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The neutral cluster beam deposition (NCBD) method has been applied to produce and characterize organic
thin-film transistors (OTFTs) based upon tetracene and pentacene molecules as active layers. Organic thin
films were prepared by the NCBD method on hexamethyldisilazane (HMDS)-untreated and -pretreated silicon
dioxide (SiO2) substrates at room temperature. The surface morphology and structures for the tetracene and
pentacene thin films were examined by atomic force microscopy (AFM) and X-ray diffraction (XRD). The
measurements demonstrate that the weakly bound and highly directional neutral cluster beams are efficient
in producing high-quality single-crystalline thin films with uniform, smooth surfaces and that SiO2 surface
treatment with HMDS enhances the crystallinity of the pentacene thin-film phase. Tetracene- and pentacene-
based OTFTs with the top-contact structure showed typical source-drain current modulation behavior with
different gate voltages. Device parameters such as hole carrier mobility, current on/off ratio, threshold voltage,
and subthreshold slope have been derived from the current-voltage characteristics together with the effects
of surface treatment with HMDS. In particular, the high field-effect room-temperature mobilities for the HMDS-
untreated OTFTs are found to be comparable to the most widely reported values for the respective untreated
tetracene and pentacene thin-film transistors. The device performance strongly correlates with the surface
morphology, and the structural properties of the organic thin films are discussed.

1. Introduction

The recent progress made in organic thin-film-semiconductor
devices has attracted much attention because of their promising
applications in future electronic devices as flexible and eco-
nomical alternatives to traditional silicon-based devices.1-6 Such
applications may include organic thin-film transistors (OTFTs)
for active matrix liquid crystal displays in which hydrogenated
amorphous silicon (R-Si/H) devices have been used so far.7

Intensive studies have been carried out to improve OTFT
characteristics, such as field-effect mobility, current on/off ratio,
and long-term stability, through developing and optimizing small
organic molecules or polymers. In recent years, the performance
of some OTFTs stands in a state of competition withR-Si/H-
based devices.8-13

In organic molecule-based semiconductor devices, the mol-
ecules in the active layers stick together by virtue of relatively
weak van der Waals interactions and maintain their individuality
when they condense into solid thin-film crystals. Therefore, the
spatial arrangement in the organic crystalline thin-film phase
and the macroscopic properties of the material are primarily
determined by the individual molecules, which is a unique
characteristic of molecular engineering. This is exemplified by
some fused-ring polycyclic aromatic hydrocarbons, such as the
tetracene and pentacene shown in Figure 1 consisting of four
and five aligned condensed benzene rings, respectively. In
particular, the pentacene-based OTFTs have been extensively
investigated up to now.1,14,15 The pentacene crystalline films
with an ordered morphology have been generally obtained by

vacuum evaporation, molecular beams, or pulsed laser deposi-
tion.16-20 In some device studies, a high charge-carrier mobility
up to∼3-5 cm2/V s, which is comparable to that observed in
amorphous silicon, has been reported.12,14,21,22 Such a high
mobility is attributed to the single crystallinity of the pentacene
thin films that allows enhanced intermolecular carrier transport.
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Figure 1. Molecular structures of (a) tetracene and (b) pentacene. (c)
Schematic cross-sectional view of the OTFT with the top-contact
structure and its bias condition.
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In contrast, very few studies on tetracene-based OTFTs have
been performed, and mobilities of 0.4 cm2/V s for the single-
crystal device and 0.15 cm2/V s for the surface-pretreated
tetracene thin-film device have been reported.23,24Here, it should
be noted that the above preparation of the organic single crystal
phases is known to be reproducible only in very narrow ranges
of the growth parameters, which are not easily achieved in the
ordinary vapor deposition processes and/or the low-temperature
processes on the plastic substrates.9,25

The novel neutral cluster beam deposition (NCBD) method
employed in this study is the less popular but promising
deposition scheme.26-32 The method makes use of the cluster
beam with the unique advantages of high directionality and
translational kinetic energy when the organic vapor molecules
undergo adiabatic expansion into a high vacuum. Because the
neutral organic clusters consist of weakly bound molecules, the
collision of the cluster beam with a substrate of interest such
as SiO2 induces the facile dissociation into individual molecules
followed by active surface migration, resulting in the organic
thin films with significant improvement in surface morphology,
crystalline quality, packing density, and room-temperature
substrate deposition. Such unique advantages cannot be achieved
by conventional vapor deposition methods.

