
100 

REFERENCES 

[1] G. M. Whitesides, “The origins and the future of microfluidics,” Nature, vol. 442, 
no. 7101, pp. 368–373, July 2006, doi: 10.1038/nature05058. 

[2] E. K. Sackmann, A. L. Fulton, and D. J. Beebe, “The present and future role of 
microfluidics in biomedical research,” Nature, vol. 507, no. 7491, pp. 181–189, 
Mar. 2014, doi: 10.1038/nature13118. 

[3] L. Shang, Y. Cheng, and Y. Zhao, “Emerging Droplet Microfluidics,” Chem. Rev., 
vol. 117, no. 12, pp. 7964–8040, June 2017, doi: 10.1021/acs.chemrev.6b00848. 

[4] G. W. H. Evans, “Droplet Microfluidics for Continuous Chemical Monitoring”. 
[5] B. Zhao, X. Cui, W. Ren, F. Xu, M. Liu, and Z.-G. Ye, “A Controllable and 

Integrated Pump-enabled Microfluidic Chip and Its Application in Droplets 
Generating,” Sci. Rep., vol. 7, no. 1, p. 11319, Sept. 2017, doi: 10.1038/s41598-
017-10785-1. 

[6] F. Dadkhah Tehrani, M. D. O’Toole, and D. J. Collins, “Tutorial on impedance 
and dielectric spectroscopy for single-cell characterisation on microfluidic 
platforms: theory, practice, and recent advances,” Lab. Chip, vol. 25, no. 5, pp. 
837–855, 2025, doi: 10.1039/D4LC00882K. 

[7] T. N. D. Trinh, H. D. K. Do, N. N. Nam, T. T. Dan, K. T. L. Trinh, and N. Y. Lee, 
“Droplet-Based Microfluidics: Applications in Pharmaceuticals,” 
Pharmaceuticals, vol. 16, no. 7, p. 937, June 2023, doi: 10.3390/ph16070937. 

[8] B. D. Iverson and S. V. Garimella, “Recent advances in microscale pumping 
technologies: a review and evaluation,” Microfluid. Nanofluidics, vol. 5, no. 2, pp. 
145–174, Aug. 2008, doi: 10.1007/s10404-008-0266-8. 

[9] A. Nisar, N. Afzulpurkar, B. Mahaisavariya, and A. Tuantranont, “MEMS-based 
micropumps in drug delivery and biomedical applications,” Sens. Actuators B 
Chem., vol. 130, no. 2, pp. 917–942, Mar. 2008, doi: 10.1016/j.snb.2007.10.064. 

[10] A. K. Au, H. Lai, B. R. Utela, and A. Folch, “Microvalves and Micropumps 
for BioMEMS,” Micromachines, vol. 2, no. 2, pp. 179–220, May 2011, doi: 
10.3390/mi2020179. 

[11] M. I. Hajam and M. M. Khan, “Microfluidics: a concise review of the history, 
principles, design, applications, and future outlook,” Biomater. Sci., vol. 12, no. 2, 
pp. 218–251, 2024, doi: 10.1039/D3BM01463K. 

[12] L. Ma et al., “Droplet Microfluidic Devices: Working Principles, Fabrication 
Methods, and Scale‐Up Applications,” Small Methods, vol. 8, no. 8, p. 2301406, 
Aug. 2024, doi: 10.1002/smtd.202301406. 

[13] R. Lathia, K. N. Nampoothiri, N. Sagar, S. Bansal, C. D. Modak, and P. Sen, 
“Advances in Microscale Droplet Generation and Manipulation,” Langmuir, vol. 
39, no. 7, pp. 2461–2482, Feb. 2023, doi: 10.1021/acs.langmuir.2c02905. 

[14] Z. Stanimirović and I. Stanimirović, Eds., Microelectromechanical Systems 
(MEMS) - Innovation, Manufacturing Techniques and Applications. IntechOpen, 
2025. doi: 10.5772/intechopen.1004966. 

[15] N. Azizipour, R. Avazpour, D. H. Rosenzweig, M. Sawan, and A. Ajji, 
“Evolution of Biochip Technology: A Review from Lab-on-a-Chip to Organ-on-



101 

a-Chip,” Micromachines, vol. 11, no. 6, p. 599, June 2020, doi: 
10.3390/mi11060599. 

