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SUMMARY

Transistors are at the heart of electronic devices with their switching,
amplification and sensor properties. Inexpensive, lightweight and eco-friendly
organic electronic devices, especially layer by layer processed Organic Field Effect
Transistors (OFET) gives lots of opportunity when compared with well-known
inorganic based devices. Poly (methyl-methacrylate) (PMMA) is quite common
material for OFET production, with its easy processing to various surfaces, very low
manufacturing cost and relatively high dielectric constant. In last decade, researches
and investigations indicate that liquid crystalline derivative of PMMA is very
attractive material for OFET applications.

In this study, electrical analysis was performed to thin films, which was
produced from different molecular weight of PMMA. Due to their film morphology
and dielectric properties, best suitable material is chosen. Electrical analysis of
homo-polymer poly (Chol-n-MMA) and co-polymer poly (Chol-n-MMA-co-MMA)
with aliphatic spacer length n=3, 7, 10 was carried out with HP 4194 A between 100
Hz and 15 MHz at room temperature. OFETs are produced according to dielectric
analysis. These produced OFETs are characterized by using Keitley 4200 SCS.
Transfer and output characteristics are investigated. Experimental results show that
this material is very promising for future OFET applications, particularly electronic

papers and new age textile products.

Key Words: Organic Field Effect Transistor, Gate Dielectric, Side Chain Liquid
Crystal, Polymethy metacrylate(PMMA), Conduction Mechanism.
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OZET

Transistorler anahtarlama, yiikseltici ve sensor oOzellikleri ile elektronik
cihazlarin kalbinde yer almaktadirlar. Ucuz, hafif ve g¢evreci organik elektronik
cihazlar, 6zellikle katman katman firetilen organik alan etkili transistorler (Organic
Field Effect Transistors- OFET) var olan inorganik tabanli transistor teknolojisine
alternatif ¢oziimler sunmaktadir.

Ortam kosullarindaki kararliligi, farkli yilizeylere uygulanabilirligi, islem
maliyetlerinin diisiik olmasi ve nispeten yliksek dielektrik sabiti degerine sahip
olmasi nedeniyle PMMA, OFET iiretimi i¢in yaygin olarak tercih edilen bir
dielektrik malzemedir. Son on yilda yapilan caligmalar ve incelemeler 1s18inda
PMMA’nin sivi kristal tiirevlerinin OFET uygulamalart i¢in ilgi ¢ekici 6zellikleri
oldugu anlasilmistir.

Bu calismada farkli molekiil agirliklarindaki PMMA’dan fiiretilen ince
filmlerinin elektriksel 6zellikleri incelenmis; yalitkanlik 6zellikleri yani sira film
morfolojileri de gbz Oniine alinarak uygun molekiil agirliginda malzeme seg¢ilmistir.
Segilen polimerden sentezlenen poli (Chol-n-MMA) homo-polimerinin ve poli
(Chol-n-MMA-co-MMA\) kopolimerinin (alifatik bosluk uzunlugu n = 3, 7, 10 olan)
elektriksel analizi HP 4194 A model empedans analizorii kullanilarak oda
sicakliginda yapilmistir. Analiz edilen bu malzemelerden OFET iiretilmis ve Keitley
4200 SCS model yar iletken karakterizasyon cihazi ile transfer karakteristikleri ve
output karakteristikleri incelenmistir.

Deney sonuglar1 gostermistir ki, bu malzemenin elektriksel 6zellikleri OFET
uygulamalari, 6zellikle yeni nesil elektronik kagitlar ve tekstil liriinlerinin iiretimi

icin gelecek vadetmektedir.

Anahtar Kelimeler: Organik Alan Etkili Transistorler, Kap1 Yalitkani, Yan
Zincir Sv1 Kristaller, Polymethy metacrylate(PMMA), iletkenlik Mekanizmasi.
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1. INTRODUCTION

In recent years, investigation of organic microelectronic devices has attracted
attention of the researchers due to their low cost, lightweight, ease of processing at
low temperatures, flexibility, large area capability and various promising
applications. Organic Solar Cells, Organic Thin Film Transistors, Organic Light
Emitting Diodes and Transistors are few prominent examples of these devices [1],
[2], [3]. Their applications include flexible displays, large area force sensing,
ultrasonic mapping, and active matrix imaging. Also it gives opportunity to integrate
circuits to textile products, bioelectronics skins and muscles [4], [5]. Some of these
prototype devices are given in Figure 1.1 and Figure 1.2 [6], [7].

Figure 1.1: a) and b) are examples of produced flexible OFETSs.

Some of these devices are commercially available and took their place in the
markets [8]. But still some handicaps exist, like low mobility of organic
semiconductors, low durability on environmental conditions [9]. Organic field effect
transistors (OFET) are one of faster device of them.



Figure 1.2 OTFT screen produced by Sony Inc.

OFETSs are field effect transistor, which includes organic semiconductor layer
as an active channel. OFETSs are three terminal devices with two ohmic contacts;
source drain and third contact, gate [10]. Basic structures of OFET consist of two
layers. First one is organic semiconductor and second dielectric layer. The dielectric
layer has crucial importance since it is the location where charge transport in the
channel occurs. The gate dielectric layer controls the charge carriers induced in the
channel by the gate voltage [11]. Due to this reason, gate dielectric has quite
important role in device fabrication. Interface interaction between organic
semiconductor and gate dielectric is pretty essential. To overcome all the possible
difficulties, choosing suitable and compatible material is necessary [12].

It is known that liquid crystals have peculiar behavior with different physical
conditions such as temperature and electrical field. That is the reason of preference
of LCP as dielectric layer in literature [13] Smectic phase is one of the liquid
crystalline phase, which is very promising with its electro and thermo optical
applications for organic electronics.

1.1. Brief Explanation of OFET

OFETs are fabricated with various structures, basically four types are very well
known. Two of them is named as bottom gate and others top gate. Contact location is

different with every structure. This will effect; on/off ratio, interface properties of



semiconductor and gate dielectric, leakage current form gate contact and also
mobility of charge carriers.
Structures must be chosen according to the properties of materials for desired

OFET. All of these popular structures are given in Figure 1.3.
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Figure 1.3: Different structures a) Top contact / bottom gate b) Bottom contact
/ bottom gate ¢) Bottom contact / top gate d) Top contact / top gate.

