Tuesday

HL 20: Organic Semiconductors: Transistors and OLEDs

Time: Tuesday 9:30-12:45

HL 20.1 Tue 9:30 HI15
Ionic liquid gated polymer transistor — eJOHANNES SCHOCK,
DANIEL SECKER, and Heiko B. WEBER — Lehrstuhl fiir Angewandte
Physik, Universitit Erlangen-Niirnberg, Staudtstr. 7/A3, D-91058 Er-
langen, Germany

We fabricate field-effect transistors with a polymer semiconductor us-
ing an ionic liquid top-gate, replacing the gate insulator. The geometry
is bottom contact, liquid top gate. Electrical characterization yields
a low conductance threshold of the device (~ —2.5V), and a steep in-
crease of the source-drain current. An analysis points towards unusu-
ally high charge carrier mobility of the semi-conducting channel, with
very favorable leakage currents through the gate. Strong hysteretic
effects are observed.

HL 20.2 Tue 9:45 HI15

Electrolyte-gated organic thin film transistors — eFELIX
Butn!, MARIN STEENACKERs?, Deepu Kumar!, MARTIN
StuTzMANN!, and JoseE ANnTonio GaRripo! — Walter Schottky

Institut, Technische Universitat Miinchen, Am Coulombwall 3, 85748
Garching, Germany — Z2Institute for Advanced Study, Technische
Universitat Miinchen, Arcisstr. 21, 80333 Miinchen, Germany

Organic semiconductors are today widely used as the active material
in several applications based on thin film transistors. For most of
these devices large operational voltages are required. One approach
to reduce the gate voltage is increasing the capacitance of the gate
dielectric. Several materials, including high-k dielectrics, ultra-thin
cross-linked polymers or polyelectrolytes have been tested for this pur-
pose. Among those, polyelectrolytes offer extraordinarily high ca-
pacitances with a relatively low technology cost. The high capac-
itance results from the electrical double layer formed at the poly-
electrolyte/semiconductor interface, opening the possibility of using
organic thin film transistors for biological and chemical sensors, in
which in-electrolyte operation is required. Since, however, water sta-
ble organic semiconductors are generally deposited by evaporation in
UHYV, the surface of the polyelectrolyte needs to be smooth to enable
the growth of high quality films. In this contribution the properties
of different polyelectrolyte dielectrics are investigated. We show how
polyelectrolytes can be directly prepared on conductive substrates, re-
sulting in homogeneous films with high interfacial capacitances. Fur-
thermore, we show the preparation of high quality pentacene thin films
onto the polyelectrolyte films.

HL 20.3 Tue 10:00 H15
Mbolecular weight dependent short channel effect in MDMO-
PPV — eAL1 VEvsiEL Tunc, ELizABETH voN HAUFF, and JURGEN
Parist — University of Oldenburg, Department of Physics, Energy
and Semiconductor Research Laboratory, Carl-von-Ossietzky Str. 9-
11, 26129 Oldenburg, Germany

In this study, organic field effect transistors (OFETs) based on poly [2-
methoxy,5-(3’,7-dimethyl-octyloxy)|-p-phenylene vinylene (MDMO-
PPV) with two different weight-average molecular weights (Mw) were
fabricated and the effect of the molecular weight on the device proper-
ties was investigated. It was observed that the operation performance
of the OFET depends on the molecular weight and channel length.
The short channel effect was observed, i.e. a lack of saturation in
the output characteristic with a fixed gate voltage. We found that
the saturation behavior and hole mobility of a given material strongly
depend on molecular weight. Short channel effects were observed in
higher molecular weight for MDMO-PPV. The hole mobility around
10 times better for higher molecular weight that has been shown in
literature.

HL 20.4 Tue 10:15 HI15
Electron Mobility in Methanofullerens — eMaRria S HAMMER!,
CarsTEN DEIBEL!, and Viapimmir Dyakonov!h2 — lExperimental
Physics VI, Julius-Maximilians-University of Wiirzburg, Am Hubland,
D-97074 W\ urzburg — 2ZAE Bayern, Div. Functional Materials for

Energy Technology, Am Hubland, D-97074 Wiirzburg

Methanofullerenes are the state of the art acceptor-type semiconduc-
tors applied in flexible and printed electronic devices, e.g. they are
used together with a donor-type polymer in (i) solar cells or (ii) com-
plementary circuits. While the hole transport in polymers has been

Location: H15

intensely investigated within the last years, less attention has been
drawn to the fundamentals of the transport within methanofullerenes.
In the present study, the electron mobility, which strongly depends on
the electron density, is investigated.

