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The conductive, transparent, and flexible SnO,:Sb single-crystal nanowires are shown as electrodes

for F;6CuPc single-crystal nanowire devices on the flexible plastic which includes anisotropic-
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transport OFETs, electrode-movable OFETs, and p-n junction photovoltaic devices. The SnO,:Sb

nanowires provide the good energy level match and the excellent soft contact with F,;gCuPc
nanowire, leading to the multifacet applications of the SnO,:Sb nanowire in nanowire electronics
and optoelectronics, and the high device performance. Combined with their good size compatibility
these results shows that the conductive Sn0,:Sb single-crystal nanowire opens a window into the
fundamental understanding of the intrinsic properties of highly ordered organic semiconductors,
optimization and miniaturization of the organic nanocircuits, and development of new-generation

flexible organic nanodevice.

Introduction

One ultimate aim of the nanomaterial studies is to achieve the high-
performance and low-cost nanocircuits for practice applications in
miniaturized electronics and optoelectronics.1 However, almost all
of the reported nanodevices use the macroscopic metal film
electrodes, or apply the electron beam lithography/focused ion
beam deposition technique to obtain the microscaled electrodes.’
The former is size incompatible with the ideal nanocircuits. And the
latter faces challenge in extension to organic devices due to the
fatal irradiation damage of the electrons on the organics.3 Further,
the most commonly used electrode material, Au, has the work
function at 5.2 eV. It does not match with numbers of
semiconductors, in particular, n-type organic semiconductors,
leading to the large parasitic contact resistance with high carrier
injection barriers and lack of high-performance n-type organic
device.*

The Sb doped SnO, (Sn0,:Sb) has the low resistivity (102-10"
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Qcm) and the high transparency in the visible wavelength
range which could transmit most of the sunlight (up to 97%).5
Its work function is around 4.7-4.9 eV which matches well with
the lowest unoccupied molecular orbital (LUMO) level of some
of commonly used n-type organic semiconductors, for example,
F16CuPc, Cgo, PTCDI etc.® Together with its excellent thermal
and chemical stabilities, SnO,:Sb is considered to be one of the
most promising candidate as the low-cost electrode for
organic electronics/optoelectronics. Here, we applied the high-
conductivity, high-transparency, mechanically-flexible SnO,:Sb
single-crystal nanowires as the electrodes, to realize the
construction of the organic single-crystal nanodevices on the
flexible plastic substrate in air ambience at room temperature,
which include the anisotropic-transport F;,CuPc nanowire
organic field-effect transistors (OFETs), the electrode-movable
F1sCuPc nanowire OFETs, and the CuPc/F;sCuPc nanowire
photovoltaic devices. The good size compatibility of the
electrode nanowire with the semicoductor nanowire allows
higher levels of integration in a given chip area. The nature of
the single crystal facilitates revealing the intrinsic transport
properties and obtaining the high performance of devices.?
They also provide the possibility for
optimized complementary symmetry organic nanocircuits, as

realization of the

well as the potential for room-temperature processing and
flexible electronics/optoelectronics.
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Experimental

Single crystal nanowires of F;5CuPc, CuPc and SnO,:Sb
were synthesized by physical vapour transport method in a
horizontal tube furnace. The F;,CuPc, CuPc, and the mixture of
Sn and Sb powder, were respectively used as source powder.
The bare Si wafers were used as the substrates for the growth
of F;6CuPc and CuPc nanowires, the 10-nm-Au coated Si wafers
was used for the growth of the SnO,:Sb nanowires. A quartz
boat with the source powder was placed at the high-
temperature zone, and vaporized at 370-410, 400-500, and
850 °C for F15CuPc, CuPc, and SnO,:Sb nanowires, respectively.
Highly pure Ar was used as the carrier gas, and the system was
evacuated by a mechanical pump. The nanowires could be
obtained on the substrates located at low temperature. Based
on these flexible nanowire, the nanowire devices were
fabricated by the mechanical manipulation with the
microprobes of a Micromanipulator 6150 probe station with
an optical microscope under ambient condition (Fig. S1-S3).
The Au film and the individual single-crystal nanowires were
successively transferred by a micro mechanical probe. The
PMMA in chlorobenzene was spin-coated onto the surface of
the flexible substrate (PC, Polycarbonate) as the dielectric. Its
thickness can be easily controlled by the spin-coating times,
and was measured by an Ambios Technology XP-2 surface
profilometer. Dielectric capacitance was calculated using the
measured thickness and known dielectric constant of PMMA
of 3.9. The field-effect and the photovoltaic properties of the
devices were recorded with a Keithley 4200 SCS and the
Micromanipulator 6150 probe station in a clean and shielded
box at room temperature. SEM images were obtained on a
Hitachi S-4300 SE instrument. The mobility was calculated in

