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REVIEW

Organic Thin-film Transistors Based on Thin Films of
Polymer and Nanocomposite Materials

Renat B. Salikhov a, Anastasiya D. Ostaltsova a, Timur R. Salikhov a, Malik Kh. Balapanov a,*,
Marzhan M. Kubenova b, Aida B. Akberdiyeva b

a Institute of Physics and Technology, Ufa University of Science and Technology, Russian Federation
b Institute of Physics and Technology, L.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Abstract

Thin-film organic field-effect transistors have emerged as a promising technology for flexible and low-cost elec-
tronic devices. This review examines recent advances in the development of OFTs based on various organic and
nanocomposite materials, including carbon nanotubes, epoxy blends, graphene oxide, chitosan succinamide, poly-
arylenephthalide, fullerene derivatives, and poly(3-hexylthiophene-2, 5-diyl). The electrical properties, charge carrier
mobility, and surface morphology of these materials are analyzed, highlighting their potential applications in sensors,
flexible electronics, and biomedical devices. The review also discusses challenges and future directions in this field,
emphasizing the need for improved fabrication methods and material optimization to enhance device performance
and scalability.

Keywords: Transistors, Charge carrier mobility, Thin films, Current-voltage characteristics

1. Introduction

O rganic field-effect transistors (OFETs) have
attracted significant attention since their inven-

tion in 1986 due to their unique properties, such as
environmental friendliness, flexibility, and lightness
[1]. These attributes have led to their application in
electronic circuits and various sensors, including
chemical, biological, and temperature sensors [2]. The
biocompatibility and low-cost nature of OFETs based
on organic semiconductors (OSCs) make them partic-
ularly promising for environmental monitoring and
medical diagnostics [3,4]. Substantial progress has
been made in recent years in developing gas sensors
for detecting NH3, NO2, and H2S [5]; however, chal-
lenges with stability and reproducibility persist [6—8].
Consequently, research into charge transfer mecha-
nisms [9—11] and the development of new polymers
[12] remains highly relevant.

Thin-film organic field-effect transistors (TFOFETs)
are of great interest for flexible electronics, sensors,

and low-cost electronic devices due to their compati-
bility with large-area, low-temperature processing
techniques [13—15]. A key advantage over traditional
silicon-based devices is their outstanding mechanical
flexibility, which is crucial for applications in wearable
electronics and biomedical sensors [16]. This flexi-
bility, often characterized by a high elastic limit and
low bending modulus, allows these devices to conform
to irregular surfaces, such as human skin, without
structural failure. The mechanical properties of the
constituent materials, including polymers and carbon
nanostructures, are therefore a critical area of inves-
tigation, as referenced in studies on these composites
[19,20].

As key components in electronics, transistors are
vital for controlling electrical signals. Organic field-ef-
fect transistors offer a viable alternative to silicon-
based devices in applications where mechanical flexi-
bility and low manufacturing costs are essential [17].
The performance of OFETs is largely determined by
the properties of the organic semiconductor materials
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used. Carbon nanostructures like carbon nanotubes
(CNTs) and graphene oxide are among the most
promising materials due to their high electrical con-
ductivity, mechanical strength, and chemical stability
[18]. These materials are often incorporated into
polymer matrices to form nanocomposites that
synergize the benefits of both components [19].
For instance, nanocomposites based on chitosan suc-
cinamide (SCTS) and polyarylenephthalide (PAP)
demonstrated excellent electrical properties and
biocompatibility, making them suitable for biomedical
sensors [20].

Studies have shown that incorporating nanofillers
into polymer matrices enhances device performance.
For example, single-walled carbon nanotubes
(SWCNTs) in a polyarylenephthalide matrix signifi-
cantly increased charge carrier mobility to values up to
0.071 cm2/V·s [21]. Similarly, the addition of graphene
oxide (GO) into a chitosan succinamide matrix was
shown to improve electron transport rates and effec-
tive surface area, leading to enhanced performance in
electrochemical sensors [22].

The fabrication of OFETs typically involves depos-
iting thin films of organic semiconductors onto flexible
substrates like plastic or glass, followed by the depo-
sition of gate, source, and drain electrodes. Techniques
such as spin-coating and thermal evaporation are
critical for producing uniform thin films with
controlled morphology, which is essential for high
device performance [23].

