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Abstract : A series of polymer hole transport materials, polylN-(p-diphenylamine)phenyl
methacrylamide] (PDPMA), polylN-(p-methyldiphenylamine)phenyl methacrylamide] (PMDPMA)
and polylN-(p-methoxydiphenylamine)phenyl methacrylamide] (PMoDPMA), were synthesized by
radical polymerization and their structural effects on the performance of multilayer EL device were
studied. Among them, PMoDPMA showed the lowest oxidation potential {1.11 V) due to its high
electron donating property. Thermal stability of PDPMA and its derivatives, and their resistance to
oxygen and moisture were much better than organic hole transport material. Electroluminescent
devices using them emitted blue light with high brightness of ~650 cd/m’ and showed better stability
over long cycles than using low molecular weight hole transport materials. Also, PMoDPMA
dramatically lowered the driving voltage of the device to 4 V, which was consistent with oxidation

potential measurement.

Introduction

Significant improvement in organic electrolu-
minescent (EL) device has been achieved over
the past few years'™ by using the cathode elec-
trode with low work function*® or heterostructure
(multilayer) EL device.”® However, EL efficiency
and thermal stability still need to be enhanced for
the practical use of organic EL. devices.

Multilayer EL devices composed of charge
transport layers, [hole transport layer (HTL) and
electron transport layer (ETL)], have improved
EL properties due to the confinement of excitons
formed by recombination of injected charges in
emitting materials. HTL plays key role in decrea-
sing the driving voltage and blocking the electron
but EL device using HTL of low molecular weight
showed several problems such as short lifetime
and thermal degradation during operation.®

We, therefore, prepared a series of polymer
HTLs (PHTLs) in order to improve the emitting
properties and thermal stability. We investigated
oxidation potential, thermal properties and
surface morphology of PHTL and studied
structural effect of PHTL on the EL properties of
a multilayer device.
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Experimental

A new PHTL was prepared by radical poly-
merization of N-(p-diphenylamine)phenyl meth-
acrylamide monomer, synthesized by catalytic
reaction of 1-fluro-4-nitro benzene with diphenyl-
amine as shown in Figure 1. Also, to study the
effect of molecular structure of PHTL on EL
performance, PDPMA was modified by attaching
methyl or methoxy group into triphenyl func-
tional group. Thus, we obtained a series of
PHTLs such as poly[N-{p-diphenylamine)pheny!
methacrylamide] (PDPMA), poly{N-(p-methyldip-
henyl amine)phenyl methacrylamide] (PMDPMA)
and [poly(N-(p-methoxydiphenylamine)phenyl
methacrylamide)] (PMoDPMA). The synthesis of
PHTLs was confirmed by NMR and FTIR.

Cyclic voltammetry was carried out in a 3
electrode system using a potentiostat (EG&G
Model 362) to investigate the oxidation potential
of HTLs. HTLs were dipcoated onto platinum
electrode used as a working electrode. All
potentials were measured against Ag/AgCl
reference electrode. The surface morphology of
HTLs was investigated by atomic force
microscope (AFM, PSI AutoProbe CP} and the
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Figure 1. Synthesis of polymer hole transport materials.

thermal analysis was done using a Perkin Elmer
DSC7.

We fabricated multilayer EL. devices using PHTL
or organic HTL such as triphenylamine (TPA).
PHTL was spin-coated onto a ITO glass (16Q) at
2,000 rpm while TPA was vacuum deposited
onto a ITO glass. 1,1,4,4-Tetraphenyl-1-3-
butadiene (TPB) and 2-(4-tert-butylphenyl)-5-(4-
biphenyl)-1,3,4-oxadiazole (PBD) were sequentially
vacuum-deposited onto PHTL under the pressure
of 1X10°torr. TPB and PBD were used as an
emitting layer and an ETL, respectively. Finally,
magnesium/silver (Mg/Ag) electrode was code-
posited onto PBD layer at the same pressure.
PL and EL spectra were obtained by ACTON
spectrofluorometer. Source measuring unit
(Keithley model 236) was used to monitor current-
voltage (I-V) curves.

Results and Discussion

Figure 2 shows the cyclic voltammograms of
HTLs in an acetonitrile solution containing 0.1 M
tetraethylamonium perchlorate at a scan rate of
20 mV/s. TPA showed the lowest oxidation peak
potential at 1.01 V which indicated that hole
generation is easiest. But the redox peak
disappeared after the next few cycles due to its
poor stability.