(VG VT)I
channel width, L is channel Iength, C; is dielectric unit area
capacitance, and V7 is threshold voltage.

saturated regime by Igp = W- where W is

Results and discussion

The single-crystal nanowires as building blocks provide a
“bottom-up” paradigm of nanoelectronics. Based on the good
flexibility of the SnO,:Sb nanowires (Fig. S1 and S2, Supporting
information), the individual F;sCuPc nanowire FETs could be
fabricated with the parallel and crossed electrode configuration by
a room-temperature mechanical transfer method as shown in Fig.
la;-a, and bs-b,. Even, the F;sCuPc nanowire could be sandwiched
between the two Sn0O,:Sb nanowires in the direction of the width of
the F;,CuPc nanowire (Fig. 2). The size of the electrodes is
determined by the dimension of the SnO,:Sb nanowires. Currently,
almost all of the reported organic nanodevices use the macroscopic
metal film electrodes. In our devices, the comparable nanowire
width of Sn0,:Sb with F;sCuPc shows the good size compatibility
between the electrode and the active layer, therefore showing the
advantage of the SnO,:Sb nanowire to develop applications in the
highly integrated nanowire electronics. Compared with the
conventional metal electrode deposition, the mechanical transfer
method presented here avoids the thermal irradiation damage on
the organic single crystal, and minimizes the leak current between

2| J. Name., 2012, 00, 1-3

source/drain and gate electrodes due to the absence of the pinhole
filling of the high-energy metal atoms.”
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Fig. 1 Schematic images, representive SEM images, representive
transfer and output characteristics of F;sCuPc nanowire FETs. (a;-a4)
with parallel nanowire electrodes. For Fig. las-a,, the channel
length of the device L= 11.6 um, the channel width W=183 nm
(width of the F;,CuPc nanowire), the thickness of the dielectric
d=750 nm. In Fig. 1las;, Vsp=15 V. (b;-b3) with crossed nanowire
electrodes. For Fig. 1bs-b,, L= 10 um, W=300 nm, d=650 nm. In Fig.
1bs, V=20 V. All measurements were performed at room
temperature in dark.

0
012345678
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The versatile FET configuration presented in Fig. 1 and Fig. 2
provides an advantage to study the anisotropic field-effect
performance of an individual nanowire. The anisotropic field-effect
properties of organic crystals are beneficial for the understanding of
the relationship between molecular stacking and charge transport
so that direct proofs could be obtained for the further synthesis of
high performance organic semiconductors and the fabrication of
Currently, the anisotropic transport of organic
crystals mainly focuses on the two-dimensional sheet-like structure

; L 812
organic devices.

regardless of the worldwide study of 1D nanostructures since 1990s.

In contrast, it is challenging to study the anisotropy of nanowire,

This journal is © The Royal Society of Chemistry 20xx
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which requires an electrode gap smaller than the width of nanowire
be deposited in the direction of nanowire width. Until now, only
Tao’s group studied the anisotropic of 4.4’-bis((E)-2(naphthalen-2-
yl)vinyl)-1,1’-biphenyl (BNVBP) nanorod FETs by an organic single
wire mask method, where a 88.7-nm gap was fabricated in the
direction of nanowire width."> Here, a new method has been used
to investigate the anisotropy transistors of an individual nanowire
by sandwiching an individual F;sCuPc nanowire between Sn0O,:Sb
nanowires in both the length and width directions (Fig. 1a and 2). As
shown in Fig. 2a-b, the SnO,:Sb wires are bent against the F,;,CuPc
nanowire and the elasticity of Sn0O,:Sb wires provides the additional
force perpendicularly to the length direction of F;sCuPc nanowire,
so that the F;,CuPc nanowire can be sandwiched tightly by the two
Sn0,:Sb nanowires in the width direction. It should be noted that
the fabrication of such a sandwiched device is based on the
flexibility and elasticity of the SnO,:Sb nanowires, which makes the
application of the external force becoming feasible during the
sandwiching process. Certainly, the flexibility and elasticity of
Sn0,:Sb nanowires also depends strongly on their size. It is found
that wires with width of 50-300 nm could bend under the touch of
the mechanical probes, but would not fracture even when they are
bent over 180 degree. Moreover, the bent wires could recover their
original morphology after the force from the probes is removed.
Oppositely, those wires with width over 300 nm are difficult to be
bent by our mechanical probes and easily broken or bounced away
when they are bent. Therefore, in our experiments those SnO,:Sb
nanowires with width at ~100-300 nm are selected as the
electrodes.
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Fig. 2 F;sCuPc nanowire FET with sandwiched nanowire electrodes.
(a) Schematic image, (b) SEM image, and (c) transfer curves at
Vsp=10 V. L=0.5 pm, W=1.2 um, and d=650 nm.

