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ABSTRACT OF THE THESIS 

Investigation of Polyaniline (PANi) and SU-8 Composite 
Conductive Polymer: Pattern Ability and Electrical Characteristics 

by 
Chintan Vinodkumar Patel 

Master of Science in Mechanical Engineering 
San Diego State University, 2012 

 
This study investigates experimentally the fundamentals of patterning polyaniline and 

SU-8 coating by photo-lithography. Spin coating, pre baking, exposure, post baking and 
development conditions were developed on glass slides as well as silicon wafers. However, 
surface roughness played a vital role in achieving proper adhesion over the glass substrate. 
The best result was obtained on silicon wafers. Various combinations of solvents and 
polyaniline were tried in order to obtain excellent patterned structures on the substrate. Even 
SU-8-10 as well as SU-8-100 was tried in various experiments. Some excellent results were 
obtained when photo-initiator (Triarylsulfonium hexafluoro-anitimonate salts) was used as 
solvent with SU-8-100 and GBL (gamma-butyrolactone) in terms of patterning. A new 
process was developed to pattern polyaniline using positive lithography. Lift-off gave 
excellent results which comprised of features on the substrate as well as conductivity. 
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CHAPTER 1 

INTRODUCTION 

1.1 CONDUCTING POLYMERS 

Micro-Electro-Mechanical Systems (MEMS) technology promises to change nearly 

every product category by bringing together silicon-based microelectronics with 

micromachining technology. MEMS is a combination of mechanical elements, sensors, 

actuators, and electronics on a silicon substrate through micro fabrication technology. The 

electronics are fabricated using integrated circuit (IC) process sequences whereas the 

micromechanical components are fabricated using micromachining processes that selectively 

etch away parts of the silicon wafer or add new structural layers to form the mechanical and 

electromechanical devices [1]. MEMS technology allows the development of smart products 

and control capabilities of micro sensors and micro actuators, expanding the space of 

possible designs and applications. Microelectronic integrated circuits can be thought of as the 

main organ of a system with “eyes” and “arms”, allowing microsystems to sense and control 

the environment [1]. The sensors of the system gather information from the environment 

through measuring mechanical, biological, thermal, chemical, magnetic, and optical 

phenomena. Later, the electronics in the system then process the information derived from 

the sensors and through some decision making capability direct the actuators to respond by 

moving, positioning, regulating, pumping, and filtering, thereby controlling the environment 

for some desired outcome or purpose. As MEMS devices are manufactured using batch 

fabrication techniques, unprecedented levels of functionality, reliability, and sophistication, 

can be placed on a small silicon substrate/chip at a low cost. 

Polymers have become particularly attractive in the field of Bio-MEMS for multiple 

reasons. There is a list many polymers that show pretty good interactions with biological 

materials. Polymers also have a wide range of properties, providing a larger materials 

selection pool. Also, polymer materials themselves, as well as many of the methods used to 

process them at the micro scale, are often considerably less expensive in comparison to 

traditional cleanroom silicon based processing method for batch production [2]. Various 
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different types of polymer materials have been considered for use in micro/nanoscale 

devices. Several photoresists, elastomers, electrically conductive polymers, and piezoelectric 

polymers have all been used for different applications. 

The area of MEMS has been developed extensively during the period of past 30 years 

[3]: 

 1970s: With the progress of semiconductor microelectronics processing, researchers 
investigated and discovered wet anisotropic chemical etching processes for forming 
three dimensional silicon geometries [4]. 

 1980s: Researchers came across the Metal-Oxide-Semiconductor (MOS) process to 
understand poly-crystalline silicon micromachining with silicon dioxide as a 
sacrificial layer material [5]. This process further reaches to so-called surface micro 
machined devices which even includes electrostatically actuated motors [6, 7] and 
inter-digitized finger capacitive sensors and resonators [8]. 

 1990s: Commercially Popular MEMS products made their mark in the market which 
included ink jet printer nozzles from Hewlett Packard, digital light processor (DLP) 
from Texas Instruments, , and solid-state accelerometers for air bag deployment from 
Analog Devices and Motorola. 

Main contribution for the progress of various technologies in the field of MEMS is 

due to Government funding because every research needs funding. Government funding in 

the US and in many other parts of the world leads to a tremendous growth of MEMS 

processes and devices [9, 10]. Wide areas of MEMS emerged, including optical MEMS like 

mirrors, attenuators, phase shifters [11], RF MEMS like switches, resonators, capacitors, 

inductors [12], BioMEMS like micro fluidics, medical devices, medical implants, NEMS 

(nano electromechanical systems) like resonators and biosensors [13], and power MEMS like 

actuators, power generators, and micro chemical systems [14]. The MEMS field evolved 

from the semiconductor industry and is powerfully related to it in many ways. The major 

substrate material is silicon. The major surface thin film is polycrystalline silicon and silicon 

dioxide, widely used as the opening and insulation material in the MOS process. Often, 

MEMS devices are made in clean rooms, similar to microelectronics devices. 

Photolithography is used to define both transistors and MEMS devices. 

During recent years there has been a huge amount of interest in renewable energy 

sources [15]. Polymers have inherent amount of conductivity in them and as a result they 

have been intensely studied in past many years.  
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The major applications of conductive polymers are for use in conductors, micro tools, 

microelectronics, rechargeable batteries, power equipment’s and many more. Some examples 

of conductive polymers with conductivity greater than 103 Siemens/meter are Polypyrrole, 

Polythiophene and Polyvinylene [16]. However, Conductivity can range from 10-5 to 104 

Siemens/meter. The properties of conductive polymers have gained some advantages over 

the traditional metal conductors like ease of processibility, light weight and variable 

conductivity. In simple terms conductive polymers can be explained as plastics with free 

electrons which are capable of carrying charge. Conductive polymers can be differentiated 

into two categories: filled polymers and Inherent conductive polymers (ICP). Family of ICPs 

contains some of polymers with decent conductivity like Polyaniline (PANi), Polypyrrole, 

Polyvinylene and Polythiophene.  

The conductivity of the polymers is directly proportional to the temperature, as the 

temperature increases conductivity increases but at nearly 200°C most of the polymers start 

to decompose and loose conductivity. Proper methods should be applied in order to hold the 

conductivity. However, conductive polymers also possess some undesirable properties such 

as instability to air and moisture, lack of mechanical strength, insolubility in common organic 

solvents and non-processibility using conventional techniques. Polyaniline is the most 

environmentally stable out of all the conductive polymers. Application of polyaniline has 

even reached the commercial industry like LED, rechargeable batteries, printed circuit boards 

and surface treatments for corrosion protection. Polyaniline is generally classified in two 

types emeraldine base and emeraldine salt [17]. Emeraldine base is the non-conductive form 

of polyaniline which is blue in color, which is generally doped with Hydrochloric acid (HCL) 

in order to obtain polyaniline emeraldine salt, which is dark green in color. Shown in 

Figure 1.1 [17] are the structures of some of the conducting polymers and structure of 

polyaniline in both forms emeraldine base and emeraldine salt. 

Figure 1.2 [18] are some examples of ICPs. The green colored emeraldine salt form 

of polyaniline has conductivity on a semiconductor level of the order of 100 S/cm which is 

many orders of magnitude higher in comparison to common polymers (<10-9 S/cm) but lower 

than typical metals (> 104 S/cm) [17]. Figure 1.3 [19] shows the conductivity, stability and 

processibility of a number of doped ICPs. 
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a 

 

b 

Figure 1.1. General structure of polyaniline, (a) emeraldine base 
(non-conductive) and (b) emeraldine salt (conductive). Source: 
Stejskal, J., and R. G. Gilbert. “Polyaniline. Preparation of a 
Conducting Polymer.” Pure and Applied Chemistry 74 (2002): 857-
67. 

 
Figure 1.2. Examples of conducting polymers. Source: Diaz, A. F. McGraw-Hill 
Yearbook 2000 Science and Technology. New York: McGraw-Hill, 2012. 
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Figure 1.3. Polymer conductivity and stability. Source: 
Bhadra, Sambhu, Dipak Khastgir, Nikhil K. Singha, and 
Joong Hee Lee. “Progress in Preparation, Processing and 
Applications of Polyaniline.” Progress in Polymer Science 34 
(2009): 783-810. 

1.2 STATEMENT OF PROBLEM 

Polyaniline has been the main area of research in the field of conducting polymers 

since past many years. It is a flexible polymer with characteristics similar to most of the 

semiconductors listed for this polymer like low cost, easy production process and its stable 

conductive form. But we have to focus more on dis advantages rather than advantages. 

Disadvantages include low electrochemical strain, insolubility in most solvents and 

infusibility which makes it unsuitable for melting processes [20]. The main idea or aim of 

this research was to pattern polyaniline and get a good resistance at the end of the process. 

But as we all know research requires a lot of input and a lot of hard work along with 

dedication and sincere approach towards the process. We also faced many problems during 

our research. The main idea or process of this research was very clear with us which are 

shown in the flown chart in Figure 1.4. An appropriate solvent was selected from the 

available solvents in our laboratory. A proper blend was prepared by mixing polyaniline, 

SU-8, solvent and Photo-initiator. Thereafter, the blend was allowed to stir on a magnetic 

stirrer starting from 30 minutes to overnight some times. During this phase most of the 

problems occurred. Polyaniline is a type of conducting polymer which does not mix well in 

all the solvents; it is infusible except few solvents like NMP (N-methyl-2-pyrrolidone) [21]. 

Various mixing methods like magnetic stirring, manual stirring, ultra sonic bath mixing, etc. 

were tried but none of them proved to be in favor of our research. For achieving pattern-able 

structures on the substrate along with better resistivity it was important the polyaniline  
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Figure 1.4. Flow chart describing research. 
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should settle uniformly within all other solvents, in order to generate a conductive path. 

