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Abstract—Organic thin-film transistor (OTFT) has grown significantly and is now an advanced
technology. One of the biggest and most favourable electronic device technologies for printable and
flexible electronics is the organic thin film transistor. However, designing large-scale integration
circuits remains difficult due to device uniformity. Although semiconductor layer technology has
advanced, the quality of the dielectric layers is similarly essential. Leakage current and transistor
size are the main factors which impact the electronic device. However, leakage current occurs due
to the reduction of dielectric material that affects the parameters like threshold voltage, capacitance
and transconductance. To overcome the aforementioned drawbacks, the bi-polymer layers based
on squid optimization with the dielectric medium is proposed. Bi-polymers such as PEI-EP
(polyetherimide–epoxy polymer), POM-H (polyoxymethylene homopolymer) and SiO2 is utilized
as trilayer dielectric material in this proposed method to reduce the leakage current and act as
insulator. Squid game optimization is applied to optimally select the dielectric thickness to perform
better performance in the device. Electrical measurements such as I−V , transfer characteristics,
mobility (μ) and capacitance (pF) are used to evaluate the performance of the device. The obtained
electrical characteristics are mobility as 355 cm2 V−1 s−1 and capacitance value as 7.00 pF are
compared with the existing dielectric materials. The experiment shows that the simulation and
modelling of the proposed method performs better than the other existing dielectric medium.
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INTRODUCTION

In recent years, organic thin film transistors (OTFTs) have become an essential component of
a variety of flexible electronic applications, including electronic paper, smart cards, radio frequency
identification (RFID) tags, sensors, large-area sensor arrays, liquid crystal flat panel displays, labels
and electronic postage [1]. They are also used in electronic circuits for flexible structures of organic
light-emitting diodes (OLEDs). The field of modern electronics, known as organic electronics, focuses
on electronic devices made of electroactive organic materials, such as carbonaceous nanoparticles, tiny
molecules and conjugated polymers [2]. The closest to biological macromolecules are, in fact, carbon-
based compounds. Since a long time ago, typical organic materials are employed in a variety of electronic
applications as protection or insulation [3]. Organic thin film transistors (OTFTs) are semiconductor-
based transistors made from organic semiconductors (which are conjugated polymers or tiny molecules).
The semiconductor layer functions as a layer of activity that regulates the movement of electric current
[4]. OTFTs have the advantages of being more affordable and processing at lower temperatures than
inorganic TFTs, as well as being lighter and more flexible. Low-temperature OTFT fabrication enables
solvent processing, such as inkjet printing or spin coating, and flexible plastic substrates.
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Inorganic high-k materials like Ta2O5, Al2O3, barium zirconate titanate (BZT), barium strontium
titanate (BST), HfO2, TiO2 and transition-metal oxides like ZrO2 and Y2O3 are also studied as gate
dielectric materials. The deposition methods for these materials, which involve thermal evaporation,
chemical vapour deposition (CVD), and RF sputtering, can be high-cost and incompatible with the
inexpensive plastic substrates employed in OTFTs. The gate dielectric in OTFTs is often made of
polymer materials that are able to be deposited by low-temperature solution processing (LTSP) methods
and are compatible with organic semiconductors (OSCs). Some of these polymer dielectrics are
employed as gate dielectrics, including poly (4-vinylphenol) (PVP) [5], CYTOP [6], polyvinyl alcohol
(PVA) [7], polymethylmethacrylate (PMMA), benzo cyclobutane (BCB), SU8, polyacrylonitrile (PAN)
[8] and polystyrene. Hysteresis in the I−V characteristic of OTFTs is caused by polymers having -OH
groups, which is unsuitable for components used in pixel driver designs.

A big challenge is raising the performance of organic devices to improve their use for real-time
commercial. Research has been heavily concentrated on improving the mobility of organic materials
by optimizing forming procedures to increase the device’s speed. To improve device performance, it is
crucial to learn the features of the semiconductor layer and semiconductor-dielectric interface, as these
elements have a substantial influence on how charges travel across the device due to charge localization
[9]. Defects that are present in the interface level drastically reduce the device’s performance. Therefore,
one of the essential factors affecting device performance is semiconductor layer thickness. Because it
can handle the internal flow of the charge carriers, which largely influences the working efficiency of
the device, the semiconductor layer is essential to OTFT [10]. Apart from mobility, altering the active
layer thickness and scaling the length of the channel are other ways to enhance OTFT performance.
Inorganic TFTs have been found to exhibit mobility and impact ionization degradation, which intensifies
significantly for short-channel transistors. Device leakage caused by currents present in the devices
OFF state is undesirable and restricts the device’s potential. Short-channel lengths cause these leakage
currents to grow in size, which increases static power loss. Leakage currents may so impair the
performance of organic TFTs, so their study and analysis is a major area of research. TO overcome the
issues, OTFT using bi-polymer layers based on squid optimization with a dielectric medium to enhance
electrical characteristics.