The best-preferred structure is bottom gate / top contact structure, is given in
Figure 1.3 OFETSs produced by bottom gate structure give possibility to get better
film morphology and reduce surface interactions. Top gate/bottom contact is another
structure design, which is suitable to install the organic films on flexible substrates
[6]. So that, it gives chance to get smart clothes, artificial skin, electronic papers and

RFID tags applications [14].

e Working Principle of OFETs

OFET is three terminal device, source and drain electrodes are connected to the
semiconductor layer, whereas the gate electrode is electrically insulated from the
semiconductor by the gate dielectric layer. Basically, field effect transistors operate
as a capacitor whose one plate is highly conductive metal and other is semiconductor
layer, separated by one or more dielectric layer. When some bias induced to metal
electrode, that cause segregation of charges in dielectric material, thereby an

accumulation of charges occur in semiconductor part [10].



Thin region between source and drain is called as channel. FETs are working
with the variation principle of current, passing through between two ohmic contact
(source and drain) with bias of insulator covered, third contact (gate) [7]. This
current that passing through channel depends on both gate and drain voltage. Various
operation regimes can be obtained with different applied bias.

Organic semiconductor can be both p-type and n-type. Gate bias is given
according to type of organic semiconductors. Gate voltage supply the dissociation of

positive and negative carriers on gate dielectric.

Figure 1.4: Example of Top gate/bottom contact OFET structure.

In this thesis, organic field effect transistors are discussed which is operating in
unipolar p-type accumulation mode given in Figure 1.4. In other words positive
charge carriers are the cause of current in the channel, which is illustrated in Figure
15.



Figure 1.5: Charge carrier transfer mechanism of a top contact/bottom gate OFET
with a) p-type semiconductor b) n- type semiconductor.

¢ Organic Semiconductor Polymers

Until 1970’s all the carbon based polymers are known as insulator. They were
used for insulation of electrical systems. So that, using polymers as conductor is not
reasonable. However, there are at least four major types of semiconducting polymers
that have been developed up to now. These are conjugated conducting polymers,
charge transfer polymers, ionically conducting polymers and conductively filled
polymers [15].

In this study, one of the conjugated conducting polymers is used as organic
semiconductor material. These polymers have too many unusual optoelectronic
properties, which allow conjugated polymers to be used for a huge number of
applications, including protecting metals from corrosion [16], sensing devices,
artificial actuators [17], organic transistors [7], non-linear optical devices and light-
emitting displays [18]. However conjugated polymer still suffer with insolubility,
infusibility, brittleness and even instability in air [19]. Conjugate polymers are
widely used in organic electronic application, that is why consideration of
conduction mechanism of them is very vital. Some of them is demonstrated in Figure
1.6 [20].



a) b)

Figure 1.6: Organic semiconductor polymers’ molecular structure a) P3HT b)
PCBM.

e Conduction Mechanism In Conjugate Polymers

Conjugated polymers are macromolecules, which has sequential single and
double bonds. In 1977, Alan J. Heeger Alan G. MacDiarmid and Hideki Shirakawa
were observed that Polyacetylene could show higher degree of conductivity when
compared with other insulators. They were rewarded with Nobel chemistry prize
with this study in 2000 [21].

All the conjugated polymers have delocalized & electrons. Unlike the ¢ bond,
which is localized to two adjacent carbon atoms, the m electrons are shared and
delocalized among a molecule, making losing such an electron is not energetically
significant [22].

These m bonds are weaker than ¢ bonds, and can be accepted as the reason of
conduction in semiconducting polymers. Excitation energy of conjugated « electrons
are generally at the range of visible range. To attain conduction from this polymers
some dope process is required like inorganic semiconductors [21], [23].

Poly(3-hexylthiophene) (P3HT), Poly(2-methoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene) (MEH-PPV) are just of two widely used conjugated polymers.
These conjugated polymers can be dissolved in solvents like toluene,
tetrahydrofuran, chloroform, and dichlorobenzene. That is a great convenience for
making polymer films with doctor blading, spin coating, inkjet printing, dip coating,
and spray coating techniques [24], [25], [26]. As a result producing low cost devices

can be possible.



¢ Organic Dielectric Materials- PMMA

In recent history, conventional silicon dioxide (SiO,) has preponderated
electronics as the preferred gate dielectric material. Nevertheless, it does not provide
many of the performance requirements with its relatively low dielectric constant
(€'=3.9), expensive and challenging production processes [27], [28].

Organic dielectric materials are solution processable materials. Whereby, they

are promising for flexible electronics and optoelectronics.
To decrease the gate voltage of a field effect transistor, gate dielectric must be well
chosen. Decreasing of energy consumption can be provided with reducing gate
voltage. Not only high dielectric constant is required but also interfaces interaction
and easy processing is both important. Dielectric constants of some organic dielectric
materials is given in Table 1.1 [28].

PMMA is very popular dielectric materials for OFETs whose dielectric
constant (¢') is around 3.5 [28]. It can be soluble in water, toluene, tetrahydrofurane
(THF) and ethyl acetate, which give a great chance to diminish expense of
manufacturing process. Although it has low dielectric constant, it gives opportunity
to obtain better new sensitized polymers with various polymerization techniques. Its

molecular structure is given in Figure 1.7.

&

Figure 1.7: Molecular structure of PMMA.



Table 1.1: Dielectric constants of some organic materials.

Organic Dielectric Materials Dielectric Constants
PVA 7.8
PS 2.6
PVC 4.6
CYEPL 18.5
PMMA 3.5

e Liquid Crystals

Liquid crystals are intermediate state of matter, in between the liquid and the
crystal. It must have some characteristically features of a liquid (e. g. fluidity,
inability to support shear, formation and coalescence of droplets) also some
crystalline properties (anisotropy in optical, electrical, and magnetic properties,

periodic arrangement of molecules in one spatial direction, etc.).

". 0
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Figure 1.8: Schematic illustration of a) crystal b) liquid crystal c) liquid phase of
matter.

Phases of matter are demonstrated in Figure 1.8. At certain condition (such as
temperature) liquid crystals are at solid phase, applying melting temperature they
will become liquid crystal. They will have long-range order orientation. If the
temperature will continuously increasing liquid crystal will change their phase as
liquid. Its appearance will be blurry and viscous. This material will show totally
isotropic properties. Different types of liquid crystals are given in Table 1.2.
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Figure 1.9: Classification of liquid crystals.

In this study, rod type liquid crystals are investigated and their basic properties
are given below, also their schematic illustration is also given in Figure 1.10.

Nematic liquid crystals: This type is very similar to liquids; molecules can be
freely positioned but oriented parallel to each other. It is clearly seen three-
dimensional scheme of nematic liquid crystals at in Figure 1.9 a). Molecular
orientation is generally described with vector n in else where.

