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Abstract: The development of electronic devices with enhanced properties of transparency and
conformability is of high interest for the development of novel applications in the field of bioelectronics
and biomedical sensing. Here, a fabrication process for all organic Organic Field-Effect Transistors
(OFETs) by means of large-area, cost-effective techniques such as inkjet printing and chemical vapor
deposition is reported. The fabricated device can operate at low voltages (as high as 4 V) with
ideal electronic characteristics, including low threshold voltage, relatively high mobility and low
subthreshold voltages. The employment of organic materials such as Parylene C, PEDOT:PSS
and 6,13-Bis(triisopropylsilylethynyl)pentacene (TIPS pentacene) helps to obtain highly transparent
transistors, with a relative transmittance exceeding 80%. Interestingly enough, the proposed process
can be reliably employed for OFET fabrication over different kind of substrates, ranging from
transparent, flexible but relatively thick polyethylene terephthalate (PET) substrates to transparent,
700-nm-thick, compliant Parylene C films. OFETs fabricated on such sub-micrometrical substrates
maintain their functionality after being transferred onto complex surfaces, such as human skin and
wearable items. To this aim, the electrical and electromechanical stability of proposed devices will
be discussed.
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1. Introduction

Flexible organic electronics are considered a valuable technology for the development of innovative
devices that can be complementary to those based on standard electronic processes. Indeed, overturning
the standard paradigm of electronics, this peculiar technology emphasizes peculiar properties, such as
flexibility and transparency, and the possibility of cost-effective fabrication over large areas. All these
features are of great importance for the future exploitation of flexible organic electronic devices in
real products for electronic, optoelectronic and bioengineering applications: optical transparency
is fundamental in different biochemical applications [1–3], and extreme flexibility is needed for the
development of imperceptible, wearable and even tattoo-like devices [4–11]. In this scenario, the
possibility of up-scaling device fabrication to an industrial size is not secondary, in order to ensure
future market exploitation, as well as low-voltage operation for actual portability and user safety.

Among flexible organic devices, Organic Field-Effect Transistors (OFETs) are surely of great
interest, as they can employed both as basic building blocks in electronic circuits [12–14] and as
sensors [15–17]. In the bioelectronic scenario, peculiar optical and mechanical properties must be
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combined with low-voltage operation of the devices, in order to ensure portability and user safety.
Although significant steps forward have been reported by the recent literature, the actual combination
of low-voltage operation, transparency, flexibility and large-area fabrication processes is substantially
missing. Indeed, several examples of transparent OFETs may be found in the literature [18–22] with
moderately or even high operating voltages and fabricated over rigid substates, as well as low-voltage
and transparent devices which are not flexible [23,24]. When flexibility and transparency are combined,
moderately high voltages are reached or small-area fabrication processes are involved [25–30]. This is
mainly related to the fact that low-voltage operation is generally reach by ensuring large gate insulator
capacitance; this can be obtained by using high-k dielectrics [31] or reducing the gate insulator thickness.
High-k materials, such as inorganic dielectrics, can be transparent and reasonably flexible, but normally
requires high process temperatures, and are thus not suitable for the employment of most of the
plastic substrates. Organic dielectrics can be processed at room temperature and by liquid phase, but
low-voltage operation is allowed by depositing them in very thin films, as their dielectric constant
is relatively low. Unfortunately, obtaining such thin films (generally in the range of a few tens of
nanometers) is not trivial with large-area processes, and only a couple of examples have been reported
so far in the literature. As a matter of fact, only a few examples combining low voltage operation,
transparency and flexibility are available to date [32,33], but small-area techniques, such as spin-coating,
still cover a central role in the fabrication process, e.g., for the deposition of a gate insulator layer thin
enough to ensure low-voltage operation.

In this paper, transparent, all-organic, low-voltage OFETs over a fully flexible substrate will be
reported. The fabrication process here presented employs only large-area techniques, namely ink-jet
printing and Chemical Vapor Deposition (CVD), that can be easily up-scaled to an industrial size.
As CVD allows the uniform deposition of very thin dielectric layers at room temperature, such a
fabrication process can skip the limitations of solution-processed dielectrics, and can be adapted
to different kind of substrates, from flexible—but relatively thick—plastics to ultra-conformable,
tattoo-like (thickness < 1 µm) ones. Therefore, flexibility can be brought to the very far end, towards
the fabrication of devices that can conform to every surface, even to the human skin for epidermal
electronics applications. The reliability of the fabrication process and reproducibility of electrical
performances will be discussed over a statistically relevant number of devices on both kinds of
substrates. A quantification of the overall device transparency will be provided. A bias stress test will
be reported in order to demonstrate significant electrical stability of fabricated OFETs. The complete
functionality of ultra-conformable OFETs on skin will be reported, as well as a clear demonstration of
the mechanical and electrical stability of free-standing devices over different bending degrees.

