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Marzhan M. Kubenova ®

@ Institute of Physics and Technology, Ufa University of Science and Technology, 450076 Ufa, Russian Federation
® Institute of Physics and Technology, L.N. Gumilyov Eurasian National University, 010008 Astana, the Republic of Kazakhstan

Abstract

Organic phototransistors and photoresistors may become key devices in photonics and optoelectronics in the near
future, providing high sensitivity and controllability in response to light signals. Their operating principle is based on the
conversion of light energy into electrical signals, which makes them indispensable in various applications, including
sensors, solar cells and displays. One of the important aspects of organic photoelectronic devices is high photosensitivity,
which determines the ability of the sensor to register even weak light fluxes. Organic phototransistors, as a rule,
demonstrate a higher level of photosensitivity compared to classical inorganic analogs due to the improved structure of
materials and deposition technology. The analysis of the input and output characteristics of transistors carried out in the
work shows that organic photoelectronic devices will be able to provide flexibility in development and settings. These
parameters play an important role in determining the efficiency and reliability of devices under various operating con-
ditions. As a result, organic phototransistors and photoresistors will not only expand the capabilities of modern tech-
nologies, but also open new horizons for research and development in the field of lighting and communication systems.

Keywords: Photoconductivity, Photosensitivity, Phototransistors, Photoresistors, Photovoltaics

1. Introduction

I n today's world, where technology is developing at

an incredible speed, we are witnessing significant
progress in the field of electronics and photonics. One
of the key aspects that determines this progress is
the understanding and application of the phenome-
non of photoconductivity, as well as the development
and use of phototransistors. Photoconductivity is a
phenomenon in which materials change their elec-
trical properties in response to light. This pro-
perty allows the creation of devices that can convert
light into an electrical signal, which opens up wide
possibilities for application in various fields,
including optical communications, medical diagno-
stics, as well as in the field of solar cells and pho-
todetectors [1—7].

The phenomenon of photoconductivity plays an
important role in various fields of science and tech-
nology, such as optoelectronics, solar energy and sen-
sors. The study of photoconductivity allows us to better
understand the mechanisms of interaction of light with
matter and to develop new materials and devices with
improved characteristics [8—12].

The relatively low conductivity of semiconductors
and insulators can be significantly altered by illumi-
nation. From the dependence of photoconductivity on
factors such as excitation photon energy, illumination
intensity, or ambient temperature, considerable infor-
mation can be obtained about the distribution of elec-
tronic states in a material and about the processes of
carrier generation and recombination [13,14].

Photoconductivity measurements have been used to
study the electrical and optical properties of materials.
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It is a process of increasing electrical conductivity by
absorbing photons with energies equal to or greater
than the band gap energy of the material [15]. The
conductivity of a material is changed by changing the
free carrier density and mobility. The rate of electron-
hole pairs generation, minority carrier lifetime, and
transport mechanism are also important parameters
affecting photoconductivity [16—21].

The illuminance of any light source is measured
using different types of calibrated equipment available
in the market such as spectral radiometer, photometer,
lux meter and optical lens based systems. A study [22]
evaluated the photoresistor or light dependent resistor
(LDR) and phototransistor to see if it is useful for
determining the light patterns of halogen and xenon
lamps.

The demand for high-performance, low-power visible
light photodetectors is critical for their use in nume-
rous industries such as biomedical health monitoring
systems, electronic eyes, and advanced lighting systems
[23—25].

Phototransistors are semiconductor devices that
convert optical signals into electrical signals. They have
become an integral part of many modern technologies
including lighting systems, optical communications,
and photovoltaic devices. Phototransistors operate by
changing the conductivity of a material in response to
incoming light [26,27].

Unlike conventional transistors that require an elec-
trical signal to control, phototransistors respond to the
light intensity, making them ideal for sensing applica-
tions. They are widely used in photocells that detect the
presence and intensity of light, as well as in cameras
and scanners that require high sensitivity to light.
Modern phototransistors are made from a variety of
semiconductor materials, such as silicon and gallium
arsenide, which allows them to achieve a wide range of
sensitivities and response times. Their applications
range from household appliances to complex industrial
systems, making phototransistors an important
element in the evolution of electronics and photonics
[28,29]. Organic phototransistors represent a unique
area of semiconductor technology, with high potential
for creating devices with improved characteristics.
These components, using organic semiconductors, open
up new perspectives in the development of flexible
electronics, integrated sensors, and high-efficiency
solar cells [30].

