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Abstract: Corrosion monitoring and management has been at the center of structural health mon-
itoring protocols due to its damaging effects on metallic structures. Current corrosion prevention
and management programs often fail to include environmental factors such as Cl− ions and surface
wetness. Early detection of these environmental factors can prevent the onset of corrosion and reduce
repair and maintenance-related expenses. There is growing interest in creating solution-processed
thin film environmental sensors with high sensitivity to corrosion precursors, low-cost fabrication,
and small footprint, rendering them viable candidates for investigation as potential corrosion sensors
that could be easily integrated into existing structures and screen printed or patterned directly into
surface coatings. In this work, we have implemented C60-based n-type organic thin film transistors
(OTFTs) with functionalized graphene oxide for humidity sensing and functionalized graphene
nanoparticles for Cl− ion detection, using low-cost solution processing techniques. The reduced
graphene oxide (rGO)-coated OTFT humidity sensor is designed for the qualitative estimation of
surface moisture levels and high levels of humidity, and it exhibits a relative responsivity for dry
to surface wetness transition of 122.6% to surface wetness, within a response time of 20 ms. We
furthermore implemented an in-house synthesized hydrogenated graphene coating in conjunction
with a second OTFT architecture for Cl− ions sensing which yielded a sensitivity of 4%/ppm to
ultrafine ionic concentrations, over an order of magnitude lower than the range identified to cause
corrosion in aircraft structures.

Keywords: corrosion precursors; OTFTs; fullerene C60; organic semiconductor; hydrogenated
graphene; environmental sensing

1. Introduction

Corrosion is an omnipresent problem affecting the integrity of metallic structures and
is the most common cause of metal deterioration and failure. Effective prevention and
maintenance are of paramount importance to maintaining structural health, safety, and
durability [1]. Corrosion in a structure can manifest itself in different forms: from an easily
detectable uniform and exfoliating surface to a very hard-to-detect intragranular and pitting
form. Furthermore, corrosion can be caused by a variety of physical and environmental
factors. Physical factors include cracks and crevices, static and dynamic stress, and coating
degradation, whereas environmental factors include exposure to high levels of humidity,
temperatures, and salinity [2].

Corrosion monitoring in aircraft structures is an important safety measure due to
the nature of in-service conditions that provide auspicious environments for corrosion
onset and progression. Currently, aircraft corrosion monitoring and management pro-
grams are based on “find and fix” protocols, where corrosion detection relies on visual
inspection and mass loss sensors, such as corrosion coupons, electrical resistance, corrosion
potential, ultrasonic and acoustic emission, etc. [3]. While such methods provide valuable
information about the presence and progression of structural damage, they fail to differ-
entiate between corrosion and cracks, and do not specify the form nor the cause of the
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detected corrosion. They may detect corrosion damage, but they fail to identify early stages
of corrosion and factors responsible for corrosion events, namely changes in pH, metal
ions (Fe2+, Co2+, Al3+, Cu2+), changes in humidity, and chloride ions (Cl−) [1,2]. Reliable
structural health monitoring requires continuous and early on detection of environmental
factors responsible for corrosion events using in situ, non-destructive sensing mechanisms
able to detect minute changes in levels and concentrations of the aforementioned environ-
mental conditions. Frequent exposure to chlorides and humidity provides the essential
electrochemical conditions favorable to corrosion events [4]. Chloride ion concentration
thresholds for corrosion initiation has been identified to be within the range of 100 ppm
and 3500 ppm depending on the type of metal alloy, temperature, and pH [5,6]. As such,
there is an urgent need for Cl− ion sensing in the aviation industry. Timely detection of
chloride ions below corrosion initiation thresholds would allow for the implementation of
preventive measures and avoid severe and costly damage. Most Cl− ion detectors predom-
inantly use silicon-based potentiometric sensors, such as ion selective electrodes (ISE) and
electrochemical field effect transistors (ChemFET), which rely on ionophore membranes
and electrolytic solutions [7,8]. Although such sensors have been able to reach detection
limits as low as 3.5 ppb [7], their implementation in environmental sensing, especially
in aircraft corrosion monitoring, remains challenging. The main challenge to integrating
potentiometric sensors in corrosion monitoring is to maintain the environmental stability
of the aqueous/electrolytic solution or the membrane [8,9].