In this article, we present the fabrication and characterization
of the tetracene- and pentacene-based OTFTs through the
application of the NCBD method to deposit the organic active
layers. First, we focus on the morphological and structural
properties of the organic active layers deposited on the SiO2

substrate at room temperature, together with an examination of
the effects of surface treatment with the amphiphilic surfactant,
hexamethyldisilazane (HMDS), as an ordered template. After-
ward, the OTFTs with the top-contact structure in Figure 1 were
fabricated, and the various device parameters, such as hole
carrier mobility, current on/off ratio, threshold voltage, and
subthreshold slope, were derived from the fits of the observed
current-voltage characteristics of HMDS-untreated and -pre-
treated OTFTs. The device performance strongly correlates with
the surface morphology, and the structural properties of the
organic thin films are also discussed.

2. Experiment

The organic active layers of tetracene (Aldrich Co.) and
pentacene (TCI Co.) were deposited on the substrate by the
homemade NCBD apparatus. The system is presented in detail
elsewhere,26-32 and only a relevant account is described here.

The NCBD chamber consists of the graphite crucible cell,
the drift region, and the substrate. The deposition chamber was
pumped by a 10 in. baffled diffusion pump, and the average
base pressure was maintained below 1× 10-6 Torr. The distance
between the crucible cell and the substrate was 190 mm. The
as-received organic active material was placed inside the
enclosed cylindrical crucible cell with a 1.0-mm-diameter, 1.0-
mm-long nozzle and sublimated by the resistive heating between
500 and 520 K for both tetracene and pentacene. The organic
vapor molecules underwent adiabatic supersonic expansion into
the high-vacuum drift region at a working pressure of∼3 ×
10-5 Torr. The resultant highly directional, weakly bound neutral
cluster beams were directly deposited onto the thermally grown
1000-Å-thick SiO2 insulating layer on the heavily n-doped
silicon substrates. Here, prior to beam deposition, the SiO2

surface was pretreated with and without the amphiphilic
hexamethyldisilazane (HMDS, Aldrich Co.) surfactant using the
spin-coating method to examine the improvement in the
crystalline quality of organic thin films and device performance.

In general, seven substrates were deposited simultaneously at
room temperature. The growth rate was generally dominated
by the temperature of the crucible cell and measured by a
thickness monitor (Maxtek Inc.). The optimized deposition
fluxes for tetracene and pentacene were determined at rates of
5 and 1 Å/s, respectively.

The organic thin films without the HMDS surface treatment
were compared with the HMDS-pretreated thin films. The
characterization of the surface morphology and structures was
performed by an alpha step surface profile monitor (Tencor Co.),
atomic force microscopy (AFM: PSI Co.), and X-ray diffraction
(XRD: Rigaku Co.). The XRD patterns were measured using
Cu KR radiation with a wavelength of 0.1541 nm.

The tetracene- and pentacene-based OTFTs in this study
employed the top-contact structure, and the cross section of the
devices with bias conditions is shown in Figure 1c. A highly
doped n-type silicon wafer coated with an aluminum layer was
used as the gate electrode, and a 1000-Å-thick SiO2 layer was
thermally grown as the gate dielectric. Neutral cluster beams
of tetracene and pentacene were deposited on the (HMDS-
untreated and -pretreated) SiO2 layer at room temperature. To
form source and drain contacts, a 500-Å-thick gold layer was
superimposed via e-beam evaporation through a proper rectan-
gular-shaped shadow mask. For tetracene-based OTFTs, the
channel had a width of 2000µm and a length of 200µm,
whereas for pentacene-based OTFTs the channel had a width
of 1000 µm and a length of 200µm. The current-voltage
characteristics of OTFTs were measured by an optical probe
station connected with an HP4140B pA meter-dc voltage
source unit. The drain-source current (IDS) was monitored as a
function of the drain-source voltage (VDS) for various gate-source
voltages (VGS). Similarly, the drain-source current versus the
gate-source voltage was measured at various drain-source
voltages. Device parameters, such as hole carrier mobility,
current on/off ratio, threshold voltage, and subthreshold slope,
have been derived from the fits of the current-voltage
characteristics for nearly 100 devices, together with an examina-
tion of the effects of surface treatment with HMDS on device
performance.