We utilize the organic field effect transistor (OFET) as it provides a
way of probing the mobility within a wide range of electron densities
via gate voltage. Nevertheless, the performance of an OFET sensi-
tively depends on electron injection from the contacts and trapping
at the dielectric interface. Therefore, in order to assess the transport
parameters of methanofullerenes, it is indispensable to vary the work
function of the electrodes as well as the insulator. We will investigate
and discuss the ambipolar charge transport in dependence of the charge
carrier density in [6,6]-phenyl-C61-butyric acid methyl ester and other
derivatives, employing a variation of dielectric surfaces and injecting
metals.

HL 20.5 Tue 10:30 H15
Correlation between the effective contact resistance and the
charge carrier transport in organic semiconductors of differ-
ent mobility — R. WinTER!, F. WoRNER!, M.S. HamMmER!, C.
DrBEL!, and eJ. Prraum!:?2 — lExperimental Physics VI, Julius-
Maximilians-University, 97074 Wiirzburg — ?Bavarian Center For Ap-
plied Energy Research, 97074 Wiirzburg

In this presentation we address questions on the impact of the charge
carrier mobility on the injection behavior in organic thin film transis-
tors (OTFTs). Though many theoretical models treat the contact
resistance, R, and the mobility, p, independently, we demonstrate
a significant correlation between these two quantities for P3HT and
pentacene. Corresponding TFT measurements have been performed
between 40 - 300K. To modify the effective contact resistance, mono-
layers of different oligoacenes were deposited between the Au bottom
contacts and the active organic transport layer. Despite significant
differences in the room temperature mobilities, 10"%cm? /Vs for P3HT
and 10~2cm? /Vs for pentacene, the temperature dependent variations
of the mobility as well as of the effective contact resistance prove to
be similar. For both materials a change in the slope of the R(T) and
w1(T)-slope can be detected. However, the cross-over temperature for
pentacene amounts to 80K whereas that for P3HT is shifted to 185K.
We will discuss this observation in the context of a balanced transport,
i.e. that the injection at the metal contact interfaces is strongly related
to the charge carrier transport in the semiconducting layer.

Financial support by BMBF (project GREKOS) is acknowledged.

HL 20.6 Tue 10:45 H15
Thickness dependence of contact and sheet resistance of thio-
phene and pentacene based organic field effect transistors —
o TORSTEN BALSTER, STEVE PITTNER, DAcMawl BELAINEH, ARNE
HorpE, and VEIT WAGNER — School of Engineering and Science,
Campus Ring 1, Jacobs University Bremen, 28759 Bremen, Germany

The electrical properties of evaporated organic semiconductors in de-
pendence on the film thickness are affected by the growth mode of the
thin film. While dihexyl-substituted oligothiophenes (DHnT) show a
typical layer-by-layer growth mode on hexamethyldisilazane(HMDS)-
treated silicon oxide, pentacene exhibits 3-dimensional growth. The
growth mode as determined by AFM investigations is also reflected
in the integral in-situ [V-measurements during growth. DHnT shows
oscillatory behaviour in the mobility and the contact resistance within
the first two monolayers, whereas the pentacene saturates without os-
cillations for 10nm. The total contact resistance with gold electrodes
has been evaluated by the transfer line method. Furthermore the po-
tential barriers at source and drain contact are determined separately
by a four probe setup. For this purpose, additional sense fingers are
prepared within the channel allowing the direct access to the chan-
nel potential. Major contact effects are identified for channel length
smaller than 10 microns.

HL 20.7 Tue 11:00 H15
Semiconducting Thin Films of Fluorinated and Unsubsti-
tuted Phthalocyanines for Applications in Organic Field Ef-
fect Transistors — eHARRY BRINKMANN!, CHRISTOPHER KEIL!,
Orca Tsarvova2, DieTER WOHRLEZ, and DERCK SCHLETTWEIN! —
Hnstitute of Applied Physics, Justus-Liebig-University Giessen, Ger-

many. email:schlettwein@uni-giessen.de — 2Institute of Organic and



Tuesday

Macromolecular Chemistry, University of Bremen, Germany.