Later, after preparing the blend the process of photo-lithography was performed and 

resistance was measured. Our aim was to get resistance in a good range (103 – 105 Ω) along 

with the features. If desired results were not achieved, the whole process was repeated by 

changing some parameters and tried again. The whole process was based on a trial and error 

method. This was a challenge for us to pattern polyaniline along with resistance with only the 

limited resources available in our laboratory. Below is a small representation of a flow chart 

to describe the aim of our research. The blocks in red represent the areas with problems.  

1.3 MOTIVATION FOR RESEARCH 

Conducting polymers have been a subject of interest since past many years. They are 

used in electronics industry to make microelectronic devices as well as in other applications 

like printed board circuit, corrosion resistant and many more. In all this applications 

polymers are deposited as thin films on the substrates [22]. The main motive of this thesis is, 

polyaniline is commercially available in the market and could be used in the lithography 

process. Many results have been obtained in the field of polyaniline, but little has been done 

in the field of patterning it with solvents like Photo-initiator and resists like SU-8. 

Photo-initiator works as solvent as well as it even helps in improving the cross-linkage 

between the polymer and the resist. Many other solvents had been used with polyaniline 

previously, but patterning it with these solvents and viscous resist like SU-8-10/100 was a 

challenge. Also, there were other problems related with the polyaniline like non uniform 

thickness of the film, non-uniform dispersion of polyaniline in the film, adhesion of the film 

on the substrate after development. So we thought to accept these challenges with appropriate 

input to achieve the best out of it. The main goal of this thesis was to perform experiments on 

polyaniline using solvent like Photo-initiator, resist like SU-8 and get the best 

features/patterns on the substrate. The main focus of this thesis is to develop polyaniline and 

photo resist thin films with good film characteristics and achieve conductivity. See Figure 1.5 

for the research roadmap. 

The thesis is arranged in the following sequence: Chapter 1 presents introduction; 

Chapter 2 presents literature survey; Chapter 3 methods and experiments in patterning  
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Figure 1.5. Research roadmap, MEMS research group, SDSU. 

through lithography; Chapter 4 shows the result of polyaniline; Chapter 5 deals with 

discussion and future scope. 
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CHAPTER 2 

LITERATURE SURVEY AND REVIEW 

Since 1990s, polymer materials have been making their mark in the field of MEMS. 

Major reasons for introducing polymers into MEMS include: 

 Greater mechanical yield strain in comparison to silicon (single crystalline, 
polycrystalline, and amorphous forms). Though silicon is a mechanically 
strong material with a large Young’s modulus, it is relatively brittle [23, 24]. 
Polymer materials (especially elastomers) can sustain greater degree of 
deformation.  

 Many polymer materials are of considerably lower cost to acquire. Also, the 
processing of some polymers can be completed outside the clean room which lowers 
the cost of fabrication. 

 Polymer substrate can be obtained in non-wafer forms. In contrast, silicon 
substrates can only be obtained in wafer format. Polymer MEMS can have unlimited 
sizes [3]. 

 Optical Electronics and Electronics are moving forward strongly towards polymer, 
including displays, photo voltaic devices [25, 26], memory [27], and transistors [28-
30]. 

 The silicon micromachining toolbox is relatively limited whereas; Polymer MEMS 
increases the collection of micro fabrication process significantly by allowing novel 
fabrication processes such as molding and casting, low temperature chemical vapor 
deposition, embossing, [31, 32] spraying, thick film processing, [33], screen printing 
and stereo lithography [34]. 

 Polymers provide exceptional chemical, structural and biological functionalities 
which are not available in any other material systems.  

 Polymers has strongly increased over the last few years as they are cheap in 
comparison to metals, as well as have other sound properties like light weight, low 
cost, easy processibility, etc. 

Polymers in the non-doped and doped conducting state have a wide range of potential 

applications in the microelectronics industry. Figure 2.1 shows some reviews of these 

applications which describe possible future applications of conducting polymers for use as 

interconnections or for electronic devices [35]. 
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Figure 2.1. Potentials of conducting polymers in MEMS industry. 

2.1 CONDUCTING POLYMER HISTORY 

Before 30 years ago all carbon based polymers were firmly regarded as insulators. 

The idea that a plastic can conduct electricity was considered to be an absurd. But the irony 

is, plastics have been extensively used by the electronics industry because of this very 

property and they were utilized as inactive packaging and insulating material. This very 

shallow perspective is rapidly changing as a new class of polymer known as intrinsically 

conductive polymer or electro active polymers are being discovered day by day. Although 

this class is in its early stage like the plastic industry was in the early 30s and 50s but the 

potential uses of these are quite significant. 

In 1958 a conducting polymer was synthesized known as polyacetylene by Natta et al. 

as a black powder [36]. This was found to be a semi-conductor with a conductivity between 
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7 x 10 -11 to 7 x 10 -3 Sm-1, depending upon its process. This compound remained in a 

limelight until 1967, when a postgraduate student of Hideki Shirakawa at the Tokyo Institute 

of Technology was trying to synthesize polyacetylene, and a silver coloured thin film was 

produced due to a mistake. “It was found that 1000 times too much of the Ziegler-Natta 

catalyst, Ti (O-n-But)4 - Et3Al, had been used” [36]. After investigating this film the result 

found was, this film was semiconducting. Further investigations showed that exposure of this 

form of polyacetylene to halogens increased its conductivity a billion fold [36]. Undoped 

polymer was silvery, intractable and insoluble with conductivity similar to that of 

semiconductors. When it is oxidized by compounds such as iodine it turns into a golden 

colour and its conductivity is increased to about 104 Sm-1. 

In the 1980s polyheterocycles were first developed. They were found to be much 

more stable in comparison to polyacetylene, but their conductivities were not so high, about 

103 Sm-1. Later it has been found that many different polymers and polymer. The most recent 

research has been provided with the development of highly conducting polymers with good 

stability and acceptable processing characteristics. Figure 2.2 shows the conductivity of a 

number of ICPs [20]. 

 
Figure 2.2. Conductivity of different ICP’s. 

2.2 POLYANILINE CHARACTERISTICS 

Polyaniline exist in at least six different forms, both salt and base versions of 

Leucoemeraldine, emeraldine and pernigraniline. Leucoemeraldine which is fully oxidized, 
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emeraldine which is half-oxidized and half-reduced, and pernigraniline which is fully 

reduced are different forms of polyaniline. Figure 2.3 [37] illustrates the chemical structures 

of four oxidation states of polyaniline. The production of polyaniline fibres would be rather 

easier and simpler if processing could be achieved with the most desired oxidation state, 

emeraldine salt (PANi-ES). The only conductive form of polyaniline, PANi-ES requires an 

alternative approach to processing due to its insolubility. Hence, the total process involves 

the conversion of emeraldine base to leucoemeraldine base and eventually to emeraldine salt.  

 
Figure 2.3. Oxidation state diagram of polyaniline. Source: Wallace, G. G., T. W. Lewis, 
and L. A. P. Kane-Maguire. Conductive Polymers. New York: John Wiley and Sons, 
2002. 

Polyaniline in its initial non-doped form has a conductivity of about 10-10 S/cm. 

Conductive polymers must be doped in order to achieve good amount of conductivity. This 

conversion to the conducting regime allows polyaniline to achieve a conductivity of about 

103S/cm [38]. This brings the conductivity level of polyaniline from the semiconductor 

region to around metallic region. This remarkable increase from its initial level makes 
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polyaniline a very promising material for actuation. This remarkable increase in conductivity 

is attained by placing the polyaniline fibres in a doping bath, where transfer between the ions 

takes place. In polyaniline, protonic acid doping involves the addition of protons to the 

polymer backbone. The resulting positive charge is properly balanced by negatively charged 

anions transferred from the doping bath, which is in the form of an aqueous and acidic 

solution. Delocalization of a radical cation is introduced as a result of protonation known as 

polaron. A polaron is a charge carrier with a surrounding field of polarization. An increase in 

doping levels results in the formation of a bipolaron, which is a pair of polarons. This 

formation reduces the band gap between the valence band and the conduction band which 

makes actuation possible [39]. In polyaniline fibers, increased levels of doping are 

accompanied by an increase in conductivity, at the cost of fiber tenacity (the maximum 

specific strength of a fiber that is developed in a tensile test taken to rupture point). 

Therefore, the PANi fibers must be raised to an optimum level of doping in order to achieve 

a perfect balance between tenacity and conductivity. 

2.3 LITHOGRAPHY TECHNIQUE 

The process of micro fabrication requires precise positioning of each and every 

objects present on the mask. Lithography is a process of precisely transferring the 

geometrical shapes of the mask on the substrates (silicon, glass) through UV radiation. 

Lithography consists of number of steps such as substrate cleaning; spin coating; pre bake; 

ultra violet exposure; post bake; development. This process is carried out in a room which is 

known as “clean room”. 

The substrate is first cleaned with Isopropyl alcohol (IPA) and acetone. Later, the 

substrate is kept on a spin coating machine and the material along with photo resist is spin 

coated at desired rpm. After that, it is pre baked at a desired temperature, generally below 

100°C and then allowed to cool for 5 minutes. Ultra violet exposure is carried at a desired 

frequency and a mask in order to transfer the shapes on the mask onto the surface of the 

substrate. Thereafter, post baking is carried out for certain time and the substrates are kept in 

chemical solution for the development. In the end a plain substrate is converted into substrate 

with geometrical pattern similar to that of the mask. Thus, we can say that lithographic 

process plays a vital role in micro-fabrication technique.  
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Lithography is 8 to 10 step process. It can be done by four different techniques. X ray 

lithography in which x-rays are used to expose the photo resists. This technique requires 

different masks and resists. Another technique is known as E-beam lithography technique. In 

this method there is no mask required. In this technique the electron beam exposes the resist. 