The main advantage of organic phototransistors is
their ability to efficiently convert light signals into
electrical signals. This quality makes them ideal for use
in photodetectors, where high sensitivity and response
speed are critical. The use of organic materials also
allows for the creation of devices with low weight and
low production costs.

Despite their obvious advantages, organic photo-
transistors face a number of challenges, such as sta-
bility and durability in environmental conditions.
Research in this area is focused on finding new poly-
mers and molecules that can improve the performance
of the devices, as well as on developing technologies
that help increase their service life [31].

Ultimately, the development of organic photo-
transistors can lead to the creation of innovative solu-
tions that will be used in various fields, from medicine
to consumer electronics [32].

Photoresistors, or light-sensitive resistors, are key
components in the world of electronics that can change
their resistance depending on the level of illumination.
These devices are widely used in a variety of fields,
from simple light signals to complex automatic lighting
control systems.

The operation of photoresistors is based on the
phenomenon of photoconductivity in which materials
such as CdS (cadmium sulfide) or Si (silicon) become
more electrically conductive due to the absorption of
electromagnetic radiation. This property allows pho-
toresistors to be used in various sensors that auto-
matically respond to changes in the environment
[33—35].

For example, in street lamps, photoresistors can
provide automatic switching on and off of the light
depending on the darkness [36]. In addition, they are
used in photometric devices, as well as in automation
systems where sensitivity to changes in illumination is
required [37].

In addition, with the development of technology,
photoresistors are becoming more versatile, which al-
lows them to be integrated into various electronic de-
vices, opening up new opportunities for innovation in
futuristic design and functionality [38].

Organic photoresistors are advanced devices that
convert light signals into electrical signals using
organic semiconductors. Their unique structure and
properties provide significant advantages over tradi-
tional inorganic photoresistors, making them indis-
pensable in modern technologies [39].

Among the main advantages of organic photoresistors
are flexibility, lightness, and the possibility of large-
format production. This opens up new path for inte-
gration into various electronic devices and systems,
from portable electronics to complex sensor networks.
Organic materials, such as polymer compounds or small
molecules, allow high photosensitivity coefficients to be
achieved, making them particularly attractive for use in
solar cells and optoelectronic systems.

However, despite all the advantages, organic photo-
resistors still face some challenges, including the need
to improve stability and durability. Research in this
area is ongoing, and further advances are likely to
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change the way we perceive and use photoresistors in
the future.

Solar cells, or photovoltaic cells, are one of the most
important technologies in the field of renewable energy
[40]. They are able to convert solar energy into elec-
trical energy, making them key to solving modern en-
ergy problems. Depending on the materials used, solar
cells are divided into two main categories: organic and
inorganic [41,42].

Organic solar cells made from carbon compounds
offer unique advantages such as lightness and flexi-
bility, as well as potentially low manufacturing costs.
Their ability to be transparent opens up new horizons
for integration into architecture and electronic devices.
However, despite their promising prospects, their effi-
ciency and durability remain the subject of active
research [43,44]. Although energy conversion effi-
ciencies have exceeded 10 %, low device stability re-
mains a major challenge [45]. On the other hand,
inorganic solar cells, most often silicon-based, have
gained recognition for their high efficiency and stabil-
ity. They have become the standard in solar energy, but
their production can be less environmentally friendly
and more expensive [46,47]. Research into new mate-
rials and technologies is ongoing, leading to hybrid
solutions that can combine the advantages of both
types of solar cells.

In recent decades, the rapid development of organic
electronics has led to the emergence of new materials
and devices that have the potential to revolutionize the
world of optoelectronics. Among them, organic photo-
transistors (OPTs) and photoresistors (OPRs) occupy a
special place, offering unique advantages over tradi-
tional inorganic counterparts.

Their distinctive features include:

* Low cost: Organic materials are readily available
and inexpensive to produce, making OPTs and
OPRs attractive for mass production.

* Flexible and lightweight: Organic materials can be
easily processed into thin films, allowing for the
creation of flexible and lightweight devices.

