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ABSTRACT: Transparent conductive oxide (SnO,)/organic layers/aluminum thin film
sandwich structures were obtained by vacuum evaporation. The organic component
was either a thin carbazole film or a bilayer. In that case, the carbazole film was
deposited onto a thin insulating polymer film. The polymer used was the poly(tetra-

bromo-p-phenyleneselenide) (PBrPDSe).

Photoluminescence measurements have

shown that the carbazole thin films emit blue light. (I-V) measurements have shown
that the structures exhibit diode characteristics. The forward direction is obtained
when the transparent conductive oxide (TCO) is positively biased. However, the repro-
ducibility of the results obtained with a single carbazole layer is poor. It appears that
the stability of the sample is improved when a thin PBrPDSe film (40 nm) is introduced
between the carbazole and the SnO,. The polymer film avoids the short circuit effect. In
that case, the turn-on voltage of the diode is about 3 V, when the thickness of the
carbazole film is around 250 nm and the electroluminescence appears at a voltage of
about 5 V. It is shown that the thermionic effect cannot be used to explain the I-V
characteristics, which are interpreted with the help of the Fowler—Nordheim tunnel
effect. © 2001 John Wiley & Sons, Inc. J Appl Polym Sci 82: 2042—-2055, 2001
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INTRODUCTION

Since the electroluminescence of the film poly(1.4-
phenylene vinylene) (PPV)-based diodes was re-
ported by Burroughes and colleagues® in 1990,
organic electroluminescence (EL) has been the
subject of increasing worldwide interest.
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rabromo-p-phenyleneselenide); luminescence

Such organic electroluminescent diodes (OLED)
are very promising for commercial display devices,
signs, and lighting.?

The carbazole family (Scheme 1) forms a subset
of the organic materials under study for blue EL
applications. Polyvinycarbazole,>® polycarbazole,
6 and many others derivatives’'? were used to
achieve blue OLED.

Problems do, however, still exist and before
commercial applications can be realized, further
work needs to be undertaken concerning the is-
sues of long-term stability, emission efficiency,
device addressing schemas, and others.
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Scheme 1

Usually thin films are prepared from organic
material in solution by spin coating onto trans-
parent conductive oxide (TCO)-coated glasses. Al-
though excellent results were achieved this way,
there are a number of problems that can arise. It
could be difficult to find suitable solvents to pre-
pare thin films (50—400 nm) that are free from
pinholes.

Mutually exclusive solvents for the different
polymer layers in a multilayer device are difficult
to engineer.

Oxygen and other contaminants (e.g., dust) are
difficult to exclude from the solutions used and
therefore from the films.

Solvent not fully removed from the films after
deposition can cause formation of voids and chem-
ical reactivity with the electrodes.

An alternative approach that can avoid such
difficulties is vacuum evaporation. Vapor deposi-
tion under vacuum provides a clean environment;
it is solvent free and is well suited to sequential
depositions. Moreover, the device fabrications use
vacuum deposition of the metal upper electrode,
which allows a whole processing in the same run.

Vapor deposition was often used for sublimation
of low-molecular-weight dyes, *® oligomers,'*1% and
polymers.16-18

The evaporated organic bilayer structure tris
(8-hydroxyquinoline aluminum) (Alq;), poly(V-
vinyl-carbazole) (PVK) was already realized.'®

However, we have shown?® that PVK evapora-
tion induces a shortening effect of the polymer
chain length. The deposited film is composed of

Br Br

n| Br Br| + nNaZSe2 —_—

Br Br

oligomers with a broad distribution of the chain
length.

In this study, we choose, for simplicity, to work
with carbazole (CZ). Our purpose consists of de-
veloping a simple route to obtain reproducible
devices for the study of the interface TCO anode/
organic film. Two sample families were used for
such purposes: Sn0O,/CZ/Al and SnO,/PBrPDSe/
CZ/Al, where PBrPDSe, the poly(tetrabromo-p-
phenyleneselenide), is a thin, very insulating and
homogeneous film.

