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National University, Hanoi. 
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biomedical applications” has been changed to the new title, “Research, design, and 

fabrication of microfluidic chips with sensors based on MEMS technology and 

superparamagnetic nanoparticles oriented towards biomedical applications”. This change 

better aligns with the thesis content and does not alter the research direction. 
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aimed at biomedical applications 

8. Major: Electronic Engineering                                  9. Code: 9510302.01 

10. Supervisors: Assoc.Prof. Ph.D Bui Thanh Tung; Prof. Ph.D. Chu Duc Trinh 

11. Summary of the new findings of the thesis: 

Objective of the study 

The objective of this thesis is to research and develop a highly sensitive microfluidic 

measurement system to detect the concentration of superparamagnetic nanoparticles 



(SPMNPs) in the continuous flow of a microfluidic chip, with the goal of developing a 

quantitative analysis system for SPMNP-labeled cells in continuous flow. 

Research subjects: microfluidic chip with integrated magnetic sensors, microfluidic 

measurement system, signal processing circuit, and biologically functionalized SPMNPs. 

Research Methods 

The thesis combines methods including theoretical research, mathematical modeling, 

simulation, measurement, and experimental validation. 

Main results and conclusions 

− Proposed a model of a super-sensitive magnetic microfluidic measurement system to 

determine very low concentrations of superparamagnetic nanoparticles in the continuous 

flow of a microfluidic chip, which has the potential to develop a system for quantitative 

analysis of cells in continuous flow. This method can reduce the volume of the sample to 

be analyzed, avoid errors due to non-magnetic impurities, and take advantage of the 

marker as magnetic particles from the cell separation process. 

− Successfully fabricated the proposed microfluidic measurement system, using industrial-

grade 3D printing technology for the microfluidic chip. This innovative approach is novel 

in the thesis; the applied mathematical model for optimizing parameters is highly 

scientific and meets practical requirements. Additionally, signal processing techniques 

are compatible with the sensor's physical properties, which reduce the signal detection 

limit of the super-sensitive magnetic microfluidic measurement system to 3.81 nT, 

corresponding to a concentration of 12.5 µg/mL of superparamagnetic nanoparticles, 

better than the results of some previous studies. 

− Conclusion: A magnetically sensitive microfluidic system has been successfully 

developed to determine very low concentrations of SPMNPs in continuous flow. This 

system has potential applications in biomedical analysis, reducing the cost of testing by 

streamlining procedures and minimizing the use of tracers, while avoiding errors from 

non-magnetic impurities. 

12. Practical applicability, if any: The proposed system has the potential to be developed 

into a biomedical analysis system, which can reduce testing costs by reducing procedures 

and markers, while avoiding errors from non-magnetic impurities. 

13. Further research directions, if any:  

− Some samples of superparamagnetic nanoparticles that have been surveyed and meet 

the detection ability of the proposed measurement system need to be studied for their 



biochemical functions to separate and enrich cells in the sample, then quantify cells 

using the proposed measurement system. 

− The thesis product needs further development to be more compact, integrating the 

processes of separation, cell enrichment, and quantification into a single device to 

save time, reduce costs, simplify operations, and meet best practices. 
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