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PREFACE

India’s theme of the G-20 presidency is “One Earth, One Family, One future”, a
vision seen by our honorable Prime Minister Shri Narendra Modi ji. The vision of our
prime minister is to provide sustainable growth with, basic lifestyle facilities such as food
shelter clothing Education, and health available to all globally. To participate in this noble
vision, the scientific community is focused on developing sustainable development
programs for all. An important component of sustainable development is the availability
of healthcare facilities to all. Development of conventional healthcare infrastructure
requires extensive capital and trained manpower, thus an alternate healthcare ecosystem
with lesser capital and a semi-skilled labor force is evident. An important component of
such an alternate healthcare ecosystem is low-cost equipment, with simple operating
protocols that can be used in resource-limited settings by semi-skilled labor. The nascent
advances in microfluidic technology and global emphasis on the development of alternate
healthcare ecosystems to provide healthcare facilities in resource-limited settings have
forced to development of point-of-care testing devices. Point-of-Care testing devices are
defined as the equipment, which is used to find significant information for primary
diagnosis and prognosis at the point of sample collection. Despite several attempts to
develop Point-of-care devices, there are limited aspects of diagnosis where such devices
are helpful. The most crucial aspect of point-of-care testing devices is the miniaturization
and complex integration of different engineering aspects in one place. Various attempts for
developing point-of-care testing devices have focused on a particular aspect of technology
development. A wholesome study of complete device development is vital for the

development of commercially viable technology.
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It was observed that the estimation of the number of specific biological markers in
a sample is of crucial importance. Such as red blood cells, platelets, white blood cells, and
bacteria in water sources are a few examples that prove to be crucial in remote locations
and resource-limited settings. Conventional methods, such as electrochemical, Enzyme-
linked immunosorbent assay (ELISA) methods are costly, sophisticated, and more
importantly, require sophisticated user profiles. Looking at the increasing smartphone user
base and cell phone-based monitoring applications, it is very much viable to develop an
optical sensor that can be used by a standard smartphone. Thus optical sensing techniques
embedded in microfluidic device setup will be proved to be very robust instrumentation

for transportation and operation.

This study attempts to develop an optical sensor based on thin-film microstructures
to quantify the number of transparent micro-particles of size more than 3 micro-meter.
Thin-film-based optical microstructures in a microfluidic device provide an extremely
robust and contamination-free setup for the controlled detection of samples. The detection
of particles was demonstrated to be more resolved with better contrast using thin-film
optical microstructures. Further, devices and techniques were evolved to use this setup for
on-field applications. All the problems encountered in transferring this lab-based
technology to on-field application were addressed and solved using a different mechanism
of soft material processing and surface interaction techniques. Further, an understanding
of microfluidics was utilized to develop a detection setup for biomarkers using the surface-

enhanced Raman spectroscopy SERS technique.

An exact understanding of thin-film instabilities for the formation of different
structures and harnessing their potential for different optical applications is vital for the
development of the cell phone-based optical sensing device. The understanding of

problems at different stages of transferring a technology developed in the lab to on-field
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applications helps to explore a practical scientific solution. Thus in this research work, we

have promulgated the-

>

Understanding the thin-film instabilities, dewetting phenomena, and harnessing the
potential of dewetted structures as microlenses and their capability to resolve sub-
micron objects.

A framework for embedding such microlenses in microfluidic channels and
observation of moving microparticles of 3 micrometers using a standard
microscope.

Image processing of the image captured to identify and estimate the number of
particles.

Understanding the free volume adjustment of polymer chains, to shape them into
an optical tool to be used with a cell phone camera to provide an alternative to the
standard microscope.

Diffusion of light through a gradient patterned substrate, to provide a different
intensity of diffused light from different points of the substrate.

Understanding the mixing in a microchannel with different passive micromixers,
and utilizing effective mixing for SERS enhancement and detection of the

biomarker.

This thesis work is divided into four major chapters. The first chapter deals with

the understanding of thin-film instabilities and dewetting of the thin film. The dewetted

structures were used as the microlenses to observe the submicron pattern and moving

particles in the microchannel. Images of moving particles in the microchannel were

subjected to image processing and the number of particles in the sample was estimated.

The next two chapters are subsequently developed to transfer this technology from the lab

to on-field applications. In the second chapter, we developed a polymer macro lens, used
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with the cell phone camera to obtain better magnification and resolution than inbuilt
facilities. This development may allow us to obviate the use of a standard microscope in
the remote and resource-limited setup. The third part deals with the imaging problem where
a substrate with a gradient pattern was developed using thin-film buckling with gradient
mechanical stress induced in the substrate. This gradient spacing wrinkled pattern allows
us to use the cellphone flash light for sample illumination and imaging in a reflection mode.
The first three chapters develop a fully operational device for the on-field application.
However, imaging protocols and more sophisticated image processing techniques need to
be developed, which is kept for future development. Further, the understanding of
microfluidics was used to develop a device to bring analyte and plasmonic nanoparticles
into close vicinity to get SERS enhancement. The SERS enhancement in a continuous flow
microfluidic device was used to detect the biomarkers and disease monitoring. Finally, a
chapter concluding the above works with an assessment of development and future

possibilities of development of various technologies is discussed.
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