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ABSTRACT

Poly(tert-butyl acrylate) (PtB-p-A) has been investigated as a promising insulator layer for p-channel
organic field effect transistors (p-OFETS) using the p-type semiconductor Poly(3-hexylthiophene-2,5-
diyl (P3HT) due to its favorable insulating properties, good film-forming ability and electrical charge
separation properties. Top-gate, bottom-contact PtBA-p-OFET devices are fabricated with Indium Thin
Oxide (ITO) source/drain electrodes and a P3HT organic semiconductor layer. The frequency-
dependent capacitance of the PTBA-p-OFETs was studied through a plot to determine the key
parameters, including the threshold voltage (Vm), field-effect mobility (uret), and the current on/off ratio
(lonrorf) OF the device. The PTB-p- OFETSs exhibit field-effect mobility value of 6.13x10* (cm?/V.s), an
on/off current ratio of 1.11x10% and a threshold voltage of -15.8 V. The capacitance-frequency
characteristics of the capacitor structure were analyzed and found to have as 7.6 nF/cm? per unit area.
This work presents PTBA as a promising for high-performance p-OFET applications.
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Endustriyel Poli(tert-butil akrilat)-(PtBA)'nin p-Kanal Organik Alan
Etkili Transistor-(p-OFET)'de Yalitkan Katman Olarak
Degerlendirilmesi: PtBA-p-OFET'in Uretimi ve Elektriksel
Karakterizasyonu

OzeT

Poli(ters-butil akrilat) (PTB-p-A), Ust-kapi, alt-kontak tipinde Uretilen p-kanal organik alan etkili
transistorlerde (p-OFET'lerde) p-tipi yari iletken olan Poli(3-hekzil tiofen-2,5-diil) (P3HT)'nin
kullanilmasiyla izolatér katman olarak arastirilmistir. Bunun sebebi, PTBA'nin olumlu izolator
ozellikleri, iyi film olusturma yetenegi ve elektrik yiikii ayirma dzellikleridir. Indiyum kalay oksit (ITO)
kaynak/oluk elektrodlar1 ve P3HT organik yari iletken tabakasi kullanilarak PTBA-p-OFET cihazlari
tretilmistir. PTBA-p-OFET'lerin frekans bagiml kapasitesi, esik gerilimi (V1), alan etkili hareketliligi
(urer) ve akim ag/kapat orani (loniorf) Qibi ana parametreleri belirlemek icin karakteristik grafikler
cizilmigtir. PTB-p- OFET'ler 6,13x10* (cm?V.s) degerinde alan etkili hareketliligi, 1,11x10? akim
ac/kapat oran1 ve -15,8 V esik gerilimine sahiptir. Kondansator yapisinin kapasite-frekans ozellikleri
incelenmis ve birim alan basina 7,6 nF/cm? oldugu bulunmustur. Bu ¢alisma, PtBA'min yiiksek
performansh p-OFET uygulamalari i¢in umut verici bir malzeme olabilecegini gostermektedir.
Anahtar Kelimeler: Endistriyel PtBA, Etkili Kapasite ve Hareketlilik, PtBA-p-OFET.
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. INTRODUCTION

Organic field effect transistors (OFETs) have emerged as a cornerstone technology for the development
of flexible and bendable electronics, offering a promising alternative to conventional inorganic
semiconductors. The pursuit of easily processable and manufacturable p-channel OFETS is driven by
the need for complementary logic circuits that require both p-type and n-type transistors for efficient
operation. Despite significant advances in p-type materials, n-channel OFETs have faced challenges in
achieving comparable levels of charge carrier mobility, stability and processability [1]-[5]. the use of
organic materials with high charge carrier mobility plays a crucial role in improving the performance of
organic field effect transistors (OFETS). However, various strategies such as partial chemical doping
can potentially contribute to improving charge mobility in OFETs [6]-[8]. Overcome low charge
mobility, a wide variety of organic materials have been investigated in recent years for incorporation
into the dielectric and semiconductor layers of OFETs [9]. Organic polymeric semiconductor materials
are primarily intended to display good solubility in organic solvents. Significant research efforts have
been devoted to the search for novel n-conjugated molecules to achieve high charge carrier mobility in
OFETs [10]. Among n-conjugated materials, poly(3-hexylthiophene) (P3HT) polymer has emerged as
one of the most important and widely used materials in OFETSs as a p-type organic semiconductor that
serves as an active layer material in organic electronics research due to its relatively good charge carrier
mobility. Therefore, most semiconductor and photonic devices require thin-film deposition of organic
materials. For the performance of OFETS, semiconductor materials must also be used in combination
with a compatible insulator material. Another promising insulator material that is compatible with such
a p-type semiconductor such as P3HT is PtBA [11]. Furthermore, the performance of organic electronic
devices using a compliant insulator and organic semiconductors together is mainly determined by the
charge transport mobility (x), threshold voltage (V) and current on/off ratio (lontf) and charge transfer,
which is the key property that drives the performance of the devices [12]-[16].