2. Materials and Methods

2.1. Device Structure and Fabrication

Fabricated OFETs have a bottom gate-bottom contact structure, shown in Figure 1. Two
different substrates were employed: 175-µm-thick polyethylene terephthalate (PET, Goodfellow) and
700-nm-thick Parylene C substrates. The latest were fabricated by depositing Parylene C with a PDS 2010
Labcoater 2 (Specialty Coating System, Indianapolis, IN) over 175-µm-thick PET substrates, previously
coated with 1:50 water solution of an industrial soap (Micro-90 Concentrated Cleaning Solution,
International Corporation, Burlington, NJ). Before printing, both kinds of substrate were cleaned with
acetone and ethanol (Sigma Aldrich) and dried with nitrogen. Gate electrodes were inkjet-printed
using a Dimatix Materials Printer DMP2831 (Fujifilm Dimatix, Lebanon, NH). A 16-nozzle cartridge
with single drop volume of 1 pL (DMC11601, Fujifilm Dimatix) was filled with PJET HC (Heraeus,
Hanau, Germany), a commercially available, Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)
(PEDOT:PSS)-based ink. Three nozzles, biased with a firing voltage of 25 V, were employed for
patterning gate lines of 10 × 2 mm2, defined by the overlap of two subsequently printed layers. A drop
spacing of 20 µm was set, and the printer platen was maintained at a fixed temperature of 60 ◦C.
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The gate insulator is a 250 nm-thick Parylene C film, deposited by CVD using the previously cited PDS
2010 Parylene coating equipment. In this case, an adhesion promoter (A-174 Silane, Specialty Coating
Systems, Indianapolis, IN) was inserted in the deposition chamber to improve the quality of the
deposited film. It is worth noting that this technique is perfectly compatible, in terms of throughput and
area, with inkjet printing [34,35], and can be possibly extended to roll-to-roll fabrication processes [36].
The final insulating capacitance is of 10 nFcm−2.

Appl. Sci. 2020, 10, x FOR PEER REVIEW 3 of 12 

the previously cited PDS 2010 Parylene coating equipment. In this case, an adhesion promoter (A-
174 Silane, Specialty Coating Systems, Indianapolis, IN) was inserted in the deposition chamber to 
improve the quality of the deposited film. It is worth noting that this technique is perfectly 
compatible, in terms of throughput and area, with inkjet printing [34,35], and can be possibly 
extended to roll-to-roll fabrication processes [36]. The final insulating capacitance is of 10 nFcm−2. 

After a thorough cleaning of Parylene C surface with acetone and ethanol, the source and drain 
electrodes were inkjet-printed using PJET HC, in the same conditions described for gate patterning 
(with the exception of the employment of a single nozzle). Interdigitated structures comprising 10 
channels were fabricated by printing 2-mm-long, 200-μm-wide and 175-μm-spaced electrodes. A 
final channel width W = 20 mm and channel length L = 100 μm were obtained. Source and drain 
electrodes were post-processed with a curing step over a hot plate (90 °C for 15 min) and a subsequent 
deposition of ethylene glycol (EG, Sigma Aldrich) by inkjet printing, using a cartridge with a single 
drop volume of 10 pL (DMC11610, Fujifilm Dimatix), two nozzles with a firing voltage of 40 V and a 
drop spacing of 80 μm. EG was left to dry for 30 min over the printer platen at a temperature of 60 
°C. 6,13-Bis(triisopropylsilylethynyl)pentacene (TIPS pentacene, Sigma Aldrich) was printed from a 
1.5 wt % solution in anisole (Sigma-Aldrich), using a cartridge with a single drop volume of 10 pL, 
employing three nozzles biased at 40 V, with a drop spacing of 30 μm, and leaving the platen at room 
temperature. This semiconductor was chosen for its significant air stability [37] and its moderately 
high charge carrier mobility [38]. Figure S1 in Supplementary Information shows the obtained device 
structure, and some details obtained using the fiducial camera of the printer. 

