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Abstract : Organic light-emitting diodes (OLED) were successfully fabricated using the thin polymeric
film by dispersing a hole transport material into a soluble polyimide and the molecular film of a chelate
complex. In order to improve the injection of electrons into the emissive layer as well as the interfacial
adhesion. we have attempted the mixing of the chelate complex and metal between the emissive layer
and the cathodic electrode. The structural investigations of the mixed layer between the chelate
complex and metal electrode were carried out using x-ray photoemission spectroscopy (XPS) and
atomic force microscopy (AFM). Especially. ultraviolet photoemission spectroscopy (UPS) was applied
to verify the electronic structure of the mixed layer. The charge injection of the device having the
mixed layer was initialized at the applied voltage of 4.19 V. and the brightness was about 10 cd/m? at
7 V. The dramatic enhancement in the oscillator strength was observed from the electroluminescent

spectra measured with the applied voltage.

Introduction

Since C. Tang and S. Van Slyke announced
their first organic light-emitting diode (OLED),’
the OLEDs using organic fluorescent dyes have
been reported as one of the best candidates for
the next generation flat panel display (FPD) and
opto-electronic devices (OEDs). Their research
was based on the application of the multilayer
device structure containing charge carrier trans-
porting and light-emitting layers. Many resear-
chers have performed the various studies to
obtain the harmonious electron from metal
electrodes into organic layers.** As being attained
the smooth electron injection from metal
electrodes into organic layers, high stability and
efficiency of OLEDs can be obtained. Particularly,
the low-work function metals have adopted
between organic layers and metal electrodes in
order to reduce the potential barrier which is the
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difference of electron affinity of organic layers
from the work function of metal electrodes.®® But
these methods have not been represented for the
improvement of adhesion problem between metal
electrodes and organic layers.

In this paper, we attempted the insertion of
mixed layers between organic layers and metal
electrodes for the easy injection of electrons from
metal electrodes into organic layers and the
improvement of the adhesion between organic
layers and metal electrodes.”’! The structures of
the mixed interface layer between organic dye
(chelate complex)’? and metal electrode were
studied using X-ray photoemission spectroscopy
(XPS), photoemission  spectroscopy
(UPS). and atomic force microscopy (AFM).!1s
XPS and UPS were utilized to investigate the
change of the surface core-level binding energy
and the ionization potential energy by tris(8-
hydroxyquinolinato) aluminum (Algs)-Al  mixing
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reactions, while AFM was performed to verify the
surface morphology of the mixed layer compared
to Alg; and Al layers. We discussed the results in
relation of ‘luminance-current-voltage (L-I-V)
characteristics and electroluminescence (EL) of
OLEDs. As expected, it will be seen that the
device with mixed layer displayed increasing of
device performance.

Experimental

We used organic materials: N,N'-diphenyl-N,N'-
bis(3-methylphenyl)-1,1-diphenyl-4,4-diamine
(TPD) as a hole transport material and Alg; as an
emissive material having an electron transporting
ability. The hole transport material was dispersed
into a soluble polyimide, poly(ether imide) (PEI)!*"
and the mixing ratio of PEI and TPD was 1°1 by
weight. The chemical structure of the molecules is
shown in Figure 1.

For the fabrication of a hole transport layer,
the PEI and TPD were dissolved in chloroform at
a solution concentration of 0.5 wt%. The mixed
solution was spin-coated onto a patterned ITO
glass of seven-segmented type. The film thickness
of the hole transport layer was about 300 A after
spinning at 5000 rpm for 2 min and soft-baking
for 1 hr at 110°C. We determined the film
thickness using the surface profiler (Tencor P-10).