Since the electron beam can be finely focused directly on the resist and the beam can scan the 

desired pattern on the resist directly, there is no need for the mask. A very high accuracy of 

pattern is obtained in this technique. Another technique is the Ion beam lithography 

technique. In this process the focused beam of ions are scanned in a patterned fashion across 

the surface in order to create very small nano structures. This technique has certain 

advantages but the sensitivity of the resist used in this type of exposure still needs to be 

improved. These techniques, Ion beam and the E-beam are expensive as well as slow [40]. 

The most important technique used for lithography is photo-lithography which is discussed in 

Figure 2.4 [10] and Figure 2.5 [41] in detail. 

 
Figure 2.4. Spin coating processes. Source: Fujita, H. “Microactuators and 
Micromachines.” Proceedings of the IEEE 86 (1998): 1721-32. 

2.4 CONDUCTIVE POLYMER COATINGS: FILM 

PROCESSING PROPERTIES AND TECHNIQUES 

The most important and the first part of the film processing is spin coating. 

Polyaniline is available in powder as well as liquid form but generally it is available in 

powder form. It is than mixed with a photo resist which may be positive or negative to obtain 

a polyaniline/photo-resist blend. A film is produced by spin coating process which is not up 

to the mark as there is a lack of uniform mixture of polyaniline. Even the thickness is 

non-uniform throughout the film due to the non-uniform dispersion. The most general 

technique used for coating the conductive polymers is spin coating technique. The polymer  
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Figure 2.5. Difference between negative and 
positive photo resist. Source: Kodak. “Photoresist.” 
Accessed on January 28, 2012. 
http://www.kodak.com/US/images/en/corp/1000ner
ds/robello/Photoresist_schematic_ss.jpg. 

resist blend prepared earlier is deposited on the substrate. The volume of the blend is 

pre-determined. The blend is than rotated at a desired rpm according to the required thickness 

of the film. The film may not be completely dehydrated after the spin coating process as 

dehydration depends on many factors such as solvent volatility, total volume of the solution, 

speed of rotation, time of rotation, etc. Therefore to dehydrated the polymer film formed on 

the substrate, the substrate is kept on a hot plate for a prebake process. The temperature 

generally used in this process ranges from 65°C to 90°C. Sometimes even a post spin bake is 

done at higher temperatures in order to remove the solvent and achieve a completely 

dehydrated film [42]. 

2.5 PHOTO-LITHOGRAPHIC TECHNIQUE FOR 

POLYANILINE FILMS 

As discussed earlier, polyaniline films can be deposited by spin coating techniques 

and can be patterned by photo-lithography technique [43]. C. Di Bartolomeo, Barker, Petty, 
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Adams, and Monkman showed that polyaniline films could be deposited by spin coating and 

used photo lithography techniques to pattern them [43]. Polyaniline is readily not processable 

in its conducting form but it needs to be reduced to its base form in order to process it. 

Polyaniline here was first synthesized with NMP (N-methyl-2-pyrrolidone) which even 

involved some amount of ammonium persulphate. 12.96 gm of aniline hydrochloride were 

dissolved in 150 ml of distilled water which was then stirred in a beaker at room temperature. 

28.5 g of ammonium persulphate were then dissolved in 80 ml of distilled water. This 

solution was added drop wise to the mixture for a period of 4 h. After stirring for a total one 

full day, i.e., 24 h., the reaction mixture was filtered under vacuum and washed with 

3 x 100 ml of water. The reaction product was received as a filter cake which was then stirred 

in 33% aqueous ammonia solution (to deprotonate the polyaniline). The mixture was then 

dried in vacuum at 60°C in order to receive the base form of polyaniline. Polyaniline/NMP 

solution was made by 6% of weight and was rotated for 10 minutes at 20,000 rpm in order to 

receive a uniform mixture. Again to obtain a lump free solution it was rotated twice at 

4,000 rpm for 1 h. Glass was used as a substrate here. First of all glass slides were cleaned 

and degreased by using tetrahydrofuran solvent. Different layers were made on the glass side 

which consisted of a 20 nm layer of chromium which was followed by a 40 nm layer of gold. 

They were thermally evaporated on one side of glass using vacuum deposition. Gold does not 

have those good adhesion properties, so Cr was used to improve adhesion of Gold. The top 

most layer was rinsed with DI water. 

One cm2 gold coated glass substrates was covered with 3 or 4 drops of polyaniline 

and was later spun at 500 rpm for nearly one minute, again at 2000 rpm for another one 

minute and 300 rpm for another one minute. 100 nm thick films were left to dry overnight, 

and were colored blue/yellow film in reflected light. Thereafter, 2 or 3 drops of Shipley 

microposit primer was deposited on polyaniline films and spun at 3000 rpm for 30 seconds. 

After that Shipley’s microposit S1813 which is a positive photo resist was deposited on top 

most of the film and spun at 3000 rpm for 25 seconds and then dried on a hot oven plate for 

ten minutes at a temperature of 80°C. The films were exposed by a 20 W ultraviolet source 

through a patterning mask for 10 seconds. Microposit MF312 (half of its original 

concentration) was used as a developer. The exposed polyaniline was etched away by nitric 

acid. Then the glass slides were rinsed with DI water and dried under compressed nitrogen 
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gas. Shipley 1112A MicropositTM, had been diluted to one-third of its original concentration 

with water, so that the remaining unexposed photo resist was stripped by it. The Figure 2.6 

[43] describes the whole procedure.  

 
Figure 2.6. Photolithography procedure of the process. 
Source: Bartolomeo, C. Di, P. Barker, M. C. Petty,  P. 
Adams, and A. P. Monkman. “A Photolithographic 
Technique for Patterning Spin-coated Polyaniline Films.” 
Advanced Materials 2 (1993): 233-36. 

Result was achieved in favor of patterning but not in favor of conductivity. 

Polyaniline pattern with a width of 15-20 µm was achieved with a good feature resolution but 

polyaniline conductivity was not reported. The conductivity level was undetermined after 

etching with nitric acid. However, this procedure was used to make charge flow transistors.  

2.6 WATER SOLUBLE POLYANILINES 

PanAquasTM [44, 45], by Angelopoulos, is a class of water-soluble polyanilines which 

can be patterned by E-beam lithography technique. Polyaniline was modified to produce its 

derivatives which are water soluble in the conducting form. A proper aniline monomer was 

complexed to a template like a polymeric acid known as polyacid which is shown in the 

Figure 2.7. The polyacid is than oxidatively polymerized by ammonium persulfate which 

later on produces a polyaniline/polyacid blend. This blend is made water soluble by  
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Figure 2.7. Synthesis of water soluble polyaniline. The aniline 
monomer is complexed to a polyacid and oxidatively polymerized. 

controlling the parameters such as concentration, temperature and stiochiometry. But these 

parameters were not reported in this paper.  

Silicon oxide wafer was used as a substrate. 12% PanAquasTM was spin coated on the 

substrate. Thin film was formed over the substrate which was baked at 80 °C on a hot plate 

for about 3 minutes which was then exposed to a 50 keV Gaussian E-beam and then post 

baked at 80 °C for about 5 minutes. A pattern of 1.0 µm was generated which was conductive 

shown in the Figure 2.8 [45]. The characteristics and properties of the pattern were not 

reported. 
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Figure 2.8. 1.0 µm wide conducting polyaniline 
lines in a 0.75 µm wide thick film patterned with 
E-beam irradiation. Image developed in water. 
Source: Angelopoulos, M., N. Patel, J. M. Shaw, 
N. C. Labianca, and S. A. Riston. “Water Soluble 
Conducting Polyaniline: Applications in 
Lithography.” Journal of Vacuum Science & 
Technology B11 (1993): 2794-7. 
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CHAPTER 3 

METHODS AND EXPERIMENTS IN 

PATTERNING THROUGH LITHOGRAPHY 

This chapter describes about the various experiments performed with both forms of 

polyaniline (powder and liquid form) along with SU-8 photo resist, different solvents and 

photo-initiator. It is mainly designed for micromachining and other microelectronic 

applications. The image obtained is generally thick and chemically and thermally very stable. 

From past many years SU-8 has been widely used by MEMS producers. 

3.1 MATERIALS 

This part of the chapter discusses about the materials used in the experimental 

processes to achieve the desired results. The below section describes about the materials like 

SU-8 (photo-resist) and polyaniline (powder form and liquid form) along with its 

characteristics and properties. 

3.1.1 SU-8 

SU-8 is an epoxy based negative photo resist, which is highly popular in photo resist 

industry today. SU-8 photo resist is a derivative of bisphenol A and glycidyl ether. SU-8 was 

developed and patented by IBM in 1982 [46] and the first application of SU-8 in thick film 

photolithography was reported in 1995 [47]. Shown in Figure 3.1 [48] and Figure 3.2 [49] are 

the general chemical structures of SU-8 photo resist. 

A single molecule of polymer contains 8 epoxy groups, which is the main reason of 

‘8’ in SU-8. A few percent of Photo acid generator (PAG) is present in SU-8 based on epoxy 

resins. The photo initiator, which consists of salts like triarylsulfonium salt goes under 

a photochemical reaction upon absorption of a photon which produces a photo acid. The 

reactions described in the Figure 3.3 [49], where the photo acid is shown as H+A-.  
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Figure 3.1. General chemical structure of SU-8 by 
Baogdanov. Source: Bogdanov, Alexei L. Use of SU-8 
Negative Photoresist for Optical Mask Manufacturing Lund. 
Sweden: MAX-Lab, 2001. 

 
Figure 3.2. General chemical 
structure of SU-8 by Varadan et al. 
Source: Varadan, Vijay K., K. J. 
Vinoy, and K. A. Jose. RFMems and 
their Application. New York: John 
Wiley & Sons, Ltd., 2003. 

