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We report on organic light-emittingsfield-effectd transistorssLETsd fabricated on a flexible and
transparent plastic foilsMylard, acting both as substrate and gate dielectric. The foil is patterned on
one side with bottom-contact gold source and drain electrodes, while a thin film of gold is
evaporated on the opposite side of the foil to form the gate electrode. A vacuum sublimed tetracene
film is employed as an active layer for charge transport and light emission. Atomic force microscopy
shows that tetracene films have a good adhesion on Mylar and exhibit a granular structure. The
transistor shows unipolarp-type behavior with mobilities typically of 5310−4 cm2/V s.
Drain-source current and electroluminescence have been simultaneously measured. Provided a
suitable gate bias is applied, light emission occurs at drain-source voltagessVdsd above saturation.
LETs on plastic substrates could open the way to flexible devices combining the switching function
of a transistor and the light emission. ©2005 American Institute of Physics.
fDOI: 10.1063/1.1898429g

Organic semiconductors, based on conjugated small
molecules and polymers, offer the opportunity to produce
devices on large-area, low-cost, plastic substrates.1 Research
in organic optoelectronics has recently led to the demonstra-
tion of colorful thin displays based on organic light-emitting
devicessOLEDsd.2 Organic field-effect transistorssOFETsd
are currently under investigation as switches for active
matrix-OLED displays.3 Flexible OFETs and OLEDs, based
on organic films grown on flexible plastic substrates, have
been reported.4–7 These findings are attractive as they open
the possibility to fabricate active matrix colorful and flexible
electroluminescent displays.

Light-emitting sfield-effectd transistorssLETsd employ-
ing as active layers tetracene films deposited onto SiO2/n
-Si have been produced.8,9 Recently, the first ambipolar LET
has been demonstrated.10 LETs constitute a class of optoelec-
tronic devices that integrate the switching function of a tran-
sistor and the light emission. In principle, with respect to
vertically stacked structures typical of LEDs, the presence of
the gate electrode in planar LET structures offers remarkable
advantages: in the case of ambipolar light-emitting
materials,10 the gate bias would allow to minimize the unbal-
anced number of holes and electrons in the active layer,11 a
crucial topic to obtain high exciton density. Furthermore, the

gate bias would allow to control the location of the exciton
recombination region in the transistor channel12 to minimize
exciton quenching at metal electrodes. The device physics of
LETs involves multiple processes: light is generated from
radiative recombination of excitons formed by holes and
electrons injected in the active layer by biased source and
drain electrodes, provided a suitable gate bias has been ap-
plied. The detailed understanding of these processes and
their correlation to the specific device structure of LETs for
example in terms of dielectric and electrodic materials and
processing, is challenging. In particular, the role played by
the dielectric layer in determining the operational device
physics is of primary importance. It has been demonstrated
that, in organic films-based field-effect devices, charge trans-
port occurs within a thin layer close to the organic/dielectric
interface.13 The chemical-physical properties of the dielectric
surface influence the growth mechanism and morphology of
the active layer, which is related to the charge transport, ex-
citon formation, and light emission processes.14 Moreover,
the fabrication process of source and drain electrodes may
affect the charge injection mechanism in the organic layer
within the transistor channel. The presence of an adhesion
layer stypically chromiumd between the dielectric SiO2 and
Au electrode, together with possible electrode underetching,8

may change the electrode–organic interface responsible for
charge injection. Therefore, the investigation of light-adElectronic mail: c.santato@ism.bo.cnr.it
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emitting transistors employing dielectric substrates with dif-
ferent characteristics and gold electrodes fabricated without
adhesion layer, provides experimental data useful to shed
light onto the working mechanism of the organic LET
sOLETd devices.

In this letter we report on the fabrication of LETs based
on tetracene films grown on flexible plastic substrates. Tet-
racene films have been chosen as active materials because of
their high hole FET mobilitysup to 0.1 cm2/V s15,16d and
their reasonably high fluorescence quantum yield.17 LETs
fabricated on plastic substrates extend the potential of this
new class of organic optoelectronic devices opening the way
towards all plastic multifunctional field-effect devices.

