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Chapter 1 
Introduction 

 
1.1 Overview of Organic Thin-Film Transistors 

    Organic semiconductors, as we know, have huge potential to create some 

revolutionary products and applications in our daily life. However, due to their poor 

performance, organic devices could not compete with inorganic ones until new structures 

and materials were adopted in resent years. Light-emitting diodes [1.2], solar cells [3], 

and thin film transistors [4-6] using organic semiconductor have been reported and there 

are also many new organic-electronics products in the market. Nowadays, organic 

electronics is not only the research in the labs but also in use in our life. 

    Inorganic semiconductors such as silicon, germanium and gallium arsenide have 

been used for centuries. However, the electronic devices based on these materials usually 

need complex processing steps by costly production facilities. In recent years, organic 

thin film transistors (OTFTs) have attracted much attention because most organic 

semiconductor materials can be easily deposited by spin coating at room temperature 

with low costs. Because of these unique processing characteristics, they can be quite 

suitable for novel thin-film transistor applications or disposable electronics on flexible 

substrates requiring large area coverage, structural flexibility and low temperature 
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processing. It has been proved to be used for some low end electronics such as chemical 

vapor sensors [7], smart card, and radio-frequency identification (RFID) tags. 

Additionally, prototypes of all-polymer integrated circuits have also been demonstrated. 

[8] 

    Integration of organic TFTs with AMOLED has a great potential to make the dream 

of fully-organic flexible display with totally roll-to-roll technology come true. For this 

purpose, more understanding about the electrical properties and reliability behaviors of 

organic devices is necessary. 

1.2 Solution-Processed Organic Semiconductor Films  

    There are two methods have been usually used to fabricate organic TFT devices. The 

first method involves the use of a soluble material, either a conjugated polymer such as 

poly(3-alkylthiophene) (P3AT) [9] or precursor materials that can undergo subsequent 

chemical reactions to give the desired compounds, such as pentacene and poly(thienylene 

vinylene) [10-11]. In this method, low field effect mobility has been reported due to poor 

ordering and the amorphous nature of the semiconductor thin films. The second one 

involves the use of vacuum deposition system to form the films of oligomers and organic 

materials with low molecular weights. Mobility of higher than 0.01 cm2/V s can be 

obtained with materials such as oligothiophenes,[12-15] copper phthalocyanine,[16] 

bis(benzodithiophene)[17], and pentacene[18.19], which are with highly ordered and 
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self-assembled films. It is clear that good ordering is necessary to achieve better transistor 

performance.  

    However, the technology that is believed to have the potential to produce the highest 

impact on manufacturing costs is the use of soluble organic semiconductors, both 

polymers and oligomers, combined with large area spin-coating or printing techniques 

that could eliminate lithography. For this reason, we choose P3HT as the semiconducting 

layer material in our research because P3HT has many merits to act as the 

semiconducting layer in thin film transistors: (1) P3HT could be solution processed by 

spin coating. (2) The addition of alkyl side-chains of P3HT enhanced the solubility of the 

polymer chains [20], so that we can use different solvent such as toluene, xylene, and 

chloroform to fabricate our device. (3) P3HT is a well-known polymer as an organic 

semiconductor and has shown the field-effect mobility from 10-4 cm2/Vs in 1988 to 0.2 

cm2/Vs in 2003 [21-23]. 

 

1.3 Introduction to Poly-3-hexylthiophene, P3HT 

    The chemical structure of the P3HT had been shown in Fig.1-1. In this figure, R 

stands for the alkyl side chain (C6H13 for P3HT), which allows P3HT to be dissolved in 

many kinds of solvents such as chloroform. The 3-alkyl substituents can be incorporated 

into a polymer chain with two different regioregularities: head to tail (HT) and head to 
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head (HH) [24]. If the P3HT consists of both HH and HT 3-hexylthiophenes in a random 

pattern, we call it a regiorandom P3HT. In contrast, a regioregular P3HT has only one 

kind of 3-hexylthiophene backbone, either HH or HT-P3HT.  

    A regioregular P3HT, with a higher ordering, can be obtained higher mobility than 

regiorandom one. More interestingly, P3HT with regioregular molecular structure exhibit 

very different properties from their regiorandom counterpart including a better ordering, 

smaller band-gap, superior crystallinity in solid states and substantially improved 

electroconductivities 

1.4 Motivation 

    Although significant progress has been made to improve the performance of 

solution-deposited small molecules, semiconducting polymers offer significant 

advantages in terms of solution rheology and mechanical properties. The polymers, 

however, currently have lower performance than a-Si, limiting their applications. Due to 

this reason, we need to optimize the parameters of bottom gate/bottom contact 

P3HT-TFTs including coating speed, S/D contact metal, and modification layer at the 

beginning of our research to enhance the mobility of our devices.  

    We all know that the degree of mobility is superiorly limited by the active-layer 

material so that the two major issues of structural polymer thin-film transistors (P-TFTs) 

is to enhance the on/off ratio & switching speeds. Therefore, we need to fabricate 
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patterned P3HT-TFTs to suppress leakage current and reduce subthreshold swing. 

    Besides, another vital key of P-TFT is that we have to make the devices compatible 

with plastic substrate to realize the flexible electronics so that we should apply organic 

dielectrics which could lower the process temperature to make sure that the P-TFTs can 

be fabricated on plastic substrate. 

1.5 Organization of This Thesis 

    In chapter 1, described background and motivation of our research. 

    In chapter 2, showed experimental procedures to fabricate several kinds of structures 

of polymer TFTs (P-TFTs) with one of the most commonly used polymer material, ex. 

poly(3-hexylthiophene); the structures included non-patterned P-TFTs, patterned active 

region P-TFTs, and patterned both gate and active layer P-TFT. Besides, we did some 

researches with cross-linked PVP as organic dielectrics in order to realize a full-organic 

TFT. 

    In chapter 3, proposed the experimental results and discussed the correlates 

explanations and some issues of P-TFTs which were described above. 

    In chapter 4, we made the summary and conclusions to this thesis. 
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Chapter 2 
Experimental Procedures 

 
2.1 Introduction 

There are many parameters will impact the performance of P-TFTs. In this chapter, 

we will discuss each part of P-TFTs and try to optimize the process parameters.  

We need to consider about the structure of P-TFTs and optimize the spin-on 

conditions for P3HT include the concentration of P3HT solution, spin-coating rate and 

thermal curing time etc. Source/drain metals for ohmic contact with P3HT are also an 

important issue in our devices due to the contact resistance between the source/drain 

electrodes and the semiconductor becomes increasingly important to device performance 

as the channel length decreases. Pt is a well know material applied in P3HT TFTs as the 

contact material because it is pretty stable in the air and its work function is also match 

with P3HT. Therefore, we just change the material of adhesion layer and adjust its 

thickness to examine its effect to the contact resistance and the ON current. 