 
Figure 3.3. Photochemical reaction of SU-8. Source: Varadan, Vijay K., 
K. J. Vinoy, and K. A. Jose. RF Mems and their Application. New York: 
John Wiley & Sons, Ltd., 2003. 
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The photo acid is present only in the regions which are directly exposed to light 

because they are photo chemically produced in the solid photo resist film upon absorption of 

light [49]. Crosslinking is the most important part of photolithography process, because if 

cross linkage is not appropriate features are damaged. During the post exposure bake the 

photo-acid acts as a catalyst in the crosslinking reaction and the catalyst are present only in 

regions which are irradiated by photons. Figures 3.4 [49] and 3.5 [50] describe cross linkage 

effects and importance.  

 
Figure 3.4. SU-8 cross linking reaction. Source: 
Varadan, Vijay K., K. J. Vinoy, and K. A. Jose. 
RFMems and their Application. New York: John 
Wiley & Sons, Ltd., 2003. 

Some of the general properties of SU-8 are: 

 Aspect ratio > 15 

 Good amount of solubility 

 Uniform coating 

 Better chemical resistance 

 Low molecular weight 

 Film formation on silicon as well as glass 

 Low glass transition temperature (Tg) 

 Vertical sidewalls 
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Figure 3.5. Importance of cross-linkage. Source: Chang, Hyun-Kee, and 
Yong-Kweon Kim. UV-Liga Process for High Aspect Ratio Structure Using 
Stress Barrier and C-Shaped Etch Hole.” Sensors and Actuators 84 (2000): 
342-50. 

 Better biocompatibility [51, 52] 

 High transparency 

The physical and chemical properties of SU-8 are enlisted in the Table 3.1 [51]. 

3.1.2 Polyaniline (Powder Based and Liquid Based) 

Polyaniline was ordered from Sigma Aldrich first in the powder form. The properties 

of this material are stated as under: 

1. Form: Powder (Infusible) 

2. Mol. Wt.: Avg. Mw > 15,000 

3. Particle size: 3-100µm 

4. Surface area: 5-20 m2/g 

5. Conductivity: 2-4 S/cm 

6. Melting point: >300°C (lit) 
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Table 3.1. General Physical and Chemical Properties of SU-8 

SU-8 Property Terms Standardized Values 

Absorption Coefficient 2 /cm at 100 GHz  

 40 /cm at 1.6 THZ 

Viscosity 40% SU-8-60% solvent : 0.06 Pa.s 

60% SU-8-40% solvent : 1.5 Pa.s 

70% SU-8-30% solvent : 15 Pa.s 

Co-efficient of thermal expansion (CTE) 50 ppm/K 

Thermal Conductivity 0.2 W/m K 

Young’s modulus E 4.4 Gpa 

Refractive Index n 1.8 at 100 GHz  

 1.7 at 1.6 THz 

Density ρ 1200 Kg/m3 (density of SU-8 only, not for PR) 

Degradation temperature Nearly 380 °C 

Glass temperature Tg: 200 °C 

Poison’s Coefficient 0.22 

Flash point 100 °C 

Boiling point 204 °C 

Co-efficient of friction µ 0.19 

Source: Chollet, F. “SU-8 Thick Photo-Resist for MEMS.” Accessed November 5, 2011. 
marc.heuschkel@epfl.ch 

7. Density: 1.36 g/mL at 25°C 

8. Bulk density: 18.8 lb/cu.ft. 

The highest conductivity attained with this powder was in between 2-4 S/cm 

according to Sigma Aldrich. The Powder was a green coloured powder as discussed in the 

above chapters. There were few problems with the powder form of polyaniline like 

agglomeration, proper dispersion with the solvent, lack of continuous conductive path. So 

due to all this factors another form of polyaniline was purchased from Sigma Aldrich which 

was in liquid form (product number 650013). This form of polyaniline was already dispersed 

in xylene (2-5 wt %). As it was already in liquid form dispersion and agglomeration was no 

more a problem. Some of the properties of polyaniline in liquid form are enlisted below: 

1. Form: Liquid 

2. Concentration: 2-5 wt % in xylene 

3. Particle size: <400 nm 
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4. Conductivity: 10-20 S/cm 

5. Viscosity: ~3 cP (lit.) 

6. Boiling point: 116°C 

7. Flash point: 23°C 

8. Density: 0.9-0.95 g/mL at 25°C 

3.2 PHOTO-LITHOGRAPHY 

Photo-lithography is a technique which transforms the desired shape or pattern onto 

the surface of a silicon wafer or glass substrate. The main area of the photo-lithography 

consists of mask, which is a thin film generally made of chromium material. The mask 

consists of a pattern on it with some opaque and transparent areas. The mask is placed on the 

substrate (silicon wafer) and later ultraviolet radiations are allowed to pass through the mask 

through a UV source. It is known as exposure phenomenon. The mask allows the light to 

pass from the transparent areas and blocks it on the opaque areas. The UV changes the 

solubility of the photo resist when immersed in a developer. The rest of the photo resist not 

connected with pattern are removed away during the development stage. Photo resist plays a 

key role in the process of photo-lithography. A photo resist should possess certain 

characteristics [53]: 

1. Coating 

2. Adhesion 

3. Sensitivity 

4. Resolution 

5. Easy removal 

6. Processing resistance 

7. Thermal stability 

8. Safety  

Photo resist can be negative photo resist or positive photo resist. 

 Negative photo resist: The unexposed areas are removed and only the exposed part 
survives in the pattern. 

 Positive photo resist: The exposed areas are removed and only the unexposed part 
survives in the pattern. 



 

 

26

3.3 PROCESSES  

The sections below describes in detail about the processes performed with varying 

conditions in order to achieve a patterned structure of polyaniline along with resistance.  

3.3.1 Cleaning the Substrate 

Substrate is properly rinsed and cleaned before depositing of the blend. Substrate 

selected could be a glass substrate or a silicon substrate depending upon the need. Before 

cleaning the substrate, first dicing is done. Bigger size of substrates is cut into the desired 

size by a conventional glass cutter. Later the substrate handling equipment is cleaned with 

acetone and the substrate is cleaned with acetone and isopropyl alcohol (IPA). It is than 

treated with DI water. To avoid any droplets or dehydration marks the substrate is blown by 

an air gun. The substrate is than placed on hot plate for dehydration bake. The temperature of 

the hot plate is generally kept in between 65-70°C. The substrate is usually kept for 2 to 

3 minutes and then later on it is allowed to cool down at room temperature for 2 minutes. It is 

then transferred to spin coater for deposition of the blend and spin coating. Figure 3.6 shows 

the cleaning apparatus used for cleaning the silicon substrate. 

   
Figure 3.6. Cleaning apparatus. 

3.3.2 Mixing Methods 

Different methods have been tried to avoid agglomeration of the material and achieve 

better blend. First of all the materials are mixed according to the desired concentrations by 

using the weigh scale. The materials mixed are kept in a transparent tube and stirred in order 
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to achieve highly uniform blend and break down the lumps of particle. Three types of mixing 

methods have been tried so far: 

1. Manual mixing: The manual mixing method is the easiest one. The materials mixed 
are manually mixed with hands. Generally the mixing is done from 15 to 30 minutes 
as desired. This method is easy but not highly efficient. It fails to destroy the powder 
agglomeration and lumps when it comes to challenging powders like polyaniline. 
This method is preferable only up to certain scales.  

2. Magnetic stirrer mixing: In this method the magnetic plate acts as the base. The blend 
prepared is taken in a small tube and a magnetic bar is dropped inside the blend. The 
tube is than kept on a stand above the magnetic plate. Due to the magnetic force from 
the plate the magnetic bar inside the blend starts rotating in the blend. This method is 
efficient to a long extent. It reduces the viscosity of the blend and helps in attaining 
better uniformity. The time of mixing was varied many times, from 30 minutes to 
several hours in the beginning and later on even overnight and more than 24 hours. 
The result was better than manual mixing but it was not 100%. Still at some points 
the problem of agglomeration was found. Longer stirring times will give better 
results. But the study from our various experiments showed that even if we kept the 
blend for 1 hour and keep other blend for 24 hours of stirring, there is not much 
difference in the result. So we can conclude that longer stirring will definitely give 
better results but not much different than 40 to 60 minutes of stirring.  

3. Ultrasonic agitation: The other method for mixing is ultrasonic agitation using 
ultrasonic bath having DI water or Acetone as the source. In this method first the 
polyaniline and the solvent is mixed and kept in the ultrasonic bath for nearly one 
hour and SU-8 is added later on and again it is kept in bath for nearly one hour of 
mixing. The most important thing in this mixing is that the bath water is changed 
every 15 to 20 minutes in order to avoid high temperature heat effect on SU-8.  

Out of all the methods the most promising method for polyaniline was Magnetic 

mixing method. Better results were attained in magnetic mixing method in comparison to 

manual mixing and ultrasonic agitation mixing. Figure 3.7 describes different mixing 

methods used during experimental processes.  

 

a b c 

Figure 3.7. (a) Manual mixing, (b) ultra sonic mixing, and (c) magnetic stirrer 
mixing. 
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3.3.3 Deposition and Spin-Coating 

After cleaning the substrate it is transferred to a spin-coater where the prepared blend 

is tilted from the transparent tube or the beaker onto the surface of the substrate. The blend is 

concentrated on the center of the substrate so that it is evenly distributed. It is better to 

concentrate the blend from the beaker onto the substrate at center and avoid concentrating on 

more than one point and also from more height. This will help to avoid marks on the 

substrate due to gravitational force. Because after depositing the blend on the substrate we 

will not able to see the marks, but they will be visible to us after the development process and 

also when seen under a microscope. After transferring the blend on the substrate we should 

allow the blend to settle down and give some time before spin coating. Spin coating 

parameters vary depending upon the thickness desired and the type of SU-8 used. For 

SU-8-10 the spin coating speed and the time is less compared to the spin coating speed and 

time for SU-8-100. Table 3.2 shows different conditions and parameters used for polyaniline 

and SU-8. The speed of the spin-coater is low initially, in order to allow the blend to create a 

uniform layer, which is later on increased to desired speed and acceleration. After 

spin-coating the substrate is kept on flat surface for ten minutes in order to level up and allow 

the blend to settle down properly on the substrate. The viscosity of the blend also plays an 

important role in the spin-coating process. If the viscosity of the blend is high, the time it will 

take to allow the blend to reach a uniform level will be high and if the viscosity is low, the 

time will be less. Long settling times after spin coating sometimes cause powder 

sedimentation. Also during spin-coating there are collections on the edges sometimes which 

later on during the UV exposure results in unwanted gaps between the substrate and the mask 

which may affect the resolution of the feature. See Figure 3.8 for for pre-processes of 

lithography like PANi deposition and spin-coation (speed/rpm).  