Figure 1 shows the structure of the device. A
900-nm-thick Mylar™ sheetsDuPontd, adapted to an Al
frame snot shown in the figured, has been employed as sub-
strate and gate insulatorsdielectric constant of 3.3d. The My-
lar sheet has a dielectric rigidity of 106 V/cm that allows to
apply gate biases sufficiently high to induce a field effect in
the organic semiconductor. The plastic sheet is transparent to
ultraviolet and visible light. Bottom-contact Au source and
drain electrodes have been patterned on one side of the di-
electric using a standard photolithographic technique while
the Au gate electrode has been evaporated on the opposite
side. Experimental details on the fabrication of the electrical
contacts have been reported elsewhere.5 Interdigitated elec-
trodes withW/L=3000sW andL are the channel width and
length, respectivelyd, with L=70 mm, have been used. Prior
to organic deposition, the substrates have been rinsed with
acetone and isopropyl alcohol and dried in N2 flux. As a
comparison, device structures employing as gate dielectric a
100-nm-thick layer of SiO2 sthermally grown onn-Sid pat-
terned with bottom-contact Au interdigitated electrodes with
W/L=200 andL=5 mm have been used. TetracenesTCI,
98%d has been used as received. Tetracene films with a
nominal thickness of 50 nm have been grown by vacuum
sublimation at different nominal deposition fluxes, from
0.05 to 5 Å/s. Atomic force microscopysAFMd images of
films grown on Mylar at 0.1 Å/ssad and 5 Å/s sbd are
shown in Fig. 2. The images reveal that tetracene films have
a good adhesion on Mylar and exhibit a granular structure.
By increasing the deposition flux the grain size decreases
whereas the grain shape and size distribution become more
regular. Compared to films grown on SiO2, at the same depo-
sition flux, films on Mylar have smaller grain size. This can
be due to different substrate surface energy or tetracene
diffusivity.16

Drain-source currentsIdsd and electroluminescencesELd
measurements have been performed at room temperature un-
der high vacuums10−3 Pad inside a calibrated integrating

sphere where high sensitivity light detection has been
achieved through a preamplified photomultiplier.18 A dc
power supplysAgilent 6634Dd has been used to control the
gate-source voltagesVgsd and a source-measure unitsKei-
thley 236d to control the drain-source voltagesVdsd and to
measureIds sthe source electrode being the common groundd.
In order to avoid aging effects, all measurements have been
performed immediately after tetracene film deposition. Fig-
ure 3sad shows the output characteristics of a LET device on
Mylar biased as ap-channel FET working in accumulation
mode. At a fixedVgs, for low uVdsu, uIdsu increases withuVdsu
and then attains the saturationsIds,satd at largeruVdsusVds,satd.
uIds,satu increases with the increase ofuVgsu. Figure 3sbd shows
the EL as a function ofVds, corresponding to theIds reported
in Fig. 3sad sexcept for the caseVgs=−30 Vd. For Vgs
ø−70 V, light is emitted by the device. It is clear for the
caseVgs=−90 V that the onset of EL is located at about
Vds=−60 V. At a fixedVgs, EL continuously increases with
the increase ofuVdsu, despite the quasiconstant value ofIds. As
a comparison, Figs. 3scd and 3sdd show the output character-
istics and the corresponding electroluminescence measured
for LETs fabricated onto SiO2/n-Si. The onset of EL, for
Vgs=−40 V, is located at aboutVds=−13 V, which is below
the saturation voltage of the drain current. Figure 4sad shows
the transfer characteristics of the Mylar device at the satura-
tion sVds=−90 Vd. Ids and EL are reported on the left and
right y axis, respectively, as a function ofVgs. uIdsu and EL
both increase with increasinguVgsu. As a comparison, Fig.
4sbd shows the transfer characteristics at the saturationsVds

=−40 Vd and the corresponding electroluminescence mea-

FIG. 1. Structure of the LET device employing a thin Mylar foil as substrate
and gate dielectric and a tetracene thin film as active layer.

FIG. 2. 434 mm2 AFM micrographs of tetracene films grown on Mylar
having a nominal thickness of 50 nm, grown at nominal deposition fluxes of
sad 0.1 Å/s andsbd 5 Å/s.