Despite considerable progress, several challenges
remain. These include improving material stability,
enhancing charge carrier mobility, and achieving bet-
ter control over film morphology and fabrication
processes [24]. Furthermore, the integration of OFETs
into practical applications requires further research
into scalability and cost-effectiveness [25]. Carbon
nanotubes, despite their excellent properties [26—28],
suffer from electrical instability [29,30] and photo-
sensitivity [31]. While passivation methods have been
explored [32,33], they have limitations [34,35],
necessitating new approaches such as the use of a
dual-gate architecture [36,37]. One study investigated
the electrical and optical stability of CNT-based thin-
film transistors prepared by a liquid-based method,
demonstrating the potential of dual-gate designs to
improve stability and elucidating the underlying pho-
toresponse mechanisms [38]. CNT transistors are
considered promising for flexible and transparent
electronics due to their stability under low-light con-
ditions [39,40].

Fabricating OFETs with CNTs requires optimized
deposition methods. Traditional approaches like CVD
and solution processing have limitations [41,42].
Dry deposition from an aerosol reactor at room

temperature presents an alternative that preserves
CNT properties and is compatible with flexible sub-
strates [43—45]. Key issues such as hysteresis and the
on/off ratio have been addressed by passivation
methods, for example, using ALD Al2O3 [46,47].

Novel hybrid molecules based on fullerene C60 and
strained polycyclic hydrocarbons were synthesized via
the Bingel—Hirsch reaction [48—50]. Organic field-ef-
fect transistors fabricated from thin films of these
fullerene C60 adducts were reported. Another study
described OFETs using 1-(4-aryl-1,2,3-triazol-1-yl)-2-
butylfullerene as the semiconductor layer [51]. Atomic
force microscopy studies confirmed that thin films of
triazolylfullerenes with 3-thienyl and 2-naphthyl
groups exhibited more uniform surfaces with lower
roughness.

This review provides an overview of recent ad-
vances in thin-film OFETs, focusing on carbon nano-
materials and polymer composites. It discusses
electrical properties, charge carrier mobility, and sur-
face morphology of these materials, as well as their
potential applications in flexible electronics and sen-
sors. Finally, it addresses ongoing challenges and
future directions aimed at realizing the full potential of
OFETs in practical applications.

2. Organic materials and nanocomposites for
OFET, as well as their current-voltage
characteristics

Organic materials and nanocomposites play a key
role in the development of thin-film field-effect tran-
sistors, providing flexibility, low manufacturing cost,
and tunability of electronic properties. Organic mate-
rials, including conjugated polymers and low-molecu-
lar compounds (e.g., pentacene, thiophene derivatives),
unlike classical inorganic semiconductors, have high
solubility. This property allows the use of printing and
solution deposition methods to form thin-film struc-
tures. To improve the performance of OFETs, including
charge carrier mobility and resistance to degradation,
nanocomposites based on organic matrices with the
inclusion of carbon nanotubes, graphene, or inorganic
nanoparticles are actively studied. Such hybrid sys-
tems combine the advantages of organic and inorganic
components, providing high conductivity, mechanical
strength, and stability, making them promising for
applications in flexible electronics, sensors, and
wearable devices.

The work [7] presents a method for creating highly
efficient field-effect transistors using dry random net-
works of single-walled carbon nanotubes (SWCNTs)
deposited at room temperature. The synthesis process
involved transporting furnace-grown nanotubes with a
carbon monoxide flow followed by deposition in an
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electrostatic precipitator (EP) without heating the
substrate. The EP design included a cylindrical cham-
ber with a horizontally located metal electrode for
placing the substrate [52].

The electrodes (drain and source) were formed by
electron-beam evaporation (IM9912 setup) with the
creation of a multilayer Ti (20 nm)/Au (100 nm)
structure using standard photolithographic technology
with subsequent lift-off. The geometric parameters of
the channels varied in the following ranges: length L
from 2 to 50 μm, width W from 10 to 200 μm. The
configuration of the CNTN transistor is shown in
Fig. 1a.

Additionally, a passivation layer of Al2O3 was
applied to the finished structure using atomic layer
deposition (ALD). The Kapton 200 HN polymer with a
thickness of 50.8 μm, which has high flexibility and
mechanical strength, was used as a substrate for the
top-gate architecture. After deposition of SWCNTs on
the polymer substrate, electrodes (Ti 20 nm/Au
50 nm) were formed using electron beam evaporation
and standard photolithography. The gate dielectric
(Al2O3 100 nm) was created using the ALD method,
and the final stage was the formation of the top gate
electrode (Al 50 nm) using a similar manufacturing
technology. The schematic of this structure is shown in
Fig. 1b.