 
Figure 1. Section and 3D cartoon showing the Organic Field-Effect Transistor (OFET) structure and 

employed materials. 

2.2. Electrical and Electromechanical Characterizations 

All characterizations were carried out in ambient conditions, using a Keithley SourceMeter® 
2614, controlled with custom-made Matlab® softwares. Ultra-thin devices were characterized by 
gently gluing conductive wire on connection pads by means of silver paste. Bias stress tests were 
carried out by means of an Agilent B1500A Semiconductor Parameter Analyzer. Electromechanical 
characterization was performed using graduated cylinders for the largest values, and common 
objects (doctor blades, conductive wires) to evaluate the extreme bendability of devices. Current 
characteristics were acquired by means of an Agilent B1500A Semiconductor Parameter Analyzer. 

2.3. Optical Characterization 

Absorption characterization was performed in air with the Perkin Elmer double beam LAMBDA 
1050 UV/Vis Spectrophotometer. 
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After a thorough cleaning of Parylene C surface with acetone and ethanol, the source and drain
electrodes were inkjet-printed using PJET HC, in the same conditions described for gate patterning
(with the exception of the employment of a single nozzle). Interdigitated structures comprising
10 channels were fabricated by printing 2-mm-long, 200-µm-wide and 175-µm-spaced electrodes.
A final channel width W = 20 mm and channel length L = 100 µm were obtained. Source and drain
electrodes were post-processed with a curing step over a hot plate (90 ◦C for 15 min) and a subsequent
deposition of ethylene glycol (EG, Sigma Aldrich) by inkjet printing, using a cartridge with a single
drop volume of 10 pL (DMC11610, Fujifilm Dimatix), two nozzles with a firing voltage of 40 V and
a drop spacing of 80 µm. EG was left to dry for 30 min over the printer platen at a temperature of
60 ◦C. 6,13-Bis(triisopropylsilylethynyl)pentacene (TIPS pentacene, Sigma Aldrich) was printed from a
1.5 wt % solution in anisole (Sigma-Aldrich), using a cartridge with a single drop volume of 10 pL,
employing three nozzles biased at 40 V, with a drop spacing of 30 µm, and leaving the platen at room
temperature. This semiconductor was chosen for its significant air stability [37] and its moderately
high charge carrier mobility [38]. Figure S1 in Supplementary Information shows the obtained device
structure, and some details obtained using the fiducial camera of the printer.

2.2. Electrical and Electromechanical Characterizations

All characterizations were carried out in ambient conditions, using a Keithley SourceMeter®

2614, controlled with custom-made Matlab® softwares. Ultra-thin devices were characterized by
gently gluing conductive wire on connection pads by means of silver paste. Bias stress tests were
carried out by means of an Agilent B1500A Semiconductor Parameter Analyzer. Electromechanical
characterization was performed using graduated cylinders for the largest values, and common objects
(doctor blades, conductive wires) to evaluate the extreme bendability of devices. Current characteristics
were acquired by means of an Agilent B1500A Semiconductor Parameter Analyzer.
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2.3. Optical Characterization

Absorption characterization was performed in air with the Perkin Elmer double beam LAMBDA
1050 UV/Vis Spectrophotometer.