The designed OTFT model based on a tri-polymer dielectric medium has the following major
contributions:

• Simulation and modelling of OTFT using a bi-polymer dielectric medium with squid optimization
to enhance the electrical characteristics.

• To improve the electrical mobility between the source and drain with capacitance density, insulator
or dielectric medium like PEI-EP, POM-H, and SiO2 are utilized.

• Developed triple-layered dielectric polymers are validated using p-type pentacene semiconductor
material.

• To optimally select the thickness of dielectric material, squid game optimization (SGO) is used
based on the capacitance of the material.

• Evaluation of developed OTFT characteristics using TCAD for improvements in mobility (μ),
capacitance (pF), threshold voltage (Vth), and trans-conductance (S/μm).

The articles subsequent sections are organized as Section 2 includes various survey articles about the
existing OTFT model. The developed proposed approach of the OPTFT model is described in Section 3.
The experimental study of the suggested triple layer OTFT model is then shown in Section 4. In the end,
Section 5 concludes the proposed article.
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LITERATURE REVIEW

Several methods are presented to improve the electrical mobility in the source and drain channels
created utilizing single-, bi-, and tri-layer dielectric medium. A lot of currently used methods are being
researched, and a few of them are discussed here.

Jain et al. [11] introduced the triisopropylsilyl-ethynyl (TIPS)-pentacene OTFT constructed using
the drop-casting approach was analyzed for device properties using physics-based 2-dimensional
computational modelling. The comprehensive analysis of the effect of active layer (TIPS-pentacene)
thickness of device specifications was also presented in the investigation, utilizing a simulation tech-
nique that enables calibration. Electric field strength, current On/Off ratio, current density, and mobility
are some retrieved parameters that change as the active layer thickness is reduced from 500 to 100 nm.
The analysis also showed that the semiconductor layer’s thickness has a significant impact in terms of
the off current and the On/Off current ratio (IOn/IOff). Additionally, 100-nm thick TIPS-pentacene
that could be employed for a variety of fast-switching purposes for digital circuits achieves the greatest
value of IOn/IOff. The results from simulations not only substantially resemble those from experiments,
but they also offer insight on how charges are transported at the semiconductor-dielectric interface and
across the TIPS-pentacene layer as an entire structure.

Dwivedi et al. [12] presented the low voltage Pentacene-based OTFTs’ numerical simulation,
compact modelling, and parameter extraction techniques using technology-assisted design (TCAD).
The research used device numerical simulation to modify basic semiconductor equations to accurately
depict the electrical properties of devices. The compact gadget design and parameter extraction of
the low-voltages pentacene-based OTFT utilizing the universal UOTFT model are presented. The
experimental outcomes of manufactured pentacene-based OTFT devices were used to validate the
outcomes of the compact modelling and ATLAS simulation based on the finite element approach. To
compare the compact model to a simulation of a basic circuit, an inverter based on a p-type TFT was
also simulated.

McCulley et al. [13] demonstrated a method for designing short-channel OTFT that significantly
improved their electrical performance. The structure incorporates elements that can enhance charge
injection to drastically lower the contact resistance, which restricted the functionality of short-channel
organic TFTs. Furthermore, the short-channel effects that could be common for nanoscale TFTs can be
significantly reduced by the design. The semiconductors, namely dinaphtho [2,3-b:2′,3′-f] thieno[3,2-b]
thiophene (DNTT) and pentacene, having channel lengths ranging from 200 to 800 nm and 10 to 100
nm, respectively, were used to build TFTs. One of the lowest values observed for organic TFTs, the
overall source-to-drain resistance was decreased to roughly 50 ohmcm.