* High sensitivity: OPTs and OPRs can exhibit high
sensitivity to light, making them ideal for use in a
variety of applications such as light sensors,
photodetectors, and solar cells.

However, despite these advantages, the development
and optimization of OPTs and OPRs is still in its early
stages. A number of challenges need to be addressed,
such as:

* Low stability: organic materials are susceptible to
degradation when exposed to light, moisture, and
oxygen, which limits the lifetime of devices.

* Low carrier mobility: organic materials have
lower carrier mobility than inorganic materials,
which can limit the operating speed of devices.

Despite these challenges, research in the field of
organic phototransistors and photoresistors is actively
developing. Researchers are working on creating new
materials with improved properties, optimizing device
architectures, and developing new manufacturing
technologies.

This article provides an overview of recent advances
in OPTs and OPRs and discusses their application
prospects in various fields, such as:

* Sensors: creating light sensors for various app-
lications, including medical, industrial, and
environmental.

* Optoelectronics: developing new devices for
display, lighting, and communication.

* Energy: creating efficient solar cells.

This article provides an overview of recent advances
in organic phototransistors and photoresistors and
discusses their potential to revolutionize optoelec-
tronics in the future.

2. Organic materials and nanocomposites

Photoconducting properties of new composite based
on the CdSe nanoplatelets and poly [N-9’-heptadecanyl-
2,7-carbazole-alt-5,5-(4',7’-di-2-thienyl-2/,1’,3’  benzo-
thiadiazole) (PCDTBT) have been studied in Ref. [15].
PCDTBT polymer and CdSe/CdS nanoplatelets solu-
tions mixture with ratio 1:3 in chloroform with con-
centration 10 g/l was deposited on the glass substrate
by the spin-coating at 1000 prm. Obtained film was
dried in argon (Ar) atmosphere at the temperature of
70 °C for 24 h. Finally, aluminum electrodes were
deposited on the film surface in a planar configuration
using thermal evaporation in Fig. 1. The distance be-
tween the electrodes was 1 mm. A tenfold increase in
photoconductivity was found with the addition of
nanoplatelets CdSe/CdS.

Al composite

\ \ film

glass substrate

Fig. 1. A scheme of the investigated sample structure [15].
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Low-voltage photoswitchable OFETs (organic field-
effect transistor) exhibiting two or more stable discrete
states characterized by switching ratios less than 1000
are reported in Ref. [26]. The architecture of these
devices is shown schematically in Fig. 2. It is known
that spirooxazine (SpOx) undergoes photoisome-
rization to the open zwitterionic form when illuminated
in solution with UV or violet light. It is known that
spirooxazine (SpOx) undergoes photoisomerization to
the open zwitterionic form under illumination in solu-
tion with UV or violet light. Back isomerization occurs
when the system is illuminated with visible light. Very
similar processes might occur also in the photochromic
thin films incorporated in the structure of the OFET.

The structure of the FET with a composite active layer
based on polyvinylcarbazole (poly (9-vinylcarbazole)
—PVK:Ni) is shown in Fig. 3. During the fabrication of
the field-effect transistor structures, PVK was dissolved
in chloroform, in which a colloidal solution of Ni nano-
particles was also prepared [27].

In Ref. [48] we have discussed the optoelectronic
properties of a new poly (2-ethyl-3-methylindole)
(MPIn). Samples of photoresistor devices were pre-
pared as follows. A glass substrate with a conductive
indium tin oxide (ITO) coating was washed in an
ethanol solution and then dried in a muffle furnace for
10 min at 50 °C. A film of MPIn was spin-coated from
the solution over the ITO coating. The spin time was
120 s, and the spin speed for three samples was 700,
800, and 900 rpm. In this case, the resulting films had a
thickness of 0.7, 0.5, and 0.4 pum, respectively. After
that, the samples were placed in a muffle furnace at
70 °C and Kkept there for half an hour to remove re-
sidual solvent. An upper aluminum electrode was
deposited over the MPIn by thermal evaporation in a
vacuum setup. The electrode had the form of an S-
shaped track with a width of 1 mm (Fig. 4a). The
thickness of the aluminum electrode was 500 nm.