[16] S. Arshavsky-Graham and E. Segal, “Lab-on-a-Chip Devices for Point-of-Care 
Medical Diagnostics,” in Microfluidics in Biotechnology, vol. 179, J. Bahnemann 
and A. Grünberger, Eds., in Advances in Biochemical Engineering/Biotechnology, 
vol. 179. , Cham: Springer International Publishing, 2020, pp. 247–265. doi: 
10.1007/10_2020_127. 

[17] L. Malic, D. Brassard, T. Veres, and M. Tabrizian, “Integration and detection 
of biochemical assays in digital microfluidic LOC devices,” Lab Chip, vol. 10, no. 
4, pp. 418–431, 2010, doi: 10.1039/B917668C. 

[18] M. Diao, L. Lang, J. Feng, and R. Li, “Molecular detections of coronavirus: 
current and emerging methodologies,” Expert Rev. Anti Infect. Ther., vol. 20, no. 
2, pp. 199–210, Feb. 2022, doi: 10.1080/14787210.2021.1949986. 

[19] L. Yu, S. R. Ng, Y. Xu, H. Dong, Y. J. Wang, and C. M. Li, “Advances of lab-
on-a-chip in isolation, detection and post-processing of circulating tumour cells,” 
Lab. Chip, vol. 13, no. 16, p. 3163, 2013, doi: 10.1039/c3lc00052d. 

[20] K. W. Oh, “Lab-on-chip (LOC) devices and microfluidics for biomedical 
applications,” in MEMS for Biomedical Applications, Elsevier, 2012, pp. 150–171. 
doi: 10.1533/9780857096272.2.150. 

[21] A. Mudugamuwa et al., “Vision-Based Performance Analysis of an Active 
Microfluidic Droplet Generation System Using Droplet Images,” Sensors, vol. 22, 
no. 18, p. 6900, Sept. 2022, doi: 10.3390/s22186900. 

[22] D. Onan et al., “Microfluidics Based Particle and Droplet Generation for Gene 
and Drug Delivery Approaches,” J. Biomed. Mater. Res. B Appl. Biomater., vol. 
113, no. 2, p. e35530, Feb. 2025, doi: 10.1002/jbm.b.35530. 

[23] M. Rawas-Qalaji, R. Cagliani, N. Al-hashimi, R. Al-Dabbagh, A. Al-Dabbagh, 
and Z. Hussain, “Microfluidics in drug delivery: review of methods and 
applications,” Pharm. Dev. Technol., vol. 28, no. 1, pp. 61–77, Jan. 2023, doi: 
10.1080/10837450.2022.2162543. 

[24] Y. Ding, P. D. Howes, and A. J. deMello, “Recent Advances in Droplet 
Microfluidics,” Anal. Chem., vol. 92, no. 1, pp. 132–149, Jan. 2020, doi: 
10.1021/acs.analchem.9b05047. 

[25] P. N. Nge, C. I. Rogers, and A. T. Woolley, “Advances in Microfluidic 
Materials, Functions, Integration, and Applications,” Chem. Rev., vol. 113, no. 4, 
pp. 2550–2583, Apr. 2013, doi: 10.1021/cr300337x. 

[26] A. Pit, M. Duits, and F. Mugele, “Droplet Manipulations in Two Phase Flow 
Microfluidics,” Micromachines, vol. 6, no. 11, pp. 1768–1793, Nov. 2015, doi: 
10.3390/mi6111455. 

[27] Z. Chen, J. Xu, and Y. Wang, “Gas-liquid-liquid multiphase flow in 
microfluidic systems – A review,” Chem. Eng. Sci., vol. 202, pp. 1–14, July 2019, 
doi: 10.1016/j.ces.2019.03.016. 

[28] P. Zhu and L. Wang, “Passive and active droplet generation with microfluidics: 
a review,” Lab. Chip, vol. 17, no. 1, pp. 34–75, 2017, doi: 10.1039/C6LC01018K. 



102 

[29] S. Hettiarachchi et al., “Design and development of a microfluidic droplet 
generator with vision sensing for lab-on-a-chip devices,” Sens. Actuators Phys., 
vol. 332, p. 113047, Dec. 2021, doi: 10.1016/j.sna.2021.113047. 