Oxide surfaces treated with some modification chemicals is also a significant step to 

improve the adhesion between the organic semiconductor and oxide surface. The 

modification of the substrate surface prior to the deposition of regioregular P3HT has also 

been found to influence the film morphology so that we use different kinds of surface 

treatments to investigate their effect. 
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2.2 Device Fabrication of Non-Patterned Polymer 

Thin-Film Transistors 

   2.2.1 Device Structure  

P3HT TFTs are usually fabricated in either the coplanar or staggered geometry, with 

bottom gate. The staggered geometry, as shown in Fig.2-1, so-called top contact device, 

is generally less susceptible to high contact resistance than the coplanar one (bottom 

contact device), because of the larger effective contact area. However, there might be 

some physical damage when using sputtering system to deposit metal contacts, or even 

some metal–semiconductor reactions to influence the contact resistance. The coplanar 

structure, as shown in Fig.2-2, is desirable for its ease of fabrication and compatible with 

conventional lithography technique.  

Due to the reason mentioned above, we fabricated our devices with the coplanar 

structure. The schematic diagram of non-patterned P-TFT is shown in Fig 2-3. First, a 

thermal oxide layer with a thickness of 1200 nm was grown in a furnace on an N++ type 

low-resistance wafer which acts as a common gate electrode. Afterwards, source/drain 

regions were defined using the photolithography process. The finger type for source/drain 

electrode was shown in Fig.2-4. Finger geometry for the source/drain contacts is to 

minimize the TFT device area and the associated gate to source/drain leakage current. 

Finally, the device is finisfed after spinning-coating the P3HT for the active layer. 
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2.2.2 Process Flow of Non-Patterned P-TFTs  

  1.  Initial RCA cleaning 

2.  120 nm field-oxide layer: furnace wet oxidation at 980 oC 

3.  Mask #1: Source/Drain electrodes definition  

4.  Ti or Cr / Pt = 5 nm / 50 nm as the adhesion/electrode layer: Sputter system  

    at base pressure = 2 × 10-6 torr; metals were deposited continuously without  

    breaking vacuum 

5.  P. R. lift-off in ACE with ultrasonic agitation and then the residual Pt metals  

    form the source/drain electrodes.  

6.  ACE + IPA cleaning   

7.  Surface modification layer deposition 

8.  Spin-on P3HT: 0.5 wt% P3HT in chloroform, 500 ~ 2000 rpm for 40 seconds,    

    and then baking in a vacuum chamber under 120oC for 45 minutes.  

The descriptions above are shown in Fig.2-5. 

   2.2.3 Bi-Layer Electrode 

    Materials and structures of the source/drain electrodes both affect the contact 

characteristics between the source/drain electrode and the organic semiconductor. 

Unlike the FET of single-crystalline silicon, polycrystalline silicon, or hydrogenated 

amorphous silicon, the P3HT material cannot be optimized easily by semiconductor 

doping or silicide formation. Such properties of organic semiconductors deteriorate the 

performance of devices; moreover, the chemical compound always increase the contact 
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resistance between the source/drain electrode and the organic semiconductor [25],[26]. 

It is a straightforward method to find a suitable electrode material which forms ohmic 

contact with the organic active layer and thus to improve the performance of OTFTs. Pt 

is a well know material applied in OTFTs as the contact material. It is stable and the 

work function is match with P3HT, however, Pt is hard to deposit on SiO2 so that we 

needed to add an adhesion layer between Pt and SiO2 – Cr layer or Ti layer because 

these two kinds of metal are not only noted for good adhesion to SiO2 but have similar 

work function.  

   2.2.4 Modification of Oxide Surface 

   The self-assembled monolayer (SAM) modification of a SiO2 gate dielectric 

surface improved the molecular ordering of semiconducting layer in P-TFTs, leading to 

a significant improvement in transistor performance. Similarly, the mobility of P3HT 

TFTs has also been reported to improve by orders of magnitude upon modification of 

the SiO2 gate dielectric substrate by hydrophobic SAM, possibly through lowering of 

the surface energy of the gate dielectric and removal of residual surface water and 

other polar groups prior to deposition of the polymer[27], or by inducing 

microstructural changes through specific interactions with functional groups of the 

polymer[28]. Molecular ordering in semiconductors can be manipulated to varying 

degrees through controlled solvent evaporation[29], postdeposition annealing[30], and 

substrate surface chemistry[31–34]. For example, modification of the gate dielectric 

surface with HMDS, as shown in Fig.2-6(a), led to improved P3HT-TFT 
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performance[35]. Similarly, a significantly higher mobility of F8T2-TFTs was obtained 

using a dielectric surface modified with octadecyltrichlorosilane (OTs), as shown in 

Fig.2-6(b)[36]. Because of these reasons, in our research, we discuss several condition 

of different modification layers as below: 1. none (O2 plasma treatment); 2. HMDS 

layer; 3. O2 plasma treatment+ OTs layer; 4. HMDS layer + OTs layer. There are 

HMDS layer on oxide surface after S/D deposition due to the process of lithography in 

NCTU NFC so the purpose of O2 plasma treatment is to destroy the HMDS layer and 

remove other chemicals on the oxide surface. 

    The detail experimental method was described below: HMDS molecules were 

chemically bonded with the hydroxyl groups on the oxide surface in a high 

temperature (150oC) and low pressure (lower than 20 torr) oven which was full of 

HMDS steam. In order to remove the HMDS from the process of lithography, we 

employed O2 plasma for ten minutes to make the surface of SiO2 clean and without any 

organic chemicals. To grow OTs modification layer, we put the sample and 1 ml OTs 

liquid in a negative-pressure box in R.T for 45 mins and then baking in vacuum 

chamber (100oC for 30mins). 

 

2.3 Device Fabrication of Patterned Polymer Thin-Film 

Transistors   

   2.3.1 Introduction 

    How to pattern the organic semiconductor active layer in organic devices is a 
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really critical issue. It is required in applications such as color or backlit 

polymer/organic light emitting diode displays[37] [38]. Patterning the active layer is 

required in order to reduce leakage currents, crosstalk between individual devices, 

unwanted parasitic capacitance, and to increase the much-needed operational speed. 

As a result, the devices have better performance characteristics (ION/IOFF ratio, for 

instance). Patterning is even more important when P-TFTs share a common gate, in 

which case the leakage through the gate dielectric is significant [39]. 