Perfluorinated phthalocyanines (Fi¢Pc) show n-type characteristics as
active layers in organic field transistors while organic field transistors
with unsubstituted phthalocyanines (Pc) exhibit p-type characteris-
tics. The growth of Fj¢Pc and Pc films has been studied in OFETs on
organic (polyimide, PMMA) and inorganic insulating layers (SiO2)
with different surface modifications (HM DS treatments). We report
here about the dependence of the growth mode of the films and the
field effect mobility on the used substrate for the copper complexes.
The development of the electrical conduction was studied in-situ dur-
ing film growth and the field effect mobility was determined for various
film thicknesses in different regimes of the Stranski-Krastanov growth
mechanism that led to the formation of ultrathin conductive layers in
the monolayer range followed by reorganization towards island growth.
Optical absorbance was measured in reflection or transmission in de-
pendence of the used substrate to investigate details of the intermolec-
ular coupling.

15 Min. Coffee Break
HL 20.8 Tue 11:30 HI15

Carrier density in a Gaussian density of states: Approxima-
tion for the Gauss- Fermi integral — eGERNOT Paascu! and
SUSANNE ScHEINERT? — IFW Dresden — 2TU Ilmenau

The density of hopping transport states in organics can be approxi-
mated by a Gaussian DOS. As a consequence, the mobility becomes
a function of carrier density, field and of course temperature. Such
dependencies can now be implemented easily in advanced device sim-
ulation programs as Sentaurus Device. However, the carrier density as
function of the Fermi energy is not taken into account until now. For
inorganic semiconductors with a square root DOS the situation was
similar with the carrier density expressed by the Fermi- Dirac inte-
gral F1/2. Further Fermi-Dirac integrals are needed for the electronic
energy density and for Einstein’s relation. For these cases analytical
approximations have been developed early allowing for fast simulation.
For the Gaussian DOS the carrier density is given by the integral over
the product of Gaussian DOS and Fermi-Dirac distribution, the Gauss-
Fermi integral. Related integrals describe the electronic energy density
and occur in Einstein’s relation. Here we present an extremely simple
and accurate approximation for the Gauss-Fermi integral and discuss
its potential applicability in simulation of organic devices.

HL 20.9 Tue 11:45 HI15
Comparative transport studies in Bridgman and sublimation
grown 9,10-Diphenylanthracene single crystals. — e ANDREAS
SteINDAMM!, AsnurosH K. TripatHI?, RAINER STOHR3, JORG
WRrAcHTRUP®, and JENs Prraum! — llnstitute of Experimental
Physics VI, Julius-Maximilians-University, 97074 Wiirzburg, Germany
— 2Holst Centre/TNO, 5656 AE Eindhoven, NL — 3Physikalisches

Institut, University of Stuttgart, 70550 Stuttgart, Germany

To improve organic electronic applications, knowledge about micro-
scopic mechanisms determining the charge carrier mobilities is pivotal.
9,10-Diphenylanthracene (DPA) has been identified as model system
to study those correlations due to its high electron and hole mobilities
at room temperature [1] and its complex structural phase behaviour.
We will demonstrate our temperature dependent Time-Of-Flight data
on single crystals grown by vapor phase transport (VPT) and by Bridg-
man growth technique. Both preparation techniques revealed crystals
of different morphologies resulting in significant variations of the re-
lated bipolar mobilities. As a key result, the charge carrier mobility of
~1em?/Vs at room temperature along the (111)-direction of Bridgman
crystals exceeds that along the (001)-direction of VPT grown crystals
by about one order of magnitude. The observed differences in the mo-
bility data will be discussed in the context of the microscopic molecular
arrangement within the respective crystal structure. Financial support
by BMBF (project GREKOS) is acknowledged.
[1] Tripathi A. K. et al., Adv. Mater. 19 (2007) 2097

HL 20.10 Tue 12:00 H15

Probing charge carrier dynamics in conducting polymers

using single molecules as sensors — eMAXIMILIAN NOTHAFT!,

STEFFEN HOHLAZ2, AURELIEN NicoLeT®, JENs Prraum?, FEDOR

JeLezko!, and JorG WracHTRUP! — 13. Phys. Ins., Univ. Stuttgart
— 2Chair of Display Technology, Univ. Stuttgart — 3MoNOS, Huy-
gens Laboratory Leiden — 4Exp. Phys. VI, Univ. Wuerzburg and
ZAE Bayern

Doping of conducting polymers by guest molecules is widely applied in
organic light emitting devices to improve their efficiency. By reducing
the concentration of suited guest molecules it becomes possible to study
the dynamics of single molecule emitters using confocal microscopy.