Dallaire et al. [14] developed the creation of poly[N,N0 bis(2-octyldodecyl) naphthalene1,4,5,8-
bis(dicarboximide)-2,6-diyl] -alt-5,50 (2,20 bithiophene) based organic thin film transistors that de-
crease contact resistance by adding metallic interconnected layers in between the gold contacts and
semiconductor. The performance of OTFT was optimized with a minimal degree of contact resistance
when a 10 nm thick manganese interlayer was added. The essential characteristics of the device can
be extracted using a quick and efficient method using an enhanced organic virtual-source emission
diffusion approach, which was used to describe better OTFT. In comparison to popular metal-oxide-
semiconductor field-effect transistor designs like the Shichman–Hodges model, the organic virtual-
source emitting diffused approach produced virtually flawless predictions utilizing gate dependent
contact resistance and optimal gate voltages.

Elsaegh et al. [15] established an innovative general method that explicitly considers the impacts
of the source and drain links when deriving the I−V characteristics of OTFTs. Any TFT might use
this method, subject to the device design, layer thicknesses, materials, or fabrication method. TFTs
made using 2,9-diphenyl DNTT (DPh-DNTT) semiconductor and dinaphtho[2,3-b:2′,3′-f]thieno [3,2-
b]thiophene (DNTT) semiconductor inverted coplanar and staggered architectures have both been
subjected to the extraction process. For use in Verilog-A-based computer simulations, a concise
analytical model which characterizes the stable performance of the two distinct kinds of organic TFTs
have been developed. The design have been effectively applied for comparing computations to metrics of
single TFTs having channel lengths that vary from 4 to 100 μm as well as to trans-impedance amplifiers
constructed using OTFTs with various channel lengths.

OPTOELECTRONICS, INSTRUMENTATION AND DATA PROCESSING Vol. 60 No. 2 2024



DESIGN AND SIMULATION OF OTFT USING USING BI-POLYMER LAYERS 287

Si Substrate

SiO2

PEI-EP

POM-H

Pentacene

Source
(Cu) 

Drain
(Cu)

Gate

S D

Fig. 1. Diagram representation of OTFT using triple layer dielectric mediums.

Numerous method discussed above has been utilized to increase electrical performance by using a
number of dielectric polymers. OTFTs have a variety of applications. However, they are limited by a
few issues with the coffee stain effect reduces the carrier mobility in the device [11], the high operation
voltage resulting from the low gate capacitance density [12], poor solubility [13], contact resistance
[14], field effect mobility is higher and also insoluble in common organic solvents [15]. Therefore, the
triple layer POM-H/PEI-EP/SiO2 dielectric mediums are utilized as gate insulator to address these
problems.

PROPOSED METHODOLOGY

Organic electronics contain unique characteristics that are uncommon in regular electronics.
Because organic electronics have shown promise due to their low temperature, low cost and quick
manufacture, along with their compatibility using different types of substrates which are large in area,
transparent, thin, or mechanically flexible.

Figure 1 illustrates the diagram representation of OTFT using triple-layer dielectric mediums.
OTFTs are created and developed as a tri-layer dielectric structure using silicon oxide (SiO2), Poly-
Ether-PEI-EP, and POM-H as dielectric layers. An OTFT serves as a transistor composed of a thin
layer of current conducting organic semiconductor (OSC), three electrodes and an insulator layer. The
organic semiconductor is directly in connection with two of the electrodes—the source (S) and drain
(D)—while the gate (G) electrode is separated from the semiconductor by a dielectric insulator. The
two gate dielectric materials are Poly-PEI-EP and POM-H, and the active OSC material is pentacene
where the p-type pentacene semiconductor is used to validate the triple layer structure. The source and
drain metal electrodes are both made of copper (Cu).

Triple-Layer OTFT Design

Atlas version 5.26.1.R is employed to construct the triple-layer OTFT structure. The OTFT model’s
mesh analysis should initially be carried out using the specified region from the structure design. The
silicon substrate is doped at a 1.6× 1016 constant concentration to yield a significantly n-doped silicon
with a thickness of 0.8 m, as well as a silicone substrate is covered with a first dielectric layer made of
silicon dioxide. A 0.03 m pentacene semiconductor positioned on top of the triple layer dielectric medium
was then used to evaluate the proposed OTFT model performance. After that, POM-H and PEI-EP
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has a thickness of 0.25 μm are implanted above the silicone dioxide. The Lombardi CVT model with
3× 1010 interface charge is utilized to set the model material. Following that, the triple-layer OTFT
design with 0.05 μm thickness uses the copper terminal as its source and drain.