    Several methods of patterning small molecules can be found in the literature, ex, 

deposition through a shadow mask[40], integrated shadow mask[41], or patterned 

growth[42]. However, these kinds of convenience methods could not be applied to 

P-TFTs because we usually use the spin-coating technique to deposit the active layer 

of P-TFT instead of vacuum deposition which was compatible with the patterned 

technology through shadow mask. Therefore, one of the most common methods for 

patterning P-TFT consists of either a water-soluble resist or a protective parylene 

layer followed by a regular photoresist on top of the polymer, which is acted as an 

etch mask. Subsequently the polymer layer is etched by oxygen plasma. [43] [44] 

    In this thesis, we clarify a photolithographic patterning process for P3HT TFTs. 

The process described in this thesis could apply to other organic semiconductors as 

well (F8T2, PQT-12, for example). One of the handicaps of this process is the 

observed degradation of the transistor performance. Recent reports show a mobility of 

6.1 x 10-3 cm2/V s and 10-5 cm2/V s for photolithographically patterned pentacene and 
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P3HT OTFTs, respectively [45][46]. Considering a typical mobility of 0.1 cm2/V s 

and 0.01 cm2/V s for unpatterned pentacene and P3HT, respectively [47–50], there is 

more than two orders of magnitude performance degradation after patterning. 

Therefore, we focus on not only how to develop a process that is compatible with 

inexpensive plastic substrates but the electrical characteristic enhancement of 

P3HT-TFT devices such as mobility, ION/IOFF ratio, and switching speeds etc. 

    One of the most vital parts of this kind of patterned method is the passivation 

layer which is use to protect the active layer. We employ cross linked PVP as the 

passivation layer to prevent the damage from coming process. (ex: PR spin-coating, 

HDP-RIE) because it is not only insoluble in common solvents but with a pretty good 

mechanical strength and flexibility to act as a great passivation layer.  

 

   2.2.2 Process Flow of P-TFTs with Non-Patterned Gate and 

Patterned Active Region  

1.  Initial RCA cleaning 

2.  120 nm field-oxide layer: furnace wet oxidation at 980 oC 

3.  Mask #1: Source/Drain electrodes definition  

4.  Cr / Pt = 3~8 nm / 50 nm as the adhesion/electrode layer: Sputter system  

    at base pressure = 2 × 10-6 torr; metals were deposited continuously without         

    breaking vacuum 

5.  P. R. lift-off in ACE with ultrasonic agitation and then the residual Pt metal  



 13

    forms the source/drain electrodes. 

6.  ACE + IPA cleaning   

7.  HMDS layer growth 

8.  Spin-on P3HT: 0.5 wt. % P3HT in chloroform, 1000 rpm for 40 seconds, and  

    then baking in a vacuum chamber under 120oC for 45 minutes. 

9. Spin-on passivation layer (PVP liquid : 2.67 wt% PVP, 1.33 wt% PMF, 0.8 wt% 

PAG in three kinds of solvent: PGMEA, BuOH, and IPA), 1500 rpm for 30 

seconds, exposing under 365nm UV light for 1 minute and then baking in a 

vacuum chamber under 120oC for 10 minutes to make PVP cross linked. 

10. Spin-on thick PR (AZ-4620) and patterned the active region as a hard mask. 

11. HDP-RIE in an O2 plasma etcher for the dry etching of PR, PVP and P3HT.  

The descriptions above are shown in Fig.2-7.  

   

   2.2.3 Process Flow of P-TFTs with Patterned Gate and 

Patterned Active Region  

1. Si-Wafer with 400nm thermal oxide as buffer oxide 

2. Using E-gun system to deposit Cr gate for 100nm. (use the lift-off technique to 

pattern) 

3. Depositing 120nm PECVD oxide. 

4. Cr / Pt = 3 nm / 50 nm as the adhesion/electrode layer: Sputter system at base  

   pressure = 2 × 10-6 torr; metals were deposited continuously without breaking  
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   vacuum 

 5.  P. R. lift-off in ACE with ultrasonic agitation and then the residual Pt metal  

    forms the source/drain electrodes.  

 6.  ACE + IPA cleaning   

 7.  HMDS layer growth 

 8.  Spin-on P3HT: 0.5 wt. % P3HT in chloroform, 1000 rpm for 40 seconds, and  

    then baking in a vacuum chamber under 120oC for 45 minutes. 

9. Spin-on passivation layer (PVP liquid : 2.67 wt% PVP, 1.33wt% PMF, 0.8wt% 

PAG in BuOH), 1500 rpm for 30 seconds, exposing under 365nm UV light for 1 

minute and then baking in a vacuum chamber under 120oC for 10 minutes to make 

PVP cross linked. 

10. Spin-on thick PR (AZ-4620) and patterned the active region as a mask. 

11. HDP-RIE in an O2 plasma etcher for the dry etching of PR, PVP and P3HT.  

   The schematic diagram of patterned gate and patterned active region P-TFTs is shown 

in Fig.2-8. 

 

2.4 Polymer Thin-Film Transistors using Organic 

Dielectric 

   2.4.1 Introduction 

    The dielectric systems discussed above have all been part of bottom gate devices. 

The deposition of inorganic dielectrics would be difficult on top of the organic active 
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layer. The surface treatments employed on inorganics would be practically impossible 

to use in top gate devices. Organic dielectrics, however, offer the freedom to build 

both top and bottom gate devices more easily by the use of solution coating 

techniques and printing. 

    Solution-processable materials are very attractive for applications in electronics, 

in part because films exhibiting good characteristics can often formed simply by 

spin-coating, printing, or casting at room temperature under ambient conditions. Of 

course, gate dielectrics are not an exception. Furthermore, this capability has practical 

merits when coupled with low-cost patterning techniques for dielectric and for other 

materials needed for TFT fabrication. From this point of view, polymer dielectrics 

really have great potential.    

    However polymer TFTs in which both the semiconductor and the insulator are 

polymers have shown limited success in contrast. An inherent problem in the 

fabrication of these polymer TFTs is that the polymer semiconductor layer on an 

insulating layer can get damaged when the other layer is spin-coated onto the existing, 

underlying layer for the fabrication of the transistor. 

     

   2.4.2 Cross-Linked PVP Gate Dielectrics 

     Poly(4-vinylphenol) (PVP), as shown in Fig.2-9, is one of the most popular gate 

materials. OTFTs with PVP gate dielectric and opaque noble-metal S/D contacts 

showed a pretty good performance. However, the organic dielectric capacities of the 
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polymer gate dielectric are still inferior to those of inorganic dielectric materials. 