Organic thin film transistor (OTFT) sensors have the potential to fill in the gap in
corrosion prevention strategy, improve corrosion management approaches, and safeguard
the integrity of metallic structures while reducing repair and maintenance costs. OTFTs
rely on carbon-based organic semiconductors and functional surface layers to perform
as chemical sensors capable of targeting and detecting specific environmental conditions
and chemical species responsible for and indicative of corrosion onset. Compared to
other emerging sensing techniques, such as fiber optics and electrochemical sensors, OTFT
chemical sensors are more advantageous in terms of robustness, small footprint, low-cost,
and energy-efficient fabrication, which is adaptable for large scale production. Furthermore,
they exhibit higher sensitivity, faster response time, and low power consumption [10].

Organic semiconductors have been the focus of intensive interest in both the academic
and industrial sectors, owing largely to their abundance, solution processability, large-area
manufacturing capabilities, mechanical flexibility, and comparable electronic properties
compared to their inorganic counterparts. While p-type organic semiconductors have
had enormous success in various applications, n-type semiconductor progress has been
substantially lagging owing to its environmental instability and low carrier mobility stem-
ming from electron trapping. The performance of n-type OTFTs can be improved by both
molecular design and device optimization in term of deposition techniques, passivation,
and encapsulation [11]. As a chemically sensitive functional layer, modified graphene
has attracted significant attention in recent years owing to its high electrical and thermal
conductivity, high carrier mobility, and mechanical flexibility [12]. The solution process-
ability and ease of chemical functionalization of graphene allows for low-cost, large-scale
fabrication of thin films with high sensitivity to target analytes.

There have been little to no attempts thus far at designing chloride ion sensors using
thin film sensors for structural health monitoring. Our reported work is motivated by
this scarcity of reported chloride ion sensors designed specifically for monitoring aircraft
corrosion, and utilizing advantages offered by graphene-derived materials in corrosion
monitoring. In our work, OTFT humidity and chloride sensors are fabricated using reduced
graphene oxide (rGO) and hydrogenated graphene coatings, respectively. rGO is the prod-
uct of the reduction of graphene oxide, by which GO is partially reduced by the controlled
removal of oxygen-containing groups from the surface of GO layers using simple treat-
ments, namely chemical, thermal, and photochemical reduction [13]. This process restores
the inherent electrical conductivity of graphene while maintaining the solubility in water
and in organic solvents and chemical reactivity characteristic to GO [14]. The sensitivity of
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rGO to humidity stems from the presence of functional groups at the edges of the graphene
layers that bind with water molecules and enhance the conductivity of rGO [15]. Addition-
ally, chemically functionalized hydrogenated graphene coating is used for Cl− ions sensing.
There are conceptually two main methods for the synthesis of hydrogenated graphene,
namely gas phase approaches, which include plasma hydrogenation and thermal cracking,
and wet chemical approaches, such as Birch and electrochemical reduction [16,17]. The
hydrogen atoms disrupt the structure of the graphene matrix leading to the hybridization
of sp2 bonds into sp3 and the formation of C-H bonds [17]. Although the chemical affinity
of hydrogenated graphene has not been considerably investigated, studies suggest that
the C-H bonds in hydrogenated graphene may exhibit chemical reactivity and display
selectivity toward halide ions, most specifically to Cl− ions [18,19]. The rGO-coated OTFT
humidity sensor is designed for qualitative measurements of surface moisture levels, and it
is used as a peripheral sensor to ensure the hydrogenated graphene-coated OTFT Cl− ion
sensor operates in relatively dry conditions.