3. Results

3.1. Electrical Characterization

Figure 2 reports the typical output and transfer characteristic curves of the fabricated device on the
different kinds of substrate mentioned in the Materials and Methods section. Polyethylene terephthalate
(PET) has been considered for its high transparency as a conventional substrate for initial process setup
and optimization. A standard thickness of 175 µm was considered, thus giving a significant flexibility to
fabricated devices. A total number of 50 OFETs were fabricated and tested in five different batches, with
a process reliability of 98% (one device in 50 short-circuited). Typical output and transfer characteristic
curves are reported in Figure 2a,b, respectively. Devices can operate at gate-to-source (VGS) and
drain-to-source (VDS) not exceeding 3 V in absolute value, with a threshold voltage around 0 V. From
the output characteristic curves, it is possible to observe that a good current stability in saturation
regime has been obtained, as well as a significant field-effect current modulation. From the linear
regime, no significant contact resistance effects can be observed. These elements suggest that ideal
charge carrier injection conditions have been obtained, as well as the ideal insulator–semiconductor
interface. This is also confirmed by the negligible hysteresis that can be observed from transfer
characteristic curves, both in linear and saturation regime. Interestingly enough, the gate-to-source
current (IGS, from now on leakage current) is in the range of 10−10 A, thus demonstrating that a very
good insulation of the gate electrode was obtained with a Parylene C layer thin enough (around
250 nm) to ensure the capacitance per unit are suitable for low-voltage operation. The sub-threshold
current, which mainly depends on leakage current, is therefore in the same order of magnitude; this
could be further reduced by decreasing the gate dielectric thickness in order to enhance gate coupling,
but this may affect the process reliability and leakage current. Nonetheless, an on/off current ratio
of 104 is obtained, although a limited aspect ratio was designed. The assessed fabrication process
was then transferred onto ultra-conformable, 700-nm-thick Parylene C substrates, thus obtaining
the thinnest, all-organic transparent OFET reported in the literature to the best of our knowledge.
According to the procedure described in Lai et al., [11] Parylene C was deposited over 175-µm-thick
PET carrier substrates, previously coated with a soap solution. The amphoteric molecules of the soap
reduce the adhesion of Parylene C to substrates, thus making its mechanical peel-off possible in dry
conditions after the fabrication process is completed. This property made the transfer of the substrate
from the carrier substrate to the final support easier than wet peel-off and recovery from the surface
of the liquid, and also ensured the absence of solvent residues. Thirty devices were fabricated in
this configuration on two different batches; in this case, only two devices (one per batch) were not
functioning, thus maintaining the reliability of the process at above 93%. Representative characteristic
curves, shown in Figure 2c,d, show that the overall electrical characteristics are comparable to those
obtained over standard PET substrates. A slightly larger (but still negligible) hysteresis is noticeable;
it is also qualitatively evident that mobility is slightly lower than those obtained on PET, as channel
conductance (the slope of the linear regime in output characteristic curves) is lower. These results may
be justified by the larger roughness of the Parylene C substrate, due to the non-perfect uniformity of
the amphoteric molecule layer deposited on the carrier substrate.
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In order to statistically characterize the electrical performance of fabricated devices on PET and
ultra-thin Parylene C films, basic electrical parameters were extrapolated by transfer characteristic
curves; average and 1-σ confidence band values for these parameters are reported in Table 1. Devices
fabricated on both PET and Parylene C substrates are in enhancement mode, with a negative
threshold voltage in the range of 0 V (−0.1 ± 0.16 V on PET, 0 ± 0.1 V on Parylene C). On PET,
an average charge carrier mobility of 0.25 cm2V−1s−1 was obtained, which is a remarkable value
for a non-purified TIPS pentacene solution deposited by inkjet printing. The subthreshold slope is
about 130 mVdec−1, a significant value for low-voltage OFETs, demonstrating one more time that the
insulator/semiconductor interface is almost ideal. Indeed, this parameter is related to the maximum
surface trap concentration by the well-known relationship [39]

Nmax
SS =

CINS
q

[
SS log10 e

kBT/q

]
(1)

where CINS is the capacitance per area unit of the insulator, q the elementary charge, SS the subthreshold
slope, and T the absolute temperature. Using this equation, a maximum surface trap states concentration
of 1.3 × 1011 cm−2 eV−1 can be obtained, which is comparable to or lower than the ones for low-voltage
structures with a much higher gate capacitance. As previously discussed, a slight reduction in charge
carrier mobility was observed on ultra-thin substrates (0.13± 0.04 cm2 V−1 s−1); at the same time, a slight
increase in subthreshold slope (i.e., an increase of NSS

max) was recorded, as a further demonstration
of a sensible worsening of the insulator/semiconductor interface. It is worth noting that these values
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remain valuable for a low-voltage, all-organic device. For both structures, the average leakage current
is in the range of 100 pA.

Table 1. Average and 1-σ confidence band for the basic electrical parameters of OFETs fabricated on
PET (evaluated on 50 devices) and Parylene C substrates (evaluated on 30 devices).