[30] Z. Z. Chong, S. H. Tan, A. M. Gañán-Calvo, S. B. Tor, N. H. Loh, and N.-T. 
Nguyen, “Active droplet generation in microfluidics,” Lab. Chip, vol. 16, no. 1, 
pp. 35–58, 2016, doi: 10.1039/C5LC01012H. 

[31] S. Hettiarachchi, G. Melroy, A. Mudugamuwa, N. Perera, P. Sampath, and R. 
Amarasinghe, “3D Printed Multi-channel Peristaltic Pump with Active Droplet 
Generator for Lab-on-a-Chip Devices,” in Sustainable Design and Manufacturing, 
vol. 262, S. G. Scholz, R. J. Howlett, and R. Setchi, Eds., in Smart Innovation, 
Systems and Technologies, vol. 262. , Singapore: Springer Singapore, 2022, pp. 
235–244. doi: 10.1007/978-981-16-6128-0_23. 

[32] H. Sun, W. Xie, J. Mo, Y. Huang, and H. Dong, “Deep learning with 
microfluidics for on-chip droplet generation, control, and analysis,” Front. Bioeng. 
Biotechnol., vol. 11, p. 1208648, June 2023, doi: 10.3389/fbioe.2023.1208648. 

[33] T. Ward, M. Faivre, M. Abkarian, and H. A. Stone, “Microfluidic flow 
focusing: Drop size and scaling in pressureversus flow-rate-driven pumping,” 
ELECTROPHORESIS, vol. 26, no. 19, pp. 3716–3724, Oct. 2005, doi: 
10.1002/elps.200500173. 

[34] L. Amirifar et al., “Droplet-based microfluidics in biomedical applications,” 
Biofabrication, vol. 14, no. 2, p. 022001, Apr. 2022, doi: 10.1088/1758-
5090/ac39a9. 

[35] B. Huang, H. Xie, and Z. Li, “Microfluidic Methods for Generation of 
Submicron Droplets: A Review,” Micromachines, vol. 14, no. 3, p. 638, Mar. 
2023, doi: 10.3390/mi14030638. 

[36] F. Amirouche, Y. Zhou, and T. Johnson, “Current micropump technologies and 
their biomedical applications,” Microsyst. Technol., vol. 15, no. 5, pp. 647–666, 
May 2009, doi: 10.1007/s00542-009-0804-7. 

[37] J. Prithvi, B. S. Sreeja, S. Radha, C. Joshitha, and A. Gowthami, “Critical 
Review and Exploration on Micro-pumps for Microfluidic Delivery,” in MEMS 
and Microfluidics in Healthcare, vol. 989, K. Guha, G. Dutta, A. Biswas, and K. 
Srinivasa Rao, Eds., in Lecture Notes in Electrical Engineering, vol. 989. , 
Singapore: Springer Nature Singapore, 2023, pp. 65–100. doi: 10.1007/978-981-
19-8714-4_5. 

[38] W. Li, D. Li, L. He, Y. Wang, D. Wang, and L. Qiao, “A review of recent 
studies on valve-less piezoelectric pumps,” Rev. Sci. Instrum., vol. 94, no. 3, p. 
031502, Mar. 2023, doi: 10.1063/5.0135700. 

[39] S. Scott and Z. Ali, “Fabrication Methods for Microfluidic Devices: An 
Overview,” Micromachines, vol. 12, no. 3, p. 319, Mar. 2021, doi: 
10.3390/mi12030319. 

[40] R. Garmasukis, C. Hackl, A. Charvat, S. G. Mayr, and B. Abel, “Rapid 
prototyping of microfluidic chips enabling controlled biotechnology applications 
in microspace,” Curr. Opin. Biotechnol., vol. 81, p. 102948, June 2023, doi: 
10.1016/j.copbio.2023.102948. 



103 

[41] D. J. Guckenberger, T. E. De Groot, A. M. D. Wan, D. J. Beebe, and E. W. K. 
Young, “Micromilling: a method for ultra-rapid prototyping of plastic microfluidic 
devices,” Lab. Chip, vol. 15, no. 11, pp. 2364–2378, 2015, doi: 
10.1039/C5LC00234F. 

[42] A. Waldbaur, H. Rapp, K. Länge, and B. E. Rapp, “Let there be chip—towards 
rapid prototyping of microfluidic devices: one-step manufacturing processes,” 
Anal. Methods, vol. 3, no. 12, p. 2681, 2011, doi: 10.1039/c1ay05253e. 

