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Thin polymer film was deposited on various substrates by using a novel physical vapour deposition method, the Modified Ionized Cluster Beam (MICB) deposition method. For example, to
fabricate polyimide films by the MICB method, PMDA and ODA monomer clusters formed from
specially designed sources were deposited to form polyamic-acid (PAA). Then, the PAA films were
transformed to polyimide by a low-temperature curing process. The residual gas analyzer (RGA)
results show that during the curing process the water molecules were released as a result of the
imidization process. The onset temperature and the properties of the film varied with deposition
conditions, such as acceleration voltage, ionizer energy and beam current. In this study, PI thin
films with various thicknesses and packing densities were used as buffer layers between ITO and
MEH-PPV in a polymer EL device. Precise measurements of the hole-drift velocities in the actual
devices with a buffer layer were carried out by using the time-of-flight method and the transient
EL method. By controlling the charge-carrier injection ratio and the carrier- drift velocity with
the thickness of inserted PI buffer layers, balanced recombination of charge carriers can be accomplished and, therefore, the quantum efficiency of devices can be increased within a certain range of
thickness.
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I. INTRODUCTION

ity. Due to the big discrepancy of charge mobilities in
MEH-PPV, the recombination probability is very low.
This unbalanced injection led to relatively high current
flow through the device, and caused thermal deposition
in devices which resulted in degradation of the devices;
as a result, the efficiency was less than 1 % in the case
of the ordinary devices. Recently, it has been reported
that the stability and EL efficiency were significantly
enhanced by inserting an insulating layer between the
anode and the light emitting layer [4, 5]. In this paper, we report fabricated polymer EL devices with polyimide (PI) thin film as a buffer layer between ITO and
MEH-PPV light-emitting layer. To synthesize and de-

Among many factors that determine EL (electroluminescence) device performance, the charge carrier
mobilities and balanced charge injection have been significant in both efficiency and stability [1, 2]. The hole
mobility, which was measured by the TOF (time of
flight) method at room temperature in phenylenevinylene (PPV), was reported as 2 × 10−4 cm2 V−1 s−1 by
Meyer et al [3]. The electron mobility for that material
was reported as 10−4 times lower than thehole mobil∗ E-mail:
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posit PI films on substrate, PMDA and ODA monomer
clusters were deposited simultaneously on heated substrate. The details of the film-growth method and mechanism have been given in Refs. [6,7]. The as-deposited
polyamic-acid (PAA) film was transformed to PI by a
low-temperature curing process. H2 O molecules were
observed and measured by residual gas analyser (RGA)
during the imidized curing process. The TOF and transient EL methods were used to measure the precise holedrift velocities in the actual ITO/PI/MEH-PPV/Al EL
devices with PI buffer layer [8].

II. EXPERIMENT
Detailed descriptions of the ICB system and PI deposition have been published elsewhere [6, 7]. To check
imidization of the PAA precursor for PI film formation,
the RGA was installed in the MICB deposition system to
measure the starting temperature of the curing process
and the amount of water molecules released during the
curing process. An authentic sample having a specific
structure was used to measure the hole-drift velocity by
the TOF method [8]. MEH-PPV was spin-coated on the
top of ICB-deposited PI layer, followed by deposition
of semi-transparent Al cathode. Holes were generated
at the interface between MEH-PPV and electrode or between MEH-PPV and PI layer by laser illumination. The
generated hole moved through MEH-PPV by applied potential between anode and cathode. Hole-drift velocity
was calculated by using the input laser pulse signal and
measured current signal [8]. The quantum efficiencies
and current-voltage-luminescence (I-V-L) characteristics
of the devices having different PI interlayer thickness
were measured and compared with those of the devices
without a PI layer.

Fig. 1. Detected Water molecules by RGA during thermal
dehydration during formation of Polyimide with varies ICB
deposition condition

Fig. 2. I-V characteristics of the devices

III. RESULTS AND DISCUSSION
The RGA results in Figure 1 show that during the
curing process water molecules were released as a result
of the imidization process. The on set temperature decreased when the electron-beam current for cluster ionization increased. Compared to our previous results in
Ref. [6], at optimum conditions the properties of the
film such as packing density, imidization ratio and surface roughness showed better results. The properties of
the film varied with deposition conditions such as acceleration voltage, ionizer energy and beam current.
The I-V-L results and quantum efficiency for the devices are shown in Figure 2, Figure 3 and Figure 4; the results show that the turn-on voltage increased as PI buffer
layer thickness increased. In Figure 2, current increases
slowly until an appropriate voltage difference is reached,
and then current increases again rather rapidly. This result demonstrates that in the devices with a thin buffer

Fig. 3. V-L characteristics of the devices

layer the charge injection takes place with two different mechanisms. At low voltages, the current flows over
two resistance layers, i .e. ohmic current flow. On the
other hand, when the voltage difference reaches certain
amount, current flow increases rapidly with tunneling
conduction. As shown by the quantum-efficiency results
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Fig. 4. Quantum efficiency of the devices
Fig. 6. Transient EL spectrum with various PI thickness

in Figure 4, the quantum efficiency of the device with
10-nm-thick PI layer varies with applied voltage; at low
field, the efficiency is higher than for the normal device,
but at high field the efficiency decreases rapidly because
of low tunneling probability.
Devices with 3 to 7 nanometers of PI interlayer have
shown optimum efficiency so far. The results were in
good agreement with the hole-drift-velocity variations as
shown in Figure 5 and Figure 6. To measure the carrier
mobility and carrier drift velocity, the TOF method (Figure 5) and transient EL measurement (Figure 6) were
used. The results for transient EL are currently under
analysis. At optimum conditions, the hole mobility of
the devices with a PI layer was lower than that of the
ordinary device without a PI interlayer. The lower mobility of holes that was caused by inserting a PI interlayer increased the probability of electron-hole pair formation, which resulted in high efficiency. Since the two
results for efficiency and hole mobility agreed very well,
the reason why the device efficiency increased with a PI
interlayer was confirmed. The injected-carrier density
decreased with increasing interlayer thickness, which re-

sulted in more balanced charge injection and provided
more stable device performance within a certain range
of thickness.

IV. CONCLUSION

In this study, PI thin films with various thicknesses
and packing densities were used as buffer layers in a polymer EL device. According to the results of the hole-drift
velocities in the actual devices with a buffer layer measured by using the time-of-flight method and the transient EL method, balanced recombination of charge carriers can be accomplished and, therefore, the quantum
efficiency of devices can be increased by controlling the
charge-carrier injection ratio and the carrier-drift velocity with the thickness of inserted PI buffer layers.
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