@—
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Figure 1. The chemical structure of molecules used: (a) PEI,
(b) TPD, and (c) Algs.
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With following process, the organic and metallic
layers were prepared by thermal evaporation of
Alg: and Al in a vacuum of 5X10° torr with a
deposition rate of 0.3 A/sec and 10 A/sec,
respectively. For the vacuum deposition of
organic dyes, the low temperature effusion cell
(EPI-30-M-LT) was used for an evaporation
source. Organic and metallic layers were about
200 A and 3000 A thick, respectively. The film
thickness in high vacuum were measured using
the thickness monitor (Sycon Instruments STM-
100/MF). In order to improve the electron
injection into the emissive layer, a thin organic-
metal mixing introduced between
emissive and metallic layers. For the fabrication
of this layer, the Alg; and Al were simultaneously
evaporated as a rate of 0.2 A/sec. The film
thickness of the mixed layer was less than 50 A.
Finally, for the prevention of the penetration
of the oxygen and moisture, the OLED was
encapsulated with a glass plate and sealant. The
cross-sectional view of device is shown in Figure 2.

We investigated L-I-V characteristics of OLEDs
using source-measure-unit (Keithley 237) and
diode-array-rapid-scan-analyzer-system (PSI
DARSA-2000). The EL spectra of OLEDs were
measured by spectrophotometer (JOBIN YVON-
SPEX 270M). For XPS and AFM examinations,
we prepared the thin films of three types such as
Algs, Algy/Algs-Al, and Algs/Algs-Al/Al. The films
were deposited onto an ITO substrate to avoid
charging effects by the samples. The XPS
measurements were performed on a PHI 5700
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Figure 2. The cross-sectional view of organic light-emitting
device.
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system equipped with a
monochromatic Al K. X-ray source (h=1486.6
eV) in an ultra high vacuum (UHV). The AFM
images were obtained using the PSI auto probe
CT. Additionally, for UPS examinations, we
prepared the thin films of two typés such as Algs
and Algi/Algs-Al. The films were similarly
deposited onto an ITO substrate to avoid
charging effects by the samples. The UPS
measurements were performed on the system
equipped with a He(la) UV-source (hv=21.21
eV) in UHV.

multitechnique

Results and Discussion

The surface compositions of Algs, Algs/Algs-Al,
and Algy/Algs-Al/Al  thin films were determined
by XPS. The survey spectra for all three
specimens are appeared in Figure 3. Figure 3{a)
shows the expected core-level peaks of Al Als,
C., Ni, and O, from the Algs. From Figures 3(b)
and (c), the survey spectra of Algs/Algs+Al and
Algy/Algs-Al/Al exhibit mainly the Aly, Al Ci, N,
and O, but the Ny, is not detected in Algs/Algs-
Al/AL. With the formation of metallic layer, the
intensity of C;, peak decreases, but that of O
peak increases on the contrary. This result implies
that the oxide layers onto the pure metal surface
formidably grow under atmosphere, whereas not
onto the chelate complex surface such as Alga.
On the basis of the results, the XPS spectrum of
the mixed layer includes the properties of Algs
and Al simultaneously, meaning the well-mixed
state. Additionally, the Figure 3 (inset) shows the
images for the surface morphology of Alqgs Algs/
Alg:-Al, and Algs/Algs-Al/Al  thin  films. The
scanning size of these images was 5 UmX5 um.
The average roughness of Alg; film seen from
Figure 3(a) is about 21.4 A. Figure 3(b) shows
the image of the mixed layer with the average
roughness of 13.2 A. This mixed film has
relatively smooth surface morphology similar to
that shown in Figure 3(a). Compared to the
Figures 3(a) and 3(b), the surface in Figure 3(c)
looks quite rough and shows many grain-like
microstructures. It is regarded that the surface
roughness of Algs and Algs-Al is smaller than
that of Al because of mild thermal deposition
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Figure 3. XPS spectra for the determination of the surface
composition and AFM images for the surface morphology of
(a) Algs, (b) Algs/Algs-Al, and (c) Algs/Alqs-Al/Al thin films.

condition such as lower evaporation rate. It is
thought that the well-mixed state of Algs and Al
is achieved, because the image of the mixed layer
represents a few grain-like structures similar to
that of Al layer.