3. Results and Discussion

3.1. Surface Morphology of Tetracene and Pentacene Thin
Films. The characterization of surface morphology for the
tetracene and pentacene thin films prepared by the NCBD
method has been performed by recording AFM images. Figures
2 and 3 show the 2D micrographs for the organic thin films
deposited on the HMDS-untreated and -pretreated SiO2 sub-
strates at room temperature. These films exhibit complete
substrate coverage at a nominal thickness of 500 Å, which
corresponds to a typical value for the active layers of OTFTs.
The quantitative values of the root-mean-square roughness (Rrms)
of the films were obtained by conducting section analyses over
5 × 5 µm2 using the built-in software of the AFM apparatus.

In the case of tetracene deposition, both HMDS-untreated
and -pretreated thin films in Figure 2a and b show the formation
of grain crystallites with a granular structure. The grain size
distribution andRrms values for both films are measured to range
from 0.28 to 0.40µm in diameter and∼40 Å, respectively. In
particular, the HMDS-untreated films are composed of more
closely packed grain crystallites. Such quantitative values
suggest that the weakly bound tetracene cluster beams undergo
an effective fragmentation into active individual molecules,
leading to smooth thin films consisting of submicrometer-sized
crystallites on the SiO2 substrate kept at room temperature. In
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fact, the observed roughness in this study is much lower
compared to theRrms value (∼100 Å) recently reported for the
vacuum-sublimed tetracene films produced at the same deposi-
tion rate of 5 Å/s.24 In addition, the surface treatment with the
amphiphilic HMDS surfactant, which is closely correlated to
the device performance, does not appear to favor the growth of
tetracene films significantly at the tetracene/HMDS-pretreated
SiO2 interface. In the investigation of the SiO2 substrate
treatment with octadecyltrichlorosilane (OTS), no substantial
improvement in the surface roughness of the tetracene films
has been observed.24 The effect of surface treatment on the
crystallinity of the thin films is more clearly manifested in the
XRD measurements to be discussed in the following section.

Figure 3 shows the AFM images of the HMDS-untreated and
-pretreated pentacene thin films deposited at room temperature
that are composed of grain crystallites with a dendritic structure.
As in the tetracene films, a similar size distribution ranging from
0.25 to 0.38µm is observed, whereas slightly higherRrms values
such as∼50 Å for untreated films and∼70 Å for HMDS-
pretreated films are obtained. The HMDS-pretreated pentacene
films consist of more closely packed grain crystallites, unlike
the tetracene films. Such a high packing density suggests that
during the initial accumulation at the pentacene/HMDS-pre-
treated SiO2 interface the amphiphilic surfactant molecules
capable of forming bonds with hydrophobic pentacene and
hydrophilic SiO2 simultaneously improve the packing between
pentacene crystallites by reducing the lattice mismatch. The
observed higher roughness might be attributed to the lower
deposition rate of 1 Å/s compared to that of tetracene, which is
consistent with the general trend that the lower deposition flux
increases both the film roughness and connectivity.24 It should

be noted that in comparison to the pentacene films reported in
the literature, the formation of larger grain crystallite films with
the smoother surface morphology again demonstrates the unique
favorable characteristics achieved through the employment of
the neutral cluster beams at high vacuum.33-35

3.2. Structures of Tetracene and Pentacene Thin Films.
The characterization of the structures for the as-deposited
tetracene and pentacene thin films has been conducted using
the X-ray diffraction measurement operated with Cu KR
radiation in a symmetric reflection, coupledθ-2θ mode. Figures
4 and 5 exhibit the XRD results for the tetracene and pentacene
thin films with an average thickness of 500 Å deposited on the
HMDS-untreated and -pretreated SiO2 substrates at room
temperature. The strong, sharp first-order peaks as well as
distinctive higher-order multiple peaks observed in the diffrac-
tion patterns demonstrate that these thin-film samples have
highly ordered structures. Also, the effects of the HMDS surface
treatment on the crystallinity of the films are clearly displayed.

