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ABSTRACT: Here we report an investigation of the growth
of picene by supersonic molecular beam deposition on thermal
silicon oxide and on a self-assembled monolayer of
hexamethyldisiloxane (HMDS). In both cases film morphol-
ogy shows a structure with very sharp island edges and well-
separated islands which size and height depend on the
deposition conditions. Picene films growth on bare silicon
covered with hydrophobic HDMS shows islands characterized
by large regular crystallites of several micrometers; on the
other hand, films growth on silicon oxide shows smaller and
thicker islands. We analyzed the details of the growth model
and describe it as a balancing mechanism involving the weak interaction between molecules and surface and the strong picene−
picene interaction that leads to a different Schwoebel−Ehrlich barrier in the first layer with respect to the successive one. Finally,
we study the charge transport properties of these films by fabricating field-effect transistors devices in both top and bottom
contact configuration. We notice that substrate influences the electrical properties of the device and we obtained a maximum
mobility value of 1.2 cm2 V−1 s−1 measured on top contact devices in air.

1. INTRODUCTION

Picene was revealed recently to be a very interesting molecule for
organic electronics, since it was successfully applied to realize the
active channels of field-effect transistors able to work in ambient
conditions and even in oxygen atmosphere.1,2 Moreover, it was
recently demonstrated that if intercalated with alkali metals,
picene exhibits superconductivity at 18 K, becoming the first
superconducting hydrocarbon.3,4 This discovery renewed the
interest in the field of organic superconductors, and super-
conductivity was recently demonstrated also in other alkali
metal-intercalated molecular solids based on polycyclic aromatic
hydrocarbons, such as phenanthrene4,5 (Tc = 5−6 K) and
coronene4 (Tc = 15 K).
These possibilities stimulate an intense research activity on

these compounds from both theoretical and experimental points
of view. So far, however, very little is known about the self-
assembling properties of picene molecules, and no report is yet
available to optimize deposition conditions that ensure the
growth of high quality films. This is a fundamental step to
improve the electronic and optoelectronic properties of these
materials for future device applications.
It is well-known that controlling the energy of the molecules

impinging the surface can optimize the molecular assembling.6

Indeed, the supersonic molecular beam deposition (SuMBD)

technique has been used fruitfully to overcome some limitation
in organic films growth by controlling parameters that other
techniques cannot master.6,7 In this work, we use the high energy
provided to the molecules by SuMBD to study picene thin films
growth with the aim of improving thin film morphology and
structure. While molecule−molecule and molecule−substrate
interactions shape the adsorption potential of the surface, the
minimization of the surface free energy is not always ensured
during the nonequilibrium process of thin film growth. Better
minimization of the surface free energy can be favored by
modifying the precursor state of the molecules that impinge the
surface.8 A good choice of substrate, together with sufficient
energy available for the molecules on the surface, gives in general
the best improvement of the film morphology and crystals size.8

At the same time, by observing the film morphology, we can gain
information about the particular molecular assembling processes
involved, and we can thus optimize the formation of high-quality
crystalline phase.
Here, picene growth is studied by atomic force microscopy

(AFM) and ex-situ X-ray diffraction (XRD). We considered two
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different surfaces. In a first set of experiments, we deposited
picene on SiOx/Si. Our results are compared with those achieved
by Kubozono group using a high-vacuum (10−8 mbar) thermal
deposition technique. We focused our studies on the growth of
picene films using a kinetic energy of the impinging molecules of
about 7.0 eV, obtained seeding the molecules in a supersonic He
jet. Such highly energetic conditions have been shown to be the
optimal to improve the growth processes in the case of several
organic molecules such as pentacene and oligothiophenes.8,9 A
second set of samples was grown on a self-assembled monolayer
(SAM) of HMDS to compare the islands growth on surfaces with
different wettability. Finally, we report the electrical character-
ization of field-effect transistor devices (FET) in bottom- and
top-contact configuration. The results are then compared with
state-of-the-art ones.4