3.3.4 Pre-Baking 

After the SU-8 has been applied to the substrate it must be soft baked to densify the 

film and evaporate the solvent. SU-8 is normally soft baked on a hot plate; even convection 

ovens may be used. Solvent evaporation rate is influenced by the rate of heat transfer and 

ventilation so bake times should be optimized for proximity. Lower initial bake temperatures 

allow the solvent to evaporate out of the film at a more controlled rate, which ultimately  
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Table 3.2. Spin-Coating Conditions of SU-8/Polyaniline Blend 

Type  Thickness Speed Time 

Polyaniline/SU-8-10 

20-30 µm 1100-1300 RPM 95 s 

30-35 µm 600-800 RPM 95 s 

40-50 µm 400-600 RPM 95 s 

100-150 µm 150-300 RPM 95 s 

Polyaniline/SU-8-100 
100-150 µm 1400-1600 RPM 95 s 

150-250 µm 1000-1300 RPM 95 s 

 

 
a      b 

 
c      d 

Figure 3.8. (a, b) Deposition of the blend, (c) spin coating (d) RPM 
settings (in this figure 1000 RPM is shown). 

results in better coating, reduced edge bead and better resist-to-substrate adhesion. 

Depending on the resist and the solvent used soft baking parameters change. See Table 3.3 

for different soft-baking conditions of polyaniline/SU-8 blend. 

For particular process of polyaniline and SU-8 low temperatures and a combination of 

high and low baking times are preferred. Sometimes low temperatures do not allow the blend  
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Table 3.3. Soft-Baking Conditions of Polyaniline/SU-8 Blend 

Type Thickness Soft Baking Time 

  At 65°C At 75°C At 85°-90°C 

Polyaniline/SU-8-10 15-20 µm 2 min 2 min 10 min 

25-45 µm 5 min 5 min 10 min 

80-100 µm 10 min 10 min 15 min 

Polyaniline/SU-8-100 140 µm 20 min 20 min 30-35 min 
  

 

to dry completely and some portions on the substrate remain wet which ultimately results in 

sticking of the mask and the substrate during exposure process. Even very high temperatures 

are not desired above 100°C. because the SU-8 starts losing its composition at high 

temperatures. This results in negative effects on cross linking during the UV exposure, 

affecting the feature resolution. During the soft baking process, temperatures are increased 

and decreased by low rates in order to prevent formation of waves and wrinkles on the 

surface. For example, ramping the temperature from 65°C to 90°C, we do not change it 

directly from 65 to 90°C but increase it slowly from 65 to 70°C, than 75 to 80°C, 85° to 

90°C. This step is very important in micro fabrication process. Later on, after the completion 

of soft-bake, the substrate is allowed cool down to room temperature for 5-10 minutes. Even 

placing the substrate on cool object also helps in lowering the temperature of the substrate at 

a faster rate. Figure 3.9 represents different baking temperatures applied during the process. 

  
Figure 3.9. Different baking temperatures. 
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3.3.5 UV Exposure 

Ultra violet rays exposure (UV exposure) is one of the most important step in 

photo-lithography process, SU-8 is optimized near UV exposure of 350 nm-400 nm. SU-8 is 

transparent and insensitive above 400 nm but has high definite absorption below 350 nm. 

Excessive dose may result in over exposure of the resist film, resulting in T-topping. 

T-topping effect is caused by directly absorbance of light. This can be eliminated by adding 

suitable filters to the light path or by changing the aligner lamp to the one with wavelength. 

Most polymers start to absorb wavelength at 350 nm and below that, so unless an aligner is 

equipped with a filter that cuts the wavelengths below 350 nm usage of broadband mercury 

lamp exposure does not give good results [54]. The optimal exposure dose will depend on 

film thickness and process parameters [53]. Films with high thickness require more dosage so 

that the UV rays can penetrate deep inside the SU-8 and polyaniline. Due to the polyaniline 

particles in the SU-8 matrix, UV exposure time and intensity selection play a significant role 

in the appropriate lithography. Absorption, reflection and diffraction are the main concepts 

that affect the photo resist polymerization. Diffraction of UV light results in low resolution 

and damaged features. Exposure intensity and time are key factors in reducing this 

disadvantage. More than 100 seconds of exposure might result in a larger diffraction effect. 

Reflection has advantages as well as dis-advantages. Due to reflection between polyaniline 

particles deeper polymerization is attained as an advantage. But the reflected light also causes 

some portion of the mask region to polymerize, which perhaps reduces the feature resolution. 

The drawback of silver particles is their absorbance effect. The light that is absorbed by 

silver particles will be impaired from going deeper and initiating polymerization. The 

polymerized thickness will be limited due to the absence of light. Figure 3.10(a) shows the 

mask used for the photo-lithography process and Figure 3.10(b) shows the UV light source 

used for exposing the silicon substrate to UV light. 

So in order to attain better results the thickness of the film should be selected wisely. 

The UV exposure times are selected compared to a pure SU-8 procedure, i.e., 75 seconds in 

the beginning. By performing various experiments, the data showed that 70 seconds of 

exposure under 15 mW/cm2 intensity gave better results than longer exposure or higher 

intensity. The negative effect of long exposure times is shown in Figure 3.11 which is  
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a 

 

b 

Figure 3.10. (a) Mask(s) used for UV exposure, (b) UV light source OAI 30LS, San 
Diego State University, MEMS clean room. 
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Figure 3.11. SEM image of over exposed polyaniline/SU-8 film. 

imaged by Scanning Electron Microscope (SEM). Over exposure sometimes damages the 

feature. 

3.3.6 Post Baking 

After exposing the substrate, the nest step is post baking in order to reduce the 

standing wave effect. Post exposure baking temperature and time plays an important role as 

the energy released at the UV exposure initiates the cross linking here. The thermal 

co-efficient of expansion is different for both materials, polyaniline and SU-8 and due to that 

lower temperatures are preferred in comparison to the temperatures used for pure SU-8. Also 

baking time is kept low as polyaniline might start to lose its conductivity at high 

temperatures. In order to lower the rate of thermal expansion difference the baking 

temperature is kept low in the early stage and after it stabilizes it is slowly increased to 90°C 

from 75°C. After post baking the substrate is again allowed to cool down for 5 to 10 minutes. 

Table 3.4 demonstrates the preferred baking times for this study. 

In Figure 3.11 we can see the effect of over post baking the feature just started to lose 

its contact from the substrate, if we would have kept it for a longer time there was a 

possibility that the feature would have been damaged. 

3.3.7 Development 

The latent resist image is transferred into actual relief image by development. The 

development of resist is dissolution of exposed resist. This is the last step of the  
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Table 3.4. Post Exposure Baking Parameters of Polyaniline/SU-8 

Type Thickness Post Baking Time 

  At 65°C At 75°C At 85°-90°C 

Polyaniline/SU-8-10 15-25 µm 1 min 1 min 5 min 

25-45 µm 1 min 1 min 5 min 

70-100 µm 2 min 3 min 10 min 

Polyaniline/SU-8-100 140 µm 5 min 5 min 20 min 

 

photolithography process that gives out the feature resolution. In negative photolithography 

the areas which are exposed under the UV exposure are developed while the unexposed areas 

are washed away but in positive photolithography vice versa happen, i.e., the unexposed 

areas stay while the exposed areas are washed away. After the post bake the substrate is 

allowed to cool down followed by development in the SU-8 developer if it is a case of 

negative lithography and in a positive developer in a case of positive lithography. After 

immersing the substrate in the developer container, it is developed manually removing 

undesired SU-8, polyaniline areas and leaving behind the areas of the mask which are known 

as features. The substrate is kept in the developer for about 10 minutes in case of a negative 

photolithography and for about a minute in case of positive lithography. Longer times of 

development may result in loss of features. After development, the substrate is rinsed with DI 

water. If the substrate is not developed accurately the results obtained during its optical 

characterization are affected. Later, the substrate is air blown by air gun in order to dehydrate 

it and remove all the wetness of the developer. Dehydration could be even performed on a 

hot plate with a temperature around 65°C. 

3.4 EXPERIMENTS ON POWDER FORM OF POLYANILINE 

Since, the polyaniline used here was in powder form, so we tried to make a layer of it 

on the substrate. So the first step here was to mix the polyaniline with the photo resist 

(SU-8-10). So we followed the negative lithography technique here. Since the material is 

powder, everything dependents on the preparation of blend. First experiment was tried solo 

on just SU-8 and polyaniline. No solvent was used. The results obtained from experiments 

did not prove well-intentioned and unsuccessful in terms good features as well as 

conductivity. Since it was the very first trial undesired results were expected. So these 
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experiments aroused a need of solvent. Viscosity of SU-8 is high and to get better results, 

viscosity has to be lowered and this was not possible using only SU-8 alone. The role of 

solvent was very vital and in order to acquire desired results. See Table 3.5 for conditions 

applied during the experiment and Figure 3.12 for results obtained by performing the 

experiment using that conditions.  