FIG. 3. Output characteristics of tetracene LETs:sad, sbd LET employing a
900-nm-thick foil of Mylar as gate dielectric,W/L=3000 andL=70 mm;
scd, sdd LET employing a 100-nm-thick layer of SiO2 as gate dielectric,
W/L=200 andL=5 mm. TheIds vs Vds curves are reported insad, scd while
the corresponding EL vsVds are shown insbd, sdd. Deposition flux of the
active layer: 5 Å/s, nominal thickness: 50 nm.
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sured for LETs fabricated onto SiO2/n-Si. The correlation
between transistor current and light emission for tetracene-
LETs produced on Mylar is in reasonable agreement with
that observed for LETs produced on SiO2. This is remarkable
in view of the different morphologies observed for the
tetracene-films grown on Mylar and on SiO2/n-Si.16 How-
ever, the external quantum efficiencysi.e., the number of
photons emitted per electrons flowing in the deviced of LETs
on Mylar is about one order of magnitude lower than on
SiO2/n-Si. Indeed, in LETs on Mylar, light emission occurs
invariably at uVdsu larger than uVds,satu while in LETs on
SiO2/n-Si, for the highest values ofuVgsu, it occurs already in

the linear region of the output curves.8,9,16For LETs on My-
lar, this would imply a hole-depleted region next to the drain
electrode, where the emission is expected to occur.8 This is
likely related to the different distributions of the internal
electric fields in the two devices. The hole FET mobilitysmd
has been calculated in saturation19 using the following equa-
tion:

uIds,satu =
W

2L
mCisVgs− VTd2,

where Ci is the dielectric capacitance per unit areas3
310−9 and 3.5310−8 F cm−2 for a 900-nm-thick Mylar foil
and a 100-nm-thick SiO2 layer, respectivelyd and VT is the
threshold voltage, deduced from the intercept aty=0 of the
suIds,satud1/2 vs Vgs plot ssee inset of Fig. 4d. The hole FET
mobility for LETs on Mylar, calculated on several samples
prepared in different deposition runs, is typically 5
310−4 cm2/V s. The values are lower by about one order of
magnitude than those observed for tetracene FETs fabricated
on SiO2/n-Si substrates.15,16Moreover, the mobility does not
strongly depend on the deposition flux, as in the case of
tetracene-LETs on SiO2/n-Si.16 This result points again to
the crucial role played by the dielectric in determining the
device characteristics. Work is in progress to tailor substrate
surface properties by means of functionalization and appro-
priate surface cleaning. The possible influence of the hole
mobility on the onset voltage of EL, as well as the EL inten-

sity and efficiency is under investigation both for tetracene-
LETs on SiO2/n-Si and on plastics. Preliminary results indi-
cate that emission takes place in LETs exhibiting mobilities
ranging from 1310−4 to 1310−1 cm2/V s.8,9,16 The com-
parison between devices fabricated on SiO2 with un-
deretched electrodes8 and devices fabricated with nonun-
deretched electrodes shows that electron injection from gold
to tetracene occurs in both cases. Therefore underetching is
not to be considered a necessary condition to explain the
injection mechanism.

In summary, we fabricated the first organic LETs on
flexible plastic substrates by physical vapor deposition of
tetracene films on Au-patterned Mylar foil employed as sub-
strate and gate dielectric. Tetracene films show a good adhe-
sion on Mylar and exhibit a granular structure with a grain
size decreasing with increasing deposition flux. The devices
behave asp-channel transistors working in accumulation
mode. Light emission occurs for drain-source voltages well
above theVds saturation value. This behavior is different
from that of LETs fabricated on SiO2, which may generate
light starting from the linear region. Taking advantage of the
ultraviolet and visible transparency of the dielectric sheet,
attractive developments of the device structure can be envis-
aged. Indeed, transparent or semitransparent gate electrode
would allow light collection from both sides of the film.
Alternatively, a highly reflective metal deposited as gate
electrode on one side of the sheet would optimize light ex-
traction from the opposite side.
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FIG. 4. Transfer characteristicssIds and corresponding EL vsVgsd at drain
current saturation of tetracene LETs employing as gate dielectric a 900
-nm-thick foil of Mylar sad and a 100-nm-thick layer of SiO2 sbd. The insets
show the square root ofIds as a function ofVgs. Deposition flux of the active
layer: 5 Å/s, nominal thickness: 50 nm.
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