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Abstract : The organic electroluminescent devices (OELDs) were successfully fabricated utilizing the
blend film of conducting polymer and aromatic polyimide as a hole-transporting layer (HTL). The con-
ducting polymer and aromatic polyimide were polyaniline emeraldine salt (PANI-DBSA) and poly(4.4'-
oxydiphenylene pyromellitimide) (PMDA-ODA PI), respectively. The blend compositions were varied
from 5/95 to 80/20. Tris(8-hydroxyquinolinato) aluminum (Algs) and aluminum were used as an
emission and electron-transporting layer and cathode. respectively. The turn-on voltage of the OELDs
was ranged from 5 V to 8 V, and the brightness reached about 1,800 cd/m” The luminous efficiency
was varied from 0.1 Im/W to 6 Im/W when the brightness was 300 cd/m”. The optimum blend com-
position was 20/80, giving the highest luminous efficiency and lowest power consumption. The energy
band of the blend films, electron affinity and ionization potential, may be shifted toward higher energy
region than that of the PANI-DBSA itself by the presence of the polyimide because of the good elec-

tron-confining effect as well as hole-injecting behavior, depending on the blend compositions.

Introduction

Organic electroluminescent device (OELD) has
been enormously studied for flat panel display ap-
plications owing to its outstanding characteristics
such as low driving voltage, low energy con-
sumption, light weight, ultra thin thickness, high
brightness, and easy control of emission colors.?
The OELD research fields are generally separated
into two different categories, depending on the
kind of organic materials used. One is organic
electroluminescence (OEL} using low molecular
weight or monomeric fluorescent molecules such
as tris{8-hydroxyquinolinato) aluminum (Algs),
the other is polymer electroluminescence (PEL)
using emissive polymers such as poly{p-phenyl-
enevinylene) (PPV). In both cases of OEL and
PEL, one of the major problems for commercializ-
ing the OELD is poor reliability such as low life-
time and durability. It is regarded that the poor
reliability is caused from the intrinsic instability of
low molecular weight materials, weak adhesion
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between organic materials and electrodes, cor-
rosion of metal electrodes by moisture attack,
and joule heating by high current driving.”*
Aromatic polyimide has outstanding chemical
and physical properties such as excellent chem-
ical resistance to common solvents, good adhe-
sion to metals, excellent thin film quality, high
thermal stability, low thermal expansion, and high
mechanical strength and thoughness.” "> However,
to obtain good OELD characteristics insulating poly-
imides are usually undergone chemical or phys-
ical modifications such as doping with low molec-
ular weight functional molecules, blending with
functional polymers, and incorporation of func-
tional moieties into the polyimide wvia copoly-
merization. We have previously reported through
the doping or blending methods that the OELD
using the aromatic polyimide as an emission or
hole-transporting layer (HTL) showed relatively
long term emission stability because it improves
the adhesion between organic layers and elec-
trodes as well as the thermal stability of the or-
ganic layers." " It is evident that the strong adhe-
sion originates from the carbonyl moieties in the
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polyimide backbone. The electron-rich oxygen
atoms in the carbonyl dipoles make the strong
interaction with the metal electrodes such as
indium-tin oxide (ITO), aluminum, copper, and
other metal alloys.

Recently, it has been revealed that the blend
film of aromatic polyimide and conducting poly-
mer as a HTL plays a significant role in the
OELD stabilization as well as the decrease in turn-
on voltage.”” The conducting polymer was poly-
aniline emeraldine salt, which has been used as
an anode in the fabrication of flexible light-emit-
ting diodes.”"® In that report, only single blend
composition was applied to prepare the po-
lymeric HTL so that the optimum condition to
give the best device characteristics could not be
found.

In the present study, we examined the device
characteristics with respect to the blend com-
positions of polyaniline emeraldine salt and aro-
matic polyimide, which were varied from 5/95 to
80/20 by weight ratio.