2. Materials and Methods

Fullerene C60 (sublimed, 99.9% purity), 1,2 dichlorobenzene, Poly(vinyl alcohol) (PVA),
poly(3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS), Sodium:Pottasium
alloy (Na-K (1:3)), ethylenediamine, fluorographite, isopropanol, ethanol, and n-hexane
were obtained from Sigma Aldrich. Graphene nanoplatelets (GnP) and rGO were acquired
from Kennedy Labs and Poly(methyl methacrylate) (PMMA) from DuPont. De-ionized
(DI) water was supplied by Carleton University microfabrication lab.

2.1. Preparation of OTFT Humidity and Chloride Ions Sensor

We fabricated a top gate, bottom contact OTFT configuration using fullerene (C60)
as the active material and functionalized graphene as the sensory layer, as illustrated in
Figure 1b,c.
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Figure 1. OTFT environmental sensor. (a) Photographic image of a solution processed C60 OTFT
device under test. (b) rGO-based OTFT humidity sensor architecture. (c) Hydrogenated graphene-
based OTFT Cl− sensor architecture.

The OTFT sensors were solution processed using layer-by-layer deposition performed
under a nitrogen atmosphere in a spin-coating apparatus. The structure materials were spin
coated on a passivated silicon substrate on which chromium source and drain electrodes
were patterned via UV lithography and negative lift-off. A common core OTFT device
structure was fabricated by depositing 0.9% wt. C60 in 1,2-dichlorobenzene, followed by a
dielectric stack made of PVA (125 nm) and PMMA (200 nm) and completed by a conduc-
tive multilayer composed of PEDOT:PSS (1 µm) and PEDOT:PSS doped with graphene
(Gr:PEDOT:PSS) (500 nm). Sensitivity toward humidity and chloride ions was achieved
by replacing Gr:PEDOT:PSS by 0.1% suspensions of rGO and hydrogenated graphene in
PEDOT:PSS, respectively. Finally, chromium gate metal contacts were deposited through
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a shadow mask using thermal vapour deposition, as shown in Figure 1a. The device
patterning process yielded multiple devices with channel length and width ranging from
10 µm to 25 µm and 100 µm to 1000 µm, respectively, and were fabricated under the same
conditions. This allowed for the investigation of device scalability and reproducibility.

2.2. Wet Chemical Synthesis of Hydrogenated Graphene

Hydrogenated graphene was chemically synthesized in-house using a modified Birch
method [20]. Briefly, 2.33 g of 1:3 Na-K alloy and 5 mL of ethylenediamine were added
into a 50 mL three-necked round-bottomed flask under a nitrogen atmosphere and stirred
until a blue mixture was obtained. Meanwhile, a solution of 43 mg of fluorographite in
5 mL of ethylenediamine was sonicated for 30 s. The fluorographite-ethylenediamine
suspensions were then added to the flask through a gastight syringe and stirred under a
nitrogen atmosphere at room temperature for 2 h. Isopropanol (10 mL) was added using
a peristaltic pump at a rate of 5 mL/h until the blue colour disappeared. After the Na-K
alloy was completely exhausted, the mixture was dispersed in 50 mL of de-ionized water
and extracted with n-hexane, after which the mixture was filtered through a 0.22 µm nylon
membrane. After washing the resulting brown cake product alternatively with n-hexane
and alcohol, it was dried overnight under vacuum at 60 ◦C.

2.3. Chemical Characterization of Hydrogenated Graphene

The chemical characterization of hydrogenated graphene was performed using X-ray
photoelectron spectroscopy (XPS) and Fourier Transform Infrared Spectroscopy (FTIR).
X-ray photoelectron XPS data were collected using AlKα radiation at 1486.69 eV (150 W,
10 mA), a charge neutralizer, and a delay-line detector (DLD) consisting of three multi-
channel plates. Survey spectra were recorded from −5 to 1200 eV at a pass energy of 160 eV
(number of sweeps: 2) using an energy step size of 1eV and a dwell time of 100 ms to
confirm the hydrogenation of the graphene. To further verify the hydrogenation, FTIR was
performed on an ABB Bomem MB-Series FTIR spectrometer, with a resolution of 8 cm−1,
using a KBr pellet method. Scanning was from 400 to 4000 cm−1.