Bi-Polymer Dielectric Medium

OTFT concept uses a bi-polymer dielectric medium in order to attain the insulator surface property.
The hydrophobicity and degree of smoothness of the insulator are two important factors taken into
account for the bi-layer polymer OTFT model. Several studies have shown that roughness on surfaces
has a variety of impacts, including the distribution of charges, restriction of charge flow, and the
formation of surface traps. Strong hysteresis effects and high output voltage are consequently prevalent.
According to research, hydrophilic surfaces with –OH groups, particularly raw SiO2, can easily trap
electrons, which results in poor OTFT performance. Because of the advantages of surface qualities,
such as being substantially hydrophobic and finer, solution-processed dielectrics using hydroxyl-free
polymers have been proposed for resolving the concerns.

POM-H. POM-H is one of the most flexible technical materials on the market right now since
it also has excellent electrical insulating capabilities and remarkable machining features. POM, also
known as acetal, polyformaldehyde, and polyacetal, can be described as poly-oxy-methylene. A typical
thermoplastic-based polymer with a greater molecular weight that is used in a variety of manufacturing
applications. Formaldehyde POM copolymer is composed of repeating units of –CH2O–. POM
polymers offer superior mechanical qualities includes high tensile strength, lower friction, great fatigue
resistance, and better stiffness and toughness. POM also exhibits strong scratch resistance and minimal
moisture absorption qualities. It is also resistant to a variety of strong bases, weak acids and organic
solvents. The polymeric substance also dissolves in hot and acidic (pH 4) settings, in accordance with
the chemical properties of POM. POM is often mixed by ethylene oxide to enhance and alter the chemical
composition and endurance of the polymer. The chemical formula for POM-H is given below

[−H2−C−O−]n. (1)

PEI-EP. Thin film is made by spin coating a mixture of PEI and EP with chloroform for two hours,
followed by a low-temperature applying process at 70◦C, which can be utilized for creating the PEI-
EP polymer [16]. The amine groups in PEI and the epoxy groups in EP combine at this level of
temperature to generate the hydroxyl groups that combine the secondary and tertiary amine groups.
Epoxy groups and recently formed hydroxyl groups react in EP. The creation of an amine group along
with ether link crosslinking network is the outcome of this process. Due to the PEI-EP dielectric,
the device can operate for a duration of two months in situations with a humidity range of 20 to 100%
without experiencing any performance degradation. This has minimum hysteresis transfer features,
an uninterrupted operating rate and a high electrical performance. These outstanding benefits make
PEI-EP a suitable dielectric choice for solution-processed adaptable OTFTs.

The PEI-EP polymers and POM-H polymer characteristics are listed in Table 1. Anion polymers of
formaldehyde are exchanged to make POM-H, which has good crystallization and provides a material
with outstanding strength and stiffness. POM-H is advantageous for applications that need both
resistance to fatigue and a relatively low coefficient of thermal expansion. With an initial decomposition
temperature between 340 and 70◦C and a low process temperature, the PEI-EP polymer dielectric offers
greater temperature resistance.

Electrical Characteristics of a Triple-Layered OTFT

No carriers of charge exist in an organic semiconductor which is fundamentally undoped at zero
gate voltage. To introduce particles that are charged into an organic substance, the source and drain
electrodes are transferred to the dielectric. A positive or negative voltage at the gate must be given to
a semiconductor in order to form an n or p-type conducting channel. When the metallic functioning of
both the source and drain relates to the HOMO-LUMO degree of the OSC, it is possible to partition
both positive and negative charges between the source and drain using electrodes and voltage. A p-type
semiconductor has a significant number of holes as carriers. When a negatively charged gate voltage
is applied, an electric field is created that passes perpendicular to the dielectric, which causes an
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Table 1. Characteristics of POM-H and PEI-EP polymer

Parameters Values for POM-H polymer Values for PEI-EP polymer

Tensile strength, MPa 70 MPa 89.2 MPa

Processability low low

Processing temperature 194–244◦C 70◦C

Glass transition temperature, tg –85◦C 230◦C

Starting decomposing temperature, td 254◦C 340◦C

Elongation 25% 4.7%

accumulation of holes to form at the dielectric-semiconductor contact. A voltage is applied to the
source-drain terminals, causing current to flow between the two contacts via the accumulation layer.
Vd � Vg − Vth the channel is continuous in the linear region and drain current (Id) is represented as,

Id,ln =
WChμCG

lCh

[(
Vg − Vth

)
Vd −

V 2
d

2

]
. (2)