Substrate Threshold Voltage
[V]

Charge Carrier
Mobility

[cm2V−1s−1]

Leakage Current
[A]

Subthreshold
Slope [Vdec−1]

175 µm-thick PET −0.1 ± 0.2 0.25 ± 0.08 (1.2 ± 0.08) × 10−12 0.13 ± 0.03
700 nm-thick Parylene C 0.0 ± 0.1 0.13 ± 0.04 (1.0 ± 0.8) × 10−12 0.28 ± 0.03

3.2. Electrical Stability

The stability of electrical parameters upon continuous bias is fundamental for the development
of any user application. Figure 3 reports a bias stress test consisting of a continuous acquisition of
1000 transfer characteristic curves, in double-sweep mode and in ambient conditions. From Figure 3a,
it is possible to notice that measurements are almost perfectly overlapped, thus demonstrating a
good stability of electrical performances during the whole experiment. To better characterize the
electrical stability of the proposed devices, threshold voltage and mobility were extracted from transfer
characteristic curves; results are reported in Figure 3b. It is possible to notice that the threshold voltage
almost linearly increased, passing from −180 to −30 mV, with a shift not exceeding 150 mV upon several
hours of continuous operation. Charge carrier mobility remained almost stable for the 200 cycles, then
started to decrease, passing from 1.1 to 1 × 10−2 cm2V−1s−1, with a relative reduction of about 10%.
Such results are consistent with what is already demonstrated in the literature for TIPS pentacene [37].
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3.3. Electromechanical Characterization

Taking advantage of the conformability of the ultra-thin Parylene substrates, the fabricated OFETs
can be employed in tattoo electronics applications.

The first fundamental property for a tattoo electronic element is the mechanical stability. Indeed,
thanks to their ultralow thickness, Parylene substrates conformably adhere to micrometric “ridged”
features of epidermal crests, thus possibly being subjected to significant surface strain values.
The surface strain has the effect of modifying the morphology of the organic semiconductor layer [40,41],
thus determining a variation in the electrical properties of the device, in particular the charge carrier
mobility. Surface strain is directly proportional to device thickness, according to the relationship
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ε% =

[
1 + 2η+ χη2

(1 + η)(1 + χη)

]
(2)

where tsub and td are substrate and device thickness, respectively, η = td/tsub and χ = Yd/Ysub, being
Yd and Ysub the Young’s moduli of device and substrate, respectively, and R is the bending radius.
It is noteworthy that, as strain is directly proportional to the overall device thickness (tsub + td), the
strain produced by a certain deformation on a sub-micrometrical OFET can be very low even for low
values of R. In order to demonstrate that device performances are substantially stable with bending,
ultra-thin OFETs have been bent at different bending radii (R = 3.5, 3, 2.5, 1.5, 1, 0.8, 0.5, 0.1 cm), both
in extension and in compression. In extension, a tensile strain is applied on the organic semiconductor,
and this would bring a reduction in charge carrier mobility due to the displacement of crystalline
domains in the film. On the contrary, when the device is compressed, the local density of crystalline
domains in the organic semiconductor film increases, thus bringing an increase in the charge carrier
mobility. Results are reported in Figure 4: in Figure 4a, relative charge carrier mobility variations
with the applied bending radii are reported, calculated as (µb − µf)/µf (µb and µf are charge carrier
mobility values in bent and flat conditions, respectively). In both extension and compression, average
fluctuations of mobility values in the range of 2% were recorded, without any evident trend with
applied deformation in both cases, thus demonstrating that complete mechanical stability has been
obtained. This is consistent with the fact that, although the significant deformation applied, the surface
strain applied in both cases is very low (as high as 0.05%) as the whole device thickness is much
lower than the applied deformation. The overall stability of devices can also be demonstrated for an
extreme deformation, obtained by bending the device over a copper wire with a nominal diameter of
150 µm. A plot showing the actual transfer characteristic curves of a device in flat conditions (black
solid squares) and during bending (black open squares) is reported in Figure 4b. Curves are almost
completely overlapped, with a minimum shift in the threshold voltage and OFF current increase,
which can be ascribed to the measurement setup (devices are connected to quite long conductive
wires in order to allow such an extreme deformation). These results further demonstrate the complete
mechanical stability of the device.
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Figure 4. (a) Percentage charge carrier mobility variation as a function of mechanical deformations at
different bending radii (R = 3.5, 3, 2.5, 1.5, 1, 0.8, 0.5, 0.1 cm) in extension (solid squares) and compression
(open squares). In the inset, the corresponding surface strain is shown (extension for positive values,
compression for negative values). (b) Transfer characteristic curves of an ultra-conformable OFET in
flat conditions (solid squares) and while bent over a copper wire with a diameter of 100 µm (open
squares, see picture in the inset).
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3.4. Optical Characterization