The current-voltage characteristics of the transistors
from Ref. [7] are shown in Fig. 2. Although their pa-
rameters exceeded those of most organic thin-film
transistors (TFTs), the study presented in Ref. [7] was
aimed at further increasing the effective carrier
mobility in top-gate TFT structures by optimizing their
architecture. The findings of that work open up new
prospects for creating flexible electronics based on
single-layer carbon nanotubes. Fig. 2 presents the
output characteristics of the thin-film transistor at
different gate voltages. The main plot shows the full
range of measured, illustrating the device's behavior
from the linear regime at low to the saturation regime
at higher, where the current plateaus. The family
of curves, each taken at a specific gate voltage,

demonstrates effective field-effect modulation of the
channel conductance. The inset provides a magnified
view of the low-bias, linear operating region. This
detailed view is crucial for accurately estimating key
parameters such as the contact resistance and the
intrinsic channel resistance, which can be obscured in
the full-scale plot. The dashed red line highlights the
specific trajectory used to extract the device's on-state
resistance or, conversely, to calculate the conductance
at a given gate bias. It effectively guides the reader's eye
to the slope from which this important parameter is
derived.

Organic thin-film transistors (OTFTs) based on poly
(3-hexylthiophene-2,5-diyl) (P3HT) with an additional
intermediate layer of pure graphene oxide were
fabricated and characterized [8]. In contrast to studies
that utilized chemically modified GO or reduced gra-
phene oxide (RGO) for interface modification [X, Y], the
authors of [8] employed unmodified material.

The design of the modified devices (Fig. 3) is similar
to standard OTFTs except for the presence of an in-
termediate GO layer. As can be seen from Fig. 3, the
P3HT/GO layer was located not only in the channel
region, but also partially overlapped the electrodes.
This solution, similar to that used in standard devices,
was aimed at increasing the contact area between the
gold electrodes (Au) and the P3HT/GO composite [53].

The manufacturing process of M-OTFT (modified
OTFT) practically repeated the standard method,
supplemented by the operation of applying a GO
interlayer under the P3HT layer. For the production of
S-OTFT (standard OTFT), silicon substrates with
thermally grown oxide with a diameter of 100 mm
were used.

In Fig. 4, the transfer characteristic of the S-OTFT at
VDS = − 5 V is shown as a solid blue line, and the
extrapolation line is shown in red. The threshold
voltage for this device was 26.09 V. For the M-OTFT,
the transfer characteristic at the same drain voltage is
shown as a dotted line, with a similar red extrapolation
curve. In this case, the threshold voltage was 47.24 V,
which is significantly higher than the standard device.

Fig. 1. Schematics of typical structures of CNTN field-effect transistors with bottom gate (a) and top gate (b) [7].
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Such a high threshold voltage makes the modified
structure unsuitable for use in low-voltage electronics
[8].

In Ref. [13], the field-effect transistor samples were
fabricated using composite materials made of poly-
arylenephthalide (PAP) with added graphene oxide
(GO) and single-walled carbon nanotubes (SWCNT).
Glass plates coated with indium tin oxide (ITO) served
as a substrate, acting as a gate [13] (Fig. 5).

Before depositing the dielectric layers, the sub-
strates were heat-treated in an oven at 350 ◦C. 300 nm
thick AlOx dielectric films were formed by spin-coating
(2000 rpm, 30 s) followed by annealing at 350 ◦C for
1 h. At the final stage, two aluminum electrodes (drain
and source), 500 nm thick each, were placed on top of
the dielectric layer.

An experimental study of the volt-ampere charac-
teristics of field-effect transistors (Fig. 6) was carried
out using a common-source circuit under standard
laboratory conditions (temperature 20 ± 2 ◦C,

atmospheric pressure) [13]. The data obtained indi-
cate n-type conductivity of the studied nanocomposite
films, which is confirmed by the characteristic depen-
dence of the output current on the positive bias on the
gate.

It should be noted that pure PAP films without GO
and SWCNT additives have a conductivity several or-
ders of magnitude lower, which excludes the possi-
bility of observing the transistor effect in such
structures.