In our contribution we discuss the optical properties of single Diben-
zoterrylene dye molecules dispersed in an OLED consisting of PPV as
host material. It will be shown how to prepare devices of photostable
single molecules in PPV emitting a constant flux of single photons at
room temperature by excitation from a Ti:sapphire laser.

By simultaneous laser excitation and electrical operation it is possi-
ble to detect the effect of injected charge carriers on the dynamics of
single quantum emitters. Since the ratio of singlet to triplet exciton
formation in the device is 1:3, this leads to an effective pumping to the
triplet state of the single molecule thereby reducing its fluorescence
intensity. Modeling this process it becomes possible to associate the
reduced fluorescence intensity with the local current density at the po-
sition of the molecule. This correlation enables us to optically probe
the current density in an OLED with nm spatial resolution.

HL 20.11 Tue 12:15 HI15
Energy band alignment at the oxide-organic interface
ITO/ZnPC determined by photoelectron spectroscopy —
o JURGEN GassMANN and ANDREAS KLEIN — Surface Science Depart-
ment, Istitute of Materials Science, TU Darmstadt, Germany

The possibility to generate light on the front- and backside of an or-
ganic light-emitting diode (OLED) is given for inverted top-emitting
OLEDs. For them the transparency of the back contact is crucial. Here
transparent conductive oxides (TCO) like indium tin oxide (ITO) or
zinc oxide are of special interest, because these films can be deposited
with magnetron sputtering at room temperature. In this work the
energy band alignment between the organic material zinc phthanalo-
cyanine (ZnPC) and the transparent oxide ITO is evaluated. For this
the X-ray photoelectron spectroscopy technique (XPS) is used and
combined with an in-situ preparation of the films. The energy band
alignments of the deposition sequences ITO on ZnPC and vice versa
are compared. Here valence band offsets up to 1.3eV can be detected.
The energy band alignment shows a strong dependence on the depo-
sition sequence. Additionally the electrical and optical properties of
ITO films sputtered at room temperature are investigated.

HL 20.12 Tue 12:30 H15
Highly efficient white top-emitting organic light-emitting
diodes with forward directed light emission — ePaTrICIA FRE-
ITAG, SEBASTIAN REINEKE, MAUrRO FurNo, BJOrRN LUsseMm, and
KarL LeEo — Institut fiir Angewandte Photophysik, TU Dresden,
George-Béahr-Strafe 1, 01069 Dresden, Germany

The demand for highly efficient and energy saving illumination has
increased considerably during the last decades. Organic light emitting
diodes (OLEDs) are promising candidates for future lighting technolo-
gies. They offer high efficiency along with excellent color quality, al-
lowing substantially lower power consumption than traditional illumi-
nants. Recently, especially top-emitting devices have attracted high
interest due to their compatibility with opaque substrates like metal
sheets. In this contribution, we demonstrate top-emitting OLEDs with
white emission spectra employing a multilayer hybrid cavity structure
with two highly efficient phosphorescent emitter materials for orange-
red (Ir(MDQ)2(acac)) and green (Ir(ppy)3) emission as well as the
stable fluorescent blue emitter TBPe. To improve the OLED per-
formance and modify the color quality, two different electron block-
ing layers and anode material combinations are tested. Compared to
Lambertian emission, our devices show considerably enhanced forward
emission, which is preferred for most lighting applications. Besides
broadband emission and angle independent emission maxima, power
efficiencies of 13.3 Im/W at 3 V and external quantum efficiencies of
5.3% are achieved. The emission shows excellent CIE coordinates of
(0.420, 0.407) at approx. 1000 cd/m2 and color rendering indices up
to 77.



