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ABSTRACT: A series of polymer light emitting devices
(PLEDs) based on the composite films of N-arylbenzimida-
zoles trimer (TPBI), poly (n-vinylcarbazole) (PVK), and a
triarylaminooxadiazole-containing tetraphenylsilane light
emitting polymer (PTOA) were investigated. Electrolumi-
nescence (EL) performance is enhanced with doped TPBI
into the light-emitting layer for the PTOA-based devices.
A deep blue emission (Commission Internationale de
L’Eclairage (CIEx,y) corodinates (0.16,0.06)) is obtained for
the TPBI-PTOA-based device. Brightness and current effi-
ciency of the TPBI-PTOA-based device can be as high as
961 cd/m2 and 1.85 cd/A, respectively. The EL performan-
ces of TPBI-PTOA composite film-based devices are fur-
ther enhanced by inserting a TPBI layer into the light emit-

ting layer and cathode interface for a better electron and
hole charge balance. Doping TPBI into the light-emitting
layer of PVK-PTOA is not favorable for enhanced EL per-
formances. Brightness and current efficiency reduced with
increasing TPBI content for the TPBI-PVK-PTOA-based
devices. Similar results are obtained for devices based on
the TPBI-PVK-PTOA/TPBI bi-layer composite solid film.
Morphology and charge balance effects on EL performan-
ces of TPBI-PTOA and TPBI-PVK-PTOA composite films
based PLEDs are discussed in detail. � 2008 Wiley Periodi-
cals, Inc. J Appl Polym Sci 109: 2605–2615, 2008
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INTRODUCTION

Polymer light emitting displays (PLEDs) have
recently undergone extensive study, and appear
ready for commercialization in the flat-panel display
market, due to low turn on voltage, high brightness,
high efficiency, easy processing, and low cost fabri-
cation.1,2 Electroluminescence (EL) performance of
PLED is determined by intrinsic property of light
emitting polymer (LEP),3,4 device processing param-
eters,5–11 and device configuration.12 Charge balance
throughout the device plays a key role for fabricat-
ing PLEDs with excellent EL properties, such as
high brightness, high efficiency, and high operation
stability.13–32

Adopting various strategies achieves a charge
balance throughout the device resulting in PLED
with excellent EL performance.13–31 Inorganic thin
film and a charge-transporting layer are typically
inserted between a polymer light-emitting layer and
electrode interface to create a reduced energy barrier

for balanced charge injection.13–21 The LiF insulating
thin layer shows dramatic improvement of PLED
quantum efficiency and lifetime due to better elec-
tron and hole current balance.13–16 The hole-trans-
porting layer on the other hand, is usually inserted
between the anode and polymer light-emitting layer
for reducing turn-on voltage, and enhancing opera-
tional stability of PLEDs.17–19 Moreover, electron-
transporting layer insertion between the polymer
emitting layer and cathode also improves EL per-
formances.20,21 Both electron and hole transporting
molecules are often incorporated into the polymer
backbone of LEP.22–29 For example, oxadiazole-
containing compounds with electron-withdrawing
properties are usually incorporated into the blue
LEP backbone.22–27 Introducing the oxadiazole group
could enhance blue LEP electron affinity, causing
energy barrier reduction between the light emitting
layer and metal cathode.22–27 The aromatic amine-
containing compound is typically grafted into the
polymer backbone for LEP hole transporting prop-
erty enhancement.28,29 Single-layer PLEDs with poly-
mer blends of conjugated polymer and electron or
hole carrier transporting materials have alternatively
been investigated.30–35 Enhanced brightness of blue
LEPs by blending with hole-transporting materials
(HTM) has been reported by Suh et al.30 PLEDs
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containing a blend of MEH-PPV and an electron-
transporting material (ETM) have also been fabri-
cated.31,32 The EL performances of PLEDs increase
significantly over obtained devices based only on
MEH-PPV. Efficient single-layer polymer phosphor-
escent light-emitting devices based on the iridium
complex and a hole-transporting polymer codoped
with ETM have also been investigated.33–35 Such
devices have advantageously easy manufacturing in
terms of a single spin-coating process.30–35 Based on
the above, the incorporation of ETM or HTM shows
dramatic improvement of EL performance of PLEDs.
Nevertheless, EL improvement of polymer blend-
based devices through electron and hole flux balance
has not been thoroughly examined.30–35 Studying the
current characteristics of polymer blend-based hole-
only and electron-only devices helps in understand-
ing the charge transporting material blending effect
on EL properties.36–38 Apart from that, EL perform-
ances of polymer blend-based devices are also
affected by compatibility between the LEP and
charge transporting material. Thin film morphology
effect on EL properties has not to our knowledge
been discussed in detail for such polymer blend-
based devices.30–35