Cholesteric liquid crystals: This type of liquid crystals is generally observed
with derivation of cholesterol. Cholesteric phase is consists of nematic layers with
different direction vector. So cholesteric phase can be referred as helically twisted
nematic phase, which is shown in Figure 1.9 b). Cholesterics has no long-range
orientation order and no long-range order in positions of the centers of mass of
molecules. The arrangement of molecules is quite what one would obtain by twisting
about the x axis a nematic initially aligned along the y axis, shown in Figure 1.9 b
[29], [30].

Smectic liquid crystals: Both location and orientational order is exist in this

phase. Smectic phase has three different types called as A, B and C [30].
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Figure 1.10: Schematic illustration of nematic a), cholesteric b), smectic c)
phase of liquid crystals.

¢ Side Chain Liquid Crystals - Poly (Cholesteryl n-methacryloxybutyrate-co- methyl
methacrylate) (Poly (chol-n-MMA-co-MMA)) and Poly (Cholesteryl n-
methacryloxybutyrate ) (Poly (chol- n-MMA))

In this study PMMA derivatives of side chain liquid crystalline homo-polymers
and copolymers are investigated as an alternating dielectric layer for OFET
applications to PMMA. These polymers are found as broken focal-conic fan texture
of smectic phase.

Side chain liquid crystals demonstrate both properties of polymer and liquid
crystalline, which are formed by attaching polymer as side chain. These materials
can be varies due to their backbone, aliphatic spacer length and also mesogen. Figure

1.11 is showing desired structure of prepared OFET for this study.

AR

poly(ChMMA-n) poly(ChMMA-n-co-MMA)
(n=3,7,10)

Figure 1.11: Schematic illustration of OFET with SCLCP dielectric layer.
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2. DIELECTRIC THEORY and OFET

2.1. Dielectric Theory

A capacitor is a device that stores electric charge. Capacitors can vary in shape
and size, but the basic architecture can be explained as, two electrodes carrying equal
but opposite charges when there is an applied field. Parallel plate capacitor is the
simplest structure to understand capacity phenomena where it is demonstrated in
Figure 2.1.

It is proved that charges stored in a capacitor (Q) are linearly proportional to
potential (V). This ratio of Q and V gives capacity (C).

Q = C|AV]| (2.1)

Figure 2.1: Parallel plate capacitor.

2.1.1. Dielectrics

Dielectrics are electrical insulators that can be polarized by an applied electric
field. When a dielectric is placed in an electric field, electric charges do not flow

through the material, in other words it does not behave as electrically conductor

11



materials, but it shows only slightly shift from their average equilibrium positions
causing dielectric polarization. Dielectrics can be used as electrical insulators in
cables or can be used as a cover for electronic devices, which has low dielectric
constant. Relatively high dielectric constant materials are using for capacitive
applications. As it is mentioned above dielectrics are polarized in electrical field.
Polarization due to applied electrical field can be summarized by figure out

Clausius— Mossotti equation.

pofl M _ Nax (2.2)
&g+2  p 3¢&g

&, 1s the relative permittivity, &, is the permittivity in vacuum, M is molecular
weight of a repeat unit, p is density, P is polarisability, N is the Avogadro constant.
This equation is the proof of dependency of dielectric constant to polarisability and
free volume of the constituents’ element present in the materials. Polarisability refer
to the proportionality constant for the formation of dipole under the influence of
electric field [31].

2.1.2. Dielectric Parameters

Polarization: Many molecules have permanent dipole in its own system, and
they annihilate each other so that summation of dipole moment is equal to zero.
Figure 2.2 shows that there is no net polarization. When a potential applied to two
conductor plates, opposite charges will accumulate at the surface of plates, given in
Figure 2.2. Degree of polarization is proportional to applied electric field and can be

tunable.
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Figure 2.2: a) Dielectric material without orientation between two parallel plates b)
Orientational polarization due to applied electric field.

Three different frequency-dependent polarization mechanisms are given in
Figure 2.3. At frequency range 10%-10" orientational polarization, at 10'°-10"* atomic
polarizations and between 10* and 10 electronic polarization could be observed,

which could be seen in Figure 2.3 [32].

1) Electronic polarization is according to the displacement of electrons with
respect to the nucleus.

ii) Atomic polarization is distortion of atomic position in a molecule or lattice.

iii) Orientational polarization is valid for polar molecules; there is a tendency for
permanent dipole to align by the electric field to give a net polarization in that
direction [31].

Dielectric relaxations at lower frequency regions (i.e. 100Hz-1MHz) give

plenty of information about polar groups and molecular motion [33].
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Figure 2.3: Representation of frequency dependent relaxation mechanisms in
polar dielectric materials.

Debye (1927) created those dielectric relaxation phenomena, which is the
dispersion of the real permittivity (¢ ) and the existence of dielectric absorption (g ")
in the phasor domain for dipolar liquids and solids, was according to the
reorientational fluctuations of the molecular dipoles. Many dielectric studies
followed, particularly those by Smyth (Princeton) and Cole (Brown) that were
examined in the 1930s [32].

e Dielectric Constant (Permittivity)

Polarization depends on not only E but also susceptibility of the dielectric.
Every material has its own characteristic storage capacity of energy, which is
associated with permittivity. Where permittivity is how a dielectric resist to an
applied field. This is proportional to dielectric constant of each material, which is

given below equations.

P = yE, (2.3)
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Q _ gpEA (2.4)

Capacity is vary due to the material between two parallel plates, thickness of
dielectric film and area of electrodes, which is expressed by the Equation (2.4).
Moreover, it can be accepted that using very thin film (in nanometer range)
capacitors will give opportunity to get better capacity in a very small area.

When a fixed frequency is applied to capacitor its dielectric constant and also
other dielectric parameters must be stable. While measurement was carried out with
variable frequency, complex dielectric constant will describe dielectric constant of
sample. Complex dielectric constant is given in Equation (2.5). On the other hand,
dielectric parameters are changing with existence of temperature and pressure of

environment.

e (w)=¢(w)—ic"(w) (2.5)

For all polar dielectric materials permittivity is between 3 and 9 and imaginary
part is nearly zero at lower frequencies. So, complex dielectric constant is almost
equal to real part of it. However in higher frequencies (more than100 Hz) imaginary
part of complex dielectric constant will increase. At relaxation time polarization will
be almost disappear. On the other hand, for nonpolar dielectric materials permittivity
is less than 3 also it is independent from AC [31].

Imaginary part of complex dielectric constant gives information about
degradation of polarization due to frequency of alternating current. High imaginer
dielectric constant means that high energy loss [34]. Where every peak on frequency
dependent graph of &' define critical frequencies [35].

All materials can be analyzed with different spectroscopic techniques
according to its own characteristics. Parallel plate capacitor technique is very suitable
for materials, which are solution processed. This technique is not only easy but also
very reasonable. In this work, all polymers’ dielectric characterization was

investigated by using thin film capacitor technique.