SAMPLE PREPARATION

The TCO used was commercial SnO, (Solems).
The whole glass substrate was covered; therefore,
some SnO, must be removed. After masking a
broad line of 2 mm, the SnO, was etched by using
Zn + HCI as etchant.?

Then the substrates were cleaned by using the
H,0, treatment following a process described by
Osada and colleagues,?® which corresponds to the
first solution (SC1) of the RCA process first de-
scribed by Kern and Puotinen.?® The substrates
were treated with an 80°C H,O0—H,0, (30%)—
NH,OH (25%) solution (5:1:1 vol parts) for 20
min, followed by rinsing with boiling distilled
H,0 for 5 min. The use of boiling water was
proven to be helpful to obtain impurity-free sur-
faces.?*

The organic compounds used were PBrPDSe
and CZ. The PBrPDSe powder was obtained ac-
cording to the reaction shown below, which was
described in a preceding article®® (Scheme 2).

Because the evaporation route was elected to
achieve the whole device, it was necessary to use
monomer (CZ) and/or stable polymer to avoid de-
composition during the joule heating necessary
for the sublimation under vacuum. It was
shown?® that polymers with substituted halogen
are more stable. Therefore, because some authors
of the present work dominated the synthesis of
PBrPDSe, it was used as the second organic layer
in the diodes presently tested.

Sey + 2n NaBr

n

Scheme 2
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The depositing apparatus was equipped with a
Pyrex glass chamber designed in the laboratory.
The substrate holder was cooled by melting ice.
The thickness of the organic layers were mea-
sured in situ by an h.f. quartz monitor. The thick-
nesses were checked by cross section visualization
by using a scanning electron microscope (SEM).
All the depositions were done in a vacuum of 103
Pa.

The PBrPDSe and the carbazole films were
deposited from laboratory-made cells. To avoid
strong decomposition of the polymer by overheat-
ing during the deposition process, the evaporation
cell temperature was measured by a copper-con-
stantan thermocouple introduced into the Pyrex
cell. The deposition rates, v, were 0.5 and 2 nm
s~ ! for PBrPDSe and CZ, respectively.

Finally, Al contacts were deposited onto the
organic layers by vacuum evaporation at low
pressure close to 10~ * Pa. A mask was used to
determine a well-defined shape for the Al elec-
trodes, which gives an active area of 4 mm?. Dur-
ing Al deposition, the substrate holder was cooled
by liquid nitrogen to minimize organic film deg-
radation and Al diffusion.

Two different types of device structures were
fabricated. In each case, SnO, was used as the
anode and Al as the cathode. The device types
were as follows: Device 1: SnOj/carbazole/Al car-
bazole thickness 100—600 nm

Device 2: SnO,/PBrPDSe/carbazole/Al PBrP-
DSe thickness 50 nm, and CZ, the same thickness
range as device 1 (i.e., 100 = ¢ = 600 nm)

CHARACTERIZATION TECHNIQUES

To check the quality of the films, the films were
studied by infrared absorption measurement (I-
R), SEM, and photoluminescent measurements.
The devices were studied by current-voltage (I-V)
and electroluminescence-voltage (EL-V) measure-
ments. Also, some X-ray photoelectron spectros-
copy (XPS) depth profiles were done on typical
samples.

Infrared spectra were obtained with an FTIR
spectrometer. Absorption band positions are
given in wave numbers (cm ™).

Observation of the morphology of the surface
and of the cross section of the layers were per-
formed by using a Jeol 6400F field-effect SEM to
compare the surface topography of the PBrPDSe
and the CZ and to check the cross section.

The photoluminescence (PL) spectra were re-
corded using the Jobin—-Yvon TG HG2S spectro-
photometer with holographic gratings. The signal
was detected with a Peltier-cooled photomulti-
plier. The sample was excited with the 337-nm
line of a filtered xenon lamp (150 W). The light
power at the sample was kept below 2 mW. Ex-
periments were performed at room temperature.