Moreover, sensitivity to gate bias stress in OTFTs with the polymer dielectric, resulting 

in threshold voltage shift depending on the direction of gate voltage sweeping, has been 

often found and reported[51]. Cross-linked PVP is that PVP blends with some 

cross-linking agent and then treat with UV light or thermal curing to make PVP 

cross-linked. Cross-linked PVP is insoluble in common solvents, and it could be 

patterned using standard microelectronic etching methodologies, moreover, it has a 

pretty good mechanical strength and flexibility so that it is one of the prospective 

materials as gate dielectric. Few studies reported the reasons of the threshold voltage 

shift and the unreliable behavior of P-TFTs with organic dielectrics [52]. Hence, no 

report has mentioned about optimum PVP curing conditions for crosslinking of 

polymer chains, which may substantially influence the electrical properties of polymer 

gate dielectric films and further influence the reliability of the OTFTs with polymer 

gates  

   2.4.3 Process Flow of P-TFT with Cross-Linked PVP as 

Gate Dielectric. 

    Cross-linked PVP films were prepared from a solution of 8 wt% 

poly-4-vinylphenol, 4 wt% poly(melamineco-formaldehyde) (PMF, as shown in 

Fig.2-10), and 0,0.1, 0.5, 2.4 wt% photo acid (PAG, as shown in Fig.2-11) in propylene 

glycol monomethyl ether acetate (PGMEA), deposited by spin coating, and then curing 

in vacuum chamber, (120oC,30 minutes) followed by exposing under 365nm UV light 
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for 1 minute to make PVP cross linked, as shown in Fig.2-12.(If we did not add PAG in 

the solution, we needed to make PVP cross-linked at 200 oC for 30 minutes) 

    The process in detail is described as below: 

  1.  Initial RCA cleaning 

2.  Spin–coating PVP solution (1000 rpm for 40 seconds) on Si-wafer 

3.  Thermal curing in vacuum chamber, (120oC for 30mins) followed by exposing   

    unde 365nm UV light for 1 minute to make PVP cross linked 

4.  OTs layer growth 

5.  Mask #1: Source/Drain electrodes definition (abridge the step of HMDS   

    deposition) 

6.  Cr / Pt = 3 nm / 50 nm as the adhesion/electrode layer: Sputter system  

    at base pressure = 2 × 10-6 torr; metals were deposited continuously without         

    breaking vacuum 

7.  P. R. lift-off in ACE with ultrasonic agitation and then the residual Pt metal  

    forms the source/drain electrodes.  

8.  ACE + IPA cleaning   

9.  Spin-on P3HT: 0.5 wt. % P3HT in chloroform, 1000 rpm for 40 seconds, and  

    then baking in a vacuum chamber under 120oC for 45 minutes.  
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Chapter 3 

Process Development and Electrical 
Characterization of the P-TFTs 

 

3.1 Electrical Characteristics of P-TFTs 

 3.1.1 Measurement    

    Current-voltage characteristics of P-TFTs were measured in atmospheric 

pressure with a semiconductor parameter analyzer HP4156C. All measurements were 

carried out in an electrically shielded box. The drain-source current, IDS, was 

measured as a function of the drain-source voltage, VDS, to observe FET-like 

characteristics. IDS was also measured as a function of the gate voltage at VDS = -40V, 

which was constructed to determine the gate bias modulation of the TFT conductive 

channel. Four primary parameters were extracted from the experimental I-V curves: 

(1) the transistor threshold voltage (Vth), (2) ON/OFF current ratio, (3) the field effect 

mobility (μ) (4) subthreshold swing (SS). The detailed extraction method will be 

discussed in the following section. 

 

  3.1.2 Extractions of Mobility and Threshold Voltage 

    Mobility is an important parameter for carrier transport because it describes how 
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strongly the motion of an electron or hole is influenced by an applied electric field. 

P3HT-TFTs are adequately modeled by standard field-effect transistor equations and 

the P3HT used in the present devices behaved as a p-type semiconductor. When the 

gate electrode is biased negatively with respect to the source electrode (ground), 

P3HT-TFTs operate in the accumulation mode and the accumulated charges are holes. 

Mobility could be extracted from the maximum transconductance (gm) at VD = -40V 

in our experiment 
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where L is the channel length, W is the channel width, Ci is the capacitance per unit 

area of the insulating layer, and μ is the field effect mobility. 

.    The threshold voltage of an organic thin film transistor is also a very vital 

device parameter, since it is directly related to the power supply requirements. The 

interface between the dielectric and organic-semiconductor strongly affects the 

transistor I-V characteristics. The density of charges trapped in the bulk and at the 

interface, as well as the mobile and fixed charges in the dielectric directly affects the 

threshold voltage. For a given dielectric thickness, the presence of higher charge 

results in a higher threshold voltage because the charge carriers get trapped and larger 

voltage is required to invert the semiconductor surface. Threshold voltage Vt can be 

extracted from the following equation  
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Use linear fitting of the plot ID
1/2 vs. VG in saturation region to abtain the slope and 

the horizontal axis intercept at point A, which was the extracted threshold voltage (Vt 

= VG at ID
1/2 =0) 

 

3.2 Non-Patterned P-TFTs 

3.2.1 Material Purification  

    Poly(3-hexylthiophene) (regioregular, >98.5% head-to-tail) was purchased from 

Aldrich company. The P3HT had a wide range of molecular weight, so we needed to 

purify it and make separation with different Mw molecules so that we can collect the 

higher Mw molecule together and it might result in the performance enhancement of 

our devices. The polymer was separated into narrow molecular weight fractions with 

the method similar to the paper of Trzandel et al[53]. The illustration of Soxhlet 

extraction for purification of P3HT was shown in Fig.3-1. Put the P3HT in the filter 

glass and the solvent in the extraction pot, by means of the different solubility with 

different molecular weight of P3HT in the solvent, we can make molecule with 

unfamiliar molecular weight separated to reach the purpose of purification. The 

as-received material was subjected to a series of Soxhlet extractions with hexane and 

dichloromethane. In the end we used chloroform to extract the P3HT we wanted. The 
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Soxhlet apparatus was kept under a nitrogen purge to avoid unintentional doping of 

P3HT. Each solvent was refluxed until the filtrate was colorless (~12 h). The 

collected fractions were concentrated by rotor evaporation and then dried until 

reaching constant mass. 

    The results of the separation of Aldrich P3HT into narrow molecular weight 

fractions are shown in Table.3-1. The starting material from Aldrich had a large 

polydispersity distribution as can be seen from the GPC results.  

