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We report on solution-processed light emitting field-effect transistors �LEFETs� that incorporate
symmetric high work function �WF� source and drain metal electrodes. A key architectural design
is the incorporation of a conjugated polyelectrolyte �CPE� electron injection layer atop the emissive
layer. The device structure also comprises a hole-transporting layer underneath the emissive layer.
Both holes and electrons are injected from stable, high WF metal though the CPE layer leading to
electroluminescence near the electron-injecting electrode. With the benefits of the simplicity in
device fabrication, the LEFETs incorporating CPEs are interesting structures for integrated organic
optoelectronic devices. © 2010 American Institute of Physics. �doi:10.1063/1.3467856�

Organic light-emitting field-effect transistors �LEFETs�
are an emerging class of optoelectronic devices that combine
the electrical switching functionality of a field-effect transis-
tor �FET� with the capability of light generation typical of
organic light-emitting diodes.1–11 Due to this unique combi-
nation of properties, LEFETs have potential applications in
the fabrication of simplified pixels for flat panel displays,
optical communication devices, and electrically driven or-
ganic lasers.12–16

Injection and transport of both electrons and holes are
important requirements for generating electroluminescence
in LEFETs. Efficient injection of both carriers has been ac-
complished by using electrodes made from low and high
work function WF metals.4,7,17 This choice of metals arises
from the contact properties at the organic semiconductor/
metal interfaces, which limit carrier injection. Low WF met-
als such as Ca �Ref. 7� and Mg �Ref. 4� can be used for
facilitating electron injection. However, the complexity of
evaporating two different electrodes provides a barrier for
widespread implementation of these devices.

We demonstrate herein that it is possible to fabricate
LEFETs using symmetric, stable and high WF metal elec-
trodes �namely, Ag� deposited atop a very thin conjugated
polyelectrolyte �CPE� layer. The CPE layer is introduced to
circumvent electron injection barriers18 and leads to balanced
injection, excellent brightness and a great simplification of

the fabrication of these devices. Figure 1�a� shows the
chemical structures used in this study. Poly�9�9-bis
��6� �N ,N ,N-trimethylammonium� hexyl� fluorene-alt - co-
1 ,4-phenylene� with tetrakis�imidazoly�borate �PFN+BIm4

−�
counterions was chosen as the CPE, and poly�2,5-bis�3-
alkylthiophene-2-yl�thieno�3,2-b�thiophene� �PBTTT-C14�
as a p-type semiconductor that is introduced adjacent to the
gate dielectric.19 As the emissive layer, we employed a
phenyl-substituted poly�para-phenylene vinylene� copolymer
�superyellow; SY�.7,17

CPE function was tested within LEFET devices
with the architecture shown in Fig. 1�b�: Si /SiO2 /
PBTTT-C14 /SY /PFN+BIm4

− /Ag. Their fabrication begins
with spin coating �65 nm of PBTTT-C14 from a chloroben-
zene solution onto a SiO2 surface, followed by thermal an-
nealing. Subsequently, SY films of 100 nm thickness were
spin-coated from toluene. The resulting PBTTT-C14/SY bi-
layers were annealed at 200 °C for 30 min. Films of
PFN+BIm4

− with different thicknesses were then deposited by
spin-casting from 0.02% or 0.5% �w/v� methanol solutions.
The 0.5% solutions provided layers on the order of 20 nm, as
determined by atomic force microscopy while the 0.02% so-
lutions were too dilute to modify measurably the device
thickness. Nonetheless, these conditions have been previ-
ously shown to allow accumulation of CPEs atop a hydro-
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FIG. 1. �Color online� �a� Chemical
structures and �b� LEFET test device.
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phobic polymer semiconductor and thereby to introduce an
organized dipole layer at the interface.20 The final step in
device construction involves thermal evaporation of 100 nm
Ag electrodes.

Current-voltage-luminescence characteristics were mea-
sured under a nitrogen atmosphere by using a Keithley 4200
system and a Hamamatsu photomultiplier �PMT�. The pho-
tocurrent in the PMT was collected to determine brightness
and luminescence efficiency for the effective light emitting
area. This analysis has been described in more detail
previously.17 The width of the emission area was determined
by imaging the light emission zone by optical microscope
attached with a digital camera. The image was analyzed by
taking an integrating profile across the image channel region.
The width of emission zone was measured by taking of full
width of half maximum and was �3.0 �m.