2. EXPERIMENTAL SECTION

2.1. Substrate Preparation (Silicon Oxide). The deposi-
tions were done on 50 nm thick thermal SiOx/Si

2+ (purchased
from Jocam Srl) with a surface root-mean-square roughness of
about 0.2 nm. Silicon substrates were cleaved into 10 × 10 mm2

pieces and cleaned by sonication in acetone for 10 min. A second
cleaning step was done in iso-2-propanol in ultrasonic bath for 10
min. Samples were then dried with N2 (99.995%). After the
cleaning process, the contact angle, determined by the sessile
drop method using deionized water, measures 60 ± 2°. The
substrate was outgassed at 250 °C in ultrahigh vacuum (UHV)
for 9 h before the deposition. The deposition was made at room
temperature (25 °C).

2.2. HMDS. The bare silicon substrates were cleaned by
immersion in “piranha” solution (obtained mixing equal volumes
of 96% H2SO4 and 30% H2O2 solutions) at 120 °C for 15 min
and then left to cool to room temperature. Subsequently, the
substrates were repeatedly rinsed with bidistilled water,
immersed in methanol, and sonicated for 10 min. Subsequently,
substrates were repeatedly rinsed with dichloromethane and
dried under N2 flow. Freshly cleaned substrates were inserted in
sealed glass vessel, several vacuum−nitrogen cycles were carried
out, andHMDS (1mL) was added with a syringe trough a rubber
septum. After 4 days, the substrates were removed from the glass
vessel, sonicated in both hexane and methanol for 10 min, and
repeatedly rinsed with dichloromethane and dried under N2 flow.

Figure 1.AFMmicrographs of picene films grown by SuMBD on 50 nm thermal silicon oxide on silicon. (a) Typical growth obtained using a rate of 0.25
nm/min for a deposition time of 150 min. The histogram Ha shows the islands height distribution. The average height of picene island is about 50 nm.
(b) Same condition of growth but for a deposition time of 300 min. The histogram Hb shows the islands height distribution that after the coalescence
becomes narrower. (c) Typical growth for defect assisted nucleation obtained at extremely low growth rate.
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The self-assembled coupling layer was characterized by
advancing aqueous contact angle (θa) measurements. The
contact angles changes from 15° after the treatment with piranha
to 110° for the silylated surface. This hydrophobic change in θa is
consistent with the presence of organosilane homogeneous
monolayer on the surface. Substrates were outgassed at 90 °C for
9 h in UHV.
2.3. Picene Deposition by Supersonic Molecular Beam

Deposition (SuMBD). SuMBD system details can be found
elsewhere.6 The raw picene material was synthesized according
the previous report from ref 1, and it was used after outgassing
the evaporation cell at a temperature slightly lower than the
picene sublimation temperature. We used an in-line time-of-
flight mass spectrometer (ToF-MS) to check the beam purity
and to control the information regarding the energetic
parameters of the seeded molecular beam and its flux. To define
the supersonic expansion, a pressure 2 bar of He was used to
accelerate picene molecules up to the energy of 7 eV.
2.4. Atomic Force Microscopy (AFM). Topographic

characterization of the films was performed by AFM microscopy
in air, using a Smena SFC050 scanning head by NTMDT.
Measurements were carried out in semicontact mode AFM
(using NSG11 silicon cantilevers by NTMDT) and in contact
mode (using CSG10 Au coated silicon cantilever by NTMDT).
The detailed analysis of AFM data was performed with the
WSxM software (version 5.0 Develop 1.1, Nanotec electron-
ica).10

2.5. Devices Realization and Measurements. Bottom-
contact bottom-gate transistors were fabricated on substrates
consisting of 500 μm thick heavily doped n-type silicon layers,
200 nm thick SiOx thermally grown dielectric barrier, and
interdigitated gold source-drain contacts. The utilized electrode
configuration defines active channels with width (W) and length
(L) of 22 mm and 40 μm, respectively.11