    We use P3HT both before purification and after purification to be active layers in 

our devices. The ID-VG curves of these transistors were shown in Fig.3-2. Both 

transistors are fabricated under the parameter as below: 0.5% weight percentages of 

P3HT in chloroform, and spin-coating 1000 rpm for 40 seconds. We found that the 

mobility was eight times and the on/off ratio was forty times enhancement because 

the lower molecular weight had been wiped out to make the P3HT purer so that the 

electrical characteristic of our P-TFT had been improved. 

  3.2.2 Effects of Films Thickness 

    In this section, we prepared 0.5 wt% of P3HT in chloroform. And then the P3HT 

solution was filtered by a 0.2-μm pore-size PTFE filter and then spun onto the wafer 

surface with different coating rate: 250, 500, 1000, 2000rpm. Next, we investigated 

the electrical characteristics of P3HT-TFTs, such as mobility, threshold voltage, 
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subthreshold swing and on/off ratio, with different spin-coating rate of P3HT layer. 

  3.2.2.1 Physical Properties of Spin-On P3HT Film 

   We employed scanning electron microscope to observe the thickness of 

deposited P3HT film. Fig.3-3 exhibits the thickness of the deposited P3HT in 

chloroform film with different coating rates: 250, 500, 1000, 2000rpm. We found 

that the faster of coating rate, the thinner the films deposited. 

 3.2.2.2 The Bulk Current Effect of P3HT Film 

    There are two current paths in organic semiconductor layer [54]. One is the 

channel current (Ich), it comes from source electrode (Pt) and goes through the 

accumulation holes and into drain electrode (Pt). Using established 

metal-oxide-field effect transistor (MOSFET) current-voltage relationships, the 

channel current can be written as:  

( ) thGDDDthGich V-VV as         V/2V-V-VC
L
WI <<= µ            (equation 3-3) 

for the linear regime, where L is the channel length, W is the channel width, Ci is 

the capacitance per unit area of the insulating layer, Vth is the threshold voltage, and 

μ is the field effect mobility. Another leakage path is the bulk current (Ibk). It comes 

from source electrode (Pt) and goes through conductive layer which is above the 

accumulation holes and into drain electrode. The bulk current (Ibk) can be 

represented as  
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DSbk Vl
L
WI ×××= µ                                       (equation 3-4) 

    where l is the organic semiconductor layer thickness [54]. 

The ID-VG curves of these transistors with different coating rate were shown in 

Fig.3-4. We found that the devices which were fabricated by coating rate of 250, 

500 rpm can not be turned off. It can be shown that the current is the bulk current 

from the aspects of that as the organic semiconductor layer thickness increases, the 

drain current increases. These conclusions are consistent with Equation 3-4. 

    It is believed that the conducting channel in P-TFTs is confined to a few 

monolayers at the organic dielectric interface[55]. Studies on pentacene-based 

devices show 0.9 and 2–3 nm accumulation layers depending on the dielectric and 

the applied gate bias[56][57]. Even though working P-TFTs have been made with a 

monolayer of P3HT, the semiconductor layer in most P-TFTs has a thickness 

ranging from a few tens of nanometers to hundreds of nanometers which is much 

lager than the accumulation layer thickness [58]. In Fig.3-4, we observed that the on 

current decreased obviously when the spin-coating rate was up to 2000 rpm. We 

suggested that the P3HT solution evaporated so soon under this condition that the 

P3HT film could not be formed with a good order. It resulted in a lower driving 

current and lower mobility. 

In this work, P3HT-TFTs with film thickness of 59–164 nm were made. The 
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mobility and on/off ratio up to 0.02 cm2 /V s and 8 x 104, respectively, have been 

obtained, which are similar to best P3HT-TFTs reported in the literature. The effects 

of P3HT film thickness on the electrical properties of P3HT-TFTs were studied. The 

drain current and the mobility increase with thickness. The results provide useful 

information and guidelines for circuit design of organic devices for different 

application requirements. 

 

   3.2.3 Effects of Surface Treatments 

    The P3HT (regioregular, >98.5% head-to-tail) used in coming chapter and section 

was purchased from Reike Metal company. The steps of purification were the same as 

we described above. 

    The characteristics of polymer thin-film transistors can be controlled by 

chemically modifying the surface of the gate dielectric prior to the deposition of the 

organic semiconductor. The chemical treatment consists of derivatizing the silicon 

oxide surface with organic trichlorosilanes to form self-assembled monolayers (SAMs). 

    In this section, we will discuss several condition of different modification layers as 

below: 1. none of SAMs (O2 plasma treatment); 2. HMDS layer; 3. O2 plasma treatment 

before OTs was deposited; 4. HMDS layer deposition before OTs was deposited.  

   Fig.3-5 showed that the ID-VG curves of P3HT-TFT with different modification 
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layer. We found that if we treated the surface with O2 plasma, Vth shifted to positive 

apparently. We thought that if we did with O2 plasma treatment, P3HT not only 

arranged well on the channel region but on the top of source and drain, leading to 

larger leakage current from the bulk. In order to get lower leakage current, we only 

treated with HMDS to improve adhesion and regioregularity between the polymer 

chain and the oxide surface[59]. After treating SiO2 surface with HMDS, the hydroxyl 

groups at the oxide surface would be replaced by methyl groups and the apolar nature 

of these groups apparently attract the hexyl side chains of P3HT, favoring lamellae 

with an edge-on orientation. 

    The OTs molecules with long alkane chains as the modification layer provided the 

highest driving current[60], which allowed them to interact with similar features in the 

structure of P3HT via induceddipole dispersion forces. The alkane chains in OTS 

extend perpendicularly to the SiO2 surface. The mobility increases clearly on the 

devices with OTs layer; either O2 plasma treatment or HMDS layer deposition before 

OTs layer was deposited. The effect of dielectric surface treatment on carrier mobility 

in the polymer is still not well understood. Replacing siloxyl groups on the SiO2 

surface with methyl groups by treating the dielectric with HMDS or OTs might lead to 

a mobility increase in P3HT. The increase was attributed to the presence of apolar 

groups at the surface leading to phase segregation of the polymer at the interface [61]. 
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This mechanism is not consistent with the mobility increase observed on OTS-treated 

surfaces. If the mobility depended only on the presence of methyl groups on the 

surface, the devices fabricated on the HMDS-treated surface would have 

characteristics comparable to those fabricated on the OTs-treated surface. 