Table 3.5. First Experiment Performed with PANi and SU-8-10 

Substrate PANi gm. SU-8-10 
ml. 

Stir Time 
min. 

Spin RPM Pre Bake UV 
Exposure 

Post Bake Features 

Silicon 0.3 1.2 20 800-1000 65°C for 
15 min 

70 sec 85°C for 
20 min 

Below 
Average 

 

 
Figure 3.12. Results obtained by first experiment with PANi and SU-8-10. 

Various experiments were repeated with the same method but the result was the same. 

The main problem which came across was that the powder form of PANi was not able to 

disperse well inside SU-8 on its own. There was a need of solvent so that PANi could better 

dissolve in SU-8 photo resist. SU-8 on its own could not act as a solvent because of its 

viscous nature. Due to its high viscosity it was difficult to dissolve PANi in SU-8 on its own. 

So therefore, different solvents which were available in our laboratory were experimented, 

like Acetone, Dichloro benzene, toulene, methanol, etc. Tables 3.6, 3.7 and 3.8 describe the 

details of experiments performed with PANi and SU-8 along with different solvents in order 

to achieve the desired results. The results obtained were optically characterized under Hirox 

3D microscope (Magnification range X-200 to X-350 for 3D lens and X-500 to X-650 for 2D 

lens) as shown in Figures 3.13, 3.14, and 3.15. 
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Table 3.6. Details of Experiment Performed with PANi and SU-8-10: Acetone as a 
Solvent 

Substrate PANi 
gm. 

Acetone 
Solvent 

ml. 

SU-8-10 
ml. 

Stir 
Time 
min. 

Spin 
RPM 

Pre Bake UV 
Exposure 

sec. 

Post Bake Features

Silicon 0.65 0.35 1 25 600-900 70-85°C 
for 15 min

75 80-100°C 
for 20 min 

Below 
Average 

 

Table 3.7. Details of Experiment Performed with PANi and SU-8-10: Di-Chlorobenzene 
as a Solvent 

Substrate PANi 
gm. 

Di-
chlorobenzene 

Solvent ml. 

SU-8-10 
(Range) 

ml. 

Stir Time 
(Range) 

hrs. 

Spin 
RPM 

Pre Bake UV 
Exposure 

Post 
Bake 

Features

Silicon 0.4 0.7-0.9 

 

1 to 1.3 24- 48 600-1000 70-85°C 
for 20-55 

min 

75-80 sec 80-120°C 
for 20-60 

min 

Below 
Average 

 

Table 3.8. Details of Experiment Performed with PANi and SU-8-10: Methanol as a 
Solvent 

Substrate PANi 
gm. 

Methanol 
Solvent 

(Range) ml. 

SU-8-10 
(Range) 

ml. 

Stir Time 
(Range) 

hrs. 

Spin 
RPM 

Pre Bake UV 
Exposur

e 

Post Bake Features 

Silicon 0.07 0.25-0.27 

 

1.5 -2.5 25- 45 700-10
00 

70-85°C 
for 10-15 

min 

75-85 
sec 

85-110°C 
for 20 min 

Good 

 

 
Figure 3.13. Results obtained by 
performing experiment on PANi and 
SU-8-10, with acetone as solvent. 
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Figure 3.14. Results obtained by performing experiment on PANi and SU-8-10, with 
dichlorobenzene as solvent. 

 
Figure 3.15. Results obtained by performing experiment on PANi and SU-8-10, with 
methanol as solvent. 

3.5 EXPERIMENTS ON LIQUID FORM OF POLYANILNE 

The powder form of polyaniline did not meet the expectations in terms of 

pattern-ability as well as conductivity. There were several problems which are discussed in 

detail ahead in the Chapter 4. So polyaniline in the liquid form was ordered from sigma 

aldrich, another form of polyaniline which was already dispersed in xylene (2-5 wt%), so to 

some extent it satisfied the need of a correct match in terms of a solvent. Results achieved in 

terms of feature resolution were better in comparison to the powder form of polyaniline. 

During some of the experiments SU-8-100 was used as a photo resist. SU-8-100 is very 
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viscous in comparison to SU-8-10. So, in order to lower its viscosity GBL 

(Gamma-Butryolactone) was mixed in PANi/SU-8 blend. Also PI (Photo-initiator) was 

added in the blend to improve the cross-linkage during UV exposure and to attain better 

resolution of the patterned structures. The PI used for experiments was Triarylsulfonium 

Hexafluoro-Antimonate Salts. Shown are the Tables 3.9 to 3.14 and Hirox 3D Microscope 

images (magnification range X-250 to X-350) in Figures 3.16 to 3.21 for the various 

experiments performed to achieve better results. 

Table 3.9. Details of Experiment Performed with PANi (Liquid) and SU-8-10 

Substrate PANi 
(ml.) 

SU-8-10 
(ml.) 

Stir Time 
(hrs.) 

Spin 
RPM 

Pre Bake UV Exposure 
(sec) 

Post Bake Features

Silicon 0.12 1.40 48 300-600 50-65°C for 
20 min. 

55 70-80°C for 
15 min. 

Average

 

Table 3.10. Details of Experiment Performed with PANi (Liquid) and SU-8-10 with 
GBL and PI as Solvent 

Substrate PANi 
(ml.) 

GBL + 
PI (ml) 

SU-8-10 
(ml.) 

Stir Time 
(hrs.) 

Spin 
RPM 

Pre Bake UV Exposure 
(sec) 

Post Bake Features

Silicon 0.357 0.29     
+       

0.15 

1.80 12 1000 80°C for 
16 min. 

60 90-100°C 
for 25 min.

Good 

 

Table 3.11. Details of Experiment Performed with PANi (Liquid) and SU-8-100 with 
GBL and PI as Solvent 

Substrate PANi 
(ml.) 

GBL +PI 
(ml.) 

SU-8-100 
(ml.) 

Stir Time 
(hrs.) 

Spin 
RPM 

Pre 
Bake 

UV Exposure 
(sec) 

Post Bake Features

Silicon 0.084 0.22       
+         

0.27 

0.9742 14 (Over- 
night) 

800-1000 50-65°C
for 15 
min. 

55 70-80°C 
for 25 min.

Good 

 

Table 3.12. Details of Experiment Performed with PANi (Liquid) and SU-8-100 with 
GBL and PI as Solvent 

Substrate PANi 
(ml.) 

GBL 
+ PI 

SU-8-100 
(ml.) 

Stir Time 
(hrs.) 

Spin 
RPM 

Pre Bake UV Exposure 
(sec) 

Post Bake Features

Silicon 0.1571 0.29   
+    

0.15 

1.80 12 
(over-night)

800-1000 60-70°C 
for 35 
min. 

60 80-90°C 
for 25 
min. 

Good 
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Table 3.13. Details of Experiment Performed with PANi (Liquid) and SU-8-100 with 
GBL and PI as Solvent 

Substrate PANi 
(ml.) 

GBL + 

PI 

SU-8-100 
(ml.) 

Stir Time 
(hrs.) 

Spin 
RPM 

Pre Bake UV Exposure 
(sec) 

Post 
Bake 

Features

Silicon 0.20 0.29    
+       

0.15 

1.80 12 (over-
night) 

1000 60-70°C 
for 

35 min. 

60 80-90°
C for 

25 min. 

Good. 

 

Table 3.14. Details of Experiment Performed with PANi (Liquid) and SU-8-100 with 
GBL and PI as Solvent 

Substrate PANi 
(ml.) 

GBL 
+ 

PI 

SU-8-100 
(ml.) 

Stir Time 
(hrs.) 

Spin 
RPM

Pre Bake UV 
Exposure 

(sec) 

Post Bake Features 

Silicon 0.2591 0.29 
+ 

0.15 

1.80 12 
(over-night)

1000 60-70°C 
for 35 
min. 

60 80-90°C 
for 25 
min. 

Excellent. 

None of the 
features were 

broken. 

 

 
Figure 3.16. Results obtained by performing experiment 
on PANi (liquid) and SU-8-10. 
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Figure 3.17. Results obtained by performing experiment 
on PANi (liquid) and SU-8-10: GBL and PI as solvent. 

 
Figure 3.18. Results obtained by performing experiment 
no. 2 on PANi (liquid) and SU-8-100: GBL and PI as 
solvent. 
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Figure 3.19. Results obtained by performing experiment 
no. 3 on PANi (liquid) and SU-8-100: GBL and PI as 
solvent. 

 
Figure 3.20. Results obtained by performing experiment 
no. 4 on PANi (liquid) and SU-8-100: GBL and PI as 
solvent. 
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Figure 3.21. Results obtained by performing experiment 
no. 5 on PANi (liquid) and SU-8-100: GBL and PI as 
solvent. 

3.6 POSITIVE LITHOGRAPHY AND LIFT-OFF 

The sections below describe about the positive lithography process and the lift-off 

method. Lift-off method is linked to positive lithography process which means lift-off can 

not be performed without performing positive lithography in most cases.  

3.6.1 Positive Photolithography 

Positive photolithography works inversely in comparison to negative lithography. 

Process parameters and resist vary in comparison to negative lithography. There are many 

types of positive resist available in market. A positive resist is a type of photo resist in which 

the portion of the mask that is exposed to light becomes soluble to the photo resist developer. 

The areas which are unexposed to the UV light are imprinted on the substrate through a 

mask. Figure 3.22 [55, 56] explains the procedure of positive lithography. The resist used in 

positive lithography during our experiments was Shipley’s, MicropositTM S1813TM positive 

photo resist. It appears to be blood red in color. 
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Figure 3.22. Positive photolithography. Sources: Gosalvez, Miguel A. Manufacture and 
Processing of MEMS Structure. Espoo, Finland: Helsinki University of Technology, 
2003; Darling, R. B. “EE-527 Microfabrication.” Accessed on February 26, 2012. 
http://www.ee.washington.edu/research/microtech/cam/PROCESSES/PDF%20FILES/
Photolithography.pdf. 