[43] K. Giri and C.-W. Tsao, “Recent Advances in Thermoplastic Microfluidic 
Bonding,” Micromachines, vol. 13, no. 3, p. 486, Mar. 2022, doi: 
10.3390/mi13030486. 

[44] M. A. M. Ahmed, K. M. Jurczak, N. S. Lynn, J.-P. S. H. Mulder, E. M. J. 
Verpoorte, and A. Nagelkerke, “Rapid prototyping of PMMA-based microfluidic 
spheroid-on-a-chip models using micromilling and vapour-assisted thermal 
bonding,” Sci. Rep., vol. 14, no. 1, p. 2831, Feb. 2024, doi: 10.1038/s41598-024-
53266-y. 

[45] M. Madadi, A. Madadi, R. Zareifar, and A. Nikfarjam, “A simple solvent-
assisted method for thermal bonding of large-surface, multilayer PMMA 
microfluidic devices,” Sens. Actuators Phys., vol. 349, p. 114077, Jan. 2023, doi: 
10.1016/j.sna.2022.114077. 

[46] Y. C. Lim, A. Z. Kouzani, and W. Duan, “Lab-on-a-chip: a component view,” 
Microsyst. Technol., vol. 16, no. 12, pp. 1995–2015, Dec. 2010, doi: 
10.1007/s00542-010-1141-6. 

[47] K. F. Lei, “Microfluidic Systems for Diagnostic Applications: A Review,” 
SLAS Technol., vol. 17, no. 5, pp. 330–347, Oct. 2012, doi: 
10.1177/2211068212454853. 

[48] A. Krześniak, T. Gabler, M. Janik, M. Koba, M. Jönsson-Niedziółka, and M. 
Śmietana, “A microfluidic system for analysis of electrochemical processing using 
a highly sensitive optical fiber microcavity,” Opt. Lasers Eng., vol. 158, p. 107173, 
Nov. 2022, doi: 10.1016/j.optlaseng.2022.107173. 

[49] F. Kong, L. Yuan, Y. F. Zheng, and W. Chen, “Automatic Liquid Handling for 
Life Science: A Critical Review of the Current State of the Art,” SLAS Technol., 
vol. 17, no. 3, pp. 169–185, June 2012, doi: 10.1177/2211068211435302. 

[50] S. Aralekallu, R. Boddula, and V. Singh, “Development of glass-based 
microfluidic devices: A review on its fabrication and biologic applications,” 
Mater. Des., vol. 225, p. 111517, Jan. 2023, doi: 10.1016/j.matdes.2022.111517. 

[51] A. Olanrewaju, M. Beaugrand, M. Yafia, and D. Juncker, “Capillary 
microfluidics in microchannels: from microfluidic networks to capillaric circuits,” 
Lab. Chip, vol. 18, no. 16, pp. 2323–2347, 2018, doi: 10.1039/C8LC00458G. 

[52] A. Bezelya, B. Küçüktürkmen, and A. Bozkır, “Microfluidic Devices for 
Precision Nanoparticle Production,” Micro, vol. 3, no. 4, pp. 822–866, Oct. 2023, 
doi: 10.3390/micro3040058. 

[53] C. D. Chin, V. Linder, and S. K. Sia, “Commercialization of microfluidic point-
of-care diagnostic devices,” Lab. Chip, vol. 12, no. 12, p. 2118, 2012, doi: 
10.1039/c2lc21204h. 



104 

[54] M. Ferreira, V. Carvalho, J. Ribeiro, R. A. Lima, S. Teixeira, and D. Pinho, 
“Advances in Microfluidic Systems and Numerical Modeling in Biomedical 
Applications: A Review,” Micromachines, vol. 15, no. 7, p. 873, June 2024, doi: 
10.3390/mi15070873. 

[55] S. Preetam et al., “Emergence of microfluidics for next generation biomedical 
devices,” Biosens. Bioelectron. X, vol. 10, p. 100106, May 2022, doi: 
10.1016/j.biosx.2022.100106. 

[56] R. Seemann, M. Brinkmann, T. Pfohl, and S. Herminghaus, “Droplet based 
microfluidics,” Rep. Prog. Phys., vol. 75, no. 1, p. 016601, Jan. 2012, doi: 
10.1088/0034-4885/75/1/016601. 