15



e Liquid Crystals Dielectric Measurements

Liquid crystals (LCs) are highly nonlinear optical materials due to their
sensitivity, which is activating under slightly low optical fields. Also they are very
sensitive to applied electric field, their director axis will reorient. This effects causing
the change of refractive index and observations of several interesting properties have
been extensively studied so far. Molecular orientation of LC molecules due to
applied fields, determines the electro-optical behavior of the system and external
effects may cause molecules to reorient by molecular interactions. There are two
structure types due to their resultant dielectric behavior. First one is called as positive
dielectric anisotropy (p-type) and its dielectric constant along the director axis is
larger than that along the axes perpendicular to the director. € is greater than zero in
this case. The other type is named as negative dielectric anisotropy (n-type) and € is
less than zero. Variation of £ with respect to the spot frequencies reveals that LC
orientation has p-type property at low frequencies, and as the frequency increases the
dielectric anisotropy character shifts to n-type. The measurement of the dielectric
relaxation at different frequencies gives information about the dynamics of polar

groups and molecular motion [36].

2.1.3. Cole-Cole Plots

Cole cole plots are graphs in which describing materials dielectric behaviors.
Cole—Cole curves give useful information about the relaxation mechanism of the
cells. Real part of permittivity €’is lying on real axis of plot where as imaginary part

of dielectric constant &” is lying on y axis [33].

¢ Debye Type Relaxations

If the Cole-Cole plots’ semicircles are passing through the origin, plots obey
Debye-type dispersion with a distribution of relaxation times. The Cole—Cole plots
show a semicircle, this will indicate mono-dispersive nature of the dielectric
properties of samples. The complex dielectric dispersion curves are expressed by the
Cole—Cole relation [32], [37], [38].
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¢ Non- Debye Type Relaxations

If the Cole-Cole plots centers are lying below the real axis, this the evidence of
non- Debye type relaxation. Fitted Cole-Cole plot will be observed as depressed
semi-circle. Whereas, this explanation should be done according to absorption
coefficient values ([J) of samples. Curves are indicating non-Debye type behavior, if
absorption coefficient is (0< [J <1) [32], [37], [38].

2.2 Organic Field Effect Transistor (OFET)

Organic field effect transistors (OFETS) using organic semiconductors offer
potential to be used as large area electronics that gives a great potentially for flexible
substrates such as radio frequency identification (RFID) tags, chemical sensors,
flexible display, photo sensors. The solution processability of such materials is low
cost, has high volume production. To perform OFETs, materials ranging from
conductors, semiconductors, to insulators different materials are required. As
electrodes, Al, Au, Ag for active channel materials organic semiconductors,
especially P3HT, PCBM|[39], Pentacene [40], for gate dielectric layers are to
insulators SiO, [41], PMMA [13], PVA [42].

2.2.1 Basic Device Structure and Physics

Field-effect transistors are three-terminal devices consist of gate, source and
drain electrodes. Well-known OFET design can be defined as; an organic
semiconductor is deposited as charge carrier channel, the source and drain ohmic
contacts, and is itself apart from the gate electrode by one or more insulating gate
dielectric layer [43]. Dielectric layer can be both organic and inorganic material
[28]. Because of the reasons that has mentioned in the previous chapters, organic
dielectric films is investigated in this work. The organic semiconductor and gate
dielectric can be deposited by solution processing methods for instance; spin coating,
role to role, doctor blading etc.

Schematically illustration of OFET energy levels is given in Figure 3.1. Figure

3.1 indicating basic state for Vps and Vgs is zero. Gate voltage can be controlled
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according to the intrinsic properties of dielectric layer and semiconductor channel.
Due to applied gate voltage polar dielectric material will be polarized, at the
interface. This polarization is the reason of induced free charge carriers at the gate
dielectric-semiconductor interface. The properties of the active semiconducting
organic material layer are changed as seen in a shift of the energy levels in Figure
2.4. By controlling the voltage on the gate, a charge can be induced on the other
electrodes [10], [43].

Due to work function of source metal and intrinsic polarization properties of

dielectric material certain amount of carrier is flown from source to semiconducting

channel hereby, conducting channel will be formed [43], [44].
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Figure 2.4: The schematic illustration of OFET band structure with a) P-type
organic semiconductor b) N-type organic semiconductor.

The gate-voltage dependent shift of energy states enable injection of free
charge carriers from the source electrode by accumulating charge carriers in the
organic semiconductor. These charges are drifted from the source electrode and
collected across the conducting channel at the drain by applying a voltage between

the two electrodes.
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As given in Figure 2.4 each unipolar class of semiconductor (n and p type)
responds to the gate induced field by accumulation of carriers (accumulation
voltage), when applying the opposite field a depletion of carriers is observed
(depletion voltage). Exclusively the first few molecular layers at the interface to the
dielectric material have a high charge carrier density. A conductive channel arises
and current can flow from source to drain in consequence of a field is applied across

the channel region.

2.2.2. Charge Transport

To understand charge transport mechanism schematic demonstration of an
OFET must be investigated. Figure 2.5 is showing channel length and channel width
of an OFET where, charge transport in OFETSs is formed within 1-2 nanometers of

the semiconductor-dielectric interface layer in channel width [45].

\ W Drain

Source Vb

Gate é
Vs

Figure 2.5: Demonstration of channel length and channel width of OFET.

Simple capacitor-resistor-equivalent circuit should be investigated to
understand electrical model of a field effect transistor. Figure 2.5 is demonstrating
equivalent circuit model of FET that is also valid for OFET. Here Rc is channel
resistance, which is equivalent to accumulated charge between source and drain
contacts. The extended Schockley equation is defining the FET current—voltage

characteristic. Vp and Vg are applied voltage with respect to grounded source
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contact. Where Vps is the drain—source voltage, Vgs sStands for the gate—source
voltage and Vth,n, Vth,p express the threshold voltage for electrons and holes
respectively. The extended Shockley equation is given in expressions for three
different ranges here formulated for the electron accumulation (Vgs > 0) [46]. The
output characteristic shifts to higher current while applying different gate voltage, in
case of the accumulation region and to lower current in the event of the depletion
region. Typical output characteristics are shown in Figure 2.7 for the case of the
accumulation regime. There are two regions in the output characteristics, for a low
drain voltage which is called linear region and for high drain voltage which is called
saturation region. Most of the output parameters can be extracted from the transfer
characteristic (in Figure 2.7), where the drain voltage is constant while the source
contact is grounded, and the drain current is measured with respect to the gate
voltage [43].