Figure 2 compares the characteristics of various devices.
A baseline measure was obtained by examination of a control
device with no PFN+BIm4

− layer underneath the Ag elec-
trodes, i.e. Si /SiO2 /PBTTT-C14 /SY /Ag. Typical p -type
transistor behavior is observed for this device structure, as
shown by the drain current �IDS� versus source drain voltage
�VDS� curves at various negative gate voltages �VG� in Fig.
2�a�. No light emission could be measured under these con-
ditions. Switching the gate potential leads to no current, in-
dicating that there is no electron current across the channel.
Figures 2�b� and 2�c� show the output and transfer character-
istics of a device fabricated by using the 0.02% PFN+BIm4

−

solution in methanol. FET characteristics are observed with
saturation behavior; analysis of these curves yields a mobil-
ity ��� of �0.02 cm2 /V s and a current on/off ratio �Ion / Ioff�
of �108. More significantly, emission of light corresponding
to the SY layer is observed with these devices. As shown by
the brightness cd /m2 versus VDS plots, the brightness in-
creases with VDS and VG and then saturates. This LEFET
exhibits a maximum brightness 520 cd /m2 and an efficiency
of 0.08 cd/A �Fig. 2�c��. Examination of the output charac-
teristics of the LEFETs with the 20 nm PFN+BIm4

− layer
obtained with the more concentrated solution �Fig. 2�d�� re-
veals unusual dependence of threshold voltage and saturation
behavior and low IDS values. Such as situation is not desir-
able and is likely due to redistribution of electric fields due to
ion motion within the PFN+BIm4

− layer, although the exact
mechanism remains poorly understood. Despite these uncer-
tainties, proper management of the CPE thickness can cir-

cumvent these undesirable characteristics, as shown in Fig.
2�b�.

A magnified optical image of the working device is
shown in Fig. 3. Light emission is observed adjacent to the
negative biased electrode, which we assign as the drain �D�
electrode. This region of emission indicates the charge car-
rier recombination zone. In addition, the position of light
emission is found to be independent of the applied voltage.

Taking the above observations into account, we propose
the mechanism for operation of these LEFETs shown in Fig.
4. Under negative VG, the injection probability for the holes
from the Ag electrode into the highest occupied molecular
orbital �HOMO� of SY �4.8 eV�,17 and subsequently into the
HOMO of PBTTT-C14 �5.1 eV� �Ref. 19� is higher than that
of electrons. These conditions lead to the accumulation of
holes near the gate insulator/PBTTT-C14 interface and the
transistor operates in hole accumulation mode. Incorporating
a thin CPE layer leads to the introduction of an interfacial
dipole with the positive pole pointing toward the polymer
layer and the negative pole toward the metal.20 Such an ori-
entation raises the effective WF of the electrode, thereby
causing a reduction in the electron injection barrier into the
lowest unoccupied molecular orbital of SY �2.4 eV�, as
shown in Fig. 4�b�. Under these circumstances, holes moving
across the channel recombine with electrons in the SY layer,
leading to light emission adjacent to the drain electrode. Ef-
ficient electron injection from the CPE/Ag electrode is thus
an essential criterion for light emission, even though electron
transport along the channel is negligible.

FIG. 2. �Color online� �a� Output characteristic of a
control device. Electrical �solid line� and optical �circle�
�b� output and �c� transfer characteristics of LEFETs
with a PFN+BIm4

− layer deposited from 0.02% methanol
solutions. �d� Device characteristics of LEFETs with a
20 nm PFN+BIm4

− layer deposited from 0.5% solutions.
VG was scanned from 0 to �120 V at intervals of �20
V.

FIG. 3. �Color online� A photograph of an operating LEFET.
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In conclusion, we disclose a new strategy for simplifying
the fabrication of LEFET devices with excellent performance
by using CPEs that effectively modulate charge injection,
provided that the thickness is sufficiently thin to avoid pos-
sible field redistribution effects. We propose that the thin
CPE layers introduce ordered dipoles at the metal/organic
semiconductor interface that modify the energy levels and
facilitate electron injection. Furthermore, the use of high WF
metals for electron and hole injection opens the opportunity
of designing LEFETs that are less sensitive to environmental
degradation.
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FIG. 4. �Color online� �a� Schematic of a LEFET on a three component
layered architecture. �b� A model of electron injection from the drain elec-
trode modified by the presence of an interfacial dipole layer. The emissive
layer corresponds to SY.
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