electrical properties, the
movement of emission zone, and the -efficiency

improvement of the red OLEDs.

2. Experimental

The sheet resistivity of the indium-tin-oxide (ITO)
thin films coated on glass substrates used in this study
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was 15 /7. The ITO substrates were cleaned using
acetone and methanol at 60°C for 5 min, and then
rinsed in de-ionized water thoroughly. After the
chemically cleaned ITO substrates had been dried by
using N, gas with a purity of 99.9999%, the substrates
were treated with an oxygen plasma for 10 min. The
red OLEDs with a single or a double ETL were
fabricated on ITO-coated glass substrates and
consisted of the following structure from the bottom:
ITO as an anode electrode, N,N-bis-(1-naphthyl)-N,N-
diphenyl-1,1-biphenyl-4,4-diamine (NPB) (50 nm) as
a hole transport layer (HTL)/1.0% DCM1-doped Alqs;
(40 nm) as an EML/an undoped Alq; (30 nm) single
ETL or a double ETL consisting of an Al-doped Alqs
(15 nm) layer and an undoped Alqg; layer (15 nm)/Al
(100 nm) as a cathode electrode. The red OLEDs with
a single ETL and a double ETL are denoted as devices
I and II, respectively. The schematic diagrams of the
OLED structures used in this study are shown in Fig.
1. The organic layers were deposited at a substrate
temperature of 27°C and a system pressure of 5 x 10®
Torr. The deposition rates of the organic layers and the
metal layers were approximately 0.1 and 0.5 A/s,
respectively. The deposition rates were controlled by
using a quartz crystal monitor. The size of the emitting
region in the pixel was 3 x 3 mm’ The current
density-voltage and the luminance efficiency-current
density characteristics of the red OLEDs were
measured on a programmable electrometer with built-
in current and voltage measurement units (Keithley
236). The EL spectra were measured by using a
spectrometer (Perkin-Elmer LS20B).

3. Results and discussion

Figure 2 shows the current density-voltage, the
luminance-voltage, and the Iuminance -efficiency-
current density characteristics for devices I and II. The
current density of device II with a double ETL
decreased in comparison with that of device I because
the Al atoms in the double ETL acted as electron trap
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Fig. 1. Schematic diagrams for OLEDs of devices |
and II.

sites. The difference of the current densities between
devices I and II decreased with increasing applied
voltage because the more electron trapping sites were
occupied by the electrons injected from the cathode.
Because the conductivity of the Al-doped ETL was
lower than that of the HTL, the voltage across the
ETL at high voltages was larger than that across the
HTL, resulting in an increase in the number of
electrons injected from the cathode to the EML. While
the luminance of device I at low voltages was larger
than that of device II, that of device II at high voltages
exceeded the luminance of device I because the
electron injection in device Il at high voltages
increased. The luminance efficiency of device II was
significantly enhanced in comparison with that of
device 1. The double ETL consisting of the Al-doped
Algs layer and the undoped Alqs layer at high voltages
decreased the holes injected from the anode to the
EML, resulting in an increase in the luminance
efficiency of device II with a double ETL.

The movement of the recombination zone due to the
insertion of the Al-doped layer was clarified by using
the EL spectra shown in Fig. 3. The dominant peaks at
2.45 and 2.1 eV corresponded to the Alg; and DCM1
layers, respectively. While the EL spectrum of device
I contained the emission peaks related to the Alq; and
DCMI1 layers, that of device II showed only the
DCMI peak. Even though the recombination region of
device I extended over the DCM1-doped Alq; EML
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Fig. 2. (a) Current densities as functions of the applied
voltage, (b) luminances as functions of the
applied voltage, and (c) luminance
efficiencies as functions of the current
densities for OLEDs of devices I and I1.

P-88/D. C. Choo

m Device |
2 Device ll

(arb. units)

ELECTROLUMINESCENCE INTENSITY

PHOTON ENERGY (eV)

Fig. 3. Electroluminescence spectra at 14 V of devices
I and II.

and the undoped Alqg; ETL, that of device II existed
only in the EML. The Al atoms in the ETL trapped the
electrons which were injected from the cathode into
the EML, and they decreased the conductivity of the
Al-doped ETL, resulting in a decrease in the applied
voltage to the HTL. Therefore, the magnitude of the
holes which were transferring from the HTL to the
EML decreased, and the recombination zone of device
IT with a double ETL was shifted to the EML region,
resulting in an increase in the luminance efficiency of
the red OLEDs.

4. Summary

The electrical and optical properties of the red
OLEDs with a double ETL consisting of the Al-doped
Alg; layer and the undoped Alqg; layer were
investigated. While the current density of device Il
with a double ETL was smaller than that of device |
with a single ETL, the luminance efficiency of device
II was larger than that of device I. The improvement
of the luminance efficiency in the red OLEDs with a
double ETL originated from the shift of the
recombination zone to the EML due to a decrease in
the conductivity of the Al-doped Alq; layer. These
results indicate that highly efficient OLEDs can be
fabricated using a double ETL consisting of an Al-
doped Alqg; and an undoped Alg; layers.

IMID/IDMC/ASIA DISPLAY ‘08 DIGEST + 515



P-88/D. C. Choo

5. Acknowledgements

This work was supported by the Korea Science and
Engineering Foundation (KOSEF) grant funded by the
Korea government (MEST) (No. RO0A-2007-000-
20044-0).

6. References

1. C. W. Tang and S. A. Van Slyke, Appl. Phys. Lett.
51, 913 (1987).

. Y. Qiu, Y. Gao, L. Wang, P. Wei, L. Duan, D. Zhang,
and G. Dong, Appl. Phys. Lett. 81, 3540 (2002).

. D. Beljonne, A. Ye, Z. Shuai, and J-L. Bredas, Adv.
Funct. Mater. 14, 684 (2004).

4. M. Mazzeo, V. Vitale, F. D. Sala, M. Anni, G
Barbarella, L. Favaretto, G. Sotgiu, and G. Gigli,
Adv. Mater. 17, 34 (2005).

5.C. Di, G Yu, Y. Liu, X. Xu, Y. Song, and D. Zhu,
Appl. Phys. Lett. 90, 133508 (2007).

6. T. Matsushima and C. Adachi, Appl. Phys. Lett. 89,
253506 (20006).

7.7.]. Wang, Y. Wu, Y. C. Zhou, J. Zhou, S. T. Zhang,
X. M. Ding, X. Y. Hou, and Z. Q. Zhu, 4Appl. Phys.
Lert. 88, 222112 (2006).

8. K. Fehse, G. Schwartz, K. Walzer, and K. Leo, J.
Appl. Phys. 101, 124509 (2007).

9. H. Heil, J. Steiger, S. Karg, M. Gastel, H. Ortner, H.
von Seggern, and M. St6Bel, J. Appl. Phys. 89, 420
(2001).

10. J. Kido and T. Matsumoto, Appl. Phys. Lett. 73,
2866 (1998).

11. T. Osada, P. Barta, N. Johansson, Th. Kugler, P.
Broms, and W. R. Salaneck, Synth. Met. 102, 1103
(1999).

12. G. Parthasarathy, C. Shen, A. Kahn, and S. R.
Forrest, J. Appl. Phys. 89, 4986 (2001).

13. J. Lee, M. Wu, C. Chao, H. Chen, and M. Leung,
Chem. Phys. Lett. 416, 234 (2005).

N

W

516 « IMID/IDMC/ASIA DISPLAY ‘08 DIGEST