We have recently synthesized a novel triarylami-
nooxadiazole-containing tetraphenylsilane light-emit-
ting polymer (PTOA).39 The PTOA-based PLED
moderate brightness and efficiency is due to EL
quenching of electromer or electroplex effects. Elec-
tromer and electroplex are suppressed completely by
incorporating poly(n-vinylcarbazole) (PVK) in PTOA
film. The EL performance of the PTOA-based PLED
is improved. However, PLEDs based on PTOA and
PVK-PTOA light emitting layers are not charge bal-
anced. Hole-current density is much higher than
electron-current density. The imbalance between car-
rier injection and transportation is unfavorable in
obtaining a high current efficiency device. To further
enhance EL performances, various amounts of N-
arylbenzimidazoles trimer (TPBI) are incorporated in
light emitting layers of PTOA or PTOA-PVK com-
posite films to enhance electron current density.
Moreover, the ETM TPBI is inserted between the
light-emitting layer and cathode interface, which
helps electron injection in the light-emitting layer
from the cathode. Consequently, higher EL perform-
ances of TPBI-PVK-PTOA composite film-based
devices are expected due to better electron and hole
charge balance. Although the ETM TPBI has been
usually incorporated into the light emitting layer of
small molecules-based electroluminescent devices,
PLEDs based on the blending of LEP and TPBI have
not been reported.40–46 This study investigates cur-
rent characteristics of TPBI-PVK-PTOA composite
solid film-based hole-only and electron-only devices
to further discuss EL performances of polymer

blend-based devices through balanced electron and
hole fluxes. Moreover, thin film morphology of
TPBI-PVK-PTOA composite solid films is investi-
gated using AFM spectroscopy. Compatibility and
morphology effects on EL performances of PLEDs
are also discussed.

EXPERIMENTAL

Chemical structures of TPBI, PVK, and PTOA are
shown in Figure 1. LEP PTOA is synthesized accord-
ing to the literature.39 PVK and TPBI are purchased
from Aldrich and used as received. Conjugated poly-
mer solutions with different weight ratios of TPBI-
PVK-PTOA are prepared using cyclohexanone (10
mg/mL). Compositions and sample abbreviations
for LEP solutions are summarized in Table I. The
UV–vis spectra of LEP composite solid films are
measured using a Hewlett–Packard 8453 with a pho-
todiode array detector. Photoluminescence and EL
spectra are recorded on a Hitachi F-4500 fluorescence
spectrophotometer.

PLED configurations in this study are ITO glass/
PEDOT/TPBI-PTOA or TPBI-PVK-PTOA/Cathode
and ITO glass/PEDOT/TPBI-PTOA/TPBI or TPBI-
PVK-PTOA/TPBI/Cathode (as shown in Fig. 1).
ITO-coated glass with a sheet resistance of 15 O/sq
is purchased from Applied Film Corp. Glass sub-
strates with patterned ITO electrodes are well
washed and cleaned by O2 plasma treatment. A thin
film (60 nm) of HTM PEDOT (Baytron P AI4083,
Bayer) forms on the ITO layer of a glass substrate by