Experimental

Poly(4.,4'-oxydiphenylene pyromellitamic acid)
(PMDA-ODA PAA), the flexible and soluble pre-
cursor of poly(4,4'-oxydiphenylene pyromelli-
timide) (PMDA-ODA PI), was synthesized from
the respective monomers of 4,4'-oxydiphenylene-
diamine (ODA) and pyromellitic dianhydride
(PMDA) in a weak base solvent of N-methyl-2-
pyrrolidinone (NMP) under nitrogen atmosphere.
Polyaniline emeraldine base (PANI-EB) was syn-
thesized from the vacuum distilled aniline mono-
mer in acidic conditions.**?’ The PANI-EB was
converted into polyaniline emeraldine salt (PANI-
DBSA) via doping process with p-dodecyl-
benzenesulfonic acid (DBSA) in NMP. Figure 1
shows synthetic
routes for the respective polyimide and poly-
aniline. The solution blend of PANI-DBSA and
PMDA-ODA PAA was prepared using NMP as a
solvent at a concentration of ca. 1 wt% with the
blend compositions of 5/95, 20/80, 50/50, and
80/20 by weight ratio. The blend solutions were
mixed to clear solution with magnetic stirrer bar
over 2 days at room temperature. The well-mix-
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ed solutions were purified to remove any micro
impurities with 0.2 gm Teflon membrane filter.
The mixture solutions were spin-coated on to
the pre-cleaned ITO-coated glass substrate,
which was patterned as two ITO lines of 3 mm
wide and 24 mm long. The speed and time of
spin-coating were 3,000 rpm and 3 min, respec-
tively. The spin-coated blend films were soft-bak-
ed at 85°C for ca. 30 min. The soft-baked films
were thermally imidized at 200°C for ca. 60 min
under nitrogen atmosphere or vacuum condition.
After finishing the fabrication of polymeric HTL,
these samples were loaded in a vacuum chamber
to deposit the emission layer and metal electrode.
The Algs, see Figure 1(F), as an emission and
electron-transporting layer (EM & ETL) was de-
posited on to the polymeric HTL. in a vacuum of
4x10° torr at an evaporation rate of 0.2 Alsec.
Aluminum (Al) as a cathode was finally de-
posited on to the Algs layer under the same vac-
uum condition at a deposition rate of 5 Alsec.
The thickness of the Algs vacuum film and Al
cathode was fixed as 100 A and 5,000 A for all
the devices, respectively. The final OELD struc-
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Figure 1. Chemlcal conversion of poly(amic acid) into poly-
imide via thermal imidization reaction, doping process of
polyaniline, and the chemical structure of emission material
used in the present study. (A) PMDA-ODA PAA, (B) PMDA-
ODA P, (C) PANI-EB, (D) DBSA, (E) PANI-DBSA, and (F)
Algs.
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ture is appeared in Figure 2.

The current-voltage-brightness characteristics
were measured by using the OELD measurement
system (IAE-OELD-SYS) equipped with a source-
meaure-unit (Keithley 237) and calibrated silicon
photodiode. The IAE-OELD-SYS is automatically
run via the control software written in Borland
C++ language. The accurate brightness and elec-
troluminescent spectra were obtained using a
diode-array-rapid-scan-analyzer-system (PSI
DARSA-2000) and a spectrophotometer (JOBIN-
YVON SPEX 270M), respectively.

Results and Discussion

To predict the phenomena occurred in the
present OELD structure when applying external
electric field, we constructed the energy band di-
agram as shown in Figure 2. The ionization po-
tential (I,) of polyaniline is reported to be ca. 4.3
eV by ultraviolet photoemission spectroscopy
(UPS) measurement.”’ In addition, the ultraviolet-
visible absorption spectrum of PANI-DBSA show-

Vacuum Level

(E) (A)(B)(C) (D)

Figure 2. Energy band diagram and device structure of the
present OELD. (A) ITO, (B) PANI-DBSA/PMDA-ODA PAA
or Pl blend films, (C) Algs, (D) Al, and (E) glass substrate.
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ed two absorption regions. Thus the threshold
wavelengths in the high and low energy regions
are ca. 450 nm (2.8 eV) and 950 nm (1.3 eV),
respectively. Therefore, the electron affinity (E.)
of PANI-DBSA can be calculated from the ion-
ization potential and the optical band gap (E,)
data as follows:

E.=1I, —E,

As a result, the electron affinity can be ob-
tained as ca. 2.5 eV and 3.0 eV for high and low
energy absorption regions, respectively. Since the
absorption spectrum is broad so the two regions
are almost close each other, the energy gap may
be zero if the solid state film of the PANI-DBSA
is highly dense. That is, the film becomes metal-
like conductor. However, it should be noted that
the accurate values of the energy band may be
slightly changed from PANI-DBSA itself because
the present HTL consists of not only PANI-DBSA
but also PMDA-ODA Pl With the incorporation
of PMDA-ODA PAA or P, it is regarded that the
ionization potential and electron affinity may be
higher than PANI-DBSA only. Moreover, the mid-
dle band of the PANI-DBSA may be disappeared
because the incorporated polyimide chains
separated the polyaniline chains. Therefore, it is
possible to apply the blend film of PANI-DBSA
and PMDA-ODA PAA or Pl as HTL or an elec-
tron confinement layer.

Figure 3 shows the device characteristics when
the blend composition is 5/95. The change of cur-
rent density with applied voltage is shown in the
inset of Figure 3(A). The initialization voltages of
charge injection are ca. 2 V and 5 V for the soft-
baked and imidized HTLs, respectively. However,
the turn-on voltages are more than 5 V, ir-
respective of the thermal imidization. Thus it can
be thought that the leakage current is quite large
for the soft-baked HTL. Since the soft-baked
HTL has many carboxylic acid groups being
acidic and electrically active, the current density
is also higher than that of the imidized HTL. At
the same voltage, the OELD with the imidized
HTL shows higher brightness than that with the
soft-baked one. The efficiencies
appeared in Figure 3(B) are stiffly increased at
low brightness and then leveled off with the

luminous
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brightness increased. Thus it is concluded that the
present OELD is stable in a wide region of bright-
ness. The electroluminescent spectra of the
OELDs with the soft-baked and imidized HTLs
are shown in the inset of Figure 3(B). It is con-
firmed that the recombination zone is in the Algs
layer because the two spectra are almost similar
and show the peak wavelength of 520 nm.

The characteristics of the OELD with the blend
composition of 20/80 are shown in Figure 4. The
current density-voltage relationship shows that
the current density of the OELD with the soft-
baked HTL is also higher than that with the im-
idized HTL, in spite of the unexpected charge in-
jection in the range between 2.5 V and 6 V. It is
generally considered that the unexpected current
flows in the low voltage region are owing to the
morphological defects in the thin film. Both
OELDs with the soft-baked and imidized HTL
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Figure 3. Characteristics of OELD with the blend com-
position of 5/95. (A) Brightness versus applied voltage (inset
figure: current density versus applied voltage) and (B) lu-
minous efficiency versus brightness (inset figure: elec-
troluminescent spectra). Open circles and rectangles denote
for the soft-baked and imidized HTLs, respectively.
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show almost the same turn-on voltage, but the
brightness with the soft-baked HTL is slightly
higher than that with the imidized HTL below 7
V. Figure 4(B) shows the variation of luminous ef-
ficiency with brightness. The luminous efficiency
was almost constant at above 400 cd/m’ re-
gardless of the HTL types. The electrolumines-
cent spectra are also not changed after the HTL
is imidized.

Figure 5 shows the performance of the OELD
fabricated with the blend composition of 50/50.
The unexpected charge flows in the low voltage
region are also observed but the intensity is small-
er than the OELD with the blend composition of
20/80. The turn-on voltages are 6 V and 8 V for
the OELD with the soft-baked and imidized
HTLs, respectively. It is considered as two rea-
sons why the turn-on voltage is increased via ther-
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Figure 4. Characteristics of OELD with the blend com-
position of 20/80. (A) Brightness versus applied voltage
(inset figure: current density versus applied voltage) and (B)
luminous efficiency versus brightness (inset figure: elec-
troluminescent spectra). Open circles and rectangles denote
for the soft-baked and imidized HTLs, respectively.