For the top-contact devices, picene films were grown on the
same SiOx/Si substrates, without the presence of prepatterned
electrodes. In this case, both source and drain contacts were
deposited by thermal evaporation of ∼50 nm gold films through
a shadow mask on top of the organic layers. Transistors with a
channel aspect ratio W/L of 1000:100 μm (devices A), 750:75
μm (devices B), 500:50 μm (devices C), and 250:50 μm (devices
D) were realized on each sample.
For all devices, the electrical characterization was performed in

either air or vacuum (at 10−5 mbar, after 30 min of storage) using
a Janis probe station. IDS vs VGS (drain-source current vs gate-
source voltage at fixed drain-source voltages) transfer curves
were recorded using a Keithley 2612A dual-channel source
meter. During the measurements, the devices were kept in dark.
Both mobility (μ) and threshold voltage (Vth) values were
extracted from the transfer curves by modeling the experimental
data with the standard MOSFET equation valid in the saturation
regime (|VGS − Vth| ≤ |VDS|):
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where Cox is the dielectric barrier capacitance per unit area. In
particular, based on this expression and assuming a uniform
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According to eq 1, the threshold voltages were instead calculated
from the transfer curves in saturation by estimating the VGS
values at which the linear fit of the square root of the IDS current
plotted versus VGS intercepts the VGS voltage axis. For all the
extracted parameters, the IDS curves recorded in the forward VGS
scans were considered.

3. RESULTS AND DISCUSSION
3.1. Morphology. Figures 1a and 1b show the film

morphology for two picene films obtained with different
exposure times (150 and 300 min, respectively) depositing on
SiOx/Si. The nominal deposition rate was about 0.25 nm min−1.
This low rate improves the molecules assembly and favors a
single molecule adsorption process and a diffusion-mediated
growth.13 As described in detail below, we observed that picene
assembly on silicon oxide surfaces is strongly dominated by
molecule−molecule interactions while the interaction with this
substrate is weak. Picene assembly is very different from the
growth commonly obtained for the widely studied and similar
pentacene molecules.7 In fact, the AFM images evidence picene
molecules that nucleate in islands developing a 3D growth that
does not expand on the surface along the a−b crystallographic
plane. On the other hand, the growth that we observe is not a
defect assisted 3D growth because thick islands with very regular
shape and sharp edges are present. The morphology we obtain
for picene from a pure defect-assisted growth is instead reported
in Figure 1c. We observe this latter growth maintaining very low
rate of molecules impinging the surface during the nucleation
regime (a rate more than 100 times lower with respect to that
used previously). In this condition only the most stable
adsorption sites (such as surface dislocations and steps) are
suitable to initiate the formation of new islands. Starting from a
surface defect or impurity, many domains with different crystal
orientations develop determining the formation of 3D, irregular
shaped, and fractal crystals.
On the other hand, even in the typical case of a diffusion-

mediated growth, we observe a quite rough morphology and not
completely covered surface. While the average film thickness is
75 nm, about 1 μm2 picene single crystals are formed but do not
well interconnect to each other. The growth does not seem to
follow the Stransky−Krastanov model,14 typically observed for
other organic molecules such as pentacene7 or oligothio-
phenes.15 At the same time, the islands do not show the
mound expected for a classical 3D growth (Volmer−Weber).14

To rationalize this particular growth, we assume that molecules−
molecules and molecules−surface interactions are strongly
unbalanced. We believe that molecules impinging either on a
bare substrate or onto an already formed island show very
different sticking coefficients that determine greater desorption
probability from the SiOx/Si than from picene islands. This
adsorption model is consistent with the low maximum
temperature at which picene molecules stick on the SiOx/Si
surface (except in the presence of defects or using very high
fluxes) that we have found to be only 35 °C, while the films at this
temperature are stable. The fast desorption of the molecules
affects the probability of multiple scattering processes between
the molecules on the surface and thus hinders the formation of
stable nuclei of molecules. Figures 1Ha and 1Hb clearly show the
presence of two stages in the growth: In the precoalescence stage
picene nucleates into islands that develop into a very broad
height distribution (Figure 1Ha); this morphology is a mark of a
slow nucleation process. For this reason the growth and
nucleation processes cannot be considered well-separated stages
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in the thin film formation. Instead, after islands coalescence, the
interislands transport of molecules drives a more homogeneous
height distribution and film growth (Figure 1Hb).
This growth model can be described qualitatively considering