Figure 1 Chemical structure of light emitting materials
and configuration of PLEDs.
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the spin-casting method. Composite films with dif-
ferent weight ratios (X : 70 : 30) of TPBI-PVK-PTOA
are then obtained by spin-coating the 15 mg/mL
cyclohexanone solution onto the PEDOT layer at a
speed of 2000 rpm, and dried at 808C for 1 h in a
glove box. A TPBI electron-transporting layer
(10 nm) is then deposited onto the polymer compos-
ite film. Furthermore, a high purity Ca cathode is
thermally deposited onto the TPBI film, followed by
Al metal deposition as the top layer in a high vac-
uum chamber. Moreover, the electron-only device
configuration in this study is ITO glass/Ca (100
nm)/light emitting layer/Ca (15 nm)/Al (100 nm).
The hole-only device configuration is ITO glass/light
emitting layer/Cu (150 nm).37,38 After electrode dep-
osition, the PLED is transferred from the evaporation
chamber to a glove box purged by high purity nitro-
gen gas to keep oxygen and moisture levels below
1 ppm. The device is encapsulated by glass covers,
and sealed with UV-cured epoxy glue in the glove
box. The cathode deposition rate is determined with
a quartz thickness monitor (STM-100/MF, Sycon).
Thickness of the thin film is determined with a
surface texture analysis system (3030ST, Dektak).
Current–voltage characteristics are measured on a
programmable electrometer with current and voltage
sources (Keithley 2400). Luminance is measured
with a BM-9 luminance meter (Topcon).

RESULTS AND DISCUSSION

PLEDs based on the light emitting layer of TPBI-
PTOA or TPBI-PVK-PTOA composite films are fabri-
cated. The incorporating effects of electron transport-
ing material TPBI on morphology, optical properties,
and EL performances of PTOA, and PVK-PTOA-
based PLEDs are discussed as follows:

Morphology and optoelectronic properties of
devices I and II

AFM spectra of TPBI-PTOA composite films

The morphology and compatibility of TPBI-PTOA-
based composite films are investigated using AFM

microscopy. The AFM spectra of TPBI-PTOA-based
composite films are shown in Figure 2. No phase
separation occurred for the TPBI-PTOA-based com-
posite films, as seen from the phase images of com-
posite films. TPBI dispersed uniformly in the PTOA
polymer matrix, even though some area protruded
from the composite film surface. Despite this, aver-
age surface roughness of TPBI-PTOA-based compos-
ite films is only about 0.5 nm. Smooth surface of
TPBI-PTOA film results in excellent contact between
the light emitting layer and cathode. This condition
is favorable for electron injection from the cathode.

TABLE I
Thin Film Thickness, Optical and Electroluminescence Properties of TPBI-PTOA Composite Films-Based Devices

Sample
no.

TPBI content
(wt %)

d
(nm)

kPLmax

(nm)
kELmax at

18 V (nm)
FWHM of EL
at 18 V (nm)

CIE (x,y) at
18 V

B
(cd/m2) Eff (cd/A)

PTOA 0 84 457 458 99 (0.20,0.26) 248 0.54
I-25 25 77 463 435 58 (0.17,0.09) 528 0.74
I-50 50 56 457 434 48 (0.16,0.06) 961 1.85
II-25 25 74 458 443 69 (0.18,0.15) 969 1.34
II-50 50 54 453 438 53 (0.16,0.08) 589 0.74

d, Thickness of light emitting layer; B, Brightness of PLED; Eff, Current efficiency of PLED.