2.4. Charge Carrier Mobility Characterization

The characterization of the charge carrier mobility of the semiconductor channel was
performed using the Dark Injection Space Charge Limited Current (DI SCLC) method,
shown in Figure 2. In this configuration, the semiconductor is placed between a blocking
electrode and an injecting electrode. A step function is then applied between the electrodes
and the resulting transient current is measured. The carrier mobility is calculated using
Equation (1), where ttr is the free carrier transient time, V the applied voltage, and d the
thickness of the semiconductor film. τDI corresponds to the time it takes for the current
to peak and represents the time it takes for the first sheet of charge carriers to reach the
counter electrode [21].

µ = d2/Vttr where τDI = 0.787 ttr (1)
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The sample was prepared by depositing a thin film of C60 on a silicon substrate
coated with nickel acting as the blocking electrode. A thin film of PEDOT:PSS (~5 nm) was
deposited on the C60 film to enhance its conductivity, followed by a chromium layer acting
as the charge injecting electrode.

2.5. OTFT Testing and Characterization

The OTFT individual layers thicknesses were measured using cross sectional Scanning
Electron Microscopy (SEM) images of the deposited films. The morphology features and
surface topology of the sensing films were investigated using Atomic Force Microscopy
(AFM).

The OTFT electrical characterization was performed using a probe station and a
semiconductor parameter analyzer. All measurements were obtained in a dark and ambient
environment to minimize photodegradation. The output characteristic was extracted by
sweeping the drain-source voltage VDS from −2 V to 30 V and measuring the drain-source
current and the gate leakage current IGS at a constant gate bias of 80 mV, 500 mV and 1 V.
The transfer characteristic was obtained by sweeping the gate-source voltage VGS from
−1 V to 5 V and measuring IDS at constant drain-source voltages of 50 mV. Output and
transfer sweeps were both performed at a step size of 50 mV.

The humidity sensor response was monitored by placing the sensor in a gas chamber
equipped with nitrogen gas flow to remove ambient gases before and after exposure to
moisture. The sensor was exposed to a high humidity above 80% RH to mimic condensation
and surface wetness conditions, sufficient to test the peripheral sensor for wetness detection.
The response of the chloride sensor was tested by depositing Cl− ion solutions with varying
concentrations on the gate surface and monitoring the change in output current after the
complete evaporation of water.

3. Results and Discussion
3.1. Chemical Characterization

Both graphene and in-house synthesized hydrogenated graphene materials were
observed using XPS and FTIR, and the peaks in the respective spectra were examined
and analyzed. Confirmation of hydrogenation of the graphene was observed in both the
XPS and FTIR spectra, as shown in Figure 3a,b. Hydrogenation was confirmed in the XPS
spectra where a shift in the C1s spectra is visible from ~284 eV in graphene to ~287 eV
in hydrogenated graphene. The peak value in the C1s spectrum (~284 eV) of the tested
graphene sample is comparable to the peak values of the spectra reported in literature
for pristine graphene [22]. Given that XPS cannot distinguish C–H and C–C bonds, the
FTIR transmittance spectra comparison of both graphene and hydrogenated graphene
was then used to confirm sp3 C-H hybridization peaks due to C-H stretching vibrations
at wave number ~2852.51 cm−1 and ~2923.87 cm−1, and an intense C-H bending peak at
~1122.49 cm−1 on hydrogenated graphene and relatively weaker or completely non-existent
on graphene. Using fluorographite as a starting material instead of graphite or graphite
oxide contributes to a highly hydrogenated product as, according to a mechanism by Yang
et al., the tertiary C-F bond domains are the principal structure of the fluorographite and
these can be easily reduced. We can conclude that tertiary C-F bonds in fluorographite
were all transformed into C-H bonds as well as C-C π-conjugated domains, but it should
be noted that the latter domains form the minor structure of fluorographite [20]. A stronger
C-C skeletal vibration at ~1629.73 cm−1 for HG compared to the one on graphene can
mean the destruction/displacement/removal/utilization of the C=C during the reduction
process and further analysis and or study is beyond the scope of this study. For purposes
of this study we have confirmed hydrogenation.
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3.2. Physical Characterization