For I-V and EL measurements, sandwich
structures SnO,/PCZ/Al were grown by vacuum
evaporation of the aluminum upper electrode.
The active area of the OLED was 4 mm?.

Electron spectroscopy for chemical analysis
(ESCA) measurements were conducted with a
Leybold spectrometer at the University of
Nantes, CNRS. The ESCA was used for XPS mea-
surements. The X-ray source was a magnesium
cathode (1253.6 eV) operating at 10 kV and 10
mA. The energy resolution was 1 eV at a pass
energy of 50 eV. High-resolution scans with a
good signal/noise ratio were obtained in the Cls,
Br3d, Se3d, N1s, Ols regions of the spectrum.
The quantitative studies were based on the deter-
mination of the Cls, Br3d, Se3d, N1s, Ols peak
areas with, respectively, 0.2, 0.67, 0.57, 0.36, and
0.6 as sensitive factors; the sensitivity factors are
given by the manufacturer. The depth profile was
obtained by recording successive XPS spectra of
the different regions after ion etching for short
periods. By using an ion gun, sputtering was ac-
complished at pressures of less than 5 X 10~ * Pa
with a 10-mA emission current and 3-kV beam
energy.

EXPERIMENTAL RESULTS

Before diodes characterization, the organic thin
films were characterized by different physico-
chemical techniques.

Thin-Film Characterization
PBrPDSe Thin Films

The thermal gravimetric analysis (TGA) curve of
PBrPDSe has shown?’ that the polymer decom-
position begins when T' = 250°C. Therefore, dur-
ing deposition, the evaporation cell was heated at
150°C to prevent polymer decomposition.

The systematical characterization of the films
was done earlier.”® We have shown that the
PBrPDSe molecules are not destroyed during the
deposition process; however, it appears that the
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Figure 1 Micrograph of a PBrPDSe thin film, thick-
ness 50 nm.

chain length is strongly reduced. Therefore, the
films are composed of oligomers with a broad
chain-length distribution.

In the diode structures studied in the present
work, the thickness of the PBrPDSe was system-
atically 50 nm. These thin films were deposited
onto a SnO,-coated glass substrate. Figure 1
shows that the films are composed of a thin ho-
mogeneous underlayer from which some ran-
domly distributed heaps appear. It was checked
by X-ray diffraction (XRD) that the films are
nearly amorphous. The high-coverage efficiency
of the PBrPDSe thin film was checked by XPS
measurements. When a 50-nm-thick film depos-
ited on SnO, is studied by XPS, not only is the tin
signal not visible at the surface of the structure
but also it is not visible after 5 min of etching,
which means that the PBrPDSe thin film covers
all the SnO, underlayer without any pinholes.

Carbazole Thin Films

The carbazole films deposited by evaporation of
carbazole monomer powder have a thickness of
100-600 nm. It was checked by XRD measure-
ments that the structure of the carbazole mole-
cule is not destroyed during the heating for
evaporation. Figure 2 presented the diffracto-
grams of a thin film and the reference powder.
It can be seen that all the peaks of the powder
are visible in the thin-film diagram. It appears
that the relative peak intensities are not that of
JCPDS 32-1556 (International Center for Dif-
fraction Data—Powder Diffraction Files-2 data
base), which attests that there is some grain

orientation with a preferential orientation
along the (020) direction.