the arrival of a picene molecule during the initial phase of the film
growth. At low coverage, events of molecules impinging on an
already formed island are rather rare; thus, rescattering processes
are favored. With increasing the picene coverage, arriving
molecules easily find stable position within already formed
crystals, rescattering is thus minimized and the growth change
from 3D-like to 2D-like.
We have also performed the structural characterization of the

picene films by XRD. Spectra are reported in Figure 2, showing

the presence of a single crystalline phase. The peaks, assigned to
the plane diffraction, give an interplane distance of about 1.3 nm,
indicating that molecules are oriented with the major axes almost
perpendicular with respect to the surface. This finding agrees
very well with the molecular orientation observed by Kaji et al.16

A comparison of our results with the literature shows that the
crystal size obtained in SuMBD deposited films are in general
larger and thicker by a factor of 2 compared with films grown
with thermal evaporation techniques.16 To this regard, indeed, it
should be remembered that the morphology of thermally
evaporated picene films on SiOx/Si substrates, with or without
the functionalization through hydrophobic layers (i.e., HMDS or
Cytop), is characterized by the presence of rounded-shaped
crystalline grains displaying an average size that never exceeds
500 nm.
The considerable enhancement of the crystalline quality in the

picene films deposited by the SuMBD deposition can be basically
ascribed to the higher energy available for the molecules with the
SuMBD deposition. The energy of the molecules could be
enough to activate the incorporation of the impinging molecules
directly into the molecular layer at the collision site. This process
induces an overall molecular rearrangement of the island toward
a more ordered configuration (a sort of localized annealing) and
becomes available only if the incoming energy is large enough, as
demonstrated by theoretical studies.17 The probability of such
events has been estimated to become sizable for kinetic energy
larger than 2 eV in the case of pentacene molecules.17 This
incorporation could be one of the reason for the larger crystals
observed in the SuMBD growth.

Another effect that is driven by the extra energy is the
increasing of the mean free path of the molecules on the surface
that gives rise to an increased probability for the molecules to
reach a very stable site of adsorption. This increases the number
of molecules available for the lateral growth of the island and is
also relevant in determining the regular shape of the crystals that
mainly show nearly 120° faceting. In fact, we observed that in
SuMBD deposited films crystals grow with very sharp edges that
are practically vertical for the AFM tip resolution, even if the
height of the crystals is relevant. We ascribe this result to the
combination of the effects discussed above and presence of a
strong modification of the potential barrier (the Schwoebel−
Ehrlich barrier18,19) for the interlayer molecular transport at the
step edges of the picene−SiOx interface. The Schwoebel−
Ehrlich barrier is the potential barrier for the interlayer molecular
transport at the step edgespractically an additional potential
barrier that a diffusing molecules must overcome hopping down
from the upper terrace to the lower one. Nearly layer-by-layer
growth on top of the crystals, with a reduced number of terraces,
suggests a Schwoebel−Ehrlich barrier that is close to zero
between two picene layers. This determines a very efficient
interlayer mass transport inside the island. On the contrary,
islands enlargement along the a−b plane is highly hindered,
symptoms of a strongly increased Schwoebel−Ehrlich barrier in
the first layer due to the influence of the substrate. This
determines high probability of backward scattering of molecules
at island edges, favors their final adsorption at terraces step sites
and leads to the observed extremely high and sharp island edges.
Because the picene Schwoebel−Ehrlich barrier is strongly