Source Drain

L J

Sekil 2.6: Equivalent circuit model of an OFET.

For Vp < Vi — Vi (unipolar range),
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Sekil 2.7: a), b) and c) are schemectic illustration of operation modes
of OFET.
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Charge transport can occur in organic semiconductors in two ways; first one is
charge carrier along the molecule (easy) second is charge carrier along the molecules
(this is relatively difficult). Charge carrier is supplied with hopping mechanism in
such systems.

Charge transport mechanism of OFETSs can be understandable by investigating
the properties of this embedded interface, such as its roughness, defect and trap
density, and orientation and inter-chain packing of the OFET molecules or
macromolecules. To optimize the properties of this interfacial layer will provide the
key to future advances in the performance of OFETSs [47].

One possible explanation for the enhancement of field effect mobility is the

increasing of grain size of the semiconductor.

2.2.3. Current Voltage Characteristics

Two voltages are applied the drain voltage (Vps) is applied to the drain
electrode, whereas the source electrode is grounded (0 V), while the gate voltage
(Ves) is applied to the gate electrode. Due to channel semiconductor (p-channel or n-
channel) OFET characteristics are being measured, the Vps and Vgs are given in the
negative or positive voltages to accumulate the appropriate sign of charge carriers at
the semiconductor-dielectric interface.

The measured field-effect characteristics of these devices can then be classified
as transfer characteristics and output characteristics depending on whether Vgs is
varied while Vps is kept constant, or Vps is varied while Vgs is kept constant
[44]. These characteristics are typically measured on a semiconductor parameter
analyzer (Keitley 4200), and sometimes as a function of temperature, pressure and
humidity to understand the underlying physics and sensing parameters of fabricated
device. We can easily suppose that using dielectric film with respectively higher
dielectric constant will decrease working gate voltage. On the other hand using thin
films will provide higher capacity with low gate voltages, which is very promising

for using organic dielectric layer.
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Examples of transfer and output characteristics are given in Figure 2.8 and
Figure 2.9 respectively.
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Figure 2.8: Typical transfer characteristics of a polymer OFET.
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Figure 2.9: Output characteristics of the same polymer OFET.
In the transfer curves, as the magnitude of Vgs increases for a given Vps, the
source—drain current at first increases quadratically with Vgs beyond a threshold

voltage, and then quasi-linearly with Vgs as Vs becomes larger than Vps. In this
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Vs > Vps regime, the linear-regime field-effect mobility (Cger) can be evaluated
using a standard equation from silicon metal-oxide-semiconductor FET theory. In
the output curves, as the magnitude of Vps increases for a given Vgs, the source—
drain current at first increases linearly with Vps, and then levels off, i.e. saturates, as
Vps becomes larger than Vgs. In this Vps > Vs regime, the saturation mger can

similarly be evaluated.

Mobility;

E 2.
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Figure 2.10: Threshold voltage determination of an OFET.
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3. MATERIALS and EXPERIMENTAL PART

3.1. Thin Film Capacitor Fabrication

e Substrate

To make thin film capacitor; ITO coated glass was chosen as a substrate. One
of the most important factors in a fabrication run is cleaning of the substrates.

ITO coated glass substrates were cleaned by using 10 minutes sequential ultra
sonication with acetone, methanol and isopropyl alcohol. The substrates were dried

by using argon blow and thermal oven.

¢ Dielectric Materials

In this work, methacrylate-based side-chain liquid crystalline polymers bearing
cholesteryl mesogen was used as gate dielectric. For this reason, these polymers with
various lengths of aliphatic spacer were electrically analyzed by using
gain/impedance spectrometer. To get better results, investigation of the effect of how
molecular weight changes dielectric properties, must be well understood. Various
molecular weight of PMMA was analyzed, such as 10k, 50k, 100k, 200k and 500k.

Table 3.1: Investigated dielectric materials.

PMMA samples Homo-polymers Co-polymers

PMMA (mw-10k) Poly(ChMMA-10)  Poly(ChMMA-10-co-MMA)

PMMA (mw-50k) Poly(ChMMA-7)  Poly(ChMMA-7-co-MMA)

PMMA (mw-100Kk) Poly(ChMMA-3)  Poly(ChMMA-3-co-MMA)

PMMA (mw-200Kk) Poly(ChMMA-3-co-MMA)%10

PMMA (mw-500K) Poly(ChMMA-3-co-MMA) %5
Poly(ChMMA-3-co-MMA) %3
Poly(ChMMA-3-co-MMA) %2
Poly(ChMMA-3-co-MMA) %1
Poly(ChMMA-3-co-MMA) %0.5
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PMMA thin films were prepared by using solution-processing method.
Solutions were prepared according to molecular weight of samples to prepare smooth

and optimum thin films. Solution ratios are given in Table 3.2.

Table 3.2: Solution ratios of PMMA samples.

Molecular Weight Solvent PMMA
of PMMA (Toluene)
10k Iml 120mg
50k Iml 100mg
100k Iml 80mg
200k 1ml 50mg
500k Iml 30mg

All PMMA solutions were deposited on ITO coated glasses with spin coating
at 2000 rpm for 45 second. Prepared samples were dried in oven, which is given in

Figure 3.8, at 110 °C for 15 minutes. Top contacts were chosen as Al, around 100nm.

-—

Figure. 3.1: Thermal oven.

According to molecular weight dependent dielectric result of PMMA new
liquid crystals were sensitized by GIT, chemistry department. All of these polymers
(poly (chol-n-MMA-co-MMA) and poly (chol-n-MMA)) are obtained from GIT,
chemistry department and used without any further process. According to the
molecular weight of the sensitized dielectric materials, solution was prepared in
toluene (Merck). Solutions were stirred over night at room temperature by using

magnetic stirrer. After preparation of solutions, 0.45um filter was used to clear
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impurities. ITO coated glasses was spin coated with polymer at 2000 rpm for 2
minutes. Technical drawing of spin coating process is given in Figure 3.2.

V

C—
T

Figure 3.2: Schematically illustration of spin coating process.

Annealing with enforce of heating process is skipped, and thin films was stored

in glove box for 12 hours to remove all solvent.

Figure 3.3: Veeco Dektak 8 profilometer.

Dektak 8 profilometer was used to measure accurate thickness of polymer
films in GIT, Material Science and Engineering department, related figure is given in
Figure 3.3. The polymer films have thickness range from 500nm to 800nm. This
thickness measurement had been made to evaluate the accurate static dielectric

constant and capacitance.
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Figure 3.4: Leybold Thermal Evaporator.