In Ref. [14], new thin-film composite structures
based on the polyelectrolyte complex chitosan-succi-
namide chitosan (PEC) were developed and studied.
Carbon nanomaterials of various morphologies were
used as modifying fillers: (Carboblack C (CB) and
Carbopack (CP)). Experimental samples of field-effect
transistors (Fig. 7) were made of the following com-
posites: PEC-CarboblackC, PEC-Carbopack, PEC-GO and
PEC-SWCNT.

Transistors with a transport layer made of nano-
composite materials based on PEC, CNT and GO were
manufactured and their characteristics were measured
(Fig. 8) [14].

Field-effect transistors were fabricated based on
nanofibrous carbon (multi-walled carbon nanotubes,
MWCNTs) [17]. The transistor (Fig. 9) was fabricated
on a glass substrate, with a ready-made ITO film as a
gate contact. The gate dielectric was made in the form
of a thin film of aluminum oxide with a thickness of
390 nm by centrifugation from a solution at 1900 rpm

Fig. 2. Isd—Vg characteristics on a polymer substrate of a typical top-gate CNTN FET [7].

Fig. 3. Schematic structure of P3HT-based M-OTFT [8].
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Fig. 4. Transfer and output characteristics of OFETs based on hybrid (solid lines) and separate (dashed lines) active layers [8].

Fig. 5. The structure of the experimental field-effect transistor and PAP polymer [13].

Fig. 6. Output (a) and (b) transfer characteristics of a field-effect transistor with an active layer of PAP/GO and output (c) and (d) of PAP/SWCNT [13].
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and annealing in an oven for 130 min at a temperature
of 320 ◦C. The aluminum oxide solution was prepared
as described in Refs. [54,55]. Drain-source contacts
were made of aluminum foil with a thickness of
300 nm and deposited on top of the dielectric.

The current-voltage characteristics of organic field-
effect transistors (Fig. 10) were studied at room tem-
perature in an air environment. Analysis of the ob-
tained dependencies shows that with a positive gate
voltage, the current increases in these types of tran-
sistors, which indicates the electronic nature of con-
ductivity in the transport channel.

A feature of the characteristics is their nonlinear
nature, as well as the almost complete absence of
saturation sections on the output current-voltage de-
pendencies of the devices under study. The absence of
saturation on the output characteristics may be due to
the presence of leakage currents [17].

In Ref. [18], a thin-film transistor based on carbon
nanotubes in an epoxy matrix (CNT-Epoxy) was

developed. Glass with a conductive coating of indium
tin oxide (ITO) was used as a substrate. The 100 nm
thick gate dielectric layer was formed from an AlOX

solution. The contact pads were made of aluminum.
The structure of the resulting transistor is shown in
Fig. 11 [18]. A feature of this development is the

Fig. 7. Structure of the fabricated field-effect transistor and the structure of PEC based on chitosan (polycation) and chitosan succinate (polyanion)
[14].

Fig. 8. Output (a) and transfer (b) characteristics of a field-effect transistor with an active layer of PEC-SWCNT-GO (synergism effect) [14].

Fig. 9. Structure of the fabricated field-effect transistor [17].
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ability to adjust the conductivity by changing the
concentration of epoxy resin in the composite. In this
case, the mass fraction of carbon nanotubes in the
mixture was ≈0.3 %. Such thin-film transistors are
promising for use in the following areas: sensor de-
vices, “smart” electronic systems, where the following
are critical: energy efficiency, small dimensions,
design flexibility.

The current-voltage characteristics of the obtained
transistors [18] are shown in the Fig. 12.

The work [51] reports the fabrication of organic
field-effect transistors with triazolylfullerenes as
organic semiconductors (Fig. 13). The target tri-
azolylfullerenes 2—6 were formed in 75—90 % yield;
the details of the synthesis and characterization can be
found in Ref. [56].

The current-voltage characteristics of the OFETs
(Fig. 14) were measured at room temperature
under ambient conditions. With a positive gate
voltage, the current increases for all types of tran-
sistors, which corresponds to the electron type of

conductivity of the OFETs transport channel. The
dependencies are nonlinear, and there are no satu-
ration regions on the output characteristics of the
devices. The absence of saturation regions on the
output characteristics may be due to the presence of
leakage currents [51].

2.1. Conclusions and future perspectives

In conclusion, there is no single “best” type of
organic semiconductor for OFETs; the optimal choice
is a trade-off dictated by the application:

For high-performance, flexible electronics where
cost is a secondary concern, CNT-based OFETs (espe-
cially with passivation and advanced deposition) are
currently the most promising, as evidenced by Ref. [7].