The films were also characterized by XPS. The
quantitative analysis is in good agreement with
theoretical composition. An amount of 7.7 at. %
nitrogen is expected and 6 at. % is measured,
moreover, it should be taken into account that
there is a small surface contamination by oxygen
(3 at. %). Therefore, it can be said that in the error
range of the measurement technique, the films
are stoichiometric. The oxygen contamination is
negligible, because it corresponds to surface con-
tamination related to air exposure of the samples
before XPS analysis; often such contamination is
more than 3 at. %, which means that, in the
present case, there is no strong interaction be-
tween the polymer and oxygen. This fact is cor-
roborated by the decomposition of the carbon
peak. Only two contributions are required to ob-
tain a good fit between the experimental and the
theoretical curves [Fig. 3(a)l. The first contribu-
tion situated at 285 eV can be attributed to C—C
bonds, whereas the other one, situated at 286 eV,
can be attributed to C—N bonds.?® There is no
carbon—oxygen contribution. The N1s peak [Fig.
3(b)] can be simulated by one contribution alone
corresponding to the nitrogen bonded to carbon.
However, a visualization by SEM shows that the
films are highly inhomogeneous. In Figure 4, we
reported the same sample surface area using two
different SEM modes. In the secondary electron
mode, it can be seen that above a more or less
homogeneous underlayer, some features with fil-
amentary-like shape are visible [Fig. 4(a)]. If the
same region is visualized by the retrodiffusion
mode, some areas appear very clear [Fig. 4(b)].
Because the retrodiffusion efficiency increases
with the atomic mass of the atoms, the clear do-
mains correspond to heavier atoms (i.e., the film
being a polymer) to bare substrate (SiO,- - -).
Therefore, there is a minimum thickness neces-
sary to obtain pinhole-free layers. Moreover, even
when the whole surface of the substrate is cov-
ered, the thickness of the film is very inhomoge-
neous (Fig. 5).

To complete the CZ film characterization, we
proceeded to optical measurements. In Figure 6
are reported the transmission spectra of the dif-
ferent samples dissolved in THF. It can be seen
that the same bands are present in the two sam-
ple families.

The concentration of the two samples being
very different, the relative intensities of the peaks
are difficult to discuss but their wavelengths are
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Figure 2 XRD diagram of (a) carbazole powder; (b) carbazole thin film on tin oxide-

coated substrate.

identical. As it can be seen in Figure 6, the thin
film spectrum has a better resolution than that of
the powder. This fact and the varying peak inten-
sities can be explained by a saturation effect in
the powder solution.

The photoluminescence curves of the CZ and
PBrPDSe reference powders are reported in Figure
7.1t can be seen that all the samples emit blue light.
The emission intensity of CZ is far higher than that

of PBrPDSe and no signal was detected in the case
of PBrPDSe thin films, whereas the signal of CZ
thin films is similar to that of the powder but with
poor resolution. The CZ spectrum is clearly resolved
only in the case of powder; it emits blue light with a
spectral maximum at 420 nm, secondary peaks at
450 and 400 nm, and shoulders at 470, 490, and 630
nm. The three main peaks (400, 420, 450 nm) can be
assigned to 0—0, 0—1, and 0-2 transitions, respec-
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Figure 3 XPS spectra of a carbazole thin film: ([}-0) experimental curves; (—) theo-
retical curves; (- - -) different curves. (a) Cls; (b) N1s.

tively; the shoulders correspond to vibronic side Diode Structures Characterization
bands.*°

It can be seen that the light emission of PBrP-
DSe is centered around 450 nm. After character- For (I-V) and (EL-V) studies, forward bias is de-
ization, these films were used for OLED achieve- fined with the SnO, electrode being wired as the
ment. anode. For each diode type, more than 10 samples

Experimental Results
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Figure 4 Micrograph of a CZ film. (a) Secondary elec-
tron image; (b) Retrodiffused image.

were characterized. EL was measured by using a
calibrated photodiode. (I-V) and (EL-V) character-
istics of typical samples are depicted in Figure 8.
Single-layer SnO,/CZ/Al diodes were unstable
during the measurement because of leakage cur-
rents. SnO,/PBrPDSe/CZ/Al double-layer diodes
were more stable. The OLED turn-on voltages are
reported in Table I. It can be seen that it has
erratic values in the case of single-layer samples,
whereas it increases progressively with the car-
bazole thickness in the case of double layers, ex-
cept when the CZ films are very thick.