When Vd > Vg − Vth is raised further, the electrical field at the drain contact will become 0. Thus, a
pinch off region surrounds the drain contact. The saturation zone starts above this pinch-off point, and
the only factor left to control the drain current is the gate voltage. This region has quadratically changing
drain current:

Id,st =
WChμCG

2lCh

(
Vg − Vth

)2
. (3)

Equations (2) and (3) represent the method for calculating mobility in OTFTs. Because of their
greater mobility, organic semiconductor layers’ electrical mobility and conductivity are consistently
performing well in terms of transistor characteristics. The field effect mobility, which gauges how quickly
charge carriers may travel inside a device, is represented as the drift average charge carrier velocity
for every given electric field. The mobility of various materials can be examined using their transfer
characteristics. Trans-conductance gm describes mobility in the linear region.

gm =
∂Id,ln

∂Vg
. (4)

To demonstrate the mobility of the linear area (μln), a small, constant VD is associated.

μln =
lgm

wChCGVd
. (5)

The mobility of the saturation area (μst) is represented by Eq. (6)

μst =
2lCh

wChCG

(
∂
√
Idst

∂Vg

)2

, (6)

where, terms wCh and lCh represent the channel width and length, respectively, Vg denoted as gate
voltage and CG refers to the gate capacitance insulator. The IOn/IOff ratio evaluates the level of current
flowing in accumulation modes to that flowing in depletion modes. The OTFT starts to conduct at the
dielectric semiconductor contact at a minimal gate voltage called the threshold voltage (Vth). Devices
with low threshold voltage and shorter channel lengths and thicker organic layers perform better because
the organic layer thickness impacts the OTFTs’ threshold voltage. IOn/IOff is calculated utilizing the
transfer characteristics of numerous OTFT structures. The triple layer OTFT’s designed specifications
are provided in Table 2.

Squid game optimizer (SGO). Squid game optimizer (SGO) is offered as a unique metaheuristic
algorithm based on the basic principles of an ancient Korean game [17]. Squid game, sometimes referred
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Table 2. Triple layer OTFT specifications of the parameters utilized and determined

Parameters Description Values

lch Length of the channel 10 nm

Wch Width of the channel 20 nm

Vgs Gate to source voltage –0 to –20 V

Tox Thickness of the semiconductor 40 nm

εsio2 Silicone dioxide relative permittivity 3.9

Vds Drain to source voltage –0 to –5 V

ε0 Vacuum space relative permittivity 8.854× 10−12

εPEI-EP PEI-EP relative permittivity 3.8

εPOM-H POM-H relative permittivity 3.8

tsio2 Thickness of silicone dioxide 0.4 μm

tPEI-EP Thickness of PEI-EP 0.25 μm

tPOM-H Thickness of POM-H 0.25 μm

to ojingeo, was founded an outdoor game for Korean kids and is essentially a combination of hopscotch
and tag. A multiplayer game called squid game has two main goals: It is typically played on broad, open
spaces with no predetermined rules regarding dimensions and size, with attackers aiming to finish their
target whilst teams try to remove one another. According to historical evidence, the playing area for this
kind of game often looks like a squid and is roughly half the dimension of a typical basketball court. This
algorithm’s mathematical model is created using a population of potential solutions and a first-stage
random initialization process. The solution candidates are classified into offensive and defensive player
groups. The offensive player moves randomly toward the defensive players in an attempt to cause a fight
among the defensive players. The position updating procedure is carried out, and new position vectors
are generated by taking into account the successful situations of the players on both sides, which are
computed using the objective function.

Step 1: Initialization
Consider the combination of thickness amount for PEI-EP and POM-H that range from 0.3 to

0.8 μm as the initial population for optimization.

F = W1,W2,W3, . . . ,Wn. (7)

Step 2: Fitness function
To estimate the ideal thickness for both PEI-EP and POM-H, the following fitness function is

utilized:

fitfn =

{
maximize (Cins),

minimize (Vth),
(8)

Cins =
ε0εins

ti
, (9)

Vth = − Id,max

gm,max
+ Vg,max. (10)

Equations (9) and (10) are utilized for calculating this function based on capacitance maximization
(Cins) and threshold voltage (Vth) minimizing so as to enhance mobility and reduce leakage current.
Where ε0 is represented as vacuum permittivity, ti is indicated as the dielectric thickness and εins is
denoted as the gate dielectric relative permittivity.
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Fig. 2. Design of a tri-layer dielectric OTFT using TCAD.