For ultra-low-cost, large-area applications like
disposable sensors or macro-electronics, polymer-
based OFETs (e.g., P3HT) offer the best pathway due to
their superior processability.

Nanocomposites represent a powerful strategy for
engineering material properties to achieve a specific
balance of electrical, mechanical, and chemical per-
formance, making them ideal for specialized sensor
and interface applications [13,14].

Small molecules remain an important area of
fundamental research for exploring charge transport
mechanisms and achieving peak performance in
controlled environments.

3. AFM and SEM studies of transport layers of
organic transistors

The study of organic field-effect transistors is usually
accompanied by the investigation of the surface
morphology of the transport layers of these transis-
tors. A typical scanning electron microscopy (SEM)
image of the carbon nanotube net (CNTN) synthesized
at 800 ◦C and deposited at room temperature on a Si/

Fig. 10. Current-voltage characteristics of OFET with a transport layer made of nanocarbon (Nano-S): Output (a) transfer current-voltage
characteristics of a transistor (b) [17].

Fig. 11. Structure of a thin film transistor based on an epoxy mixture of
CNTs [18].
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SiO2 substrate [7] is shown in Fig. 15. HWG (hot-wire
generator) is a method for synthesizing single-walled
carbon nanofibers (SWCNTs) with a floating catalyst.
The HWG-synthesized SWCNTs with an average indi-
vidual CNT length of 1 μm and an average diameter of
1 nm were used to fabricate transistors on a polymer
substrate [57]. To measure the performance of the
deposited CNTNs, both bottom-gate and top-gate FET
structures were fabricated.

The conducted studies of the surface morphology of
the P3HT layer deposited on the SiO2 substrate [8]
revealed a pronounced granular structure (Fig. 16a).
Analysis of the topographic image by atomic force mi-
croscopy showed that the grain size varies in the range
of 80—200 nm. The root-mean-square surface rough-
ness is ~2 nm, which corresponds to a grain height of
about 4 nm. With a layer thickness of approximately
58 nm (less than the transverse size of the grains), it can

Fig. 12. Output (a) and transfer (b) characteristics of an epoxy blended CNT transistor [18].

Fig. 13. Structure of the experimental field-effect transistor based on triazolylfullerenes and types of triazolylfullerenes [51,56].

Fig. 14. Output and transfer characteristics of OFETs based on triazolylfullerenes 4 and 6 [51].
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be assumed that the grain structure is the dominant
morphological element in S-OTFT structures.

The phase image of the P3HT layer on SiO2 (Fig. 16b)
in the first approximation repeats the topographic

features of the surface. However, characteristic wave-
like irregularities with a transverse size of 30—60 nm
are additionally observed, which is confirmed by AFM
measurements. According to literature data [58—60],
such structures may reflect the lamellar packing of
P3HT macromolecules on the surface.

It is noteworthy that the morphology of P3HT
deposited on the GO layer (Fig. 16c) demonstrates a
fundamentally different organization. In this case, the
formation of significantly larger grains is observed,
forming continuous ribbon structures.

The morphology of the surfaces of the films was also
studied. AFM images (Fig. 17) were obtained using
Nanoeducator II [13]. The PAP/GO surface showed
high peaks, which are shown in white, while the PAP/
SWCNT surface had a “softer” structure.

Scanning electron microscopy (Fig. 18) allowed us to
visualize the distribution of carbon (yellow) over the
film surface. The analysis revealed significant changes
in morphology when moving from pure PEC to its
composite forms with single-walled carbon nanotubes
or graphene oxide. Key morphological features: pure

Fig. 15. SEM image of a CNTN on a Si/SiO2 substrate at room tem-
perature using the ESP [7].

Fig. 16. Photoresponce kinetics of current through polyindole films obtained at different spin-coating rates. Voltage between electrodes U= 10 V [8].
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PEC exhibits a uniform surface without pronounced
structural elements. The PEC/SWCNT composite ex-
hibits characteristic fibrous structure corresponding to
nanotubes, uneven density distribution over the sam-
ple surface. The PEC/GO system exhibits uniformly
distributed structures over the surface, formation of
large “island” structures [14].

The most representative SEM images of the specified
carbon material at various magnifications are pre-
sented. According to the data obtained, the fibrous
structure of the surface of the film of the obtained
carbon material is clearly visible (Fig.19) [17].