Representative electrical characteristics of the transistors with
three different electrode configurations are shown in Fig. 1las-a,,
1bs-b,, and 2c. For parallel and crossed devices, the channel width
is determined by the width of the F;,CuPc nanowire, and the
channel length is determined by the length of the F;sCuPc nanowire
between the Sn0,:Sb nanowire electrodes. For the sandwich device,
the channel width is determined by the distance between the
contact points of the F;sCuPc nanowire and the SnO,:Sb nanowire
electrode, and the channel length is determined by the width of the
F16CuPc nanowire (Fig. S4, Supporting information). All of devices
exhibit the typical air-stable n-type field-effect characteristics with
well-define off state (off-state current /I, ~1 pA) and low threshold
voltage (< 2V). The mobility of the devices transporting in the width
direction of the nanowire is at ~0.0094-0.067 cm*V''s™. The highest
mobility 0.067 em?Vs™ in the width direction was near one order

This journal is © The Royal Society of Chemistry 20xx

lower than that of devices with carrier transport along the length
direction of the nanowire (0.1-0.5 cmZV'ls'l, Fig. 1a;-1a; and 1b;-
1bs).

In the process of manipulating the SnO,:Sb nanowire with the
mechanical transfer method, it is found that the excellent flexibility
of the Sn0O,:Sb nanowire and the weak contact interaction between
the Sn0,:Sb nanowire and the substrate allow the SnO,:Sb
nanowire to be multiply taken up and put down (Fig. S2, Supporting
information), and even be slid on the substrate surface. Combined
with the available electrode configurations of the SnO,:Sb
nanowires (Fig. 1, parallel and crossed configurations), these
mechanical properties make it possible to set freely the length of
the conducting channel based on one individual FisCuPc single
crystal nanowire. Assuming the organic wire as a railway, the
Sn0,:Sb nanowire could be “slid” freely on the “railway”. As shown
in the schematic and SEM images of Fig. 3a and 3b, one end of the
F16CuPc nanowire is connected to a parallel SnO,:Sb nanowire (as
the fixed electrode), and the other end is connected across to
another Sn0O,:Sb nanowire which acts as the “sliding” wire (i.e., as
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the movable electrode) (Device fabrication process and electrical
measurements see Fig. S3a and S5, Supporting information).

Fig. 3 (a-b) Schematic image and representive SEM image of a
device with one SnO,:Sb wire parallel stacking on F;sCuPc wire and
another Sn0,:Sb crossed stacking on F;sCuPc wire, the parallel
Sn0,:Sb wire was fixed and the crossed Sn0,:Sb wire could move on
the F;sCuPc wire to adjust the length of the transistor conducting
channel. (c) Representive transfer characteristic of the device with
the channel length [=1.21, 14, and 23.5 um. (d) Mobility
dependence of the transistors on the channel length (L) measured
by sliding the Sn0,:Sb nanowire from 20 to 1.2 um, and then from
1.2 to 23.5 um, the error bars indicate the system error in the
channel length measurement (the channel length of the device was
measured by SEM and optical microscope, see Fig. S5, Supporting
information). Vsp=20 V.

Fig. 3¢ shows the typical transfer characteristic curves of transistors
at the different channel lengths of 1.21, 11.1, and 23.5 um, and Fig.
3d shows the dependence of the mobility on the channel length.
For our F,5CuPc nanowire devices at different channel lengths, the
well-define off state occurs for Vz=-5 V with on/off ratio of over 10*.