Step 3: Updating
The various PEI-EP and POM-H thickness values are updated based on equation 11 until the perfect

thickness value is discovered.

uofnew3
m = uscof

m + g1 ×BS − g2 × uscdef
n

{
m = 1, 2, . . . , o.

n = 1, 2, . . . , p,
(11)

where, o and p is the number of successful offensive (scof) and successful defensive (scdef) players in
successful offensive group (SOG), and successful defensive group (SDG) respectively; uofnew3

m shows
the upcoming position vector of the mth successful offensive player uofnew1

m which passes the bridge; BS
indicates the best solution candidate or the most successful offensive player in the SOG; g1 and g2 are
two random numbers in the range of [0, 1].

Step 4: Termination
After attaining the optimal value of dielectric thickness, the entire process of selecting the optimal

value will be terminated.

RESULTS AND DISCUSSIONS
Utilizing Matlab and SILVACO TCAD, the proposed bi-polymer layers based on squid optimization

with a dielectric medium has been designed and simulated to improve the electrical characteris-
tics. These software tools for implementation are set up along with a 64-bit operating system, an
Intel i5-3450S CPU running at 2.80 GHz, and 8 GB of RAM. In order to achieve the optimal thickness
value for the dielectric medium according to the fitness function, the squid optimization algorithm is
initially constructed in Matlab. Additionally, the thickness value from the TCAD is used to create the
simulation model.

The design of a tri-layer dielectric of tri-layer dielectric OTFT using TCAD is illustrated in Fig. 2.
Leakage current is reduced by the tri-layer dielectric medium in OTFT such as SiO2, PEI-EP, and
POM-H. The electrical characteristics of the OTFT model, which include the I−V and transfer
characteristics, mobility, capacitance and transconductance can be obtained from this simulation.

I–V Characteristics of the Tri-Layer Dielectric OTFT Model
OTFT model drain current characteristics are performed between the drain current (ID) and the drain

source voltage (VDS) while maintaining the gate source voltage (VGS) constant.
Drain current characteristics of the OTFT model for different dielectric material is shown in Fig. 3.

Proposed dielectric material used as POM-H/PEI-EP is compared with existing material are poly-
acrylic acid (PAA)/poly (methyl methacrylate) [18] and polyvinyl alcohol (PVA)/poly-4-vinylphenol
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(PVP) [19]. The OTFT model employs the dielectric materials SiO2, PEI-EP, and POM-H, with
respective dielectric constant values of 3.9, 3.8, and 3.8. Due to the usage of organic polymers in
the developed model, the proposed dielectric materials results with better drain current characteristics
compared to the conventional SiO2 material.

I−V characteristics for various dielectric material obtained from drain current is listed in Table 3.
The table shows that the drain current attained for the proposed method is higher when compared to
other existing dielectric materials, which are PMMA/PAA and PVA/PVP.

Transfer Characteristics of Tri-Layer Dielectric OTFT Model

The relationship between an OTFT’s gate (input) voltage and drain (output) current is shown by the
device’s transfer characteristics. The OTFT threshold voltage can be calculated relying on these transfer
properties.

The transfer characteristics of OTFT models based on various dielectric mediums are shown in
Fig. 4. POM-H/PEI-EP dielectric material is used in the proposed method and compared with existing
materials are polyacrylic acid (PAA)/poly (methyl methacrylate) and polyvinyl alcohol (PVA)/poly-4-
vinylphenol (PVP). A transistor starts conducting current and leaves the off-state at a gate voltage
known as the threshold voltage (Vth), which may be observed on the transfer characteristics curve.
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Fig. 5. Capacitance comparison of various dielectric material for OTFT model.

250

350

300

150

200

50

100

400

0
�12 �6�8�10 �4 �2 0

Vd, V

� F
E

, c
m

2 V
�1

s�
1

POM-H/PEI-EP
PMMA/PAA
PVA/PVP

Fig. 6. Mobility comparison of various dielectric material for OTFT model.

Table 4 compares the OTFT model with proposed and existing dielectric materials by highlighting the
transfer characteristics of each type of material. From this analysis, it can be observed that the OTFT
model that combines POM-H, PEI-EP, and SiO2 achieves higher transfer characteristics.

