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1. SUMMARY
The title and target of this thesis is "Study on fabrication of microfluidic channels by inkjet printing on paper substrate for biosensor devices". The first research step to accomplish this goal is to create microfluidic channels on paper substrate. Because paper is a good hydrophilic substrate, the goal beomes the fabrication of hydrophobic barrier lines on paper substrate. In this thesis, the new approach of inkjet printing process to create hydrophobic lines is proposed, that is to use inkjet printing process to eject solvent to dissolve paper substrate, turning this area from hydrophilic lines to hydrophobic lines. Organic solvent ink, which has ability to dissolve Nitrocellulose (NC) substrate, is synthesized in the first step of fabrication process. When the ink is inkjet printed to NC substrate and reacts with NC substrate, the printed lines will be penetrated and become hydrophobic barrier grooves. The organic ink, which is used in this thesis, is synthesized from Glycol ethers, namely Diethylene glycol monobutyl ether (DEGBE) and Nonaethylene glycolmonododecyl ether (C12E9). The organic ink has a viscosity in the range of 10-13 cP, which shows good inkjet printing results; the ink droplets fall evenly and there is no satellite drop phenomenon.

The next step in the process is to optimize the inkjet parameters to create hydrophobic grooves which is both hydrophobic and as small as possible. Miniaturization is the research trend nowaday, because this helps us to reduce the size of biosensor. Two techniques of inkjet printing, piezoelectric and electrohydrodynamic inkjet printing, have been studied, surveyed in this thesis to find the most appropriate fabrication method. Then, these parameters are used to fabricate the microfluidic channels which is the important part of paper-based biosensor.
The biosensor is designed to be used for enzyme-linked immunosorbent assay (ELISA) to quantitative determination of human chorionic gonadotropin (hCG) concentrations. The obtained results are color signals corresponding to hCG concentrations. Based on intensity of color signal, a calibration curve between intensity of color signal and hCG concentration is established. In general, the research content in this thesis is the combination of inkjet printing technology in the field of material science - technology and ELISA testing process in the field of biology. The thesis started from the experiments of organic ink synthesis, followed by the experiments to optimize the inkjet printing process and finally the experiments to evaluate the performance of fabricated biosensors.
2. NOVELTY OF THESIS
The first new result of this thesis is to successfully synthesize organic ink from glycol ethers such as Diethylene glycol monobutyl ether (DEGBE) and Nonaethylene glycol monododecyl ether (C12E9) with the ability to dissolve Nitrocellulose substrate. This organic ink helps inkjet printing process become simpler and easier to fabricate hydrophobic lines on paper substrate than previous methods. The obtained hydrophobic lines have the smallest width of about 300 µm if using piezoelectric inkjet printer and about 200 m if using electrohydrodynamic inkjet printer.

Two designs of paper-based biosensor for sandwich ELISA process are proposed in this thesis. Both designs use small 2 mm-width channels (including 200 µm hydrophobic barriers). Design 1 uses four small (2 mm-width) channels, with an overall width of 8 mm; Design 2 is based on principle of miniaturization, and thus design 2 use only two small channels, with an overall width of 4 mm. Both designs are based on traditional sandwich ELISA procedure but the testing time is reduced to less than 10 minutes. This advantage have been achieved because of the design technique, which transferred most of the steps of tranditional sandwich ELISA procedure to biosensor preparation step.

The final new result of this thesis is the test results of prototypes, showing that microfluidic paper-based biosensors can be used for the sandwich ELISA process to quantitative determination of biology target hCG. Design 1 is suitable for quantitative determination of low concentration of hCG (5-100 ng/mL); design 2 is suitable for quantitative determination of hCG concentration in large range (5-10000 ng/mL).
3. APPLICATIONS/ APPLICABILITY/ PERSPECTIVE
The sandwich ELISA is a biochemical assay used to detect a wide variety of biology targets. The experimental results in this thesis show that these paper-based biosensors can be used for the sandwich ELISA process and had quite good quantitative ability. These results suggested that paper-based biosensor can be extended to use for detecting other biology targets and diagnosing other diseases. In other words, these paper-based biosensor can be used for clinical tests to detect abnormalities in the body.

In the future, users at home or users in rural area can use paper-based sensors to check and evaluate health conditions. Users only need to use camera on the phone to capture color signal image and send it to the server. At the server, the algorithms determine the intensity of color signal and return the results to the user. This application will help users detect abnormalities in the body, leading to the early treatment and reduction patient overload for central hospitals and medical facilities.
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