Film morphology and uniformity has a significant impact on the performance of the
OTFT devices, where uniform films exhibit low sheet resistance, which is highly desirable.
Figure 4a–d display AFM images of the surface topography of the C60 OTFT channel layer,
graphene:PEDOT:PSS, rGO:PEDOT:PSS, and hydrogenated graphene: PEDOT:PSS, on
a 50 µm × 50 µm area, respectively. The AFM image reveals that the spin-coated C60
has a smooth surface with a spot-like crystalline morphology with an RMS roughness
(Rq) of 6.67 nm, and mean roughness (Ra) of 5.33 nm. Whereas graphene: PEDOT:PSS,
rGO:PEDOT:PSS, and hydrogenated graphene:PEDOT:PSS have an RMS roughness of
7.77 nm, 7.28 nm, and 11.4 nm, and Ra of 5.68 nm, 4.24 nm, and 8.46 nm, respectively.
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The conductive/sensing layers show a relatively smooth surface with apparent peaks
corresponding to the doping agent flakes (Gr, rGO, and hydrogenated graphene), indicating
that PEDOT:PSS results in smooth conductive layers.
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The thickness of the OTFT individual structural layers was determined using SEM,
as shown in Figure 4e, which displays the C60 channel layer deposited on the SiO2/Si
substrate. The thicknesses of the other structural layers was estimated using the same
approach. The measured OTFT structural layers thicknesses were 120 nm, 125 nm, 200 nm,
1000 nm, and 500 nm for C60, PVA, PMMA, PEDOT:PSS, and Gr:PEDOT:PSS, respectively.

The thicknesses of the spin-coated rGO:PEDOT:PSS and hydrogenated graphene:
PEDOT:PSS films were both measured at ~500 nm.

3.3. Charge Carrier Mobility Characterization

The charge carrier mobility was measured using the DI SCLC methodology which
gives direct measurements of charge mobility in C60. Figure 5a displays the current transient
of the C60 film at different voltages, where a rapid increase in the current can be observed
as the applied voltage increases, reaching a point where the charge density is maximized.
The well-defined maxima
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observed in Figure 5a indicates the arrival time of the fastest charge carriers to the
non-injecting contact. Beyond that point, the current density decreases until it reaches
the equilibrium state analogous to charge dynamic equilibrium. The observed increase in
current transient with increasing voltage featuring a shift of the current peak to lower values
is indicative of the formation of ohmic contact typical to DI SCLC transients. Figure 5b
summarizes the electron mobilities obtained from Dark Injection Space Charge Limited
Current measurements showing higher mobilities in the low voltage region and a saturation
region at higher voltages, suggesting that electron mobility becomes independent of the
applied voltage. These results were valuable in confirming the semiconducting behaviour
of our solution-processed C60 film and furthermore helped in setting an optimal voltage
bias point for the reported OTFT-based sensors.