Figure 2 AFM spectra of TPBI-PTOA composite films
((a), (b), and (c): TPBI : PTOA 5 25 : 75 wt %; (d), (e), and
(f): TPBI : PTOA 5 50/50 wt %; (a),(d): Phase image;
(b),(e):Topography image; (c), (f): 3D Topography image).
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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UV–vis absorption and PL spectra of TPBI-PTOA
composite films

Figure 3 shows the UV–vis absorption and PL spec-
tra of TPBI-PTOA and TPBI-PTOA/TPBI composite
films. The composition, film thickness, and maxi-
mum wavelength emission of PL (kPLmax) for the
TPBI-PTOA and TPBI-PTOA/TPBI composite films
are summarized in Table I. The TPBI-PTOA compos-
ite films have an absorption band with a maximum
at 380 nm, and an absorption band range from 275
to 350 nm. The absorption band with a 380-nm maxi-
mum attributes to the p conjugation between diphe-
nyl(para-tolyl)amine and the oxadiazole unit of
PTOA.39 Absorption intensity decreases with increas-
ing TPBI content, while maximal absorption position
is concentration-independent for the PTOA. Con-
versely, the TPBI absorption peak positions strongly
depend on TPBI concentration in TPBI-PTOA com-
posite film and vary from 305 to 275 nm. This blue
shift phenomenon is the same as TPBI solvatochro-

mic effect in solution state.41 Moreover, the same
absorption behaviors are observed for TPBI-PTOA/
TPBI bi-layer composite films. TPBI also shows PL
with maximum emission at around 375 nm. The PL
emission of TPBI absorbs completely by the triaryla-
minooxdiazole of PTOA via the Forster-type energy
transfer process for TPBI-PTOA composite films. As
a result, maximum PL emission is observed at 460
nm, attributed to the triarylaminooxdiazole group
light-emitting unit.39 The full width at half-maxi-
mum (FWHM) PL emission band also reduces with
increasing TPBI content for TPBI-PTOA composite
films. This result attributes to excimer formation
suppression between PTOA polymer chain seg-
ments.39 The same PL spectra are also observed
for composite films based on the TPBI-PTOA/TPBI
bi-layer.

EL spectra of devices I and II

EL spectra of PLEDs with a single layer of TPBI-
PTOA (devices I-25 and I-50) and bi-layer of TPBI-
PTOA/TPBI (devices II-25 and II-50) composite films
as a light-emitting layer at various applied voltages
are shown in Figures 4 and 5, respectively. Maxi-
mum emission wavelength of EL (kELmax), FWHM of
EL, and Commission Internationale de L’Eclairage
(CIEx,y) coordinates for the TPBI-PTOA and TPBI-
PTOA/TPBI-based devices are summarized in Table
I. Two emission peaks with maximum at around 410
and 458 nm are observed at low applied voltage
(12V) for devices I-25 and I-50. The emission band
with a maximum at 410-nm attributes to TPBI light
emission.40 PTOA shows maximum emission at
around 458 nm.39 The EL spectra vary with increas-
ing applied voltages. Increasing applied voltage to
18 V, suppresses the TPBI and PTOA emission
peaks. A new emission peak located at about the
435-nm wavelength is observed. The emission peak
at about the 435-nm wavelength possibly attributes
to electrical field-induced electroplex formation
between the electron acceptor TPBI and electron–
donor moiety of PTOA.39 Moreover, the emission
peak may attribute to the blue shift of the PTOA
emission peak, originally showing up at 458 nm. The
PTOA EL emission blue shifting for about 23 nm,
attributes to the thermochromism phenomenon as the
device driving with high current density.47 Heeger
and coworkers report a similar phenomenon in the
MEH-PPV-based device.47 However, we could not
confirm that the emission peak at around 435 nm is
only attributed to PTOA emitting. The TPBI emission
intensity generally increases with increasing applied
voltage. Moreover, the TPBI emission peak slightly
shifts to a longer wavelength with increasing applied
voltage. Consequently, the emission peak at 435-nm