influenced by the substrate, we modified the growth scenario and
investigated the growth mechanism onto a self-assembly
monolayer of HMDS deposited on SiOx/Si. In this way, we
modify the molecule−substrate interaction keeping the same
substrate that will be used for the fabrication of devices. The
typical morphology obtained depositing onHMDS is reported in
Figure 3. We observe formation of very regular crystals with an
average size about 3 times larger than that found on pristine
SiOx/Si. Moreover islands have highly homogeneous height,
even if the substrate roughness is increased (see the histogram in
Figure 3). The narrow distribution of islands height evidence a
different nucleation process on HMDS. The presence of a
rougher surface offers many stable adsorption sites where new
islands can nucleate. For this reason the nucleation process on
HMDS becomes much faster than on SiOx/Si, determining the
very narrow crystals height distribution observed. The higher
hydrophobicity of the HMDS surface modifies the Schwoebel−
Ehrlich barrier. The clear evidence of a global increase in crystals
size suggests that this barrier was successfully lowered by the
presence of HMDS, enhancing the probability of molecular
transport from picene islands to the substrate surface. We believe
this to be the main reason for the overall improvement of film
morphology. Despite these differences, the assembly mechanism
is preserved and very high grains with negligible surface
roughness and very sharp edges are present.
To better understand the growth processes is of interest to

have a closer look on how molecules assemble on top of the
larger crystallites grown on HMDS. Looking in detail at the
islands, we can observe howmolecular terraces develop on top of
the crystalline domains (Figure 4a). Terraces are strongly
evidenced by measuring the friction signal with lateral force
microscopy (LFM) (Figure 4b). We notice that terraces edges
grow with no preferred direction in contrast with the well-
defined directions of the islands edges. From the LFM image is

Figure 2. XRD spectra of picene films grown on SiOx/Si. The spectra
were collected in Bragg−Brentano geometry using a Cu anode
(wavelength of 1.5406 Ǻ). The step size is 0.05° (2Θ), and the
acquisition time is 60 s/step. Different spectra belong to different film
thickness.
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clear that terraces growth stops when they reach the island edge
while terraces step distance is instead very large. This is the same
behavior observed on silicon oxide surfaces and confirms a small
Schwoebel−Ehrlich barrier between two adjacent picene layers.
On the other hand, when two islands coalesce, we observe an
increase formation of screw type dislocations that affect the
subsequent growth. This leads to an increased density of terraces
and a larger number of defected sites (Figure 4c,d).
The interesting results obtained for picene deposited on

HMDS suggest the use of this surface to realize FET devices in
both top- and bottom-contact configuration. This latter is known
to be more difficult to realize because of the formation of highly
defected regions at the contacts−channel interface. However, by
using a SAM as intermediate layer, it is possible to provide a
homogeneous underlying layer for the molecules assembling also
at the contact−channel interface. To this end, Figure 5a shows
the growth of picene on the interface between SiOx/Si and the
bottom configuration gold contacts without presence of a SAM.
Gold contacts are evidenced by the more defected growth of
picene in those regions. Many elongated structures can be

noticed that influence the growth of neighboring crystals,
particularly at the interface. On the other hand, the growth on
HMDS shows a homogeneous interface throughout the contact
edge (Figure 5b), thus reducing the height of the Schottky barrier
that is often limiting the performances of these devices.

3.2. Transistor Electrical Characterization. The electrical
properties of picene thin films deposited by SuMBD were
analyzed fabricating field-effect transistors on both bare and
HMDS-treated SiOx/Si substrates. Nominally 100 nm thick
picene films were used to ensure the percolation limit. Devices
with top- and bottom-contact configurations were fabricated on
both surface types. Suitable layouts for the gold electrodes were
adopted for top- and bottom-contact devices, as sketched in
Figures 6a and 8a, respectively.
The results of electrical characterizations agree very well with

the film morphological features above-described, confirming that
improved charge transport performances can be achieved in
presence of a better crystalline quality of the deposited films.
Indeed, while top-contact devices on bare SiOx/Si displayed very
poor performances (not shown here) with mobility values never
exceeding 6 × 10−4 cm2 V−1 s−1, HMDS treatment of SiOx/Si
surfaces provides a mobility improvement of more than 3 orders
of magnitude, reflecting the changes in the film and contact
interface morphology.
To this purpose, Figures 6b and 6c show two transfer curves

recorded in air and in vacuum, respectively, for the same top-
contact device fabricated on HMDS-treated substrate. In the
insets, the same curves are reported in semilog plots. These
curves were measured in the saturation regime by applying VDS =
−80 V in air and VDS = −50 V in vacuum. Typically, a large
hysteresis was observed between the IDS current detected in the
forward (going from the off to the on electrical region) and the
reverse scans of the VGS voltage. This feature is commonly
reported also for picene transistors fabricated by OMBD on
HMDS-treated SiOx/Si surfaces