3.4. Current-Voltage Characterization

The output and transfer characteristic of the OTFTs with graphene:PEDOT:PSS as the
top gate conductive layer is shown in Figure 6a,c. OTFTs exhibit a clear n-type transistor
behaviour and possess a demonstrable linear and saturation region at higher gate bias
voltages, along with very low gate leakage current IGS. Figure 6b shows the scalability of the
OTFT where the output characteristic of OTFTs with different aspect ratios were compared
showing increasing output current with increasing aspect ratios. Device metrics, namely
threshold voltage, carrier mobility, and ON/OFF ratio were determined from the transfer
characteristic data displayed in Figure 6c. The effective per unit area dielectric capacitance
was measured directly using a precision impedance analyzer and valued at 7.82 nF/cm2.
The threshold voltage Vth = 1.2 V was determined graphically. The corresponding charge
carrier mobility and ON/OFF ratio were evaluated at VDS = 50 mV and estimated as
1.2 cm2/V s and 3.75 × 102, respectively.
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The OTFT devices exhibited good characteristics and relative environmental stability
in ambient conditions. The gate leakage current was very low compared to the drain-
source current, which is indicative of low surface defects of the semiconductor layer,
good dielectric/semiconductor interface, and the high quality of the dielectric stack. As
expected, characteristics of devices fabricated using the same process vary due to variations
in ambient conditions, film thickness, and morphology. The fabricated OTFT devices
experience drift and decreasing drain current with repeated measurements but remain
operational over several weeks using the same device.

3.5. Sensor Performance
3.5.1. OTFT Humidity Sensor

The use of rGO as humidity sensing material for OTFTs is based on its conductive
nature and its chemical affinity toward water molecules [15]. The humidity OTFT sensor
was designed for qualitative measurement purposes to detect the presence of surface
moisture. It is used in conjunction with the chloride sensor to ensure the latter operates in
dry conditions only to minimize false measurements.

In this instance, the OTFT gate was functionalized with rGO which undergoes an
increase in conductivity in the presence of water molecules. The sensor’s transient response
was measured at a constant gate bias of 1 V and drain voltage of 5 V at which the OTFT
operates in the linear regime. The current transient of the sensor is depicted in Figure 7a,
which displays the sensors response before, during, and after exposure to high levels of
humidity.
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As expected, the conductivity of rGO is enhanced as a result of chemical bonding
between the hydroxyl groups present in rGO and water molecules. As a result, the sen-
sor output current increases when it is exposed to humidity and the associated relative
responsivity for dry to surface wetness transition (RRel) was estimated at 122.6% using
Equation (2), where ∆Iresp is the change in the sensor current due to exposure to surface
wetness and Idry is the sensor output current under dry conditions. The sensor’s response
time and recovery time were extracted from the sensor’s response shown in Figure 7b and
were both estimated at 20 ms.

RRel =
∆ Iresp

Idry
× 100 (2)

Repeated measurements of the sensor transient response revealed that the sensor
remains responsive during recurrent exposure to humidity with an unchanged response
time. However, the OTFT output current decreased with repeated measurements. This is
an expected behaviour of organic thin film transistors as they are prone to environmental
doping, material degradation, as well as photodegradation.

3.5.2. OTFT Chloride Ion Sensor

As previously described, the chloride sensor is composed of the C60 OTFT in which
the gate conductive layer was functionalized with hydrogenated graphene. The sensing
performance of the fabricated OTFT chloride sensor against a broad range of chloride
ion concentrations is evaluated and compared to the core OTFT device comprising Gr:
PEDOT:PSS as the gate conductive layer. Figure 8a displays the output characteristic of the
chloride sensor before and after exposure to different Cl− concentrations (3 ppm −75 ppm)
at a constant gate bias VGS = 1 V. As evident, the sensor undergoes a decrease in the
saturation current associated with the decrease in conductivity resulting from hydrogenated
graphene bonding with chloride ions. The output current was also measured at VDS = 13 V,
during which the sensor operates in the linear regime. Transistors with varying channel
lengths and aspect ratios were exposed to Cl− solution and their output current was
measured. For all OTFT Cl− sensors, the output current density exhibits a logarithmic
dependence over concentration ranging between 3 ppm and 75 ppm, as shown in Figure 8b.
Transistor dimension variations do not affect responses to seen analytes, where changes
in IDS remain consistent regardless of the sensor’s surface area. The sensor response
experiences slight diversion after recurring measurements, often observed on organic
electronics, but remains relatively uniform with respect to analyte concentration.
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The sensitivity of the sensor was estimated at 4%/ppm and was calculated using
Equation (3), where ∆Iresp is the change in the output current after exposure to Cl−, Iref is
the baseline output current, and C is the Cl− concentration.