Light

N\

Drain Source

Fig. 2. Architecture of the developed photoswitchable OFET [26].

o o
6/ 00

Polymer +
o nNanoparticles O
v/ooo A
Si0-
n-doped Si

Fig. 3. Structure of a field-effect transistor with a composite active layer
based on PVK: Ni [27].

a) b)
SOURCE DRAIN
POLYINDOLE
PQLYINDOLE | © ALOX
IT0 ITO-GATE
GLASS GLASS

2. 2.

Fig. 4. Structure of (a) photoresistor and (b) phototransistor [48].

Samples of phototransistors based on polyindole films
with the structure shown in Fig. 4b were also created.
Glass coated with a conducting layer of ITO as a gate
was used as a substrate. The polyindole film was
created by centrifugation from a solution. The centri-
fugation parameters were 800 rpm, the rotation time
was 2 min. The residual solvent was removed by
heating in a muffle furnace for 30 min at a temperature
of 70C.

Optically controlled organic field-effect transistors
containing a binary mixture of fullerene C60 (n-
semiconductor) and spiropyran (photosensitive con-
ductivity modulator) as an active layer were developed
and manufactured. Considering the enormous practical
interest in photocontrolled OFETs, as well as the above-
mentioned technological disadvantages of multilayer
transistors (the manufacture of a multilayer device in
this case is quite expensive. In addition, the switching
efficiency is reduced due to photodegradation of
photochromic molecules and the presence of a large
number of layers, which makes it difficult for photons
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to reach the photochromic molecule), in this work we
set ourselves the goal of manufacturing and evaluating
an optically controlled mixed-type OFET containing a
binary mixture of fullerene C60 and spiropyran 1 as an
active layer (Fig. 5a). For a more objective and rigorous
comparison of our results with published data, we also
manufactured a multilayer transistor in which fullerene
C60 and spiropyran 1 are located in separate layers
(Fig. 5b) [49].

In the article [50] the optoelectronic properties of a
new polymer, poly (2-(1-methylbut-2-en-1-yl)aniline),
with different doping and oxidizing agents are dis-
cussed. All polymer samples were prepared as follows:
a solution of the oxidizing agent in 50 ml of 0.2 M acid
(Table 1) was slowly added to a solution of 1 g (6.2
mmol) of 2-(1-methylbut-2-en-1-yl)aniline in 50 ml of
0.2 M aqueous acid solution (Table 1) at room tem-
perature with continuous stirring. The molar ratio of
monomer and oxidizing agent for all samples was
1:1.25.

Structure of a photoresistor with a polyaniline de-
rivative film is shown in Fig. 6. The upper aluminum
electrode was applied over the polyaniline (PANI) de-
rivatives by thermal evaporation in a vacuum unit. The
electrode had the form of an S-shaped track 1 mm
wide.

In connection with the above and in continuation of
our research on obtaining and studying the properties
of hybrid molecules based on fullerenes and photo-
chromic compounds, aimed at creating more efficient
and promising organic electronic devices [51—56], we
have manufactured and studied a photocontrolled
OFET containing pyrrolidinofullerene 1 as the active
layer (Fig. 7a). At the same time, for a strict and
objective comparison of the results we obtained with
literature data, we have manufactured a multilayer

Coo/Spyropyran

PANI
ITO-Gate

a)

Me  Me

OHC = uv
LR Dy

Me

Table 1. Conditions for the synthesis of polymers by mixing with acid in
various proportions with an oxidizing agent, indicating the reaction
yield [50].

Polymer Acid (0.2 M) Oxidizer (7.75 mmol) Yield, %
1 HCl FeCl3 21
2 H,S0,4 (NH4)2S208 62
3 H,S0, FeCl3 29
4 HNO, (NH,),S,0g 74
5 HNO; FeCl3 42
6 HCIO, (NH4)2S208 53
7 HClO, FeCl3 55
8 HCl (NH,),S;04 72

ITO
GLASS

hv

Fig. 6. Structure of a photoresistor with a film of polyaniline derivative

[50].

transistor in which the semiconductor (fullerene C60)
and the light-controlled compound (spiropyran SpOx)
formed separate layers (Fig. 7b) [57].