J. Name., 2013, 00, 1-3 | 3
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In order to confirm the good repeatability of the experimental data
and to ensure the high reliability of the data, the SnO,:Sb nanowire
electrode of the FisCuPc nanowire FET first slid backward with
changed channel length from 20 to 1.2 um (from long to short
channel, red dots in Fig. 3d), and then slid forward from 1.2 to 23.5
pum (from short to long channel, blue dots in Fig. 3d). It is found that
the dependence of the mobility on the channel length follows the
same rule when the Sn0,:Sb nanowire slides forward and backward,
as shown in Fig. 3d. The mobility from 0.05 to 0.65 em®V?st can be
obtained by sliding the SnO,:Sb nanowire.

The device performance of the single crystal OFETs is strongly
dependent on the carrier injection and transport which are
determined by many factors including electrode material, electrode
contact quality, dielectric material, dielectric/semiconductor
contact quality, molecular packing structure, crystal quality, etc?1n
our experiments, it was attractive that F,cCuPc exhibited mobility of
0.65 cm?V's™ at the channel length of 23.5 um. To the best of our
knowledge, this value is in a class with the highest mobility for
Fi6CuPc OFETs, and it even surpasses those air-gap Fy5CuPc
nanowire devices with Au film as electrodes.”** The air is believed
to be the ideal dielectric for OFETs which eliminates the trapping of
carriers in the dielectric and at the interface between the dielectric
and semiconductor by eliminating the solid dielectric material.”*
Our previously experimental results have confirmed that Au is not
an optimized electrode material for F;sCuPc transistors due to its
mismatch work function (5.2 eV) with F;,CuPc (4.8-4.9 eV).4a In
principle, Sn0O,:Sb is preferred as electrode material of FzCuPc
transistors than Au because of the smaller energy level mismatch
between Sn0,:Sb and F;5CuPc. Therefore, compared with the air-
gap Au-electrode device, the higher mobility of the PMMA-
dielectric Sn0,:Sb nanowire-electrode FisCuPc device confirms the
good energy level match of Sn0,:Sb with F;gCuPc. On the other
hand, the high mobility also suggests the good interface contact
between Sn0,:Sb nanowire and F;,CuPc nanowire which mainly
benefits from the good flexibility of the Sn0O,:Sb nanowires.'® As
shown in Fig. S1 (Supporting Information), the SnO,:Sb nanowire
can be bent over 180° and even folded to form a ring with small
radius of curvature. It can also maintain their folded form on the
substrate by the van der Waals force.” The excellent flexibility of
Sn0,:Sb nanowire makes it adjust easily to the shape of the F;4CuPc
crystal which is favourable for its soft intimate interface contact
with the F;,CuPc nanowire, resulting in the good field-effect
properties of the F;sCuPc OFETs based on the SnO,:Sb nanowire
electrodes.

Together with the typical field-effect characteristic and high
device performance, the repeatable measurement results shown
in Fig. 3d further confirm the good contact of the SnO,:Sb nanowire
into F1CuPc nanowire in the whole process of sliding the nanowire
electrode, and that the continuous sliding of the Sn0O,:Sb nanowire
on the FzCuPc nanowire is non-destructive and reversible, which
mainly is attributed to two reasons: first, the weak van der Waals
force between Sn0,:Sb nanowire and F,sCuPc nanowire facilitates
separating easily the Sn0,:Sb nanowire from the initial location of
the FiCuPc nanowire, and successfully sliding the electrode
nanowire without damaging the organic crystal. Second, the
mechanical flexibility of the nanowires ensures the intimate contact

4| J. Name., 2012, 00, 1-3

between Sn0,:Sb nanowire and F;,CuPc nanowire, and between
the nanowire and the target substrate/Au film.