    However, there must be HMDS layer on oxide surface after S/D deposition due to 

the process of lithography in NCTU NFC so the OTs layer had to be deposited after O2 

plasma treatment to destroy the HMDS layer. This process causes higher leakage 

current and also suppresses the on/off ratio. If we deposit OTs layer on HMDS layer, 

the ID-VG curves showed two steps of increasing current because of the different 

modification layer on the oxide surface.  

 3.2.3.1 Electrical Stability of P3HT-TFTs with Different Modification 

Layers 

    As shown in Fig.3-6, a negative Vth shift was observed after a constant gate bias 

stress of -40 V, especially on the devices with O2 plasma treatment. Several 

mechanisms are responsible for the above observation. One is the charge 

trapping/relaxing near the semiconductor-insulator interface, mobile ions/trap-states 

in the gate dielectric, or polarization effect. It was also reported that the 

electro-negativity of the molecule’s functional group, such as self-assembly 

monolayer at the interface, influences the charge distribution within the organic active 



 27

layer and can lead to the formation of an electric dipole[62]. The devices with O2 

plasma treatment created more defects on the surface of dielectric and this is why a 

larger negative Vth shift be observed.  

    The other is that when the gate electrode was applied a constant negative bias, 

the dipoles from the polar part of P3HT molecules would rearrange and induce a 

polarization electric field as shown in Fig.3-7. The polarization electric field enhances 

the free holes to be depleted, and thus the device is easily turned off and the threshold 

voltage would decrease as we observed in the experiments. 

 

  3.2.4 Adhesion Layer 

    Pt is a well know material applied in OTFTs as the contact material. It is stable and 

the work function is match with P3HT, however, Pt is hard to deposit on SiO2 so that 

we needed to add an adhesion layer between Pt and SiO2 – Cr layer or Ti layer because 

these two kinds of metal are not only noted for good adhesion to SiO2 but have similar 

work function.  

    Fig.3-8 and Fig.3-9 showed the ID - VG and ID -VD curves of P-TFT with different 

adhesion layers. We found the curves are very similar to each other. Due to this, we 

think the thin Ti & Cr (5nm) both acts as good adhesion layers. 
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3.3 Patterned P-TFTs 

 3.3.1 Subthreshold Slope and On/Off Current Ratio 

    Subthreshold slope is also important characteristics for device application. To take 

advantage of a large on/off current ratio it is necessary to swing the TFT gate bias over 

small range. But the TFTs don’t turn off abruptly at the threshold voltage as the 

saturation current equation would suggest. Instead there is a subthreshold region where 

the drain current varies approximately exponentially with gate voltage. For single 

crystal silicon TFTs the subthreshold region is well-behaved and ideally the 

subthreshold slope comes from the exponential activation of current with voltage 

compared to the thermal voltage; at room temperature this gives a subthreshold slope 

for drain current of about 60 mV/decade. Due to tail and midgap states, a-Si TFTs have 

a larger subthreshold slope, typically 0.3-1.5 V/decade. The subthreshold slope for the 

P3HT TFTs discussed is about 8-10 V/decade. This is a significant problem since to 

achieve a low off current it is necessary to swing the TFT gate voltage a large range. 

We must reduce the subthreshold slope to improve the TFTs performance. The 

subthreshold slope of transistors can be defined by the equation: 

( ) comstantV
D

G
D

|
I log

V
SS =∂

∂
=        , when VG >Vt for p-type. 

If we want to have the TFTs with good performance, a small subthreshold slope of 

transistors is indeed. 
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   For active matrix liquid crystal displays (AMLCD’s) application, TFTs must have a 

sufficiently large on current to charge the pixel capacitance during a line access time 

and a sufficiently low off current that the charge remains stable during the much longer 

frame time so that the high on/off current ratio is really a vital target to the P-TFTs. 

    Amorphous Si TFTs have excellent on/off current ratio, typically near 108, and this 

is one of the reasons they have found wide application in AMLCD’s. The on/off current 

ratio is more strongly affected by film purity effects. Using commercially available 

P3HT we had been able to achieve TFT mobility greater than 0.01 cm2/V-s, however 

the on/off current ratio is typically only 103-104. It is really a fatal problem for 

P3HT-TFTs because if we want to apply P-TFT as a simple switch, on/off ratio higher 

than 104 is necessary at least. In this study, we will try to solve this problem by 

patterning the polymer active layer and will be shown in coming section. 

 

   3.3.2 Contact Resistance 

    Because of the driving current after patterning the active region layer would 

decrease apparently, contact resistance effect might be observed easily. We had to do 

some research to investigate the effect of the thickness of the adhesion layer.  

    We adjusted three kinds of thickness of adhesion layer in this experiment including 

3nm, 5nm, and 8nm. The ID -VD curves are shown in Fig.3-10. We found that thicker 
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adhesion layer (~8nm) results in linear current increment at low VD contract to the 

thinner adhesion layer (3~5nm) which displays a traditional curves. The accumulation 

region formed a low resistance channel and current will flow through this path, the 

current flow path is shown in Fig.3-11. This might suggest that the conducting channel 

in a P3HT layer should be 5 to 8 nm thick. 

 

   3.3.3 P-TFTs with Non-Patterned Gate and Patterned 

Active Layer 

     3.3.3.1 Gate Induced Leakage in the Polymer Thin-Film Transistors 

    Fig.3-12 (a) shows the ID–VD characteristics of our standard P3HT device. The 

P3HT film is approximately 70 nm thick and was not patterned for these devices. The 

distortion of the I–V curves in the linear region because of the ID offset can be clearly 

seen. The gate induced leakage (i.e. the gate current) (IG) increases with gate bias and 

is much higher at lower VDS and peaks at VDS = 0 V (Fig. 3-12(b)). These kinds of 

P-TFTs share a common gate and a common active layer so that there were many 

current paths from drain to gate and result in large gate leakage current.  

    The ID -VD curve of patterned active layer P-TFT was shown in Fig.3-12(c)(d). 

The electrical characteristics of the patterned P3HT device represented in the Figure 

show a P-TFT with low gate induced leakage current. While the ID offset is reduced 
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significantly, the drive current for the transistor is comparable to the non-patterned 

devices. 

    In this section, we studied the ID offset in P-TFTs with a bottom contact 

configuration. ID offset is closely related to gate leakage and can be used to monitor 

the leakage of OTFTs. ID offset changes with film thickness and doping density of 

P3HT films. Thicker films and higher doping densities result in higher ID offset. We 

suggest that the major source of ID offset is the effective expansion of drain/source 

electrodes from the conducting accumulation layer when unpatterned P-TFTs are on. 

By patterning the P3HT film, ID offset in P-TFTs can be reduced significantly. 