Spyropyran
PANI
ITO-Gate

Glass

OHC

Fig. 5. Structures of optically controlled (a) mixed-type and (b) multilayer OFETs and the reversible UV light-induced isomerization of spiropyran 1

into its merocyanine form [49].
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» Light »  Light
Soursel | Drain Sourse Drain
i SpOx
PANI [ PANI |
ITO ITO
Glass Glass

Fig. 7. Structures of photocontrolled OFETs. The following shows the reversible isomerization of the spiropyran moiety to the merocyanine form in
hybrid molecule 1 in OFET (a) and the model spiropyran SpOx to the merocyanine in OFET (b) induced by UV irradiation [57].

PANI

FCP
ITO

Fig. 8. Multilayer structure of FES film [58].

Solar cells, especially organic solar energy photo-
converters (photovoltaic solar cells (PVSC) are used for
the conversion of the solar energy into electricity. Fig. 8
shows the structure of a photoconverter in which thin
films of PANI derivatives and a fullerene-containing
polymer (FCP) based on monosubstituted derivatives
of 1,2-dihydro-C60 are used as photoactive layers [58].

3. Photoresponce kinetics

A typical character of the Ips current relaxation ki-
netics for a PVK:Ni (Ni ~ 10 wt%) OCT when turning on
and off light (with a power of ~ 60—70 puW/cm?) at
Vps = —10 V and Vg = —8 V is shown in Fig. 9, where
Ips drain-source current, Vg is the gate voltage, Vpg is
the drain-source voltage, and Vy, is the threshold
voltage.

The photoresponse Kkinetics of thin-film structures
based on polyindole has been studied in Ref. [48]. To
determine it, the change in photoconductivity was
measured when a sequence of rectangular light pulses
with a duration of 5, 10 and 5 s was applied. The

1.000 - PVK:Ni
(Ni~10 wt.%)

Z . o
£ 0.995F  light-on i}htﬂﬁ
£ \
T =0 light-off

(.985

1 ; | . ‘ y ) , ‘ 1

V] 20 40 60 80 100 120
Time, s

Fig. 9. Relaxation kinetics of Ips OPT based on PVK:Ni (Ni concentration
~ 10 wt%) when turning on and off light with power ~ 60 uW/cm?)
Vps =—10V and Vo = -8V [27].

results are shown in Fig. 10. It turned out that the
photoresponse of the transistor tracks the shape of the
light pulses well, and the rise and fall time of the
photocurrent pulse does not exceed 1 s. A shorter time
is typical for structures obtained at high rotation
speeds during centrifugation.

Fig. 11 shows typical Ips current relaxation kinetics
for an OFET when turning on and off the light (2—3 W/
cmz) at Vpg = 3 V and Vi = 3 V. The output current
depends on the irradiation time of the conducting
channel, and the maximum value is reached 12 s after
turning on the light. The initial state of the transistors
is restored 1—2 s after turning off the activating radi-
ation. It is evident from Fig. 11 that the current in the
mixed-layer transistor begins to increase after 3 s,
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Fig. 10. Photoresponce kinetics of current through polyindole films
obtained at different spin-coating rates. Voltage between electrodes
U=10V [48].
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Fig. 11. Kinetics of Ips increase and decrease for OFETs based on
separate and mixed active layers upon UV light on and off (2—3 uW/
cm?, 350 nm) Vps = 3 Vand Vg = 3 V [49].

whereas the multilayer device begins to operate 6—8 s
after turning on the light. This is apparently due to a
smaller number of photons reaching the photochromic
layer in the latter transistor due to absorption in the
organic semiconductor film [49].

For this purpose, the change in photoconductivity
was measured when applying a sequence of rectan-
gular light pulses with a duration of 5 s or 10 s. It is
evident that the rise and fall time of the photocurrent
pulse does not exceed 1 s. As can be seen from Fig. 12,
the values of the current through the photoresistors
during the action of the illumination pulse exceed 1 pA,
only for one substance under number 1 the photocur-
rent was less than 0.4 pA. Samples under numbers 2, 5,
7, 8 have a higher current, after irradiation with four
pulses, which indicates good stability of the samples.
For the remaining samples, the current remains
approximately at the same level, and sample under
number 1 has the lowest current [50]. The decoding of
the samples, their synthesis and chemical formulas are
given in Table 1.