As can be seen in Figure 4a and b, there are only three (00l)
reflections present with multipled spacings in the HMDS-
untreated and -pretreated tetracene thin films. The observed
multiple peaks in the diffractograms can be fitted to a series of
(00l) reflection lines, and the interplanar spacingd001 from the
peak positions is determined to be 12.5 Å for both films. The
spacing is in good agreement with the XRD investigation
conducted by Akimichi et al.,36 who reportedd001 ) 12.1 Å for
as-deposited tetracene films. Tetracene single crystals are found
to have the triclinic structure with two molecules in the unit
cell, and the observed vertical periodicity indicates the triclinic
thin-film phase with the tetracene molecules oriented almost
perpendicular to the substrate. In addition, the absence of any

Figure 2. Two-dimensional micrographs for the 500-Å-thick tetracene
thin films deposited on the (a) HMDS-untreated and (b) -pretreated
SiO2 substrates at room temperature (taken over 5× 5 µm2).

Figure 3. Two-dimensional micrographs for the 500-Å-thick pentacene
thin films deposited on the (a) HMDS-untreated and (b) -pretreated
SiO2 substrates at room temperature (taken over 5× 5 µm2).
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other (hkl) reflections implies that all of the crystals in the thin
films are randomly oriented around the surface normal. The
relatively poor signal-to-noise ratio in the XRD pattern of the
HMDS-pretreated film in Figure 4b suggests that the amphiphilic
surfactant treatment as an ordered template does not appear to
affect the growth of tetracene films and the packing between
tetracene crystallites substantially. The effect of the surfactant
in the diffraction patterns is also consistent with the results
shown in the AFM micrographs in the previous section.

In the case of the pentacene XRD patterns shown in Figure
5, more highly ordered pentacene films were obtained in
comparison to tetracene thin films. In particular, the HMDS-
pretreated thin film displayed very strong multiple peaks with
an excellent signal-to-noise ratio, indicating that the surfactant
treatment enhances the crystallinity significantly. The crystal
structure of pentacene is also found to be triclinic, and the
interplanar spacingd001 from the peak fitting to a series of (00l)
reflection lines is determined to bed001 ) 15.7 Å. This suggests
that the long axes of pentacene molecules are almost perpen-
dicularly aligned to the surface to form a layered structure
together with the random orientation of microcrystallites around
the surface normal, as indicated by the absence of (hkl)
reflections. Similar X-ray diffractograms have been reported by
Minakata et al.,37 who showedd001 ) 15.3 Å. Here, it should
be noted that the observed vertical periodicity in this study is
attributed to the pentacene thin-film phase, not the single-
crystalline bulk phase. The thin-film phase is a kinetically

favored, substrate-induced metastable phase, whereas the bulk
phase is a thermodynamically favored, stable single-crystalline
phase.34 With increasing film thickness, the pentacene is, in
general, relaxed to the expected single-crystalline bulk phase.
For the only 500-Å-thick pentacene films in Figure 5, the growth
of the initial interface is strongly affected by the film-substrate
interactions, which may also be very critical for the OTFT
operation. In particular, the amphiphilic HMDS surfactant,
because it is a well-ordered substrate, modifies the interface
strongly, leading to the reduction of the lattice mismatch and
the efficient formation of the observed pentacene thin-film
phase. Even though it is not shown here, in the 5000-Å-thick
film, which is 1 order of magnitude thicker than the thin films
examined above, the coexistence of two phases was observed.
However, the peaks corresponding to the single-crystalline bulk
phase were found to be broadened, and the higher-order
structures (2θ > 10°) were weaker, reflecting the increased
disorder in the thicker single-crystalline films.

3.3. Characterization of Tetracene- and Pentacene-Based
OTFTs. The tetracene- and pentacene-based OTFTs with the
top-contact structure have been fabricated and characterized
through the application of the NCBD method. The device
structure and bias condition are shown in Figure 1c. The organic
tetracene and pentacene films used in this study behave as p-type
semiconductors. The performance of OTFTs was examined in
the accumulation mode. The gate electrode was negatively
biased with respect to the grounded source electrode, which

Figure 4. XRD patterns for the 500-Å-thick tetracene thin films
deposited on the (a) HMDS-untreated and (b) -pretreated SiO2 substrates
at room temperature.