Figure 3 UV–vis and PL spectra of TPBI-PTOA and
TPBI-PTOA/TPBI (10 nm)-based composite films (exciting
wavelength: 300 nm).
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attributes to electroplex emission of TPBI and PTOA
or the thermochromism of PTOA. Device I-50 has
the same EL spectrum as device I-25. In Table I, the
FWHM of PTOA emission band becomes resound-
ingly narrower, and color purity enhances with
increasing TPBI content for the TPBI-PTOA compos-
ite film-based devices. High TPBI content also leads
to enhanced suppression of electromer or electroplex
formation between the diphenyl(4-tolyl)amine and
oxadiazole groups of PTOA.39 On the other hand,
TPBI and PTOA emission peaks with maximum at
around 410 and 458 nm are observed at the applied
voltage range from 12 to 16 V for device II-25, as
shown in Figure 5. Only one emission peak is
observed at wavelength of 443 nm with increasing
applied voltage of 18 V, attributed to the electroplex
emission of TPBI and PTOA or the thermochromism
of PTOA. Electroplex is observed at a higher applied
voltage for device II-25 compared with device I-25.
This result is due to TPBI layer insertion between
the light emitting layer and the cathode. EL spectra

depend on ETL presence. Charge recombination
zone shifting is proposed for EL spectra variation.
Electroplex formation, between the PTOA and TPBI
varies with applied voltage.48 The same EL spectra
are observed for device II-50. In Table I, the FWHM
of PTOA emission band becomes narrower, and
color purity enhanced with increasing TPBI content
for devices II-25 and II-50. Electromer or electroplex
suppression is indeed enhanced with increasing
TPBI content.

Current density, brightness, and current
efficiency of devices I and II

The EL properties of TPBI-PTOA (devices I-25 and
I-50) and TPBI-PTOA/TPBI (devices II-25 and II-50)-
based devices are shown in Figure 6. Maximal
brightness and current efficiency are summarized in
Table I. Lower turn-on voltage, higher brightness,
and larger current efficiency are obtained for the
TPBI-PTOA and TPBI-PTOA/TPBI composite film-
based devices compared with the pure PTOA-based
device. The presence of ETM TPBI in PTOA film
results in enhanced electron-transporting capacity of
the light-emitting layer. A better charge balance of
electron and hole is obtained. Therefore, brightness
and current efficiency increase with increasing TPBI
content for devices I-25 and I-50. Moreover, TPBI
layer insertion enhances electron-injection in the
light emitting layer. This is also favorable for elec-
tron and hole charge balance. As a result, device
II-25 brightness and efficiency is better than device
I-25. Reducing light emitting layer thickness with
increasing TPBI concentration is another reason for
TPBI-PTOA-based devices with higher brightness
and larger current efficiency than the one based on
PTOA. EL performances are also dependent on light

Figure 5 EL spectra of TPBI-PTOA (25 : 75)/TPBI (10
nm) composite film-based device (Device II-25) under vari-
ous applied voltages.

Figure 4 EL spectra of TPBI-PTOA composite films-based
devices under various applied voltages ((a) TPBI-PTOA 5
25 : 75(Device I-25), and (b) TPBI-PTOA 5 50 : 50 (Device
I-50)).
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emitting layer thickness.12 However, the brightness
and efficiency of device II-50 is not better than de-
vice II-25. This is possibly due to unbalanced elec-
tron and hole for device II-50. Device II-50 with
excess TPBI content was not favorable for the charge
balance of electron and hole, leading to reduced cur-
rent efficiency. Apart from that, Device II-50 with
lower current efficiency is attributed to its thinner
light emitting layer thickness, compared with that
of Device II-25. Particle presence on the ITO glass
surface and ITO surface roughness, cannot be
smoothed down by a thin polymer film. As a result,
electric leakage could have occurred during PLED
operation processes because of defect presence. Con-
sequently, low brightness and current efficiency are
obtained for the PLED with a thin light emitting
layer thickness.