On the other hand, Poly(tert-butyl acrylate) is an insulator polymer with a wide band gap, soluble in
organic solvents and well compatible with p-type semiconductors [17]. PTBA is also known for its
excellent film-forming abilities, chemical resistance, and thermal stability, which are essential
characteristics for the insulating layers in OFETs [18]. The evaluation of PTBA in OFETSs is particularly
interesting as it opens up possibilities to improve device performance through materials engineering.
Previous studies have extensively investigated device behavior in thin-film transistors with enhanced
hole mobility by mixing diF-TES with ADT, with a percolation threshold of 39 wt%, and in air-stable
PTBA-based transistors [19], [20] [18,19], also by the role of film crystallinity [21], while others
correlated the phase behavior of PtBA films with field effect mobility [22]. However, the bulky tert-
butyl groups bend the polymer backbone, helping to form dipoles throughout the material due to the
steric hindrance caused by the tert-butyl moiety, which may affect chain packing and aromatic « stacking
[23]. Additionally, the substituents provide steric protection of the conjugated backbone, giving PTBA-
p good environmental, thermal and air stability suitable for practical applications [24]. Collectively,
these studies highlight the potential of PTBA films to improve the field-effect mobility and stability of
thin-film transistors due to their strong anisotropy. At the same time, PTBA exhibits a broadband optical
absorption from UV to visible wavelengths due to its energy levels [25], [26]. The development of
PtBA-based p-channel OFETs (PtBA-p-OFETS) represents an important step forward in the field of
organic electronics. The flexibility, tunability and solution-processability of conjugated polymers make
them ideal candidates for various electronic devices. This research paper aims to explore recent advances
in PtBA-p -OFETSs, focusing on the potential applications of PtBA in organic electronic devices. By
addressing critical aspects of charge carrier mobility, stability and manufacturability, we aim to highlight
the progress made towards the commercialization of p-channel industrial polymer-based organic
semiconductors devices and their integration into next-generation electronic devices.
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11. Experimental
Experimentally, commercially available pre-patterned indium tin oxide (ITO) substrates were employed
as source/drain contacts, and a poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS)
composite formulation was utilized as the gate electrode for fabricating organic field-effect transistor
(OFET) devices with a PtBA insulator, the molecular shape of which is shown in Figure-1.

n

(CH3)3CO O

Fig 1. The molecular shape of PtBA.

The pre-patterned substrates underwent a sequential cleaning process, involving ultrasonic deionized
water baths, acetone, and ethanol treatments. A final cleaning step with isopropyl alcohol was
performed, followed by drying with inert nitrogen gas. Poly(3-hexylthiophene) (P3HT), whose
molecular shape is given in Figure-2 and dissolved in chlorobenzene at a concentration of 10 mg/mL,
was then used to form an active layer on pre-patterned substrates by spin coating at 3000 rpm for 60

seconds.
CHz(CHz)4CHs
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Fig 2. The molecular shape of P3HT.

The films were then annealed at 150°C for 60 seconds on a hot plate to remove solvents. The PtBA
polymer insulator material, dissolved in Butanone (20 mg/mL), was spin-coated onto the active layer at
1500 rpm for 60 seconds, forming an insulator layer. The film was also annealed at 120°C for 60 seconds
on a hot plate. Finally, the PEDOT:PSS composite formulation, functioning as the gate electrode, was
spin-coated on the insulator layer at 1000 rpm for 30 seconds, completing the OFET device construction
with PtBA insulator as shown in Figure-3. The fabricated OFET devices were vacuumed to remove the
dimethyl sulfoxide (DMSO) solvent from the PEDOT:PSS composite formulation, preparing them for
evaluation. A Keithley 2612B source measure unit (SMU) instrument, along with an OFET test board,
was utilized to investigate the current-voltage (I-V) characteristics of the OFET devices. The gate-source
voltage (Ves) was varied in intervals of OV to -80 V, while the drain-source voltage (Vos) was swept
over a range of 0 to -60 V. Additionally, the capacitance-frequency (Ci-f) characteristics for the PtBA-
based OFET devices were measured using a GW Instek 8105 LCR meter. Entire measurements were
conducted in the dark at room temperature.
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Fig 3. The schematic representation of the completed PtBA-p-OFET device.