Patterning the P3HT film and limiting the film to the channel area eliminates a large 

source of ID offset. 

 

   3.3.3.2 Cross-Linked PVP as the Passivation Layer with Different 

Solvents 

     The ID-VG curves of patterned P-TFT using PVP solution as the passivation layer 

with different solvent was shown in Fig.3-13. BuOH as solvent exhibits the best 

characteristic among these three solvent apparently. Using BuOH has much better 

coverage than using PGMEA and smoother film than using IPA as solvent. When doing 

the experiment of using PGMEA as solvent, we found that it was hard to spin the 
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solution on the P3HT film because the polarity of these two material was repulsive; 

obviously, it lost its function as passivation layer and only few devices were protected 

during PR coating and dry etching. The film of PVP solution with IPA as solvent after 

coating on P3HT, we found a pretty rough surface, might result in unbalanced energy 

when proceeding dry etching which leading to damage of the devices. Fig. 3.14 to Fig. 

3.16 shows the SEM graphs of P-TFTs with patterned P3HT. From these graph, we 

found that the position of channel is so far away from the edge of the residual polymer 

(P3HT, PVP and thick PR) so we could be sure that the active region was well protected 

by the passivation layer and avoided the plasma damage from the process of HDP-RIE. 

    Fig. 3-17 shows the transfer characteristics of two P-TFTs, one without and the 

other with the patterned P3HT. Non-patterned the P3HT film, the on/off ratio and SS of 

the device was about 103 and 4.5 V/decade. After patterning the active region, the on/off 

ratio was dramatically improved from 103 to about 106 and SS also drops to 1.3 

V/decade because of the reduction of the P3HT film coverage, which was confined only 

between the source and drain electrodes. The mobility of patterned P-TFT was slightly 

decrease from 0.0022 to 0.0013 (cm2/V-s) compared with non-patterned one. The 

characteristic of these two P-TFTs was listed in Table 3-2. 
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 3.3.4 P-TFTs with Patterned Gate and Patterned Active 

Layer 

    The OM graph, ID - VG curve, and ID -VD curve of Patterned Gate & Patterned 

Active Layer P-TFTs were shown in Fig.3-18~Fig.3-20. We found that all electrical 

characteristics were degraded compared to the non-patterned gate with patterned active 

layer one. The possible reason was that there was very rough surface (Fig.2-8) before 

P3HT coating, leading to the fact that the P3HT could not arrange well on the surface. 

The surface morphology of the P-TFTs with patterned-gate and patterned-P3HT    

before active layer deposition is different to others, so we have to do more study about 

spin-coating rate of P3HT for optimizing the film condition. However, this patterned 

device still has the on/off ratio more than 104 and small SS as 2.25 V/decade. The ID-VG 

curves of non-patterned and patterned P-TFTs with PECVD oxide was shown in 

Fig.3-21 

    We note that previous non-patterned P3HT-TFTs that were fabricated and 

measured in air generally showed low on/off ratio. Doping in ambient environments 

was often regarded as a key reason. Our results suggest that the main cause could 

actually be the high gate-leakage current if the device was not patterned. By using 

proper photolithography to define the P3HT channel, we show that high-performance 

P-TFTs can be fabricated and measured in ambient conditions owning to the 
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cross-linked PVP as passivation layer. 

    The characteristic and the OM graphs of these three kinds of P-TFTs were listed in 

Table.3-3. 

 

3.4 Organic Dielectric for P-TFTs 

   3.4.1 Material Analysis   

     3.4.1.1 Scanning Electron Microscope (SEM) Analyses 

    Fig.3-22 exhibits the thickness of the deposited cross-linked PVP film with 

different weight percentage of PAG: 0, 0.1, 0.5, 2.4 wt%. We found that the more 

PAG, the thicker films which were deposited and might result in lower leakage 

current. 

     3.4.1.2 Atomic Force Microscope (AFM) Analyses 

    Fig.3-23 is the AFM graph of the deposited cross-linked PVP film with different 

weight percentage of PAG: 0, 0.1, 0.5, 2.4 wt%. It is obviously to be observed that 

only the material without PAG but curing at higher temperature caused a rougher film 

and the roughness of other weight percentage of PAG are almost the same. We could 

conclude that the factor to affect the roughness is curing temperature but not the 

weight percentage of PAG  
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   3.3.2 Device Characterization 

    We found that PR can adhere well on cross-linked PVP with OTs layer as adhesion 

layer, but not on SiO2 so that we can use the OTs as modification layer instead of 

HMDS to fabricate a higher mobility device without O2 plasma treatment. The ID- VG 

curve of the P-TFT using Cross-Linked PVP as dielectric was shown in Fig.3-24. The 

mobility of P-TFT using Cross-Linked PVP as dielectric was up to 0.005 cm2/V-s, 

which is four times higher than SiO2-HMDS-P3HT TFTs. Beside, low SS (1.66 

V/decade) and high on/off ratio (1.58×104) are almost compatible with patterned 

P-TFT.  

    These films are readily deposited from solution, adhere strongly to a variety of 

rigid and flexible conducting substrates, can be patterned, and are compatible with a 

broad range of organic semiconductors.  
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Chapter 4 
Summary and Conclusions 

     

    Material is still the most vital factor to the polymer TFTs. The same materials from 

different companies resulted in different performances although we treated them with a 

totally the same method.  

    It had been proven that the purification technique has been proven to make 

molecules with different Mw separated so that we could collect the higher Mw molecule 

together and improve device performance. 

    Modification layer really plays a vital role in P-TFTs device. HMDS is the most 

suitable material for our processes; OTs can increase the driving current and enhance the 

mobility of P-TFTs; O2 plasma treatment will lead the device to a serious degradation 

under stressing.  

After optimizing the parameters of P3HT-TFTs, we demonstrated that both high 

field-effect mobility (0.02 cm2/V-s) and high on/off current ratios (greater than 104) could 

be achieved. We found that the film quality and field-effect mobility were strongly 

dependent on the spin coating rate and self assembly monolayers (SAMs). In addition, 

reducing the thickness of the adhesion layer, Cr, can decrease the contact resistance. 

We successfully proposed a patterning process with P3HT as the organic 
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semiconductor. In this process, cross-linked PVP was used as a passivation layer. We 

patterned the active region after spinning-coating the thick photo-resist to be etching 

block and then unwanted PVP/P3HT was etched using O2 plasma reactive ion etching 

(RIE). There was 40% degradation in mobility as compared with P-TFTs whose P3HT 

channels are not patterned; however, the on/off ratio of the patterned devices is improved 

from about 103 to 106, because of the dramatically reduction of leakage current.  