20 and can be mainly ascribed to
charge trapping mechanisms still active at the organic/dielectric
interface rather than to the film morphology. Similar trapping
processes can be invoked to justify the occurrence of bias stress
phenomena in these devices, too. In general, it was reported that
both these effects could be strongly reduced by using appropriate
hydrophobic polymer layers (i.e., Cytop) coating the SiOx/Si
surface, as experimentally demonstrated for picene devices20 as
well as for other types of p- and n-type transistors.21,22

In top-contact devices, a maximum mobility value of 1.2 cm2

V−1 s−1 was measured in air, while lower mobility, getting the
largest value of 0.3 cm2 V−1 s−1, were detected in a vacuum.
Concerning the electrical operation in air of these transistors, the
on−off ratios resulted to exceed 105 (see the inset in Figure 6b),
while a reduction by a factor between 2 and 3 was observed in
vacuum, which should be mainly ascribable to the mobility
lowering.
These results confirm the previously reported data on picene

transistors,1,2 where oxygen was demonstrated to play a
beneficial role in affecting the charge transport properties of
this compound, different from what commonly observed for
other p-type materials.23

In particular, it was proposed that, in form of partly ionized
molecules, O2 may inhibit the action of shallow traps related to
the presence of positively charged defects or impurities.2 This
effect, rather than a simple charge chemical doping, is believed to
justify the enhancement of the picene charge transport properties
when the material is immersed in O2-rich atmospheres.1

Figure 3. AFMmicrograph and height histogram of a picene film grown
on HMDS surface. The average height of the picene islands is 50 nm.
The typical grain size is of about 4 μm2.
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We characterized more than 30 top-contact devices fabricated
on HMDS-treated surfaces and having differentW/L ratios (see
the Experimental Section for the geometry details) of the active
channels. With the reference to the overall set of the analyzed

devices, Figure 7 reports a statistical analysis focused on the
values of mobility, onset voltage Von (here defined as the VGS
voltage where the IDS current starts to increase in the semilog
plot), and threshold voltages Vth estimated in air.

Figure 4. (a) High-resolution AFMmicrograph showing the topography of a picene film grown onHMDS before the coalescence of the grains. Note the
sharpness of the island edges and the crystalline aspect of the islands. (b) The corresponding LFM image of (a) evidence the molecular terraces. (c)
High-resolution AFMmicrograph of a picene film grown on HMDS after the coalescence of the grains. (d) The corresponding LFM image of (c). Note
that at this point of the growth many dislocations start to form.

Figure 5. (a) AFMmicrograph showing the typical picene growth on SiOx/Si at the interface with Au contacts. The presence of the Au contact modifies
the growth of picene crystals increasing the number of defects in particular at the interface. (b) Morphology of the picene films when a HMDS layer
covers the surface and the Au contacts. The picene crystals are now very regular and grow homogeneously across the Au−SiOx interface.
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We can observe (see Figure 7a) that, for devices where theW/
L ratio was the same (about 10), the average mobility decreased
going from devices A (μmean = 0.78 cm2 V−1 s−1) to devices C
(μmean = 0.27 cm2 V−1 s−1). This finding can be basically justified
with the presence of residual contact resistance RC effects which
are more relevant at decreasing channel length (L is 100 μm for
A, 75 μm for B, and 50 μm for C).24 On the other hand, devices
D, with L = 50 μm andW = 250 μm, exhibited better results than
devices C (L = 50 μm and W = 500 μm) and comparable
performances to devices B. This occurrence seems to suggest
that, in this case, the reduction of the overall active area can
match better the film crystalline morphology (islands size), and
this effect tends to compensate for the detrimental RC
contribution, arising when small channels lengths are involved.
Different from the mobility behavior, the onset voltage Von