S =
∆ Iresp

C Iref
× 100 (3)

For practical application of environmental sensors, they typically need to operate in
environments where the temperature may vary significantly. The temperature dependence
of the OTFT sensor was investigated by placing the OTFT on a Peltier cooler-regulated
thermal chuck and the drain current versus the gate voltage dependence was plotted at
a constant drain-source voltage of 200 mV. Sensor response to increasing temperature is
depicted in Figure 8c, which shows the expected increase in the drain current attributed
to thermal effects. The thermal effects’ influence on the sensor operation appears as a
decrease in the threshold voltage (0.2 V to 0.05 V), although not significant, it should be
taken into consideration. The mobility, on the other hand, undergoes an increase of ~70%
as the temperature is increased from 25 ◦C to 45 ◦C.

It was demonstrated that the in-house synthesized hydrogenated graphene displays
chemical affinity toward Cl− ions which results in a decrease in electrical conductivity.
This was achieved using C60 OTFT as a transducer which experiences a decrease in output
current as hydrogenated graphene is exposed to Cl−. Our Cl− ions sensor is able to
detect small concentrations far below reported corrosion initiation thresholds of 100 ppm
to 3500 ppm [5,6]. Investigation of device scalability demonstrates the achievability of
a miniaturized Cl− sensor without compromising the reliability of the measurements.
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Regardless of variation in the transistor dimensions, measurements of % change in output
current in response to Cl− concentration are consistent and repeatable.

OTFT sensors experience drift and decreasing drain current with repeated measure-
ments but remain operational over several weeks using the same device. Despite these
variations, the OTFT was used to fabricate chloride ion and humidity sensors with robust
response to minute concentrations.

Currently, the fabricated sensors are at the development stage and were tested in a
laboratory environment without encapsulation and packaging. Further improvements
are currently in progress and it is the aim to implement drift correction measures by
limiting exposure to contaminants during fabrication, implementing temperature drift
compensation, and designing proper encapsulation and packaging.

4. Conclusions and Future Work

N-type OTFT was successfully fabricated using solution deposition techniques with
fullerene C60 as the semiconductor channel and was used in the fabrication of humidity and
chloride ions sensors for corrosion monitoring applications. The OTFT has low threshold
voltage, large charge carrier mobility, and good current ON/OFF ratio. Furthermore, it
has low power requirement, relative environmental stability, and experiences little to no
losses. Hydrogenated graphene was successfully synthesized using the Birch method and
was used along with rGO as the sensing materials for chloride ion and humidity sensors,
respectively. The organic sensors exhibit high sensitivity to target analytes, low power
requirements, and excellent repeatability. The humidity sensor shows an almost instant
response to the presence of surface moisture and very fast recovery. The chloride ion sensor
can detect very low concentrations compared to corrosion initiation thresholds. This further
proves the chemical affinity of hydrogenated graphene toward Cl−. These simple devices
are reliable and economically attractive candidates for corrosion prevention techniques and
can be the starting point for the design and fabrication of a range of OTFT sensors integrated
in common sensor nodes and targeting corrosion precursors and early on by-products.
Each sensor node includes a humidity sensor to ensure that the adjacent sensors operate in
dry conditions only, and prevent the likelihood of errors and false measurements stemming
from sensing in humid conditions. This study demonstrates the potential of solution-
processed n-type organic thin film transistor sensors using graphene derived materials in
non-destructive inspection for structural health monitoring applications. However, further
research and optimization are needed for the realization of robust, environmentally stable,
and reliable fully organic corrosion sensors.
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