3.6.2 Lift-Off 

Lift-off is an easy and simple method for patterning films that are deposited on the 

substrate. A pattern is defined on a substrate using positive or negative photo resist. A film is 

blanket deposited all over the substrate which covers the photo resist and also the areas in 

which the photo resist has been cleared. During the actual lifting-off, the photo resist under 

the film is removed with solvent also taking the film with it, and leaving only the film which 

is directly in contact with the substrate. Generally metals are used for lift-off but in our case 

conductive polymer polyaniline is used. See Figure 3.23 [57] for standardized lift-off 

process. 

Any deposited film can be lifted-off but certain conditions should be provided: 

1. The substrate does not reach temperatures high enough to burn the photo resist during 
the deposition of the film. 

2. The quality of the film should not be absolutely critical because Photo resist will 
outgas very slightly in vacuum systems, which can adversely affect the quality of the 
deposited film. 

3. Adhesion of the deposited film on the substrate should be good. 
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Figure 3.23. Lift-off process. Source: McGuire, Gary E. “Development of Liftoff 
Processes for Patterning of Magnetic and Other Materials.” Accessed on March 5, 
2012. http://www.phys.ufl.edu/~nanoscale/reports/year1/liftoff.html. 

4. It should be easy for solvent to wet the film. 

5. The film should be thin enough to allow solvent to penetrate underneath. 

6. The film is should not be elastic and must be thin or brittle enough to tear along 
adhesion lines. 

3.6.3 Steps of the Procedure 

 Figures 3.24 to 3.29 describes the steps used to perform positive lithography along 

with lift-off process. 

 Clean the wafer/substrate. 

 Perform positive photolithography. 

 Develop the chip using 1:5 Developer Water ratio. 

 Make a layer of polyaniline over the chip 

 Allow polyaniline to settle on its own for over night 
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Figure 3.24. Shipley’s Microposit 1813 positive photo resist used in 
experiment. 

 
Figure 3.25. Deposition of positive resist on spin coater along with 
2000 rpm setting. 

 
Figure 3.26. Mask used and soft bake 
temperature set at 115°C. 
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Figure 3.27. UV intensity setting. 

  

a     b 

  

c 

Figure 3.28. (a) Positive developer, (b) DI water, and (c) 1:5 developer 
water ratio. 
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Figure 3.29. Developed chip and deposition of polyaniline on it. 

 Again develop the chip in a SU-8 developer using ultra sonic agitation bath 

 Keep it in the bath not more than 10 sec 

 Take it out and rinse it with DI water, avoid extra force of DI water through nozzle on 
the features, and try to rinse on the featureless areas to remove, extra unwanted 
materials. 

 Again keep the chip in ultrasonic bath for 10 sec 

 Repeat this cycle until you get features on the chip 

3.6.4 Lift-Off Results 

After undergoing various processes and performing several experiments some desired 

results were achieved. Finally a chip was prepared which had features in it along with a good 

amount of resistance. This were some good results which could stand temperatures as high as 

150°C during annealing, providing resistance. Initially results obtained were a little high in 

MΩ’s which were lowered up to few KΩ’s. Figure 3.30 shows the resistance values obtained 

by performing the procedure of positive lithography along with lift-off.  
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Figure 3.30. Resistance values measured on multi-meter.  

 



 

 

49

CHAPTER 4 

RESULTS AND DISCUSSIONS 

This chapter presents and discusses the experimental results of polyaniline processing 

and fabrication using UV mask along with different photolithography techniques, different 

solvents, photo resist (mainly SU-8) and different solvents. Different experiments were 

performed using trial and error method based on different literature surveys. 

4.1 ELECTRICAL CHARACTERIZATION 

In the beginning the processing parameters of polyaniline/SU-8 composite fabrication 

are utilized and multiple samples were prepared with various parameters. According to the 

various experiments and characterizations made, the processing parameters were finalized, as 

described in detail in Chapter 3. Throughout the experiments, the goal was to fabricate the 

chip following the steps of photolithography to achieve better resolution and conductivity for 

SU-8-polyaniline composite. Since resolution and conductivity of the composite are 

inversely proportional to each other in case of polyaniline, it is challenging to achieve the 

best of both at the same time. The best resolution value reached for thick patterned structures 

is around 50 µm. For better resolutions, different solvents must be used according to the 

literature survey discussed in Chapter 2. UV exposure characteristics play a major role in 

achieving a better resolution as various parameters of UV exposure gives better results and 

help in improving the cross-linkage. Along with the UV exposure, conductivity is also 

important factor and main focus of the research. The electrical conductivity tests were 

performed under different conditions and various parameters. Also, various other parameters 

such as hard baking, increases the conductivity values. The temperatures are kept slightly 

below the degradation temperature of SU-8. 

Throughout the fabrication of the conductive films, processing techniques were 

revised, different ideas were thought, which finally proved beneficial and we manufactured 

few chips which showed good patterns along with conductivity in KΩ ohm range. Tables 4.1 

and 4.2 demonstrate the results for various experiments performed under various conditions. 
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Table 4.1. Results of the Experiments Performed with Powder Based Polyaniline 

SUBSTRATE WT. % 
OF PANi 

SOLVENT AVERAGE 
RESISTIVITY 
(Ω.cm) 

FEATURES 

Silicon 32.5 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

16 MΩ.cm- Too 
High 

Below Average 

Silicon 20 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

11 MΩ.cm Too 
High 

Below Average 

Glass and Silicon 15 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

19 MΩ.cm Too 
High 

Below Average 

Glass and Silicon 12 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

9.9 MΩ.cm Too 
High 

Below Average 

Glass and Silicon 10.8 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

24 MΩ.cm Too 
High 

Below Average 

Silicon 8.5 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

20 MΩ.cm Too 
High 

Below Average 

Glass and Silicon 7.2 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

23 MΩ.cm Too 
High 

Below Average 

Silicon and Glass 6.3 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

15 MΩ.cm Too 
High 

Below Average 

Silicon 5.8 Acetone/Dichlorobenzene/ 
Methanol+HCl/GBL/Toluene 

19 MΩ .cm Too 
High 

Below Average 

 

Table 4.2. Results of the Experiments Performed with Liquid Based Polyaniline 

SUBSTRATE WT. % OF 
PANi 

SOLVENT MIXING CONDITION RESISTIVITY 
(Ω.cm) 

FEATURES

Silicon 14.7 GBL+ PI Overnight/ Magnetic 
Stirrer 

11 MΩ Too High Good. 

Silicon 10.3 GBL+ PI Overnight/Magnetic 
Stirrer 

7.8 MΩ Too High Good 

Silicon 8.5-7.8 No solvent 
used 

Overnight/Magnetic 
Stirrer 

12 MΩ Too High Average 

Silicon 8.36 GBL+PI Overnight/Magnetic 
Stirrer 

16 MΩ Too High  Good 

Silicon 6.58 GBL+PI Overnight/Magnetic 
Stirrer 

12 MΩ Too High Good 

Silicon 5.48 GBL+PI Overnight/Magnetic 
Stirrer 

9 MΩ Too High Good. 
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Powder form of polyaniline did not meet the expectations. Every possible way to 

acquire good pattern-ability on the substrate along with the conductivity was experimented, 

but in the end result was not in our favor. The main problems observed with powder form of 

polyaniline were agglomeration and dispersion. They both are inter-related to each other. If 

the powder does not disperse well in the mixture it will result into agglomeration at different 

points on the substrate. 

However, the liquid form of polyaniline was far lot better in comparison to the 

powder form of polyaniline. Liquid form of polyaniline mixed well with other solvents and 

the problem of agglomeration was solved but still the results were lagging behind in terms of 

conductivity. Almost everything was experimented with the liquid form of polyaniline like 

different type of solvents, resists like SU-8-10 and SU-8-100, and Photo initiator. However 

there were no signs of better conductivity on four point probe as well as multi meter. So 

finally, EDS (Electron Dispersion Spectroscopy) of the substrates was performed in order to 

observe that the chips patterned proved to be conductive or not and to generate a conductive 

path. Optical characterization was performed on a SEM (Scanning Electron Microscope) in 

order to observe the uniformity of polyaniline on the substrate. 

4.2 LIFT-OFF RESULTS 

Finally the desired results were achieved by following the lift off process. First 

positive photo lithography was performed. The concept of positive lithography states that in 

positive lithography the features go deep inside in a direction of substrate, create a hollow 

puddle like structure as shown in Figure 4.1. While negative lithography is completely 

opposite to it, the features are bulging/moving outside, growing upside as shown in 

Figure 4.2. After performing positive lithography, polyaniline was spin coated on the 

substrate. As discussed above, the features of positive lithography goes deep inside in the 

direction of the substrate, so the main idea was to take advantage of its structure. The chip 

was kept overnight in a vacuum to allow polyaniline to settle perfectly on its on without any 

baking. Later the fabricated chip was developed using a SU-8 developer as discussed in the 

Chapter 3. Figure 4.3 represents different resistance values obtained by performing the lift-

off method.  
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Figure 4.1. Positive 
lithography feature. 

 
Figure 4.2. Negative 
lithography feature.  

All the chips prepared following this method were patternable and conductive. The 

results obtained were conductive for a long time. The chips prepared were observed after 

regular time of interval to check its value interms of resistivity. And it was observed that 

even after 6 months of interval the difference in resistivity values was very marginal. 

Different resistivity values were obtained at different points. Tables 4.3 and 4.4 represent 

average resistivity and conductivity values obtained of the sample chip by performing 

multi-meter as well as 4 point probe test. 

4.3 OPTICAL CHARACTERIZATION  

The SEM images above represent some of the excellent features obtained in terms of 

pattern-ability. Figures 4.4, 4.5 and 4.6 images are a blend mix of polyaniline/SU-8 films 

(liquid form of PANi). 