The surface morphology of P-TFTs with patterned gate and patterned active layer is 

rougher and different to the others, so we still have to optimize the spin-coating rate of 

P3HT for better film condition. 

     A direct method to pattern P3HT has been demonstrated using standard 

high-throughput photolithography technique with high yield. The method could be 

applied generally to both small molecules and conducting polymer materials. This 

technique can be extended to use the optical phase-shifting masks to manufacture the 

structures down to 100 nm in dimension, which may significantly increase the speed of 

plastic electronic devices and circuits into the MHz range, which is crucial in practical 

applications. 

We also had presented a cross-linked hygroscopic insulator P-TFTs with a 

performance, when operated in air, superior to the traditional organic devices in terms of 

higher mobility (0.005 cm2/V-s), low SS (1.66 V/decade) and high on/off ratio (1.58×104). 
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Also, using cross-linked technique with PAG for the fabrication of organic dielectric 

could not only lower the process temperature as low as 120oC but also achieve the 

full-organic TFTs. These cross-linked hygroscopic insulators were readily deposited from 

the solution with strong adhesion to a variety of rigid and flexible conducting substrates, 

and compatible with a broad range of organic semiconductors. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         
 
                      
 
 
 
 
 
 
 
 
 
 
 
 
                       Fig. 1-1 chemical structure of P3HT 
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              Fig.2-1 structure of bottom gate/top contact P-TFTs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Fig. 2-2 structure of bottom gate/bottom contact P-TFTs 
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             Fig.2-3 the schematic diagram of non-patterned P-TFT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                Fig.2-4 the comb structures for source/drain electrodes 
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               Fig.2-5 process flow of non-patterned P-TFTs 
 
 
 
 
 
 
 
 
 
 
 
                        (a)                       (b) 
                  
 
           Fig.2-6 (a) the structure of HMDS  (b)the structure of OTs 
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                Fig.2-7 process flow of non-patterned gate and  
                       patterned active region P-TFTs 
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            Fig.2-8 schematic diagram of patterned gate and   
                   patterned active region P-TFTs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                        Fig.2-9 chemical structure of PVP 
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                  Fig.2-10 chemical structure of PMF 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                  Fig.2-11 chemical structure of PAG 
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                   Fig.2-12 chemical structure of cross-linked PVP 
                           with PMF as cross-link agents 
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        Fig.3-1 the illustration of Soxhlet extraction to purify the P3HT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               Fig.3-2 the ID-VG curves of P-TFT before and after  
                      purification of P3HT 
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    Fig.3-3 the thickness of the deposited P3HT in chloroform film with  
           different coating rate: 250, 500, 1000, 2000rpm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          Fig.3-4 ID-VG curves of transistors with different coating rate 
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     Fig.3-5 the ID-VG curves of P3HT-TFT with different modification layer. 

 Fig. 3-6 a constant gate bias of -40 V was applied for 500 seconds  
        with different modification layer. 
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        Fig.3-7 direction of polarization electric field under a constant gate bias  
               stress of -40 V  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
           
           Fig.3-8 ID-VG curves of P-TFT with different adhesion layers. 
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       Fig.3-9 ID-VD curves of P-TFT with different adhesion layers. 
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        Fig.3-10 ID-VD curves of adhesion layer with different thickness  
                including 3nm, 5nm, and 8nm. 

                  (a)                               (b)       
          
        Fig.3-11 model of carrier injection into the effective channel              
                from S/D electrodes when the adhesion layer is (a) thicker  
                or (b) thinner than the conducting channel layer. 
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               (a)                                        (c) 
 
 
 
 
 
 
 

 
 

 
                 (b)                                        (d) 
 
         
         Fig.3-12 ID–VD characteristics of (a) (b) non-patterned P-TFT   
                (c) (d) non-patterned gate & patterned active layer P-TFTs 
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        Fig.3-13 ID-VG curves of patterned P-TFT using PVP solution as  
                passivation layer with different solvent 
           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Fig.3-14 SEM graph: cross-section of P-TFTs with patterned P3HT 
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      Fig. 3-15 SEM graph: the etching edge of P-TFTs with patterned P3HT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Fig. 3-16 SEM graph: P3HT (75 nm), PVP(172 nm) and thick PR 
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     Fig.3-17 ID-VG curves of non-patterned and patterned active layer P-TFTs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Fig.3-18 OM graph of patterned gate and patterned active layer P-TFTs 
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   Fig.3-19 ID-VG curves of patterned gate and patterned active layer P-TFTs 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
     Fig.3-20 ID-VD curve of patterned gate and patterned active layer P-TFTs 
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        Fig.3-21 ID-VG curves of non-patterned and patterned P-TFTs with  
               PECVD oxide 
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       Fig.3-22 SEM of the deposited cross-linked PVP film with different weight  
              percentage of PAG: 0, 0.1, 0.5, 2.4 wt% 
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RMS = 0.581 nm RMS = 0.289 nm 

RMS = 0.283 nm RMS = 0.291nm 

 
 
 
 
 
 
 
 
 
(a)                                    (b) 
 
 
 
 
 
 
 
 
(c)                                    (d) 
 
 
 
 
 
 
 
 

Fig.3-23 AFM of the deposited cross-linked PVP film with different weight  
              percentage of PAG: (a)0 (b)0.1 (c)0.5 (d)2.4 wt% 
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      Fig.3-24 ID-VG curve of the P-TFT using cross-linked PVP as dielectric 
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       Table 3-1  the results of the separation of P3HT into narrow    
                 molecular weight fractions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3-2 characteristic of non-patterned and patterned active layer P-TFTs  
         with thermal oxide 

 Before patterned After patterned 

mobility 
(cm2/V-s) 

0.0022 0.0013 

on/off 103 106 

Vth 1.94 -0.43 

swing (V/decade) 4.5 1.3 

Aldrich Mn Mw PDI 
As received 18496 45368 2.45 

P3HT-hexane 5054 6907 1.37 
P3HT-CH2Cl2 14415 25559 1.77 
P3HT-3 (77%) 35928 63661 1.77 
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  Conventional Patterned-P3HT Patterned-P3HT & 
Patterned-Gate

 

Mobility 
(cm2/V-s) 

0.0012 0.0010 0.00014 

on/off 103 5×105 2×104 

Vth (V) 11 -0.12 7 

swing 
(V/decade) 

4.5 1.9 2.25 

 
 

Table 3-3 characteristic and the OM graph of non-patterned and two kinds of  

         patterned P-TFTs with PECVD oxide.  
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