The x-ray photoemission C, spectra of Algs
and Algy/Algs-Al thin films are shown in Figure 4.
Figure 4(a) shows the x-ray photoemission C..
spectra of Algs thin film and Figure 4(b) shows
that of Algs/Algs-Al thin film. In the decon- -
volution data for two specimens, the binding
energy of C-C, C-N, and C-O peaks are
appeared at 284.5 eV, 286.0 eV, and 288.6 eV,
respectively. On the basis of main peaks (C-C
peaks) for Alg; and Algs/Algs-Al thin films, the
intensity of C-O peak for Algs/Algs-Al thin film is
still enlarger than that of Algs thin film. As the
result of the C, spectra of these films, it is
suggested that the increment of the C-O peak at
the surface of Algy/Algs-Al thin film denotes the
formation of oxide layer slightly.

Korea Polym. J.. Vol. 6, No. 3. 1998
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Figure 4. The x-ray photoemission C,, spectra of (a) Algs
and (b) Algs/Algs-Al thin films.

On the basis of results of the x-ray
photoemission spectra of Algs and Algy/Algs-Al
thin films, we measured the ionization potentials
of these films from the UPS measurements. When
the photoelectron excited by UV source (21.21
eV) emits from the surface of samples, the kinetic
energy of photoelectrons has the distribution as
shown in Figure 5. Figures 5(a) and 5(b) show
the UPS spectra of Algs thin film {(open circle)
and Algs/Algs-Al  thin  film (filled circle),
respectively. It is shown that the kinetic energy of
photoelectron for the Algs thin film is larger than
that for the Algy/Algs-Al thin film. This result
represents that the ionization energy of Algs thin
film is smaller than that of Algy/Algs-Al thin film.
As the result of UPS data of these films, it is
suggested that the absolute value of energy for
the highest occupied molecular orbital (HOMO)
band of Algy/Algs-Al thin film is larger than that
of Alg; thin film. This result is coincident with the
phenomenon with respect to increment of the
C-O peak at the surface of Algs/Algs-Al thin film.

The OLEDs were fabricated using the same
mixing condition conducted in the measurement
of XPS, AFM, and UPS. Figure 6 shows the
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Figure 5. The UPS spectra of (a) Algs (open circle) and (b)
Algs/Algs-Al thin film (filled circle).

difference in EL spectra at bias of 7 V and L-I-V
characteristics with and without the mixed layer.
In the case of the device with the mixed layer, as
shown in open circles of Figure 6, the charge
injection of the OLED is detected at bias of 4.19
V, and the brightness of 950 cd/m’ is measured
at bias of 7 V. The current density at that
applied voltage is 53 pA/mm?® The luminance of
the EL spectra shows the noticeable increment of
the oscillator strength of Alg: peak at 2.41 eV. In
the case of the device without the mixed layer,
the initiation of charge injection and the
brightness at bias of 7 V were 4.45 V and 225
cd/m? respectively. That is, the brightness of the
term with the mixed layer is four times higher
than that without the mixed layer. Thus it is
considered that the performance of the present
OLED is improved by introducing the mixed
interlayer.

Conclusions

From the XPS, UPS, and AFM data, we
obtained the realization of well-mixing process of
metal and organic materials. The introduction of
the mixed layer between the emitting layer and
cathodic electrode helps to enhance the device
performance due to its improved electron
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Figure 6. I-V characteristics (inset: a), L-V characteristics
(inset: b), and EL spectra with the voltage of 7 V (open and

filled circles denote the device with and without the mixed
layer, respectively).

injection and eventually the lowered operating
voltage — charge injection voltage: 4.19 V-by
improving the interfacial contact of organic dye
and metal layers. It is suggested that the mixing
reaction of organic material and metal enforces
the change of the surface core-level binding
energy and significantly affects the bulk
properties of films such as electron affinity,
ionization potential, charge carrier concentration,
and electrical conductivity. With indication of
experimental results for well-mixed states via
XPS, AFM, and UPS. it is asserted that the
concept of homojunction-like property and band
merging effect at the contact of organic and
metallic layers is introduced.
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