Study on the dependence of the channel length on the
mobility based on organic crystal gives the ability to modulate the
electrical behaviour for future commercial application towards the
continuous scaling down of the device dimensions and improved
device performance.18 The single crystal minimizes the detrimental
effects of the grains and grain boundaries, and hence gives the
possibility to reveal the intrinsic transport properties and shows
high device performance.19 However, the channel length dependent
mobility of organic single crystal is rarely studied due to the
difficulties in growth of single crystals, fabrication of organic devices,
and inconsistency between devices which is caused by contacts,
crystal thickness, crystal width etc.”® Bao et al. has shown a novel
method to investigate the channel length dependent mobility by
placing one big rigid bulk crystal on an elastic bottom electrode
array patterned with different channel length at the fixed channel
width/length ratio.'®® Here, we applied the movable SnO,:Sb
nanowire electrode to investigate the channel length dependent
mobility based on the same F;sCuPc nanowire. The flexible
nanowire electrode provides the consistent planar contact with the
semiconductor active layer (i.e., FigCuPc nanowire). In the
measurement process all the device parameters except the channel
length, for example, channel width, active layer thickness, active
layer quality, interface contact etc.,, would be unchanged. It
provides the possibility to present the intrinsic properties of the
devices. As shown in Fig. 3d, at the fixed channel width (i.e., the
width of the FisCuPc nanowire), the mobility is firstly increased
linearly with the increasing of conducting channel, and then
saturated gradually. This result is in good agreement with Bao’s
report on the bulk rubrene crystal at the fixed channel width/length
ratio.”®® In principle, the intrinsic mobility of OFETs is independent
on the channel length. The channel resistance R.,=p.,L, Where p., is
the channel resistance per unit length and L is the channel length.

The apparent mobility can be expressed by u o« [pch + RL—”] 1,
where R, is parasitic resistance which is related to contact
resistance.”” When the channel is long, % K pep and p X pep,
showing the independence of mobility on channel length. When the
channel is short, the effect of the parasitic resistance R, can not be
ignored resulting in the increasing mobility with the channel length,
as shown in Fig.3d. Even though the good energy match for our
Sn0,:Sb nanowire electrode based F,cCuPc nanowire device, the
effect of the contact barrier on the device performance is still
nonnegligible in our devices. With the increase of the channel
length, the effect of the parasitic resistance becomes weak. Hence,
as shown in Fig. 3d, the mobility presents the saturation trend
which suggests 0.65 em?Vs s near to the intrinsic mobility in our
PMMA dielectric device.

The complementary symmetry circuit is one basic component
of the integrated circuits. It requires the field-effect performance as
similar as possible for n- and p-type devices, which facilitates
decreasing the quiescent current and enhancing the gain with the
aim of circuit operation in low power dissipation and high stability.
However, the electron mobilities were always 2-3 orders lower than
their hole mobilities in most organic devices, resulting in poor
symmetry of the organic complementary circuits.” Here, the
mobility from 0.05 to 0.65 em®V's™ can be obtained by sliding the
Sn0,:Sb nanowire (Fig. 2a). The high and adjustable electron
mobility in our devices therefore provides a chance to optimize the
complementary symmetry organic nanocircuits.

This journal is © The Royal Society of Chemistry 20xx
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Fig. 4 (a-b) Schematic image and representive SEM images of a
Au/CuPc nanowire/F;sCuPc nanowire/Sn0,:Sb nanowire
photovoltaic device. (c) Band diagram of the device showing the
directions of carrier flow. Negative: electron; positive: hole. (d) I-V
characteristic of the device in dark and under illumination.

From Fig. 3d it is deduced that the mobility should be lower
than 102 cm?V's™ when the channel length is ~500 nm and the
carriers transport in the length direction of the F;sCuPc nanowire.
Compared with that of the devices in the same channel length
where the carrier transport in the direction of the width of the
F16CuPc nanowire (0.0094-0.067 em?vis?, Fig. 1c;), it indicates that
the anisotropic transport is almost invisible in our F,CuPc nanowire
transistor. It is well known that organic crystals are highly
anisotropic,8 and theoretical and experiment results have
confirmed that the electronic coupling is determined by 7zstack
interaction.’ Therefore, the highest mobility can be realized in the
direction with neighboring molecules in the largest overlap of =
molecular orbits. A few research groups have reported the mobility
difference at 2-4 times along the different crystalline orientations of
the sheet-like organic crystals. For example, Li et al. showed the
mobility anisotropy of the hexagonal sheet-like thienoacene crystal
at 2-2.5."° Frisbie reported the mobility of the narrow tetracene
sheet along its length direction is 4 times higher than that along its
width direction.” In theory, the mobility in the direction of the
length of the F;cCuPc nanowire should be higher than that in the
width direction, since the F;4CuPc nanowire grows in the strong m-nt
stacking direction.”® As we mentioned above, the apparent mobility
is inversely proportional to p. +}1—p. Therefore, the larger contact
resistance will decrease the apparent mobility. In our experiments,
the electrode interface between Sn0O,:Sb nanowire and FisCuPc
nanowire is face-contact for the device with sandwiched nanowire
electrodes shown in Fig.2, while the electrode interface between
one crossed Sn0O,:Sb nanowire and the F,sCuPc nanowire is point-
contact for the device with slidable nanowire electrode shown in
Fig.3. The nonlinear output characteristic at low Vs, in Fig. 1b,
suggests the crossed point contact induces the larger contact
resistance. Therefore, the mobility in the direction of the nanowire
length is decreased. This posssible explains why the anisotropy is
invisible in our experiments.