I11. Results and Discussion

The capacitance of the PEDOT:PSS/PtBA/P3HT/ITO (PtBA-pOFET device) structure was measured at
frequencies ranging from 100 Hz to 1 MHz to assess the device's mobility. Figure 4 shows the frequency-
dependent capacitance characteristics of the PtBA-p-OFET. Clearly, the capacitance of PTBA was
measured as 7.6 nF/cm? per unit area. In organic field-effect transistors which rely on a capacitive effect
for operation, the capacitance of the insulating layer is a crucial parameter as it directly influences the
calculated charge carrier mobility [27]-[29]. At the low switching frequencies typically used when
evaluating mobility in these devices, the relevant capacitance value is the static capacitance of the

insulator.
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Fig 4. The effective capacitance plots against frequency of ITO/PtBA/ITO.

The PtBA-p-OFET devices exhibited robust output characteristics when tested in complete darkness
using a Keithley 2612B SMU controlled by a computer, as shown in Figure 5. The devices demonstrated
a well-defined saturation regime at a -60 V source-drain bias, owing to the high anisotropy of the PtBA
insulator and the p-type conductivity of the P3HT semiconductor. The performance of the OFETSs can
be optimized by employing the PtBA gate insulator, which exhibits excellent polarizability and charge
separation capabilities, as reported in previous studies [30], [31]. The strong polarization at the
P3HT/PtBA interface leads to the efficient excitation of charge carriers, facilitated by the good
compatibility between the two materials. Consequently, the PtBA-p-OFET devices displayed stable and
consistent behavior over the tested voltage range of 0 V to -80 V, with 20 V steps.
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Fig 5. The output characteristics of the PtBA-OFET.

Figure 6 presents the transfer characteristics of the OFETs with the source-drain current (Ips) plotted on
both left y-axis logarithmically and right y-axis as the square root versus the gate-source voltage (Ves).
The current on/off ratio (lonor) can be determined from the left axis as the ratio of the maximum Ips to
the minimum Ips, following previous reports [32]. Furthermore, the OFETS' threshold voltage (V) is
calculated by expanding the linear area of the square root plot on the right axis to intersect the x-axis, a
typical procedure [27]. In this way, both the subthreshold slope and field-effect mobility can be

estimated from the transfer curves, allowing characterization of the key electrical parameters of the
fabricated devices.
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Fig 6. The Transfer characteristics of the PtBA-OFET.
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Equation (1) defines field effect mobility (urer) as the greatest drain current (Ips) for a given gate voltage
(Ves). [33]H[35].

WC; 2
Ips = [MFET 7] Vs —Vrn) ¢))

Ci can be defined as the capacitance of the insulator layer and urer denote the field-effect mobility of

the device

1
o- (5

succeeding each material is coated on top of each other for the fabrication of the PTBA-p-OFET device,
The PEDOT:PSS and PTBA layers served as the polymeric gate contact and insulator layers,
respectively, with the P3HT acting as the active layer. on the saturation regime, the mobility was
calculated using the best fit of the transfer characteristics on the right axis of Figure 6. To obtain the
mobility values of the devices, use equation (2), where o represents the slope taken from the best fit on
the right axis from Figure 6, the figure shows the ueer, lonorr, Vn Values of the PtBA-p-OFET polymer-
based structure, which were 6.13x10* cm?/V.s, 1.11x10%, and -15.8 V, respectively. It is also known
that as high the lonof, the transistor may operate quicker and obtain superior device performance [33].
On the other hand, values for these parameters are highly consistent with the literature [36].

V. CONCLUSION

This study presents a comprehensive evaluation of industrial poly(tert-butyl acrylate) (PtBA) as an
insulating layer for p-channel organic field-effect transistors (p-OFETS) using the p-type semiconductor
poly(3-hexylthiophene-2,5-diyl) (P3HT). Based on the obtained results, the fabricated PtBA-p-OFET
devices exhibited favorable electrical characteristics, including a field-effect mobility (WFET) of
6.13x10* cm?/V s, an on/off current ratio (loniofr) 0f 1.11x102, and a threshold voltage (VTh) of -15.8 V.
Also, the frequency-dependent capacitance analysis of the PTBA insulating layer revealed a capacitance
value of 7.6 nF/cm? per unit area, indicating its suitability as a dielectric material for p-OFET
applications. The output and transfer characteristics of the PTBA-p-OFET devices demonstrated stable
and well-defined saturation behavior, confirming the compatibility and effectiveness of the PTBA
insulator with the P3HT semiconductor. The high dielectric, good polarizability, and charge separation
capabilities of PtBA contribute to the observed improvements in the device performance parameters,
highlighting its potential as a promising insulator material for good-performance p-channel organic
electronics. This work showcases the practical potential of industrial PTBA as a solution-processable
and compatible insulator for developing advanced p-OFET devices. All over our findings pave the way
for further exploration and optimization of PTBA-based organic electronics, targeting applications in
flexible, lightweight, and large-area display technologies, as well as integrated circuits and sensors.
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