Current densities of TPBI-PTOA composite film
based on electron-only and hole-only devices

Electron-only and hole-only devices with various
light emitting TPBI-PTOA and TPBI-PTOA/TPBI
composite film layers are fabricated to understand
TPBI influence on electron injection and transporta-

tion in TPBI-PTOA composite film-based devices.
Energy level diagrams of the electron-only and hole-
only devices with various light emitting TPBI-PTOA
and TPBI-PTOA/TPBI composite film layers are
shown in Figure 7. Current densities of electron-only
and hole-only devices are shown in Figure 8. For
electron-only devices, electron-current density in-
creases with increasing TPBI content for TPBI-PTOA
composite film-based devices because of TPBI elec-
tron-withdrawing property. As shown in Figure 7(a),
the lowest unoccupied molecular orbital (LUMO)
levels of PTOA and TPBI are 2.45 and 2.7 eV, respec-
tively. TPBI incorporation is helpful for electron-
injection into the TPBI-PTOA film from the cathode
layer. Moreover, TPBI-PTOA/TPBI-based devices
show higher current density than those based on
TPBI-PTOA. This is due to TPBI with a lower
LUMO level than the PTOA. However, reduced thin
film thickness is another reason for enhanced elec-
tron–current density, especially for the TPBI-PTOA
film containing 50 wt % of TPBI under highly
applied voltages. On the other hand, hole-current
density reduces for the TPBI-PTOA-based device
compared with the PTOA-based device. The highest
occupied molecular orbital (HOMO) levels of PTOA
and TPBI are 5.3 and 6.2 eV, respectively. TPBI plays
a hole-trapper role in the light-emitting layer. Never-

Figure 6 Current density, brightness, and current
efficiency versus applied voltage for devices I and II with
various TPBI contents.

Figure 7 Energy level diagrams of the (a) electron-only
and (b) hole-only devices based on single layer and bilayer
of TPBI-PTOA and TPBI-PTOA/TPBI (10 nm), respectively.
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theless, reduced thin film thickness results in
enhanced hole-current density for the TPBI-PTOA
film containing 50 wt % of TPBI under highly
applied voltages. As a result, the hole-only device
containing 50 wt % TPBI shows a higher hole-
current density than the one containing 25 wt % of
TPBI.

Morphology and optoelectronic properties of
devices III and IV

AFM and PL spectra of TPBI-PVK-PTOA-based
composite films

Composition and film thickness of the TPBI-PVK-
PTOA and TPBI-PVK-PTOA/TPBI composite films
are summarized in Table II. Surface morphology and
compatibility of the TPBI-PVK-PTOA composite
solid films are investigated using AFM microscopy.
AFM spectra of TPBI-PVK-PTOA composite films
are shown in Figure 9. From AFM phase images,
one enclosed phase and one continuous phase are
observed for composite films. The dark region is an
enclosed phase, corresponding to the thinner com-
posite solid film area. The bright continuous phase
region is attributed to thin film surface protrusion.
This is due to poor compatibility between the TPBI
and PVK-PTOA matrix, since PVK and PTOA have
excellent compatibility in solid film.39 As a result,
TPBI separates from the PVK-PTOA polymer matrix.

PL spectra of TPBI-PVK-PTOA composite films
are shown in Figure 10. Emission peak from maxi-
mum PTOA at 451 nm is observed for composite
films containing various TPBI contents. PL spectra
are independent of TPBI concentration. No PL emis-
sion peak from TPBI is observed at 410 nm. Despite
that TPBI is nano-phase separated from the PVK-
PTOA polymer matrix, PL emissions from TPBI and
PVK are completely absorbed by PTOA via the For-
ster-type energy transfer process. The same PL spec-
tra are observed for composite films based on the
TPBI-PVK-PTOA/TPBI bi-layer.