Further, combined with its fully transparency, the Sn0O,:Sb
nanowires show promising potential as the electrodes of the
nanoscaled organic single-crystal solar cells. Very recently, Li et
al. report a novel result where organic single-crystalline p-n

This journal is © The Royal Society of Chemistry 20xx
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junction was formed from a mixed solution including p and n
materials.”* In our experiments, the single-crystal nanowire
photovoltaic device based on CuPc/F;,CuPc p-n junction was
fabricated by micro-probe manipulation (Fig. S3b, Supporting
information). As shown in Fig. 4a, the CuPc nanowire, the
F16CuPc nanowire, and the Sn0O,:Sb nanowires were stacked
successively on the target substrate with the vertical
configuration. The SEM image of the device is given in Fig. 4b.
One piece of Au film was pre-attached on the substrate and
was connected with one end of the CuPc nanowire. And the
other piece of the Au film was overlapped on the end of the
Sn0,:Sb nanowire far from the pre-attached Au film. The CuPc
nanowire acts as the p-type material and the F,;CuPc nanowire
services as n-type material of the organic single-crystal
nanowire photovoltaic device. The Au film under the CuPc
nanowire works as the hole-collecting positive electrode, and
the Sn0O,:Sb nanowire functions as the transparent negative
electrode to collect electrons and to allow the transmission of
light. In thin film solar cell, the flow of carriers is limited mainly
by scattering events in which carriers have a high
instantaneous velocity frequently scatter off lattice vibrations
(phonons), defects and impurities.22 Therefore, the single-
crystal nanowire device can effectively enhance the drift
velocity of the carriers compared with the commonly used thin
film devices. In our experiment, the light is illuminated from
the transparent SnO,:Sb nanowire side, which ensures the
light to reach the CuPc/F;sCuPc nanowire p-n junction and
efficiently generates electron-hole pairs (Fig. 4c), which are
then able to flow through an external circuit and provide
power. In our experiments, the
photogenerated voltage and current in the I-V curve in Fig. 4c
clearly confirms the excellent contact between the CuPc
nanowire/F,sCuPc nanowire junction. It further shows that the
high quality interface contact between nanowires could be
formed by the mechanical probe moving method. Under the
illumination of a tungsten bromine lamp with the power of 25
chm'Z, the device yielded a shortcircuit current density (Js¢)
of ~0.03 mAcm'Z, an open-circuit voltage (Vyc) of ~0.2 V, a fill
factor (FF) of ~0.26, and an efficiency (n) of ~0.003%. The
efficiency is limited mainly by the light absorption efficiency,
the junction area, and the thickness of the nanowires. Hence it
is possible to further optimize the device performance by
apply a sunlight source (the effect of the light source see Fig.
S6, Supporting information), combining the wide and narrow
band gap organic semiconductors, and selecting the thinner
and wider nanowires etc.”

electrical notable

Conclusions

In conclusion, the SnO,:Sb single-crystal nanowires as
electrodes provide the versatile device configurations for the
studies of the anisotropic transport, the channel length
dependent mobility, and photovoltaic properties of organic
nanowires. The effect of the anisotropic transport on the
device performance is found to be almost invisible in the
short-channel nanowire FETs. The mobility shows the channel
length dependence with firstly linearly increase and gradually

J. Name., 2013, 00, 1-3 | §
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saturation. The notable photogenerated voltage and current
can be observed in the CuPc nanowire/F;gCuPc nanowire
junction. These results show that the Sn0O,:Sb single-crystal
nanowires as electrode open a window into the fundamental
understanding of the intrinsic properties of highly ordered
organic semiconductors, optimization and miniaturization of
the organic nanocircuits, and development of new-generation
flexible organic nanodevices.
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The Sn0,:Sb single-crystal nanowires have been shown to function as electrodes to open a window into the fundamental

understanding of the intrinsic properties of highly ordered organic semiconductors and the development of the optimized and
miniaturized organic nanodevice.
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