Finally, Leybold thermal evaporator, which is demonstrated in Figure 3.4, was
used to coat 50 nm Al film at 10° mbar. Al and ITO films were designed as
electrode. Finally parallel plate type thin film capacitor, were ready to investigate
electrical properties of polymers. Technical drawing of prepared capacitors are given

in Figure 3.4.

Figure 3.5: Thin film capacitor.
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3.2. Spectroscopic Analysis of Polymeric Thin Films

Electrical analyses of thin film capacitors have been applied by using HP
4194A Gain/Impedance analyzer, given in Figure 3.6. Relaxation conditions of
polymeric thin films were investigated at 100Hz-15MHz with dielectric analysis. A
signal of 1 V peak to peak was applied to the samples during these measurements.
All the measurements were performed in the ambient conditions. Reel and imaginary
parts of dielectric constants, dielectric strength, extinction coefficient, relaxation time
and critical frequency all samples were examined. As a result, better dielectric
material was chosen to perform desired OFET. Dielectric material was selected due
to its high dielectric constant, fast response time and interface properties for OFET

fabrication.
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Figure 3.6: HP 4194 A Gain/Impedance Analyzer.

3.3. OFET Fabrication

For the top gate OFET fabrication, glass substrate was chosen. Glass substrate
was cleaned with the same process of ITO coated glasses that is already given in

previous parts.
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Ethyl Acetate was chosen as a gate dielectric solvent, not to damage P3HT

film, which was coated onto source, and drain contacts.

Figure 3.7: Prepared silver source- drain contacts

Top gate/bottom contact OFETs are selected due to dielectric materials
properties so that possible interface interaction problem can be solved. This structure
Is not best but very compatible with flexible surfaces for future application.

As mentioned in previous part glass substrate was firstly cleaned with cleanser
detergent, then decontaminated with distil water. Secondly sonication process has
done in order of methyl alcohol, acetone, and 1sopropyl alcohol for ten minutes. All
substrates were dried with dry argon gas. Substrates were been prepared for metal
contacts. Source drain contacts were applied with thermal evaporation system.
Source and drain contact can be both silver and gold. Interaction between contacts
and semiconductor layer must be ohmic. For top gate bottom contact devices, source
drain layers must be thick. Prepared source drain contacts are given in Figure 3.7.
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Figure 3.8: Preparation of organic semiconducting polymer (P3HT) solution a) P3HT
powder, b) dichlorobenzene, c) P3HT solution and stirring process with magnetic
stirrer.

3.3.1. Organic Semiconductor

P3HT is common and very popular organic semiconductor for organic
electronics, especially OFET applications with high order of orientation and its high
charge carrier mobility range. [48] P3HT was preferred as organic semiconducting
layer with its compatibility property with PMMA. P3HT was solved in
dichlorobenzene and stirred at 50 °C for 18 hours. Preparation method of P3HT-
dichlorobenzene solution is shown in Figure 3.8 due to its preparation process.

All organic semiconductor film was coated with spin coating method. Spin
coating method was selected because of its cheapness and easy processing properties.
Prepared P3HT films were annealed at 120 °C in glove box ambient forl0 minutes.
Dectak 8 profilometer was used to measure P3HT film’s thickness. Film thickness is
around 300 nm, which is suitable for OFET fabrication.

Then organic semiconductor P3HT was spin coated as designed. On the other

hand to get very smooth and clean substrate, glass was directly spin coated with
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P3HT at 25 second 500 rpm then 40 second 1000 rpm. After this coating process
films were baked at 120 'C in glove box for 10 minutes. Thermally evaporation of

source drain can be done after annealing process.

3.3.2. Gate Dielectric

Dielectric material was prepared at room temperature for 12 hours in ethyl acetate
solvent. All dielectric films were spun coated at 2000 rpm. Thermal annealing
process cannot be applied for such liquid crystal gate dielectrics; device was
incubated in glove box for one night. Something never to be forgotten is to get very
good interface. Solvent of dielectric should not damage the organic semiconductor
film. So that, solvent of dielectric is ethyl acetate which is suitable for P3HT based
OFET’s. PMMA and Poly(Chol-3-MMA-co MMA) are both used for OFET

fabrication process.

3.3.3. Metal Electrode

There exists three types of electrode in a transistor; first one is source, which is
grounded, second is drain and last is gate electrode. So that, this is a top gate OFET
fabrication, first step is coating source and drain contact with using 50 um width
shadow mask. Silver (Ag) contacts were coated with thermally evaporation system in
10 mbar. Silver electrode’s thickness was planned to be 100-150 nm. For having
better bottom contact/top gate OFET thick source —drain contact was desired.

Gate contact Al, was coated on the top of the films with physical vapor deposition
technique. One of the most challenging parts of fabrication of top gate OFET is not
to perforate dielectric film while evaporating gate electrode. So, gate electrode must
not be a heavy metal and also must not evaporate at very high temperatures. To solve
all of these problems Al contact was chosen as gate electrode. In this study Al gate
have been chosen because of its relatively low melting point. Also, to solve all of
this possible problems amount of Al was optimized. 50 mg piece of Al was thermally

evaporated through shadow masks. As a result 50 nm gate contacts was obtained.
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4. RESULTS

4.1. Dielectric Results

Investigation of electrical characterization gives quite important properties of
materials. The real €'(w) and the imaginary &"(w) parts of the complex dielectric
constant must be examined for relaxation phenomena, where complex dielectric
constant, ¢ (o) is defined as given in equation 2.5.

Frequency dependent relaxation mechanism of PMMA was performed to find
mostly suitable molecular weight for OFET applications. This pure PMMA samples’
measurement is just examined to prove materials are compatible with commercial
versions. Relaxation time and real dielectric constants are common proofs of it. It is
an expected result that polar molecules give almost stable polarization at lower

frequency (v<10° Hz).

10 10° 10° 107
Frequency[Hz]

Figure 4.1: Frequency dependent real part of dielectric constant of PMMA
homo-polymers with different molecular weight.

Due to results of PMMA with molecular weight 100k is found pretty promising
for future OFET applications, which was already taken its place on market. These

results are agree with literature and also can be seen in various examples [49].
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In the light of this information Poly (Chol-MMA-n) (homo-polymer) and
Poly(Chol-MMA-n-co-MMA) (copolymer) were synthesized from PMMA with
100k molecular weight. Their electrical properties were investigated with the same
process mentioned in Chapter 3.