The morphology of the carbon layer is shown in
Fig. 20. The scanning electron microscopy (SEM)

Fig. 17. AFM image of PAP/GO (a) and PAP/SWCNT (b) [13].

Fig. 18. SEM images of PEC (left), PEC-SWCNT (middle) and PEC-GO (right) in carbon (yellow) contrast [14].
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studies revealed the following structural features:
preservation of the integrity of the CNT structure in
the presence of high curvature; formation of inter-
twined aggregates without signs of defects; high-
quality distribution over the surface, indicating an
optimized deposition technology. The silicon substrate
provides surface smoothness for uniform distribution
and high contrast during SEM observations [61,62].
The key factor in controlling the layer morphology is
the CNT deposition rate. By varying this rate, one can
control the structural features of the film and the
physicochemical properties of the resulting layers
[18].

The morphology of the surfaces of the films was also
studied. Atomic force microscopy (AFM) images
(Fig. 21) were obtained using Nanoeducator II NT-
MDT instrument, scan size = 20 by 20 μm.

4. Carrier mobility in thin-film field-effect
transistors

Charge carrier mobility (μ) is a key parameter
characterizing the performance of thin-film field-effect
transistors. Improvement of mobility is achieved by
optimizing the morphology of the active layer, using
highly ordered molecules and introducing nano-
composite additives that help increase the degree of
crystallinity and reduce defects.

Homogeneous and ordered structures with low
surface roughness values usually lead to increased
charge carrier mobility [21].

The mobility of charge carriers is given by:

μ=
IDS

W
L ·C·

(

VG − Vth −
VDS

2

)

·VDS

; (1)

where W is the channel width, L is the channel length, C
is the capacitance per square area of the gate dielectric
AlOX (for the 500 nm thickness, C = 7.1 nF/cm2), VG is
the gate voltage, VDS is the voltage between the drain
and source, and Uth is the threshold voltage. The
threshold voltage Vth is found from the plots of the
current root IDS

1/2 versus the voltage VDS at VG= const.
The calculated values of the charge carriers’ mobility

for different kinds of OFETs are shown in Table 1.
As can be seen from Table 1, the value of charge

carrier mobility in thin film samples of field-effect
transistors depends on the material. Traditional poly-
mers (P3HT) show modest results (0.0073 cm2/V s)

Fig. 19. SEM images of the obtained nanocarbon [17].

Fig. 20. SEM images of the obtained epoxy mixture of CNTs [18].
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Fig. 21. AFM image of the film formed from compound (a) 4 and (b) 6 [51].

Table 1. Comparison of charge carriers’ mobility for different kinds of thin films.

Sample* Mobility, cm2/V·s

CNTN [7]. 1
P3HT-based M-OTFT [8]. 0.0073
PAP/GO

PAP/SWCNT [13].
0.020
0.071

PEC
PEC/GO
PEC/CP
PEC/CB
PEC/SWCNT
PEC/GO + SWCNT [14].

0.34
0.97
0.96
0.57
1.12
10.97

SCTS
SCTS-GO
SCTS-CP
SCTS-CB
SCTS-SWCNT [15].

0.173
0.509
0.351
0.269
0.713

Nano-S [17]. 0.008
CNT-Epoxy [18]. 28.87
CNTs in a polyarylene phthalide matrix [21]. 0.007
2-naphthyl molecules
biphenyl-4-yl molecules [51].

0.09
0.033

pgBTTT [63]. 3.440
P(bgDPP-MeOT2) [64]. 1.630
p(gDPP-T2) [65]. 1.550

(continued on next page)
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[8]. The highest mobility is demonstrated by CNT-
Epoxy (28.87 cm2/V s) and PEC/GO + SWCNT
(10.97 cm2/V s) composites, which confirms the effi-
ciency of using carbon nanomaterials as fillers [14,18].
The addition of GO and SWCNT to polymer matrices
(PEC, SCTS) increases the mobility by 2—60 times
compared to pure polymers [13—15]. New derivatives
(biphenyl-4-yl and 2-naphthyl molecules) demonstrate
intermediate values (0.033—0.09 cm2/V s) [51]. High
pgBTTT values (3.44 cm2/V s) and other polymers
[63—65] indicate the potential of molecular design of
organic semiconductors.