A dielectric material-based capacitance for OTFT model is represented in Fig. 5. Gate capacitance
in electronics refers to the capacitance of a field-effect transistor’s (FET) gate terminal. In terms of
integrated circuit technology, it can be stated as the absolute capacitance of the transistor gate or as the
capacitance/unit area. As it generates the requisite channel charge for operating, gate capacitance is
crucial.

The evaluation of capacitance for various dielectric materials is given in Table 5. The performance of
the device is dependent on I−V and transfer properties based on the assessment of capacitance. This
analysis shows that triple layer dielectric mediums have a larger capacitance, which lessens the source-
drain channel leakage current than those used in earlier approaches.

Figure 6 depicts the OTFT model’s mobility with various dielectric materials. For transistor
properties, the mobility as well as conductivity of the organic semiconductor layer are attracting a lot
of attention, and the transistor needs higher mobility to function reliably. The average rate of charge
carrier drift velocity per unit applied electric field and a measurement in which the charge carriers can
migrate within a device are known as field effect mobility.

The mobility of the POM-H/PEI-EP, PMMA/PAA and PVA/PVP dielectric material used in OTFT
models is compared in Table 6. The mobility of the OTFT model increases as the gate voltage varies.
The triple layer OTFT model achieves higher levels of mobility than the other existing OTFT methods.
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Table 3. Comparison of I−V characteristics for various dielectric material

Drain voltage, VDS Drain current, mA

dielectric materials

POM-H/PEI-EP PMMA/ PAA PVA/PVP

0 0 0 0

–1 –0.29 –0.15 –0.23

–1.5 –0.32 –0.18 –0.037

–2.0 –0.42 –0.20 –0.043

–3.0 –0.48 –0.24 –0.06

Table 4. Comparison of transfer characteristics for various dielectric material

Gate voltage, VGS Drain current, μA

dielectric materials

POM-H/PEI-EP PMMA/ PAA PVA/PVP

0 0 0 0

–5 –1.5 –0.22 –0.11

–10 –3.61 –1.43 –0.23

–15 –6.74 –1.76 –0.67

–20 –10.0 –2.41 –1.32

Table 5. Comparison of capacitance for various dielectric material of OTFT model

Drain voltage, VGS Capacitance, pF

dielectric materials

POM-H/PEI-EP PMMA/PAA PVA/PVP

0 0 0 0

–2 0.72 0.66 0.04

–4 5.93 3.74 3.25

–6 6.81 4.61 3.64

–8 7.0 6.0 5.0

CONCLUSIONS

Thin film transistor technology has been using low-k dielectric as a dielectric material for the last
decade. The thickness of the active layer and the dielectric material can be reduced to reduce the
device’s size. Drain current increases as a result of increased capacitances caused by a reduction in
dielectric material thickness. But as the dielectric material is further reduced, leakage current occurs,
which affects other parameters such as the threshold voltage. Use high-k dielectric materials to increase
overall capacitances and reduce leakage current in order to improve transistor performance without
reducing the thickness of the dielectric material. The bi-polymer layers based on squid optimization
with dielectric media is proposed as a solution to the aforementioned limitations. In this designed
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Table 6. Comparison of mobility for various dielectric material

Drain voltage, VGS Mobility, cm2/(V s)

dielectric materials

POM-H/PEI-EP PMMA/PAA PVA/PVP

0 0 0 0

–2 0 0 35

–4 175 98 91

–6 327 294 263

–8 355 325 312

model, substrate material is taken as silicon material and the biopolymer is utilized as POM-H and PEI-
EP, this three dielectric material is referred as the trilayer OTFT model. Then, using the squid gamer
optimization approach to determine the material thickness, bi-polymer dielectric materials constructed
of POM-H/PEI-EP are used as insulation. These three-layer dielectric materials provide excellent
insulating levels and smooth surfaces in addition to higher capacitance. To assess the effectiveness of
the developed model, a pentacene-based semiconductor is positioned on top of three layers of dielectric
medium. The performance is evaluated based on the electrical characteristics such as I−V , transfer
characteristics, mobility (μ) and capacitance (pF) to determine the performance of the device. In
addition to, the performance evaluation is compared with other existing materials like PMMA/PAA and
PVA/PVP. The proposed model’s achieved electrical performance includes mobility of 355 cm2 V−1 s−1

and capacitance of 7.00 pF. The proposed dielectric material performs better when compared to other
existing methods. Future real-time devices can be use the developed and simulated tri-layer OTFT
model to boost functionality and reduce leakage current.
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