EL spectra of devices III and IV

EL spectra of TPBI-PVK-PTOA and TPBI-PVK-
PTOA/TPBI composite film-based devices III and IV
are shown in Figure 11. Maximum emission wave-
length of EL, FWHM of EL, and CIE coordinates for
devices III and IV are summarized in Table II. Maxi-
mum emission wavelength and FWHM of EL for

Figure 8 Current densities versus applied voltage for the
(a) electron-only and (b) hole-only devices based on single
layer and bilayer of TPBI-PTOA and TPBI-PTOA/TPBI (10
nm), respectively.

TABLE II
Thin Film Thickness, Optical and Electroluminescence Properties of TPBI-PVK-PTOA (X:70 : 30 wt.%)

Composite Films-Based Devices

Sample no.
TPBI content
X (wt %)

d
(nm)

kPLmax

(nm)
kELmax at

12 V (nm)
FWHM of EL
at 12 V (nm)

CIE (x,y)
at 12 V

B
(cd/m2) Eff (cd/A)

III-0 0 81.0 451 439 57 (0.16,0.10) 503 0.41
III-5 5 79.2 451 441 50 (0.16,0.13) 263 0.23
III-15 15 68.8 451 441 49 (0.17,0.11) 215 0.22
III-30 25 62.8 451 440 48 (0.16,0.10) 148 0.12
IV-0 0 81.0 449 442 50 (0.15,0.09) 342 0.22
IV-5 5 77.6 450 443 50 (0.16,0.10) 188 0.15
IV-15 15 69.2 451 444 51 (0.16,0.11) 149 0.10
IV-30 25 63.6 450 442 51 (0.16,0.10) 50 0.09

d, Thickness of light emitting layer; B, Brightness of PLED; Eff, Current efficiency of PLED.
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device III are not changed significantly with TPBI
incorporation in the PVK-PTOA composite film-
based light emitting layer. Therefore, blue emission
color purities are not enhanced as compared to the
device based on PVK-PTOA (device III-0). Moreover,
the EL emission band changes only slightly with
increasing TPBI content. This is due to TPBI separa-
tion from the PVK-PTOA polymer matrix. Poor com-

patibility results in little TPBI influence on the EL
spectra of the composite film based device. The
same result is observed for device IV compared to
device III-0. Color purities do not improve with
TPBI layer insertion in the light-emitting layer and
cathode interface. EL spectra of device IV-15 under
various applied voltages is shown in Figure 12. EL
emission bands of TPBI-PVK-PTOA composite film-
based devices are voltage-independent. The same
result is observed for devices III and IV containing
various TPBI contents.

Current density, brightness, and power
efficiency of devices III and IV

EL properties versus applied voltage of TPBI-PVK-
PTOA composite film-based devices III and IV are
shown in Figure 13. Maximum brightness and cur-
rent efficiency for devices III and IV are summar-

Figure 9 AFM spectra of TPBI-PVK-PTOA (X: 70 : 30 wt
%) composite films ((a), (b), and (c): X 5 15; (d), (e), and
(f): X 5 25; (a), (d): Phase image; (b), (e): Topography
image; (c), (f): 3D Topography image). [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]

Figure 10 PL spectra of TPBI-PVK-PTOA (X : 70 : 30 wt
%) composite films (exciting wavelength: 300 nm).

Figure 11 EL spectra of TPBI-PVK-PTOA (X : 70 : 30 wt %)
and TPBI-PVK-PTOA (X : 70 : 30 wt %)/TPBI (10 nm) com-
posite films-based PLEDs under applied voltage of 12 V.