Fig. 13 shows that the current in the hybrid com-
pound-based OFET is higher than in the multilayer

35 4 —a— 1(FeCl;) @+ 2 ((NHg)25,0s)
. a3 (FeCly) @ 4 ((NHz)25,09)

3 1.8 gose a5 (FeCl) 8- 6 ((NHa)25:08)
an i a7 (FeCly) —8— 8 ((NH4)25,0s)

.: ‘=‘|‘ 288 Ba :
gregs E!,“;““-

a
prraw ﬂagg raaAbaaLd bdpaaa o
A /s A puranabtassssnsshy s ranat

0 4 8 12 16 20 24 28 32 36 40 44
Time, s

Fig. 12. Dependence of current on irradiation time at a voltage of 10 V
and a distance of 10 mm from the radiation output of the fiber optic
cable to the sample [50].

2.0

—&—-Separate layers
-8~ Hybrid layer

0.0

o 4 a8 12 16 20 24
Time (s)

Fig. 13. Kinetics of IDS current rise and fall for OFETs based on double
layers and hybrid layer 1 when UV light is turned on and off (150 W,
350 nm), Vps =3V, Vg =3V [51].

device, which is explained by the fact that in the latter
case fewer photons reach the photochromic layer as a
result of absorption in the organic semiconductor. It
is seen that the output current depends on the irradi-
ation time of the conductive channel, and the maxi-
mum values are reached within 12 s after turning on
the light [51].

4. Photosensitivity, charge transfer and output
characteristics

The charge carrier mobility in the OFET active layer
m was estimated from equation (1) for the low field
mode:

u=IpsL /(WC(VG - Vth)VDS)' (1)

where W is the channel width, L is the channel length, C
is the capacity per area of gate dielectric PANI (for 500
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nm thickness, C = 0.7 nF/cmz), Vg is the gate voltage,
Vps is the drain-source voltage, and Vy, is the threshold
voltage.

The response of fabricated transistors to external
influence was evaluated using the photosensitivity (P)
and responsivity (R) characteristics. The P value is
defined as the photocurrent to dark current ratio:
P = ph /Idark = (Iillum - Idark)/ldark: (2)
where I,, is the photocurrent, Iy,m is the channel
current under illumination, and I, is the drain cur-
rent in the dark.

The R value was defined as the ratio between the
generated photocurrent and the incident optical power
(Pope); hence, the responsivity R can be calculated as
R = phPopt = (Iillum - Idark]/anptr (3)
where E,,, is the incident radiation power density and
a is the area accessible for incident radiation.

When PVK:Ni-based OPTs are illuminated with a
sunlight simulator with a power of ~ 60—70 pW/cm? at
Vg = —10 Vand Vps = —10V, their efficiency reaches ~
1.2 and ~ 5.3 A/W for samples with a Ni content of ~ 5
and ~ 10 wt%, respectively, while the efficiency values
of PVK:Ni-based photosensitive OPTs increase with
increasing gate bias Vg [27].

The estimated value of the carrier mobility is m
(MPIn) = 0.016 cm? V' s~! [48], which is comparable
to mobility for this class of compounds [59].

The photosensitivity estimation from equation (3)
gave values of 14,000 and 1400 for the phototransistor
based on the film made of binary mixture and for

Table 2. Calculated values of photosensitivity and sensitivity [50].
Samples 1 2 3 4 5 6 7 8

P 400 2800 2000 2500 3000 2300 2900 1500
R, pA/W 1108 7777 5552 6941 8330 6386 8052 4163
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separately deposited films, respectively. The calculated
responsivity values were ranged from 1.4 to 3 mA/W
for the transistor made of binary mixture and 10 times
less for that containing the separate layers. During the
calculations, it was taken into account that the device
area exposed to the light did not exceed 510> cm?.
Thus proceeding from the emitter characteristics,
which provided an incident power density of approxi-
mately 2—3 W/cm?, the overall radiation density on the
phototransistor was about 10 pW [49].

Photosensitivity (P) and responsivity (R) for samples
1—8 (the numbering of the samples is given in Table 1)
were calculated using formulas (2) and (3) and are
presented in Table 2.