After performing optical characterization, EDS was performed on PANi/SU-8 blend 

chips. EDS technology describes in brief about the the actual content/materials present on the 

focused area where focused. Electron bombardment is carried out at a particular point on the 

substrate by EDS technology. Polyaniline itself is not an element, it is composed of different  
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Figure 4.3. Different resistance values obtained from lift-off structures. 

Table 4.3. Average Resistivity and Conductivity Values at Mithras 

MITHRAS 
FEATURE 

 

Average Resistivity KΩ.m Conductivity S/m (1/R) 

1.56 KΩ.m 6.66E-03 S/m 

0.68 KΩ.m 1.47E-03 S/m 

0.58 KΩ.m 1.71E-03 S/m 

0.49 KΩ.m 2.00E-03 S/m 

0.44 KΩ.m 2.25E-03 S/m 

0.37 KΩ.m 2.45E-03 S/m 

0.36 KΩ.m 2.77E-03 S/m 
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Table 4.4. Average Resistivity and Conductivity Values at Indras 

INDRAS 
FEATURE 

 

 

Average Resistivity KΩ.m Conductivity S/m (1/R) 

0.36 KΩ.m 2.77E-03 S/m 

0.18 KΩ.m 5.37E-03 S/m 

0.13 KΩ.m 7.34E-03 S/m 

0.12 KΩ.m 8.00E-03 S/m 

0.10 KΩ.m 9.50E-03 S/m 

0.1008 KΩ.m 1.08E-02 S/m 

0.09 KΩ.m 1.11E-02 S/m 

 

 
Figure 4.4. SEM images of PANi/SU-8 blend-1. 
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Figure 4.5. SEM image (focused/zoomed on a particular area) of PANi/SU-8 blend-2. 

elements like Nitrogen, Hydrogen, Oxygen, Carbon. Chlorine (polyaniline emeraldine salt 

dopped with Hcl) and the basic element of polyaniline is Nitrogen. 

4.4 EDS RESULTS 

X-ray analysis was performed at a particular area, selecting different points on a 

bump pad and trace to find different elements present on a particular area. Sometimes, 

presence of various other elements is observed which are not related to research materials. It 

could be because of many reasons like solvent mixing, cleaning agents used, some materials 

may have in the beaker as it may be used by some other person before us, dust from 

tweezers, etc. We have to focus only on the key elements here. Figure 4.7 shows the X-ray 

analysis of a particular area.  
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Figure 4.6. SEM images of PANi/SU-8 blend-3. 

Results obtained at point 1 are shown in Figure 4.8. Results obtained at point 2 are 

shown in Figure 4.9. Results obtained at Point 3 are shown in Figure 4.10. Results obtained 

at Point 4 are shown in Figure 4.11. Results obtained at Point 5 are shown in Figure 4.12. 

The results above clearly indicate each and every element in the chip has its own 

importance. The presence of carbon is detected every where due to SU-8, as carbon is a part 

of SU-8. Also oxygen is present everywhere. 

4.5 WEIGHT CONCENTRATION OF INDIVIDUAL 

ELEMENTS 

The graph in Figure 4.13 represents individual weight percentage of each element at 

all the 5 different points. 
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Figure 4.7. Particular area of patterned chip 
(bump-pad) used for EDS. 

 
Figure 4.8. EDS result at point 1. 

At point 1, which is outside the feature (Bump-pad), technically we should have 

materials like carbon, oxygen and silicon. As a result, you can clearly notice in Figure 4.8 

that we have carbon, oxygen and silicon in large amounts. Polyaniline, itself is not an 

element in the periodic table, it comprises of various other key elements like nitrogen, 

hydrogen, chlorine. Polyaniline-EB is doped with acids like HCL in order to form 

polyaniline-ES, which is conductive form of polyaniline. So at points 2, 3 and 4, presence of  



 

 

58

 
Figure 4.9. EDS result at point 2. 

 
Figure 4.10. EDS result at point 3. 

nitrogen is very essential in order to detect the presence of polyaniline on the feature 

(Bump-pad). And as a result we can clearly notice that in Figure 4.9, 4.10 and 4.11. We 

represent nitrogen as the key element because it is related to N+ in doped PANi and other 

elements like hydrogen, chlorine, carbon are part of other materials too like SU-8, 

photoinitiator, developer solution, cleaning reagents, etc. whereas Nitrogen is the only 

element which is a part of polyaniline. So it should not be difficult to detect the presence of 

polyaniline at a particular point. Now moving forward to point 5 which is outside the feature  
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Figure 4.11. EDS result at point 4. 

 
Figure 4.12. EDS result at point 5. 

(Bump-pad) but on the substrate, we should have carbon, oxygen and silicon as it is outside 

the feature area. And as a result, we have carbon, oxygen and silicon at point 5 in 

Figure 4.12, which clearly indicates that the results we have achieved are up to the mark. We 

do not notice the presence of chlorine through Figures 4.8 to 4.12, it seems to have a zero 

value in the graph obtained, but when we explore it deeper and create an individual graph for 

chlorine, we can observe its present on the feature but as it is in a very low quantity it is 

difficult to be detect it on a whole graphical scale. Polyaniline is doped with Hydrochloric 

acid so on the basis of our result it should be present only at point 2, 3 and 4. The results 

obtained here were accurate in context to the explanation given above.  
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Figure 4.13. Concentration of all elements at different points. 

To check the surety of the results obtained similar EDS characterization was 

performed on a trace. The results obtained are represented in Figure 4.14. Similar results 

were obtained in comparison to bump-pad. The graphical representation of individual 

elements at various points is described in Figure 4.15. 

Nitrogen which is related to N+ in polyaniline is again present only on the trace at 

points 1, 2 and 3 whereas silicon is present at point 4 which is outside the trace. Results 

obtained clearly indicate the similarity between bump-pad and trace results.  
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Figure 4.14. EDS characterization of a trace. 

 
Figure 4.15. Graphical representations of elements present at different points on a trace 
(feature) by EDS.  
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As observed from the results above the presence of key elements like nitrogen on the 

feature and uniform pattern-ability of PANi/SU-8 blend achieved on the substrate without 

any agglomeration of PANi observed by SEM images .Also one most important point which 

cannot be neglected about SEM: Scanning Electron Microscope (SEM) does not capture any 

image of a sample unless the sample is conductive, if the sample is not conductive it has to 

be coated with a conductive material for e.g., like gold in order to capture the image. We did 

not coat any of our samples with any such conducting material, which proves that pur 

samples were conductive. Hence, by keeping all this points into consideration we can state 

the a conductive path is generated connecting all the points on the bump-pad and trace. 

Hence a conductive path was generated successfully. Figure 4.16 represents the conductive 

path generated on the basis of EDS results.  
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Figure 4.16. Conductive path generated on the basis EDS results. 
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CHAPTER 5 

CONCLUSION AND FUTURE WORK 

Polyaniline has a great deal of potential for applications due to its light weight, 

conductivity, and chemical properties. Polyaniline is especially attractive because it is less 

expensive. It is used in various applications like: 

 Chemical Vapour Sensors  

 Supercapacitors and electrochromics. 

 Antistatic agent 

 EMI (Electromagnetic Interference Coating) 

 Anti-corrosive coatings 

 ITO replacements 

 Actuators 

 Electrochromic coatings (for color change windows, mirrors etc.) 

 PEDOT-PSS replacements, fuel cells, etc. 

 Major applications are in printed circuit board manufacturing (final finishes) and 
corrosion protection. 

 Commercially polyaniline has been supplied by several companies like 
Sigam-Aldrich, PANiPOL, Eeonyx, Fibron Technologies and Ormecon  

In this research we have described an experimental study of structural and electrical 

threshold of composite using polyaniline material dispersed in SU-8 matrix prepared by 

varied mixing methods. Different forms of polyaniline were used, i.e., powder and liquid. 

Even positive as well as negative lithography were experimented to achieve some positive 

result and complete the aim of this research. Thus from all this trial and error method we can 

conclude that: 

The SEM (Scanning Electron Microscopy) and Hirox (3D microscope) shows clearly 

that how polyaniline (powder form) was infusible in different solvents. There were 

agglomerates all over the chip without any uniform distribution of the powder. Figure 5.1 

displays agglomeration problem and non-uniform distribution clearly. However, searching on 

the problem and getting involved in different ideas gave us some good result and finally we  
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a      b 

 

c 

Figure 5.1. Represents problems regarding agglomeration and non-uniform 
distribution of polyaniline powder base. 

achieved what was desired. Figure 5.2 describes a good uniform distribution of the material 

along with the feature and no agglomeration.  

Thus, we can conclude a number of problems observed with polyaniline initially like: 

 Agglomeration 

 Non uniform distribution 

 Solvent compatibility 

 Results were damaged if mixture was not stirred for proper time 
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a      b 

Figure 5.2. Represents feature image with no agglomeration problem and a uniform 
distribution of polyaniline. 

 More than needed soft bake or hard bake 

 More developing time. 

All these problems were solved to much extent and the liquid form of polyaniline 

helped a lot in solving all these problems to a greater extent. But the main reason for 

achieving good results was change in the developing method. The new developing method 

proved beneficial as it would not destroy the features like before. But other all factors also 

are to be credited as the final results are dependent on everything, they just do not relay on 

one single factor. After solving the above all problems and going through the whole process 

precisely and technically we made few chips and all those chips were conductive along with 

features on it. 

For future work, this research provides lot of skills, knowledge and technique to be 

used for conductive polymer fabrication methods and precise optimization criteria for 

lithography process. A number of areas to work on like to solve agglomeration problem with 

powder form of polyaniline, to withstand conductivity at different temperatures, and a lot 

more to focus on. Thus we can conclude that this research has opened many doors towards 

other areas of conducting polymers in which a lot of work can be done and a lot of areas 

which can be focused on. 
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