Figure 12 EL spectra of TPBI-PVK-PTOA (15 : 70 : 30 wt
%)/TPBI (10 nm) composite film-based device (IV-15)
under various applied voltages.
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ized in Table II. In Figure 13, brightness and current
efficiency reduce with increasing TPBI content for
device III. Brightness and current efficiency do not
enhance as expected by incorporating ETM TPBI in
the light-emitting layer. Reducing light emitting
layer thickness is not favorable for EL performance
enhancement. Moreover, turn on voltage increases
with increasing TPBI content. In addition to the
unbalanced electron and hole, reduced blue emitter
PTOA content and poor compatibility between TPBI
and PVK-PTOA in the light emitting layer lead to
reduced EL performances of device III. The separa-
tion of TPBI from PTOA-PVK composite film is evi-
denced by AFM images, shown in Figure 8. Conse-
quently, EL performances of device III are not
enhanced with incorporating TPBI as well as devices
I and II. The same result is observed for device IV.
Furthermore, brightness and current efficiency
reduce for device IV compared to device III. EL per-
formances do not improve with TPBI electron trans-
porting layer insertion in the light-emitting layer
and cathode interface. A poor combination between
the TPBI electron-transporting layer and the TPBI-
PVK-PTOA layer causes further reduced EL per-
formances.

Current densities of TPBI-PVK-PTOA composite film
based on electron-only and hole-only devices

To understand TPBI influence on electron injection
and transportation in TPBI-PVK-PTOA composite
film-based devices, electron-only and hole-only
devices containing various light emitting layers of
TPBI-PVK-PTOA composite films are fabricated.
Energy level diagrams of electron-only and hole-
only devices containing various light emitting layers
of TPBI-PVK-PTOA composite films are shown in
Figure 14. Current densities of electron-only and
hole-only devices containing various light emitting
layers are shown in Figure 15. For the PTOA-based
device, hole-current density is larger than electron-
current density. Electron-current density reduces
significantly, while hole-current density enhances
slightly as PTOA blends with PVK. This is because
PVK (2.2 eV) has a higher LUMO level than PTOA
(2.45 eV), as shown in Figure 14(a). PVK incorpora-
tion is not helpful for electron-injection into the
TPBI-PVK-PTOA film from the cathode layer. Elec-
tron and hole current densities indicate that the hole
is the major carrier for the device based on the
light-emitting layer of PTOA-PVK composite film,
as well as the one based on PTOA film only. As
ETM TPBI incorporates into PVK-PTOA composite
film or is inserted in the light-emitting layer
and cathode interface, electron current density
magnitude enhances and achieves the same order

Figure 13 Current density, brightness, and current effi-
ciency versus applied voltage for devices III and IV with
various TPBI contents.

Figure 14 Energy level diagrams of the (a) electron-only
and (b) hole-only devices with different TPBI-PVK-PTOA
composite films-based light emitting layers, respectively.
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compared with the device based on PTOA only.
Low LUMO level of TPBI (2.7 eV) is favorable for
electron-injection into TPBI-PVK-PTOA film from
the cathode layer. Conversely, hole-current density
reduces significantly compared with the devices
based on the light-emitting layer of PTOA or PTOA-
PVK composite films. This is due to TPBI as a hole-
trapper in the light-emitting layer. TPBI (6.2 eV)
shows a lower HOMO level than that of PTOA (5.3
eV) and PVK (5.8 eV). However, hole current den-
sity reduction is not favorable for recombining elec-
tron and hole in the light-emitting layer, even
though electron current density slightly enhances.
Therefore, brightness and current efficiency do not
enhance with TPBI incorporation in PVK-PTOA
composite film-based devices.

CONCLUSIONS

Doping TPBI electron-transporting material in the
light emitting layer enhances EL performances of
PTOA-based blue light emitting device because of

enhanced charge balance and suppressed excimer
formation between polymer chains. In addition to
electron and hole charge balance, polymer blend
compatibility is an important issue for enhanced EL
performances of composite film-based PLED. EL per-
formances reduce with TPBI doped in PVK-PTOA-
based devices due to poor compatibility between
TPBI and PVK. EL performances are also determined
by the amount of electron-injection in the light-emit-
ting layer. Inserting the TPBI layer in the light emit-
ting layer and cathode interface enhances EL per-
formances of TPBI-PTOA-based devices, while the
TPBI-PVK-PTOA device reduces due to poor contact
between the TPBI-PVK-PTOA light emitting layer
and TPBI electron transporting layer.
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