Discussion of the 1-V and EL-V Characteristics

CZ monomer is a constituent of the carbazole
family. Some of them are well known, such as

poly(N-vinyl carbazole) (PVK). This polymer has
its HOMO located 5.7 eV below the vacuum level,
whereas its band gap is 3.5 eV.?! Assuming that
the valence band of CZ locates also at about 5.5 eV
and SnO, has a work function of 4.8 eV,?! the hole
energy barrier at the SnO,/Cz interface is not too
high (0.9 eV). In contrast, the energy barrier is
much higher for electrons at the Al/CZ interface,
because F,, = 4.25 + 0.15 eV,?2 whereas the
LUMO of the organic layer can be estimated to be
around 2 eV, which induces a barrier height
around 2.25 eV.

The PBrPDSe with a band gap of about (3.5 eV)
has a p-type conductivity.?® The forward current
in organic diode devices is usually assumed to be
mainly a hole current. This assumption agrees
with studies on PVK material,?* where carbazole
groups are hole conducting and electron blocking
materials. Otherwise, the diodes can be consid-
ered as metal/insulation/metal (MIM) structures
with a current mainly controlled by holes injected
at the SnO, contact. However, as shown in Table
I, the turn-on voltage is low, which is a clear
indication that substantial electron injection does
occur. The PBrPDSe is nearly insulating and
could behave as a hole-trapping layer. Owing to
the trapping of holes, electron injection is made
easier by improving the electron to hole current
balance and enhancing the performance of the
diodes.

Different models issued from inorganic struc-
ture are often used to roughly explain current
such structures: Fowler—Nordheim tunneling
emission,*® Schottky thermionic emission.

We will discuss these two possibilities in light
of experiments.>®

1Mm
12,888 13Z2mm

Figure 5 Cross section of a CZ film.
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Figure 6 Transmission spectrum of CZ in solution in THF. (a) Reference powder; (b)

thin film.

a. Fowler—-Nordheim tunneling emission at
high electric field is given by

F2
Jaz exp(—l;)

where o/ is the current density, F' is the electric
field, ¢ is the interface barrier height, and

_ 8m\2m*¢’

3gh

where m* is the effective mass of holes in the
polymer.

The two films were insulated; for simplicity, in
the case of double layers, we assume that the
electric field is constant across the device and the
effective mass is equal to the free electron mass.?”
From I-V characteristics shown Figure 8(b), the
Fowler—Nordheim plot is drawn in Figure 9. Tak-
ing the slope, the K value is estimated and then
the ¢ value is estimated; the same calculation
was done for each sample in Table II. It can be
seen that the estimated values vary between 0. 20



2050 D’ALMEIDA ET AL.

a - u. 15004

25000-

1000

20000+
15000-
a0 550 Anm
10000
5000
( Ainbbeis

T T H —
400 500 600 A nm
Figure 7 Luminescence spectrum of CZ powder. (Inset) Luminescence spectrum of
PBrPDSe powder



CARBAZOLE-BASED ELECTROLUMINESCENT DEVICES

2051

12—

10

| (mA)

T T T
- 10
&
L4 o
a ° b
-—— 0o — |
* o 8
. ® .
! ¢
s o s E
M -l
L]
.. ° m
o]
S o 14
L ] o
o]
(e
42
0
] | !
4 5 6
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diode (CZ thickness: 200 nm).

and 0.40 eV in the case of the double-layer struc-
ture, whereas in the case of single layer, it varies
between 0.3 and 0.73 eV.

b. Schottky Thermionic Emission

Nevertheless, almost every device studied
showed a current increasing exponentially with
bias over one to two orders of magnitude. In Fig-
ure 10, the I-V data from Figure 8(b) are potted
semilogarithmically, because in the case of ther-
mally activated Schottky diode mechanism, we
have

J = J, exp(qVInkT)

where n is the ideality factor.
The barrier height ¢z can be deduced from:

—qdg

Jy = A*T? exp(kT )

Table I Turn-On Voltages and Fields

with A* as the Richardson constant.?® The ideal-
ity factor can be deduced from AV/A In J, the
inverse of slope In J versus applied voltage since
n = q/kT(AV/A In J) in the exponentially increas-
ing current domain. This ideality factor should
vary between 1 (purely thermionic) and 2 (recom-
bination in the space charge layer)®®; however, as
shown in Table II, it is often far higher, having no
real physical meaning.