(see Figure 7b) values did not show any clear dependence on the
active channel lengths, and the average values were all comprised
between −25 and −33 V. A similar trend can be observed in
Figure 7c also for the threshold voltages Vth, which mean values
ranged between −55 and −61 V. In vacuum, both Von and Vth
values were found to shift toward less negative voltages
approximately by 15 V.
The analysis of the electrical response of picene transistors

with bottom-contact configuration (with interdigitated source-

drain electrodes, as schematically represented in Figure 8a)
confirmed the beneficial effect coming from the surface
functionalization by HMDS, which, in this case, strongly
improves the picene morphology on the gold electrodes. Thus,
while we were not able to detect any IDS current exceeding the
electrical noise level for bottom-contact devices on bare SiOx/Si
substrates, transistors on HMDS-treated surfaces exhibit clear
field-effect responses as demonstrated by the transfer curve
reported in Figure 8b.
Similar to top-contact devices, hysteresis was large and onset

voltages (see the inset of Figure 8b) were close to −20 V.
However, the most relevant feature for bottom-contact devices
was found for the mobility, which maximum value (we measured
about 15 devices) was 2.5 × 10−4 cm2 V−1 s−1. Moreover, only
very slight differences between the measurements performed in
air and vacuum were found.
The low mobility values measured for the bottom-contact

devices, even in presence of a quite ordered morphology (Figure
5b) on the gold electrodes, highlight that the charge injection
process from these metal contacts to picene films is ruled by
electrical effects which need to be further investigated.

Figure 6. (a) Top-contact transistor configuration and corresponding
source-drain electrode layout considered in this work. (b, c) Transfer
curves in saturation measured (b) in air and (c) in vacuum for a top-
contact picene transistor. The insets in (b) and (c) show the same
transfer curves plotted in a semilog graph.

Figure 7. (a) Mean values of mobility, (b) onset and (c) threshold
voltages estimated in air for top-contact devices having different widths
(W) and lengths (L) of the active channel. For devices A,W = 1000 μm
and L = 100 μm; for devices B,W = 750 μm and L = 75 μm; for devices
C,W = 500 μm and L = 50 μm; for devices D,W = 250 μm and L = 50
μm. The error bars represent the standard deviations.
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4. CONCLUSIONS
We investigated the growth of picene thin films deposited by
SuMBD on both silicon oxide and self-assembled monolayer of
HMDS. The morphology on both surfaces shows well-separated
crystalline islands of rather high thickness and very sharp edges.
We ascribed this kind of growth to a weak interaction between
picene and substrates and a strong interaction among picene
molecules. Compared to thermal evaporation techniques, we
also observe a larger size of the crystals deposited with SuMBD.
This is due to the greater energy available with SuMBD that
activates new reaction pathways, such as the direct incorporation
of the molecules inside the topmost molecular layer. At the same
time surface diffusion is also enhanced. Surfaces play a relevant
role in the growth mechanisms and the more hydrophobic
character of HMDSwith respect to silicon oxide surface leads to a
lowered Schwoebel−Ehrlich barrier at the picene−susbtrate
interface.
The large size of the crystallites and the tunability of the

growth parameters with SuMBD permit to realize devices with
optimized characteristics. This was experimentally verified
fabricating field-effect transistors on both bare and HMDS-
treated SiOx/Si surfaces. In top-contact devices, HMDS
functionalization makes possible a mobility improvement of 3
orders of magnitude with a record value of 1.2 cm2 V−1 s−1

measured in air.
The comparison among top-contact transistors with pro-

gressively smaller lengths of the active channels, as well as the
considerably poor electrical performances measured for bottom-
contact devices, demonstrated that the charge injection process
from gold electrodes represent a limiting factor for the electrical
operation of picene field-effect devices.
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