MODULE 3: FUNCTIONAL POLYMERS AND HYBRID COMPOSITES IN FLEXIBLE ELECTRONICS

Stretchable and Wearable Microelectronics: Introduction, basic principle and working
of lithography for micro-patterned copper deposition. Synthesis, properties and
applications of PDMS (Polydimethylsiloxane) and its uses in e-skin (electronic skin) and

RFID applications.

Polymers: Introduction, synthesis, conduction mechanism of polyaniline and its
electronic devices applications. Molecular weight of polymers: Number average and
weight average molecular weight of polymers-numerical problems. Synthesis and

properties of Polyvinylidene Fluoride (PVDF) and its applications in E-nose devices.

Polymer Composites: Introduction, synthesis and properties of epoxy resin-magnetite
(FesO4) composite (ultrasonication method) for sensors applications. Synthesis and
properties of Kevlar Fiber Reinforced Polymer (KFRP) for smart electronic devices

applications.

Stretchable and wearable microelectronics

Microelectronics deals with electronic circuits and devices fabricated at a very small
scale (micrometers or nanometers). It includes components such as transistors, sensors, and
microchips. Conventional microelectronic devices are fabricated on rigid silicon wafers. These
rigid devices are commonly used in smartphones, laptops, and computers. Traditional
microelectronics are flat, hard, and inflexible. The human body is soft, curved, and flexible,
unlike rigid electronic chips. Rigid electronics cannot easily conform to skin, clothing, or
internal organs. To overcome this limitation, stretchable and wearable microelectronics were
developed. Stretchable electronics are fabricated on flexible and elastic substrates. Common
substrate materials include rubbery polymers, silicones, and soft plastics. These materials allow
circuits to bend, twist, and stretch without losing electrical performance. Stretchable electronics
can move like human skin while maintaining functionality. They are widely used in wearable

devices, electronic skin (e-skin), and biomedical sensors.
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Wearable electronics are devices that can be worn on the body, such as clothes,
wristbands, or skin patches.

They are designed to continuously monitor health or environmental conditions.
These devices are made to be comfortable for long-term use.

Stretchable and wearable microelectronics are advanced devices designed to be:
Worn directly on the skin or integrated into clothing

Able to move and stretch naturally with the human body

Unlike conventional electronics, they do not use hard and brittle silicon or metals.
Instead, they use soft, biocompatible materials.

These materials are: Conductive (allow electricity to flow) Elastic (can stretch and

return to original shape)

Commonly Used Materials
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Conductive polymers (e.g., PDMS — polydimethylsiloxane)
Conductive inks (Contain materials like silver, graphene, or carbon nanotubes)

Liquid metal alloys (e.g., gallium-based alloys)

. Non-toxic liquid metal droplets

Lithography for Micro-Patterned Copper Deposition

1.

Lithography is a key process in microfabrication, used to create patterns on substrates
(like silicon wafers).
The basic principle of lithography for micro patterned copper deposition is to use a
light-sensitive material (photoresist) and a photomask to create a pattern, which then
acts as a template for selectively depositing the copper in the desired areas.
This is commonly achieved using an additive process like electroplating, which is
preferred because copper is difficult to pattern by etching.
The core principle is photopatterning, which uses a photochemical reaction to transfer
a geometric blueprint onto a substrate surface.
The key components are:

» Substrate: The base material (e.g., a silicon wafer) onto which the copper will be

deposited.
> Photoresist: A light-sensitive polymer coated onto the substrate.
> Photomask: A template with opaque and transparent regions that defines the

desired pattern.



Exposure to light through the mask changes the solubility of the photoresist in a
developer solution, allowing for the selective removal of either the exposed (positive resist) or

unexposed (negative resist) areas to form a patterned stencil.
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Steps involved in lithography

1.Substrate Preparation: A clean, flat silicon wafer is used as the substrate. A thin conductive

seed layer of copper is deposited by sputtering or evaporation.The substrate is cleaned to
remove contaminants and may be treated with an adhesion promoter to ensure the photoresist

sticks properly.

2.Photoresist Application: A uniform layer of liquid photoresist is applied to the entire

substrate, typically using a spin-coating process and excess solvent is removed. Examples are
Novolac resin (base polymer, soluble in alkaline solution), DNQ (Diazo-Naphthoquinone) —

photoactive compound. DNQ acts as a dissolution inhibitor before UV exposure.

3. UV Exposure: A photomask (glass plate with opaque and transparent regions) is placed over

the wafer. UV light passes through transparent regions and blocks opaque areas. UV light hits
selected areas of photoresist. DNQ undergoes Wolff rearrangement, forming indene carboxylic

acid. This new compound becomes soluble in developer.

4. Development: The wafer is washed with a developer solution. UV-exposed photoresist

dissolves. Unexposed photoresist remains intact. This creates trenches or openings that expose
the underlying substrate where copper deposition is desired. Pattern is clearly formed, exposing

the copper seed layer.
Chemical change:

DNQ (insoluble) — Indene carboxylic acid (soluble)



5. Copper_Deposition: Copper is deposited over the entire wafer surface, filling the open

trenches in the photoresist pattern and covering the remaining photoresist. This is often done
using physical vapor deposition (PVD) or chemical vapor deposition (CVD), but more
commonly via electroplating (also known as electrochemical deposition or ECD) for high-
aspect-ratio structures. In electroplating, the wafer acts as a cathode in a copper salt solution,

and an electric current is used to deposit the copper metal onto the exposed areas.

6.Lift-off: The remaining photoresist and the copper deposited on top of it are dissolved and
washed away using a suitable solvent (e.g., acetone). This leaves behind only the precisely
patterned copper traces that adhered directly to the substrate, completing the micro patterned

copper deposition.
7.Final result: High-resolution microscopic copper wiring, same as photomask design

Polydimethylsiloxane (PDMS)

Polydimethylsiloxane (PDMS) is a high-performance, transparent, flexible silicone
polymer widely used in flexible and wearable electronics.It consists of a long polymer chain

formed by repeating monomer units. The chemical repeat unit of PDMS is

The polymer backbone is composed of alternating silicon (Si) and oxygen (O) atoms,
while two methyl (—CHs) groups are attached to each silicon atom. This unique structure gives
PDMS high flexibility, as the Si—O bond allows easy rotation and the methyl groups act as soft

side chains.

Svnthesis of PDMS

PDMS is usually synthesized in two main steps:
Step 1: Hydrolysis of the Monomer

Monomer, Dichlorodimethylsilane ((CH3),SiCl,)is hydrolysed with water (H,0) .The two

chlorine (Cl) atoms are replaced by hydroxyl (—OH) groups forming a very reactive

intermediate called a silanol.
Step 2: Condensation Polymerization

The silanol molecules don't stay separate for long. The hydroxyl (~OH) group of one silanol
molecule reacts with the ~OH group of another. They link up by forming a strong siloxane (Si—

0O-Si) bond. Siloxane (Si—O-Si) bond is formed and a molecule of water is released. This is
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/molecular-weight
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/small-molecule
https://www.sciencedirect.com/topics/engineering/molecular-weight-average