There is no clear connection between the or-
ganic layer thickness and the ideality factor
value, which suggests that the bulk series resis-
tance is not responsible for high n values (Table
10).

Figure 11 demonstrates that the I-V character-
istics for a typical double-layer sample show only
a slight temperature dependence rather than the
exponential dependence expected for thermionic

ITO/CZ/Al Diodes

ITO/PBrPDSe/CZ/Al Diodes (thickness PBrPDSe 50 nm)

CZ Thickness (nm) Turn-On Voltage (V)

CZ Thickness (nm)

Turn-On Voltage (V)  Turn-On Field (Vm ™)

200 3.7 200
450 2.8 210
600 2.6 250

350

2.4 1.2 X 107
2.7 1.28 x 107
3 1.2 x 107
3.3 0.95 x 107
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Figure 9 Fowler—-Nordheim plot for SnO,/PBrPDSe/
CZ/Al double-layer diode (CZ thickness: 200 nm).

emission (as indicated by the solid line); it is
almost temperature independent, suggesting tun-
neling.

Moreover, as shown in Table I, the turn-on
effect is more field dependent than voltage depen-
dent.

Such nearly temperature-independent and
field-dependent behavior is usually associated
with tunneling processes, which corroborates the
Fowler—Nordheim theory, and therefore, we pre-
fer an explanation for the high-voltage behavior
which depends more on tunneling through a tri-
angular barrier rather than Schottky barrier at a
SnO,/CZ interface.

A mechanism exists for carrier injection at the
SnO, electrode, which has most of the features of
tunneling through a triangular barrier (e.g., poly-
mer thickness critical field dependence and only
small temperature dependences), while showing
the exponential voltage dependence suggestive of
thermionic emission. This is thermionic field
emission,?® where carriers are thermally acti-
vated to give an increased tunneling probability
through thinner and lower regions of the barrier.
There is a smooth gradation between the pure
thermionic emission and field emission.?° In the
present work, we are closer to field emission.
Moreover, it should be noted that the voltage drop
is distributed among the different layers and the
conductivity of PBrPDSe, being a small part of
the voltage drop, occurs in this layer and an im-
portant part of the critical field (Table I) should be
localized in the PBrPDSe film.

The effect of the PBrPDSe layer can be inter-
preted as follows.

The instability of single-layer samples due to
leakage current is an indication of pinholes in the

polymer film. This is a problem due, at least
partly, to the low-molecular weight of the carba-
zole monomer. The heterogeneity of the CZ films
increases with its thickness, as shown in Table I
and Figure 12. Moreover, Table I shows that even
in the case of double-layer structure, when the CZ
thickness overpasses 400 nm, the field-effect de-
pendence of the turn on of the current disappears.
Figure 12 shows that CZ crystal oriented perpen-
dicularly to the plane of the substrate appears,
which favors the upper electrode diffusion and
decreases the real working polymer thickness.
In addition, in the case of single layer, the
surface roughness of SnO, contributes also to the
leakage phenomenon and CZ unhomogeneity.
Therefore, the addition of the PBrPDSe layer
serves as a buffer layer and hole-injection layer,
while it eliminates the leakage problems. The
PBrPDSe buffer layer first directly avoids (phys-
ically) the direct short circuit effect because of its
high-coverage efficiency, and second, it modifies
the surface roughness of SnO,, which contributes
to more homogeneous growth of CZ films. More-
over, as shown above, the measured barrier
height (0.20 eV < ¢ < 0.40 eV) is quite smaller
than the one theoretically estimated (0.9 eV); it
can be concluded that the PBrPDSe films not only
introduce a mechanical insulating film between
TCO and CZ films, but also decreases the barrier
height at the interface, which allows better hole-
injection efficiency. However, the discrepancy be-
tween experiment and theory can also be attrib-
uted to others’ processes, which can also take
place, such as space charge-limited current or
field-dependent mobility, which could also be con-
sidered to rationalize the current voltage curves.