In the case of PHTL, polyvinylcarbazole (PVK)
showed oxidation peak potential of 1.25V and
the oxidation peaks of PDPMA, PMDPMA and
PMoDPMA occurred at 1.20, 1.17 and 1.11V,
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Figure 2. Cyclic voltammograms of hole transport materials:
(a) TPA and PVK and (b) PDPMA and its derivatives.

respectively. PDPMA and its derivatives had no
change in peak current and potential up to the
30th cycle because of their high stability and
showed sharp and symmetrical redox peaks,
and lower oxidation potential than PVK. The
reduction in oxidation potential of PHTL could
be related to electron donating property of
attached group in side chain and thus, PMoDPMA
showed the lowest oxidation potential due to high
electron donating property of methoxy group.
Figure 3 showed 3-dimensional AFM surface
images for TPA and PMoDPMA films at a
contact mode. The surface morphology of TPA
film changed into globular structure after 48 hrs
upon the exposure to atmosphere, while globular
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Figure 3. AFM surface images of TPA and PMoDPMA layers: (a) after vacuum deposition of TPA, (b) after 48 hrs for TPA, (c)
after spin coating of PMoDPMA, and (d) after 48 hrs for PMoDPMA.

structure was not observed in PMoDPMA film.
The significant change in surface morphology
was attributed to the aggregation of TPA
molecules by the presence of moisture and
oxygen.

PDPMA and its derivatives had the glass
transition temperature (T,) over 200°C as shown
in Figure 4. Considering low melting temperature
of TPA (128°C), the multilayer EL device using
PDPMA series could be thermally more stable
during operation.

PL spectra of bilayer device composed of HTL
and the emitting layer were monitored in order to
clarify the formation of complexes. Figure 5
showed PL spectra of TPB single layer, 1.5 wt%
(TPB/PDPMA)/monochlorobenzene solution and
TPB/HTL bilayer. TPB single layer showed PL
peak at 432 nm but the peak was shifted to long
wavelength for bilayer structure including HTL
film. The red shift was due to non-radiative

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

decay by the formation of complexes but it was
not observed in (TPB/PDPMA)/monochlorobenzene
solution and TPB single layer. Complex
formation might be difficult in the solution due to
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Figure 4. DSC thermograms of PDPMA and its derivatives.
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Figure 5. PL spectra of TPB/PHTL bilayer structure.

long distance between molecules in dilute solution.

The red shift was very dominant for TPB/PVK
bilayer. which indicated that the excitation energy
was trapped in excimer forming site due to
planar structure of carbazole group in PVK. In
the case of bilayer using PDPMA series we could
not find distinct red shift phenomena. Therefore,
the original peak wavelength of TPB could be
obtained without non-radiative decay during EL
device operation.

Figure 6 showed I-V curves for multilayer EL
device using PHTL or TPA. EL device using TPA
showed the highest driving voltage near 10V in
spite of the lowest oxidation potential of TPA in
cyclic voltammograresence of moisture and
oxygen PHTL resulted in significant decrease in
driving voltage to a value of few volts. Especially,
ITO/PMoDPMA/TPB/PBD/Mg/Ag device showed
very low driving voltage of about 4V, which is
consistent with its low oxidation potential.
Methoxy group in PMoDPMA donates electrons
to unshared electron pairs of nitrogen in
triphenylamine group and most easily transfers
holes into emitting layer.

Figure 7 showed the EL spectra of ITO/HTL/
TPB/PBD/Mg/Ag devices in the presence of air.
EL device using PHTLs emitted blue light with
high intensity and showed higher stability than
the device using TPA. Among them PMoDPMA
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Figure 6. I-V curves of EL devices with different hole trans-
port layers.
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Figure 7. EL spectra of EL devices with different hole trans-
port layers.

showed the highest emission at relatively short
wavelength and the highest brightness of ~650
cd/cm® was obtained at 20 V as shown in Figure
8. Therefore, synthesized PDPMA series resulted
oxidation potential and higher
environmental and thermal stability.

in lower

Conclusions

We prepared a series of PHTL, PDPMA,
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Figure 8. L-V curves of EL devices using PDPMA and its
derivatives.

PMDPMA and PMoDPMA, by radical poly-
merization and studied structural effect of PHTL
on various properties of EL. devices. AFM surface
morphology indicated that PDPMA and its
derivatives were highly stable against oxygen and
moisture. Also, they showed high thermal stability
up to 200°C. Cyclic voltammetry confirmed that
the high electron donating property of attached
group resulted in the ease of hole generation.

Red shift was not found for PDPMA and its
derivatives, while TPB/PVK bilayer showed
apparent red shift of PL peak due to the
formation of complexes.

By comparing the performances of EL devices
made of PHTL with those of TPA, PDPMA and
its derivatives showed better stable EL properties.
We obtained blue emission with high brightness
of ~650 cd/m? and the lowest driving voltage of 4
V for PMoDPMA due to its high electron

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

donating property.
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