Above, we discussed modern achievements in the
development of such transistors based on organic and
nanocomposite materials, including carbon nanotubes,
graphene oxide and polymers. Analysis of their elec-
trical properties, charge carrier mobility and surface
morphology confirms the potential for use in flexible
electronics, sensors and biomedical devices [70—78].

5. Conclusions

This review examined recent progress in developing
organic field-effect transistors (OFETs) based on a
range of materials, including carbon nanotubes,

graphene oxide, poly(3-hexylthiophene-2,5-diyl)
(P3HT), polyarylenephthalide (PAP) composites, and
fullerene derivatives. A key finding was that the per-
formance of these devices is intrinsically linked to the
morphology and composition of the active layer. Mi-
croscopy and electrical characterization confirmed
that incorporating nanofillers like single-walled carbon
nanotubes (SWCNTs) and graphene oxide (GO) into
polymer matrices enhanced crystallinity, reduced
structural defects, and consequently improved charge
carrier mobility.

However, several challenges persist. Non-ideal
output characteristics, including a lack of current
saturation, were frequently observed and often
attributed to leakage currents or suboptimal film
morphology. The research surveyed indicated that the
primary hurdles for widespread adoption remain
enhancing environmental stability, achieving lower
operating voltages, and ensuring high reproducibility.

Future efforts should prioritize optimizing deposi-
tion techniques, designing novel composite materials,
and refining device architectures. Addressing these
areas is essential for advancing this technology from
laboratory research to practical applications in
sensing, wearable systems, and large-area electronics.

Table 1. (continued)

Sample* Mobility, cm2/V·s

PProDOT-DPP [66]. 0.940
P3gCPDT-1gT2 [67]. 0.900
pFBT with chalcogenoselenophene [68]. 0.250
f-BTI2g-TVTCN [69]. 0.240

*CNTN: Carbon Nanotube Network [7].
P3HT-based M-OTFT: Poly(3-hexylthiophene-2,5-diyl)-based Modified Organic Thin-Film Transistor [8].
PAP/GO: Polyarylenephthalide/Graphene Oxide composite [13].
PAP/SWCNT: Polyarylenephthalide/Single-Walled Carbon Nanotube composite [13].
PEC: Polyelectrolyte Complex (based on chitosan and chitosan succinate) [14].
PEC/GO: Polyelectrolyte Complex/Graphene Oxide composite [14].
PEC/CP: Polyelectrolyte Complex/Carbopack composite [14].
PEC/CB: Polyelectrolyte Complex/Carbon Black (Carboblack C) composite [14].
PEC/SWCNT: Polyelectrolyte Complex/Single-Walled Carbon Nanotube composite [14].
PEC/GO + SWCNT: Polyelectrolyte Complex/Graphene Oxide + Single-Walled Carbon Nanotube hybrid composite [14].
SCTS: Succinyl Chitosan [15].
SCTS-GO: Succinyl Chitosan/Graphene Oxide composite [15].
SCTS-CP: Succinyl Chitosan/Carbopack composite [15].
SCTS-CB: Succinyl Chitosan/Carbon Black composite [15].
SCTS-SWCNT: Succinyl Chitosan/Single-Walled Carbon Nanotube composite [15].
Nano-S: Nanofibrous Carbon [17].
CNT-Epoxy: Carbon Nanotube/Epoxy resin composite [18].
CNTs in a polyarylene phthalide matrix: Carbon Nanotubes in a Polyarylenephthalide matrix [21].
2-naphthyl molecules: 1-(4-(2-naphthyl)-1,2,3-triazol-1-yl)-2-butylfullerene derivative [51].
biphenyl-4-yl molecules: 1-(4-(biphenyl-4-yl)-1,2,3-triazol-1-yl)-2-butylfullerene derivative [51].
pgBTTT: Poly(germyl-bis-thienothiophene) [63].
P(bgDPP-MeOT2): Polymer based on benzodithiophene and diketopyrrolopyrrole with methyloxy-thiophene side chains [64].
p(gDPP-T2): Polymer based on diketopyrrolopyrrole and bithiophene [65].
PProDOT-DPP: Poly(propylenedioxythiophene-diketopyrrolopyrrole) [66].
P3gCPDT-1gT2: Polymer based on cyclopentadithiophene and bithiophene [67].
pFBT with chalcogenoselenophene: Poly(fullerothiophene) with chalcogenoselenophene comonomer [68].
f-BTI2g-TVTCN: Fluorinated bithienoindacenodithiophene-based polymer with TVTCN group [69].
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