The real €'(w) part of the dielectric constant is described as:

g (w)=¢, +(c,—¢,) (4.1)
1+ 2(wr )1—a sin ;wz+ (a)ro)z(l_a)

All of the real €'(w) part of homo and copolymers are fitted with Expression
4.1. By fitting real part of dielectric constant we can easily find, extinction
coefficient and relaxation time. Imaginer parts of complex dielectric constant will
give useful information about critical frequency, which give us chance to understand
how accurate is our results (with the comparison of relaxation time). Imaginary part
of complex dielectric constants is given in Figure 4.1. Noteworthy variation in the
critical frequency of the samples is observed, which is in agreement with the
variation of other parameters, which is already illustrated in Table 4.1. Equivalent
dielectric constants vary according to the chain length for both homo-polymers and
copolymers. From results given real part of complex dielectric constant, it is
observed that homo-polymer with chain length 3, (Poly (Chol-MMA-3)) is giving the
highest static dielectric constant. Poly (Chol-MMA-3-co-MMA) is ranked as second
of all samples. As it is seen from the previous chapters, interface interaction is as
important as high dielectric constant of sample. That is why, Poly (Chol-MMA-3-co-
MMA) was chosen for OFET applications. To get more information about all
samples their imaginer dielectric constant versus frequency, AC conductivity
behavior and Cole-Cole plots were also studied as a premise study. In the light of
Table 4.1 different LC ratios of (Chol-3-MMA-co-MMA) was sensitized and also

examined.
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Table 4.1: Absorption coefficient [J[1[][1[][relaxation time ([]-), dielectric
parameters (&s,
€, €'max, and Ag) and critical frequencies (fc) of poly (Chol-n-MMA) and poly
(Chol-n-MMA-co-MMA) (n= 3, 7, and 10).

Samples

(Adj. R-

Square 0.99)

Poly(Chol-3-

MMA 039 7.07x10% 382 -0.10 196 3.90 1.31x10°
-co-MMA)

Poly(Chol-7-

MMA 0.04 580x10% 239 -013 143 242 3.26x10°
-co-MMA)

Poly(Chol-10-

MMA 027 6.86x10% 325 -0.12 166 3.36 2.26x10°
-co-MMA)
Poly(Chol-3-
MMA)
Poly(Chol-7-
MMA)
Poly(Chol-10-
MMA)

00 0 &s & &"max  Ae fo(Hz)

0.06 5.22x10% 4.02 -030 236 4.32 3.91x10°

0.28 6.64x10° 266 -0.10 13 276 2.72x10°

0.74 8.01x10° 285 0029 13 282 0.53x10°

Parameters of Table 4.1 were found according to same measurement method
with literature. Here, &, and & are highest and lowest angular frequency dielectric
constant, ®=2n times the frequency, 1o IS a generalized relaxation time, and a is the
absorption coefficient (also known as extinction coefficient). All of these parameters
are found from real dielectric constant versus frequency and imaginary dielectric
constant versus frequency plots. The absorption coefficient o parameter changes
from zero to one (0 < a <1). If o =0, it represents to Debye type relation that means
this dielectric is near to ideal dielectric explanation. Where dielectric material shows
nearly-Debye type when a value is close to zero and non-Debye type for 0 < a <1

regions. The calculated values of [1o and a are given in Table 4.1. Table shows that o

35



value is between zero and one, which indicates non-Debye type behavior of samples.
It was concluded from results that investigated homo and copolymers obeyed non-
Debye and nearly-Debye type relaxation processes.

Table 4.1 also demonstrates the values of parameters &, €, and Ae.. It is
observed that these parameters vary due to chain length of different samples.
Equivalent dielectric constants vary according to the chain length for both homo-

polymers and copolymers.

—  HO-

Figure 4.2: Equivalent circuits of thin film capacitors of samples.

The s parameter values can be interpreted by conductivity mechanisms for
frequency dependent electrical conductivity mechanisms given in Table 4.2. It is
seen that SLPL conduction mechanism at high frequency regions, given in Figure
4.7.

Table 4.2: Definition of conduction mechanism according to s parameter

S parameter Conductivity mechanism

s~0 DC conductivity

0<s<0.7 Correlated Barrier Hopping (CBH)
0.7<s<1 Quantum Mechanical Tunelling (QMT)
1<s<2 Super Linear Power Law (SLPL)

Poly (Chol-7-MMA-co-MMA) polymer is an expectation which gave CBH

mechanism at low frequency regions. Furthermore, angular frequency dependent
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measurement of Poly (Chol-10-MMA) sample has given three different conductivity

mechanisms. The concernment of this sample is, it reaches saturation at high

frequencies and parameter s value is almost to zero, DC conductivity like behavior of

the sample at higher frequencies, which demonstrate saturation behavior at lower

frequencies. That means second polarization occurs after breaking down first

polarization. To get better results on OFET applications, understanding of

conductivity mechanism is quite important.

To improve dielectric properties of chosen sample, Poly (chol-3-MMA-co-

MMA), different dope ratios of LC polymers was investigated, which vary from 10%

to 0.5%.

Table 4.3: Absorption coefficient [11][][][Jrelaxation time ([],), dielectric
parameters (&s, £x, €"max, and Ag) and critical frequencies (f;) of poly(Chol-3-MMA-

co-MMA) with SCLC ratio 10%, 5%, 3%, 2%, 1% and 0.5%.

Samples

(AdJR' D D 85 800 8”max A(c" fc(HZ)
Square 0.99)

%0.5 0.68 4.43x107 7.06 -0.247 313 7.31 2.26x10°
%1 0.52 1.66x10" 5.07 -0.157 2.28 522 1.88x10°
%2 0.43 1.22x107  4.84 -0.227 273 5.06 2.71x10°
%3 0.52 7.61x10° 401 -0.359 2.66 4.36 4.69x10°
%5 0.49 5.58x10°  4.08 -0.244 271 432 2.72x10°
%10 0.53 7.14x107 424 -0.241 255 445 3.26x10°

37



—a— Poly(chol-3-MMA-co-MMA
—e— Poly(chol-3-MMA-co-MMA
—a— Poly(chol-3-MMA-co-MMA
o4 |—¥— Poly(chol-3-MMA-co-MMA
—— Poly(chol-3-MMA-co-MMA
-1 |—»— Poly(chol-3-MMA-co-MMA

10%
5%
3%
2%
1%

0.5%

RN N N e

T T T
10° 10° 10°* 10° 10° 10
In(o)

Figure 4.3: Frequency dependent real part of dielectric constant of poly(chol-3-
MMA-co-MMA), with SCLC ratio 10%, 5%, 3%, 2%, 1% and 0.5%.

It is clearly seen that values of static dielectric constant of Poly(chol-3-MMA-
co-MMA) samples are increasing with decreasing of SCLC ratio. Frequency
dependent orientational relaxations are also varying due to SCLC ratio of all
samples. The sample with liquid crystal ratio 0.5% is giving the highest static
dielectric constant.