Thanks to the appropriate choice of materials, fabricated OFETs are significantly transparent.
In order to quantify the actual transparency, absorbance tests have been carried out in the visible spectra
(400–800 nm). Results are summarized in Figure 5, where transmittance is reported for complete devices
fabricated both on PET and Parylene ultra-thin films. Devices have four well=defined absorption peaks
(490, 600, 650 and 700 nm, see Figure S3 in Supporting Information), which are consistent with those
typically reported for TIPS pentacene in different kind of solvents [42–44]. At these wavelengths, the
transmittance is of about 70% for devices fabricated on PET, and of about 75% on Parylene C. It is worth
noting that the transmittance of the transistor structure fabricated on PET before the semiconductor
deposition exceeds 80%; if this data is compared with the transmittance of bare PET (85%), a relative
transmittance of 94% can be derived for devices fabricated on PET without a semiconductor, which is
reduced to 82% due to TIPS pentacene absorbance. Therefore, the actual transparency can be further
improved by properly choosing a material more transparent than TIPS pentacene as the active layer.
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3.5. Proof-Of-Concept Application to Transparent Tattoo Electronics

Thanks to the reliability of the fabrication process over different kinds of flexible substrates,
the electromechanical stability of ultra-conformable OFETs and the significant transparency, the
proposed device structure and fabrication process is a valuable candidate for the development of
several applications, such as those of wearable electronics and bio-electronics.

Tattoo electronics represent the final frontier for flexible wearable electronics, as it aims towards
transferring complex device functionality on the skin of the user. To this aim, ultra-conformability and
mechanical stability are fundamental features for every tattoo-like device. In order to demonstrate
the suitability of the proposed technology for tattoo electronics, OFETs fabricated on ultra-thin films
where transferred and characterized on the skin; Figure S2 shows an example of an OFET successfully
transferred onto a finger. As previously demonstrated by Lai et al. [11], an ultra-thin Parylene C film
with mechanical features identical to those employed in this paper can perfectly adhere to the ridged
structures of the skin, and is thus ideal for the development of epidermal electronic applications.
As shown by Figure 6, typical output and transfer characteristic curves for a device operating on
skin substantially maintain the same electrical features as free-standing transistors, with a slight
shift in the threshold voltage towards more negative values and an increase in the leakage current
to a few nA. The combination of significant mechanical stability, conformability to human skin and
high transparency make the proposed devices of wide interest for the development of tattoo-like
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applications with enhanced properties of imperceptiveness and comfort to users. Their application in
epidermal circuits and biochemical sensors is being currently explored and will represent a follow-up
of this proof-of-concept demonstration of actual device functionality on skin.
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4. Conclusions

In this paper, a novel, transparent, all-organic OFET structure has been presented. With respect
to other devices reported in the literature, the low voltage operation and the sole employment of
large-area fabrication techniques, namely inkjet printing and chemical vapor deposition, can be
highlighted. Interestingly enough, the same fabrication process can be applied to different kinds of
substrates, from flexible PET to ultra-thin, compliant Parylene C films. A statistical characterization
of the devices’ performance on both kinds of substrates demonstrates that these devices can be
operated at voltages not exceeding 3 V (on PET) and 4 V (on Parylene C), with significant reproducible
electrical parameters: the threshold voltage is close to 0 V, the charge carrier mobility exceeds 0.1
cm2V−1s−1 and the subthreshold slope is in the range of 100 mVdec−1. Ultra-thin devices, with a
relative transmittance exceeding 80%, maintain their functionalities when transferred onto different
surfaces, including human skin, where a significant conformability to its ridged structures has been
demonstrated. Good electrical and electromechanical stability has been demonstrated, with restrained
threshold voltage and mobility variations upon 1000 bias cycles and negligible mobility degradation
at significant deformations. The unique characteristics of transparency and conformability reported
here pave the way for the development of innovative devices for epidermal electronics and wearable
sensor applications.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/19/6656/s1.
Figure S1: pictures showing fabricated devices with highlighted gate, source and drain structures, and
microphotographs obtained during source/drain printing process with the fiducial camera of the printer. Figure S2:

http://www.mdpi.com/2076-3417/10/19/6656/s1
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Pictures showing the successful transfer of ultra-conformable OFETs to human skin. Figure S3: Absorbance for
bare PET (black), OFETs fabricated on PET without (red) and with (blue) TIPS pentacene, and for ultra-conformable
devices on Parylene C films (magenta). These data correspond with those on transmittance reported in Figure 5 of
main paper.
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