Luminous Efficiency (Im/W)

1600 2000

Korea Polym. J.. Vol. 6, No. 3, 1998



Organic Electroluminescent Devices Ultilizing Conducting Polymer-Organometallic Complex Hetero-Junction

800 AT MY

L E 4
— -2 250 E
“e 600 [z 200 ]
= 7 E
8 L g 150
~ Fa
w400 [ 100
o e 50 i
£ o
-C -
2 200 ]
o I

L (A)

0 s e SRk AR

012 3 4 5 7 8 9 10 11
Applied Voltage (V)

T L S e B

00 I @D TOTOXO 00 -

Normatized EL Intensity

106 (B) 400 500 600 700
Wavelength (nm)

Luminous Efficiency (Im/W)
=

10070 .
0 200 400 600 800

Brightness (cd/mz)

Figure 5. Characteristics of OELD with the blend com-
position of 50/50. (A) Brightness versus applied voltage
(inset figure: current density versus applied voltage) and (B)
luminous efficiency versus brightness (inset figure: elec-
troluminescent spectra). Open circles and rectangles denote
for the soft-baked and imidized HTLs, respectively.

mal imidization of the HTL as the PANI-DBSA
content is increased. One is the reduction in elec-
trical conductivity or hole mobility owing to the
evaporation of some DBSA molecules in PANI-
DBSA during thermal imidization. The other is
the thickness increase of the HTL because the
shrinkage effect of polyimide by the extraction of
water molecules during thermal imidization is
reduced with the PANI-DBSA content increased.
The luminous efficiency behaviors and elec-
troluminescent spectra are the same for the two
OELDs with the different HTLs.

In Figure 6, the device characteristics are
shown for the OELDs with the blend composition
of 80/20. The inset of Figure 6(A) shows that the
charge injection initializes at ca. 4 V with mar-
ginal intensity of the unexpected current flows for
both OELDs with the soft-baked and imidized
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Figure 6. Characteristics of OELD with the blend com-
position of 80/20. (A) Brightness versus applied voltage
(inset figure: current density versus applied voltage) and (B)
luminous efficiency versus brightness (inset figure: elec-
troluminescent spectra). Open circles and rectangles denote
for the soft-baked and imidized HTLs, respectively.

HTLs. The turn-on voltages are ca. 5 V and 8 V
for the OELDs with the soft-baked and imidized
HTLs, respectively. It is noticeable throughout all
the blend compositions that the current density of
the OELD with the soft-baked HTL is always
higher than that with the imidized HTL, whereas
the trend of brightiness is changed at the blend
composition of 20/80 as the applied voltage in-
creases. However, the behavior of luminous ef-
ficiency with brightness is changed at the blend
composition of 80/20. There is no change in the
electroluminescent spectrum after thermal im-
idization of HTL.

Figure 7 summarizes the device characteristics
with the different HTL types and blend com-
positions when the brightness is 300 cd/m’. The
current density is decreased at low content of
PANI-DBSA and then increased regardless of the
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Figure 7. Effect of blend composition on device charac-
teristics at the brightness of 300 cd/m”. {A) Current density,
(B) operation voltage, (C) Iuminous efficiency, and (D)
wavelength for maximum electroluminescent intensity. Open
circles and rectangles denote for the soft-baked and imidized
HTLs, respectively.
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HTL types. The operation voltage shows the
same behavior as the current density, except for
the OELD with the imidized HTL at the blend
composition of 80/20. High luminous efficiency
was also obtained at the 20/80 composition. The
maximum wavelength is changed not by thermal
imidization but with the blend composition.

Conclusions

The OELD was successfully fabricated utilizing
the blend films of PANI-DBSA and PMDA-ODA
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PAA or Pl as a hole-transporting or electron con-
finement layers. The turn-on voltage was varied
from 5 V to 8 V with respect to the blend com-
position. The current density of the OELD with
the soft-baked HTL was always higher than that
with the imidized HTL. whereas the brightness
was changed at above 20/80 composition. It is
considered that the present OELD is highly stable
since the luminous efficiency was almost constant
with the brightness. There are marginal changes
in the wavelength for the maximum elec-
troluminescent intensity with the blend com-
positions. The optimum composition to give the
highest efficiency and lowest power consumption
is 20/80 when the brightness is fixed at 300 cd/
m’. Finally, it is indirectly proved from the above
results that the energy band of the blend films is
changed adequately for the present device struc-
ture. The accurate measurement of the ionization
potential and electron affinity of the blend films
will be reported elsewhere.
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