Imaginary part of complex dielectric constant is given in Figure 4.4. It can be
easily concluded that, static loss factor of poly (chol-3-MMA-co-MMA) 0.5% is the
highest, which decrease dielectric strength of material. Critical frequency of all
samples again measured by peak values of imaginary part of complex dielectric
constant. Match of relaxation time and critical frequency is proved by investigation

of two graphs.
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1,0
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Figure 4. 4: Frequency dependent imaginary part of dielectric constant of poly (chol-
3-MMA-co-MMA), with SCLC ratio 10%, 5%, 3%, 2%, 1% and 0.5%.
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Figure 4.5: Specific conductivity plot of poly (chol-3-MMA-co-MMA), with
SCLC ratio 10%, 5%, 3%, 2%, 1% and 0.5%.

Figure 4.5 is demonstrated that, electrical conductivity of all samples is almost

zero with low frequency regions. To consider conductivity behaviors of polymers,
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separately investigation of graphs are required. Without closer investigation of
conductivity behaviors it can be accepted that Poly (chol-3-MMA-co-MMA) 5%
give saturation at high frequency region. Closer investigation of Figure 4.5 was again
performed to see conduction mechanism. S parameter was found with the same
method used above, and graphs are also given in below.

Angular frequency dependent specific conductivity behavior of each sample
was investigated to find out conductivity mechanism of them. To investigate exact
behavior, we should take a closer look of specific conductivity versus angular
frequency plot. To do this, the values of parameter s (angular frequency exponent)
were calculated from the slopes of Figure 4.6, Figure 4.7, Figure 4.8, Figure 4.9,
Figure 4.10 and Figure 4.11.

All of the fit curves are obtained by using linear equation, y=a+b*x, expressing
b=In[J/In[J] with R-Square: ~0.99. In[Jac with angular frequency changes is clearly
observed for all samples. Moreover, the s parameter is used to determine the
electrical conductivity mechanism for all samples, its values have been figured out

from the slopes for each region.
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Figure 4.6: Plot of In ([J(ac)) versus In([1) of Poly (chol-3-MMA-co-MMA) with
SLCL ratio 0.5%.
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Figure 4.7: Plot of In ([(ac)) versus In([]) of Poly (chol-3-MMA-co-MMA) with

SLCL ratio 1%.
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Figure 4.8: Plot of In ([J(ac)) versus In([]) of Poly (chol-3-MMA-co-MMA) with

SLCL ratio 2%.
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Figure 4.9: Plot of In ([ (ac)) versus In([J) of Poly (chol-3-MMA-co-MMA) with

SLCL ratio 3%.
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Figure 4.10: Plot of In ([l(ac)) versus In([1) of Poly (chol-3-MMA-co-MMA) with
SLCL ratio 5%.
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Figure 4.11: Plot of In ([J(ac)) versus In([7) of Poly (chol-3-MMA-co-MMA) with
SLCL ratio 10%.

All polymers, which include SCLC concentration ratios of Poly(chol-3-MMA-
co-MMA)’s conduction mechanism is investigated. Nearly all ratios of it (10%, 5%,
3%, 2%, 1%, 0.5%) shows same conductivity mechanism for low and higher
frequency regions. It is demostrated from Figure 4. 6, Figure 4.7, Figure 4.8, Figure
4.9, Figure 4.10 and Figure 4.11, that CBH conduction mechanism was observed at
lower frequency regions and SLPL conduction mechanism for higher regions.
mechanism gosterdi. Poly(chol-3-MMA-co-MMA) with SCLC ratio 0.5% was given
nearly CBH conduction mechanism at lower frequencies. Moreover, Poly(chol-3-
MMA-co-MMA) with SCLC ratio 5% gives nearly DC conductivity with s

parameter 0.08.
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Figure 4.12: Cole-Cole plots of plot of Poly (chol-3-MMA-co-MMA) with
SLCL.

Cole—Cole plots was found as parallel Resistance-Capacitance (RC) and series
Resistance (R) regimes for the investigated samples. These Cole—Cole plots were
obtained from the imaginary versus real values of dielectric constants (¢"—¢).
Equivalent circuit model analysis of the Cole—Cole plots show parallel Resistance-
Capacitance (RC) and series Resistance (R) regimes for the investigated samples.

4.2 OFET Results

As it was mentioned in chapter 3 output characteristics of fabricated OFET
were analyzed immediately by Keitley 4200 SCS at room temperature. Vps was kept
at 60V and Vgs was swept from -60 to 60 V Current Charges in Ips was observed
and investigated. On/Off ratio and threshold voltage were found according to Figure
4.13 and calculated with same procedure in literature. On/Off ratio was founded 2,
which was poor but also acceptable result for OFETSs in literature.

These challenges can be handle out with optimization and improving interface

interactions. Threshold voltage was determined around 6V.
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Figure 4.13: Output characteristics of prepared OFET.

Transfer characteristics of fabricated OFET was investigated by step Vgs.
Figure 4.14 demonstrated that Ips is increasing according to increasing of Vgs,
Which was a desired result for OFET. It can be easily seen that OFET gives very low
saturation behavior in its operation region. Vgs dependent increment was again not

too much that it gives consistency with output characteristics.
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Figure 4.14: Transfer characteristics of fabricated OFET.
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5. CONCLUSION

The purpose of this thesis is taking advantage of peculiar properties of liquid
crystalline material at electrical field for OFET applications. For this reason,
electrical characterization of side chain liquid crystalline polymers is performed. It is
seen that side chain liquid crystal polymers with various aliphatic spacer length are
given different electrical properties. It is surprisingly concluded that poly (chol-7-
MMA-co MMA) could be used for high frequency applications of OPV devices.
Poly (chol-3-MMA-co-MMA) was chosen to grow as dielectric layer. It is also
observed from experimental results that dielectric constant value is proportionally
increased with decreasing the ratio of SCLC polymers. The polymer which includes
0.5% SCLC was selected; it was quite desired result to solve this dielectric polymer
in ethyl acetate. Right after the results of dielectric analysis, OFET fabrication was
processed. Top gate / bottom contact structure was selected to see its possibility to
use in flexible applications. Although it gives low on/off ratio, it is very promising
for future application on flexible substrate.

This study can be accepted as a pioneer work for OFET fabrication with using
SCLC polymers. Liquid crystalline polymers are quite rewarding for new generation
technological devices. Because of its extraordinary behavior on different conditions;
temperature, pressure and humidity sensing properties must be investigated in further
researches. Moreover OFETs are very desirable with their easy-processing, cheap
manufacturing properties. Therefore, OFET with SCLC dielectric layer must be

taken into account for sensor manufacturing.
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