-10 ! . 1 N 1
Vo(v)

Figure 10 Semilogarithmic plots of (I-V) characteris-
tics at large forward bias for sample of Figure 8(a).
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Table II Ideality Factor n (Thermionic Model) and Barrier Height ® (Fowler-Nordheim Model)
for Different OLED

Structure SnO,/PBrPDSe/CZ/Al

Sample thickness (nm) 200 250 250 300 300 300 350 400
Ideality factor, n 17 13 25 30 15 20 27 18
Barrier height (eV) 0.27 0.25 0.35 0.30 0.20 0.40 0.26 0.35

Structure SnO,/CZ/Al

Sample thickness (nm) 200 300 400 500 600
Ideality factor, n 12 23 18 21 217
Barrier height (eV) 0.73 0.29 0.36 0.30 0.43
In the present work, the turn-on voltages (and because, if PBrPDSe exhibits as a filament-like

critical electrical field) are more or less one order of structure, it is insulating. However, we have shown
magnitude smaller than those usually found the that the CZ-layer surface roughness is very high;
this device family.?? The same lowering effect was therefore, the upper aluminum electrode is very
measured in other devices. Yang et al.*! have shown rough, which could justify here also a field effect be-
that using a rough polyaniline (PANI) interfacial tween under the electrode and these aluminum tips.
electrode between the TCO and polymer, the aver- However, the secondary effect of these tips will
age local field is enhanced by approximately an be progressive aluminum diffusion, which justi-
order of magnitude, this enhanced local electric field fies that, if there is no aging effect when they are
being an intrinsic feature of the irregular rough not used, the diodes will still work 1 year after
surface of the self-assembled PANI-CSA network achievement, the lifetime of the diodes is quite
electrode. In the present work, no such anode exists short when they work.
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Figure 11 Temperature dependence of a SnO,/PBrPDSe/CZ/Al double-layer diode
(CZ thickness: 200 nm) operating at 3 V bias; for comparison, the solid line indicates the
(I-V) characteristics of a 0.3 eV Schottky barrier device. (The barrier height is estimated
from the I-V curves with A* = 120 A/em? K2.)
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Figure 12 Micrograph of a thick CZ film (thickness:
600 nm).

That is to say, the diodes are chemically stable
and after 1 year in room atmosphere their prop-
erties do not change, but when they are used,
some localized heating related to the tip effect
induces rapid degradation of the diode character-
istics.

CONCLUSION

We have shown that the use of a homogeneous
thin-polymer layer at the interface TCO/emissive
film allows the improvement of the reproducibil-
ity and the living time of CZ-based OLED. The
current mechanism is mainly based on tunneling
injection of hole at the interface TCO/polymer.
However, if analysis of the current-voltage char-
acteristics shows that the dominant conduction
mechanism can be thermally assisted tunneling, it
cannot accurately explain the totality of the varia-
tion of the (I-V) properties, with temperature, for
example,*? and the models should be used only as a
helpful tool to compare different structures.

The small atomic weight of CZ explains the
difficulty of obtaining better results. However, be-
cause it is easy to deposit in thin-film form, the
PBrPDSe effect can also be easily studied. More
investigation should be pursued on the PBrPDSe
films to obtain better information on the band
structure of this promising polymer. This layer
will be introduced in structure by using heavier
molecular-weight samples such as PVK to obtain
more stable structure.

This work was supported by the action ECOS-CONI-
CYT No. 99-E05.
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