Figure 5. XRD patterns for the 500-Å-thick pentacene thin films
deposited on the (a) HMDS-untreated and (b) -pretreated SiO2 substrates
at room temperature.
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induced an accumulation of holes near the SiO2 gate dielectric
insulator-organic semiconductor interface. Typical plots of
drain-source current (IDS) as a function of the drain-source
voltage (VDS) for various gate-source voltages (VGS) are
displayed in Figures 6-9. The overall characteristics of OTFTs
are adequately described by the standard field-effect transistor
equations working in the accumulation mode. At a fixedVGS,
IDS increases linearly withVDS in the low-VDS regime, and then
IDS tends to saturate in the high-VDS regime because of the pinch
off in the accumulation layer. In the saturation regime,IDS

increases withVGS. From an analysis of the observed current-
voltage characteristics, several device parameters, such as field-
effect mobility (µ), current on/off ratio (Ion/Ioff), threshold voltage
(VT), and subthreshold slope (S), can be derived.

Figures 6a and 7a show the current-voltage characteristics
of the HMDS-untreated and -pretreated tetracene-based OTFTs
with a channel width (W) of 2000µm and a channel length (L)
of 200 µm. In the saturation regime,IDS can be expressed by
the following relationship6

whereCi is the capacitance per unit area of the gate dielectric
insulator SiO2 (for thermally grown 1000-Å-thick SiO2, Ci )
34.5 nF/cm2).38 To obtain various device parameters, plots of
IDS

1/2 versusVGS and log(IDS) versusVGS were used. Figures
6b and 7b demonstrate the variation ofIDS

1/2 (left axis) and log-
(IDS) (right axis) versusVGS at a constant drain-source voltage
of VDS ) -20 V for both devices.µ and VT were calculated
from the slope and intercept, respectively, of the plot ofIDS

1/2

versusVGS, whereas the subthreshold slope defined byS )
∆VGS/∆[log(IDS)] was estimated from the slope of the plot of
log(IDS) versusVGS at VDS ) -20 V.39

The various device parameters deduced from the OTFT
characteristics are listed in Table 1. The tetracene-based OTFTs
on HMDS-untreated gate dielectrics showµ ) ∼0.012 cm2/V
s, Ion/Ioff > 104, VT ) -4.5 V, andS) 3 V/decade. In particular,
the high field-effect mobility measured at room temperature is
quite comparable to the best for the untreated tetracene thin-
film transistors (0.01 cm2/V s at 15°C) reported by Gundlach
and co-workers.40 Such good device performance is ascribed
to the efficient charge-carrier transport in the intergrains
composed of the tetracene crystallites formed by the neutral
cluster beams. As manifested in the AFM images and the XRD
diffractograms, the strong correlation between the surface
morphology and the structural features of the submicrometer-
sized crystallites with good film connectivity is directly reflected
in the observed OTFT performance. For the HMDS-pretreated
OTFTs, however, the surface treatment does not enhance the
device performance significantly. The device showsµ ) ∼5.8
× 10-3 cm2/V s, Ion/Ioff > 104, VT ) -3.0 V, andS ) 2.5
V/decade. This is in sharp contrast to the OTS-pretreated
tetracene-based OTFTs, which showµ to be an order of
magnitude larger than that of the untreated transistors.40 This
might be due to the poorer film packing between crystallites
during the growth of tetracene films on the amphiphilic HMDS
surfactant, as shown in the AFM image (Figure 2b), resulting
in the less efficient intergrain hole transport. Such an observation
is also consistent with the poorer signal-to-noise ratio obviously
displayed in the XRD pattern of the HMDS-pretreated film in
Figure 4b, confirming that one of the limiting factors determin-

Figure 6. (a) Current-voltage characteristics for the HMDS-untreated
tetracene-based OTFTs with a channel width of 2000µm and a channel
length of 200µm. (b) Variation ofIDS

1/2 (left axis) and log(IDS) (right
axis) vsVGS at a constant drain-source voltage ofVDS ) -20 V.

IDS )
WCiµ

2L
(VGS - VT)2

Figure 7. (a) Current-voltage characteristics for the HMDS-pretreated
tetracene-based OTFTs with a channel width of 2000µm and a channel
length of 200µm. (b) Variation ofIDS

1/2 (left axis) and log(IDS) (right
axis) vsVGS at a constant drain-source voltage ofVDS ) -20 V.

23922 J. Phys. Chem. B, Vol. 109, No. 50, 2005 Abthagir et al.



ing the field-effect mobility of OTFTs is the quality of the as-
deposited crystalline thin films.

