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12. Practical applicability, if any:

This dissertation focuses on the research and development of a microfluidic system
integrated with an Inductor-Capacitor (LC) resonant sensor, designed for the effective
analysis of various solutions, with a primary goal of enabling label-free biomedical
analysis and diagnostics.

The dissertation developed a mathematical model for the LC sensor and conducted
experimental studies on specific subjects, including: Sodium Chloride (NaCl) solution,
serving as an electrolyte, to evaluate the fundamental performance of the designed sensor
structures, verify the operating principle based on changes in conductivity and permittivity;
Proteins, as biomarkers, to assess the capability for protein detection and quantification.

The dissertation employed a multi-faceted approach, encompassing theoretical
research, literature review, computational design and simulation, and experimental
fabrication with validation measurements. The theoretical foundation was built upon the
principles of capacitive sensing, wireless passive LC resonant structures, and contactless
conductivity detection. The experimental fabrication process involved a flexible
combination of 3D printing technology (to create positive molds), soft lithography (using
PDMS and subsequently PMMA for the microfluidic channels), and Printed Circuit Board
(PCB) technology (to fabricate the planar microelectrodes and inductors). Numerical
simulations were performed using COMSOL Multiphysics software, employing Radio
Frequency (RF) and Electrostatics modules to analyze, predict behavior, and optimize the
sensor design prior to fabrication. Finally, the experimental measurement setup was
established with a Vector Network Analyzer (VNA) to measure the S11 reflection
coefficient and determine the resonance frequency, a syringe pump for fluid delivery, and
custom control software for automated data acquisition and analysis.

The dissertation has delivered several new results and contributions, including:



— Proposing a microfluidic system integrated with a co-planar LC resonant sensor
capable of operating in solution environments and meeting the requirements for label-
free analysis of biological samples.

— Developing and refining an analytical model that describes the sensor system's
operating principle, thereby clarifying the interaction mechanism between the sample
and the resonant circuit.

— Conducting fabrication, measurement, and experimental evaluation of the sensor,
which validated the model's correctness and the system's operational effectiveness for
specific biological samples.

The research findings of this dissertation hold scientific significance, contributing to the
understanding of electromagnetic field interactions with microfluidics, providing valuable
data for future studies, and laying the groundwork for the development of compact, rapid,
and low-cost Point-of-Care Testing (POCT) devices for biomedical diagnostics, chemical
analysis, and environmental monitoring. The developed sensor technology has
demonstrated good sensitivity, repeatability, and accuracy, along with capabilities for
miniaturization, label-free analysis, and wireless/contactless detection, meeting the critical
demands of modern applications.

13. Further research directions, if any: Research and development focus on improving both

the performance and practical application of the system.

— Improving the quality factor (Q-factor) of the resonator to increase detection sensitivity
and reduce noise, thereby improving measurement accuracy.

— Research and development of sensors to analyze intracellular variations will facilitate
more complex biological diagnostic applications.

— Optimizing the manufacturing process to reduce costs and improve mass production
capabilities, helping to transfer technology from the laboratory to the commercial scale
and meet the needs of biomedical testing in clinical practice.
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