The photosensitivities estimated by relation (3) were
1800 and 1400 for the phototransistor based on
fullerene C60 and spiropyran hybrid and the photo-
transistor fabricated with separate deposition, respec-
tively. The responsivity calculation yielded the values
of 180 pnA/W for the hybrid transistor and 140 pA/W
for the separate-layer transistor. The calculations
assumed that the area of the device accessible to the
incident light was not more than 5-10732 c¢cm? Then,
considering the emitter characteristics which provide
the incident power density of approximately 2 W/cm?,
we obtain the overall radiation power on the photo-
transistor to be about 10 pW [51].

The families of output and transfer current-voltage
characteristics of the phototransistor are shown in
Fig. 14. The study of the current-voltage characteristics
of the manufactured transistors showed that in the
absence of irradiation, the currents in the photo-
transistors are about 1 nA or less. Irradiation of the
transistor gap areas with ultraviolet light (350 nm)
increases the drain-source current by three orders of
magnitude [48].

Fig. 15 shows the transfer and output characteristics
of the OPT. In all cases, the currents for structures with
a hybrid layer of molecule 1 (Fig. 7) exceeded the
current values for structures with separate layers by

1.2 1
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Fig. 14. Family of (a) output and (b) transfer current-voltage characteristics of the phototransistor [48].
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Fig. 15. (a) Transfer and (b) output characteristics of OFETs based on hybrid (solid lines) and separate (dashed lines) active layers [51].

several tenths of microamperes (pA). An increase in
currents in the created OPTs is observed with a posi-
tive voltage on the gate, which corresponds to the
electron type of conductivity of the OPT transport
channel [51].

The study examined new nanocomposite thin-film
materials for the creation of chemical gas sensors,
phototransistors and photoresistors. The results
showed the potential of using these materials due to
their unique properties, such as high sensitivity,
response speed and selectivity. This opens up oppor-
tunities for the development of more efficient and ac-
curate sensors, as well as for the improvement of
electronic devices based on photonic effects [60—70].

5. Conclusion

Organic phototransistors and photoresistors are key
components in the field of photonics and optoelec-
tronics, providing high sensitivity and controllability in
response to light signals. Their operating principle is
based on the conversion of light energy into electrical
signals, which makes them indispensable in various
applications, including sensors, solar cells and displays.
One of the important aspects is photosensitivity, which
determines the ability of the device to register even
weak light fluxes. Organic phototransistors, as a rule,
demonstrate a higher level of photosensitivity com-
pared to classic inorganic analogs due to the improved
structure of materials and deposition technology.
Analysis of the output and input characteristics of
transistors shows that organic devices are capable of
providing flexibility in settings and design.

That introduction of photosensitive spirooxazine film
at the interface between the semiconductor and
dielectric layers in OFET represents a highly promising
approach for construction of multibit optical memory
elements with advanced electrical characteristics, good
stability and reliability.

The manufactured thin-film phototransistors based
on polyindole thin films have good characteristics such
as quantum efficiency and carrier mobility. The studied

form of polyindole has high solubility, so the produc-
tion of electronic components is compatible with
modern technology of printed organic electronics.

The studied photoresistive structures 1—8 may
prove to be very promising when used in security
alarm systems and in optical memory cells. The sensi-
tivity of the photoresistive structures was measured
and reached values of 8330 uA-Wfl, the photosensi-
tivity reached values of 3000. All measurements were
carried out under normal conditions, i.e. in atmospheric
air, which is an advantage of the studied photoresistive
structures compared to most experimental structures
based on other compounds that require operation in a
chamber with inert gas or dry nitrogen.

In addition, organic phototransistors and photo-
resistors will be lightweight and thin, making them
ideal for integration into wearable devices and flexible
displays. These properties will enable the creation of
more convenient and multifunctional products that can
adapt to the needs of users and the environment. In
turn, this will lead to increased interest from manu-
facturers in creating innovative solutions based on
them. An equally important aspect will be the reduction
in the cost of producing organic components compared
to inorganic analogs. The use of simple deposition
technologies such as printing and spinning will ensure
mass production at low costs, making organic photo-
transistors and photoresistors available for a wide
range of applications. Given the constant progress in
the field of materials science, new organic compounds
and compositions are expected to offer even higher
characteristics and improved performance. This will
allow not only to improve existing technologies,
but also to create completely new devices that will
provide new levels of interaction with the world
around us, transforming areas from healthcare to
consumer electronics.
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