Figures 8a and 9a show the current-voltage characteristics
of the HMDS-untreated and -pretreated pentacene-based OTFTs
with a channel width of 1000µm and a channel length of 200
µm, respectively. Figures 8b and 9b demonstrate the variation
of IDS

1/2 (left axis) and log(IDS) (right axis) versusVGS at a
constant drain-source voltage ofVDS ) -25 V for both devices.
As tabulated in Table 1, the pentacene-based OTFTs showµ )
∼0.19 cm2/V s, Ion/Ioff > 105, VT ) -8.0 V, andS ) 1.8
V/decade for HMDS-untreated gate dielectrics andµ ) ∼0.31
cm2/V s, Ion/Ioff > 105, VT ) -7.5 V, andS) 1.7 V/decade for
HMDS-pretreated gate dielectrics. The good overall device
performance is mainly attributed to the growth of high-quality
thin films deposited by the neutral cluster beams. In particular,
the observed field-effect mobility belongs in the typically known
range of 0.2-0.6 cm2/V s for the best thin-film pentacene-based
transistors. Pentacene-based devices showµ to be 1 or 2 orders
of magnitude larger than that of tetracene-based devices. This
is due to the fact that pentacene exhibits a stronger tendency to
form highly ordered thin films with good film connectivity, in

which the maximum overlap of theπ orbitals of adjacent
pentacene molecules is induced, as displayed in the AFM images
and the XRD diffractograms. Therefore, the more efficient hole
transport in the pentacene thin films occurs through the
intermolecular hopping mechanism. Another desirable device
characteristic that is observed is the low subthreshold slope
below about 1.8 V/decade, which is slightly higher than that
reported for theR-Si/H-based transistors in the typical range of
0.3-1.5 V/decade. Such a lowS is apparently dominated by
the material properties of the pentacene films deposited by the
NCBD method and is a significant enhancement because it is
necessary to swing the OTFT gate voltage over a large range
to obtain the low off current. In addition, unlike the tetracene
cases, the surface treatment with HMDS improves the device
performance. As shown in the XRD and AFM results described
in the previous sections, it is clearly demonstrated that the higher
mobility is quite strongly correlated with the improved surface
morphology and structures of the pentacene films modified by
the amphiphilic surfactant.

Figure 8. (a) Current-voltage characteristics for the HMDS-untreated
pentacene-based OTFTs with a channel width of 1000µm and a channel
length of 200µm. (b) Variation ofIDS

1/2 (left axis) and log(IDS) (right
axis) vsVGS at a constant drain-source voltage ofVDS ) -25 V.

TABLE 1: Device Parameters Deduced from the OTFT Characteristics

mobility µ
(cm2/V‚s)

on/off
ratio

threshold
voltageVT

(V)

subthreshold
slopeS

(V/decade)
W/L
ratio

tetracene without HMDS ∼1.2× 10-2 104 -4.5 3 10
tetracene with HMDS ∼5.8× 10-3 104 -3 2.5 10
pentacene without HMDS ∼0.19 105 -8 1.8 5
pentacene with HMDS ∼0.31 105 -7.5 1.7 5

Figure 9. (a) Current-voltage characteristics for the HMDS-pretreated
pentacene-based OTFTs with a channel width of 1000µm and a channel
length of 200µm. (b) Variation ofIDS

1/2 (left axis) and log(IDS) (right
axis) vsVGS at a constant drain-source voltage ofVDS ) -25 V.
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4. Conclusions

The novel neutral cluster beam deposition method has been
applied to prepare tetracene and pentacene thin films at room
temperature. The surface morphology and structures examined
by AFM and XRD demonstrate that the weakly bound and
highly directional neutral cluster beams are quite efficient at
producing high-quality single-crystalline thin films with the
uniform, smooth surfaces and that the SiO2 surface treatment
with HMDS enhances the crystallinity of the pentacene thin-
film phase. Tetracene- and pentacene-based OTFTs with the
top-contact structure have been fabricated using the NCBD
method. The device characteristics showed typical source-drain
current modulation behavior with different gate voltages. Device
parameters such as hole carrier mobility, current on/off ratio,
threshold voltage, and subthreshold slope have been derived
from the current-voltage characteristics together with the effects
of surface treatment with HMDS. In particular, the high field-
effect mobilities for the HMDS-untreated OTFTs measured at
room temperature are found to be comparable to the most widely
reported values for the respective untreated tetracene and
pentacene thin-film transistors. The overall device characteristics
are strongly correlated to the surface morphology and structures
of the organic thin films.
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