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Flow cytometry stands as a potent tool for the detection, aneilysi‘s{, and sorting of célls.
By leveraging diverse physical fields within microfluidic Chips it facilitates the capture
of a wide array of morphological and biochemical insights from distinct cell types. In’
evaluating the prowess of flow cytometry, the parameters of throughput and sensitivity
emerge as pivotal. The objective descnbcd in chapter 1 is undertaking the development
of a microfluidic chip with the aim of augmenting both the throughput and sensitivity of
flow cytometry. | _ .

" In the second chapter, efforts were coﬁcentrated on bolsteriﬁg throughput. .This '
involved an optimization of the convéntional structure of a PDMS-based microfluidic
chip. Notably, two key 1mprovements were 1mplemented Initially, a horizontal ahgnment
was established for the connections linking the chip and the plpehne S1mu1taneously, the
layout of the microchannels was streamlined to curtail flow resistance. Add1t1pna11y,
‘two-layer channel configuration ‘was adopted, introducing vertical hydrodynamic
focusing. The outcomel of these modifications was the creationrof a novel microfluidic
chip capable of achieving a remarkable cell imaging ve1001ty of 40 m/s, thereby
establishing a new global record in this regard.

Chapter 3 was dedicated to refining sensitivity, particularly pertaining to the gradient
of electric field strength. Ampliﬁéd signals during detection are a direct consequence of |
a steeper electric field gradient. In order to heighten the strength of the ellectric field, the
study harnessed a femtoéecond laser to craft electrodes characterized by a slender span of
just 1 pm. Subsequent expeﬁments which encompassed mjnute' beads and yeast cells,
revealed that the electrode featuring a 1 pm width ylelded concentrated amplitudes,
indicative of helghtened sen31t1v1ty '

Moreover, the research extended the appl1cat10n of impedance flow cytometry to

encompass droplet detection and analysis. Investlgatlons h1gh11ghted the influence of



electrode size, droplet length, an;i intervals between droplets on resultant signals. A
meticulous detection methodology for quantifying droplets was established through a
| combination of numerical simulations and practical experiments. As a testament to its
efficacy, this system proficiently discerned droplets possessing diameters of botﬁ 200 pm
and 100 pm. . B ‘
In conclusion, Chapter 4 culminated the seties of endeavors pfeseﬁted within this
study. The work unequivocally demonstrated the substantial elevation in flow cytometry
throughput. Additionally, several techniques to amplify sensitivity were proposed,

cementing the study's contribution to the advancement of this critical analytical tool.
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