[57] N. Azizipour, R. Avazpour, D. H. Rosenzweig, M. Sawan, and A. Ajji, 
“Evolution of Biochip Technology: A Review from Lab-on-a-Chip to Organ-on-
a-Chip,” Micromachines, vol. 11, no. 6, p. 599, June 2020, doi: 
10.3390/mi11060599. 

[58] D. E. Ingber, “Human organs-on-chips for disease modelling, drug 
development and personalized medicine,” Nat. Rev. Genet., vol. 23, no. 8, pp. 467–
491, Aug. 2022, doi: 10.1038/s41576-022-00466-9. 

[59] A.-G. Niculescu, C. Chircov, A. C. Bîrcă, and A. M. Grumezescu, “Fabrication 
and Applications of Microfluidic Devices: A Review,” Int. J. Mol. Sci., vol. 22, 
no. 4, p. 2011, Feb. 2021, doi: 10.3390/ijms22042011. 

[60] M. Yew, Y. Ren, K. S. Koh, C. Sun, and C. Snape, “A Review of State‐of‐the‐
Art Microfluidic Technologies for Environmental Applications: Detection and 
Remediation,” Glob. Chall., vol. 3, no. 1, p. 1800060, Jan. 2019, doi: 
10.1002/gch2.201800060. 

[61] J. A. Wippold, “Past, Current & Future: Marrying Microfluidics, Synthetic 
Biology, and Growing Défense and Applications”. 

[62] S. C. Terry, J. H. Jerman, and J. B. Angell, “A gas chromatographic air 
analyzer fabricated on a silicon wafer,” IEEE Trans. Electron Devices, vol. 26, no. 
12, pp. 1880–1886, Dec. 1979, doi: 10.1109/T-ED.1979.19791. 

[63] D. Watts and J. R. E. MacBeath, “Automated Fluorescent DNA Sequencing,” 
in DNA Sequencing Protocols, vol. 167, New Jersey: Humana Press, 2001, pp. 
153–170. doi: 10.1385/1-59259-113-2:153. 

[64] A. P. Iakovlev, A. S. Erofeev, and P. V. Gorelkin, “Novel Pumping Methods 
for Microfluidic Devices: A Comprehensive Review,” Biosensors, vol. 12, no. 11, 
p. 956, Nov. 2022, doi: 10.3390/bios12110956. 

[65] F. Ahmadi, K. Samlali, P. Q. N. Vo, and S. C. C. Shih, “An integrated droplet-
digital microfluidic system for on-demand droplet creation, mixing, incubation, 
and sorting,” Lab. Chip, vol. 19, no. 3, pp. 524–535, 2019, doi: 
10.1039/C8LC01170B. 

[66] C. Chircov and A. M. Grumezescu, “Microelectromechanical Systems 
(MEMS) for Biomedical Applications,” Micromachines, vol. 13, no. 2, p. 164, Jan. 
2022, doi: 10.3390/mi13020164. 

[67] X. Wang, C. Cheng, S. Wang, and S. Liu, “Electroosmotic pumps and their 
applications in microfluidic systems,” Microfluid. Nanofluidics, vol. 6, no. 2, pp. 
145–162, Feb. 2009, doi: 10.1007/s10404-008-0399-9. 



105 

[68] W. C. Nelson and C.-J. ‘Cj’ Kim, “Droplet Actuation by Electrowetting-on-
Dielectric (EWOD): A Review,” J. Adhes. Sci. Technol., vol. 26, no. 12–17, pp. 
1747–1771, Sept. 2012, doi: 10.1163/156856111X599562. 

[69] X.-L. Gao, X.-D. Bao, S.-J. Pang, J. Wu, K. Luo, and H.-L. Yi, “The 
electrohydrodynamic enhancement of heat transfer on interdigitated electrodes by 
a charge injection pump,” Phys. Fluids, vol. 36, no. 3, p. 033612, Mar. 2024, doi: 
10.1063/5.0192399. 

[70] M. Robert De Saint Vincent and J.-P. Delville, “Thermocapillary migration in 
small-scale temperature gradients: Application to optofluidic drop dispensing,” 
Phys. Rev. E, vol. 85, no. 2, p. 026310, Feb. 2012, doi: 
10.1103/PhysRevE.85.026310. 

[71] C. Liu, Y. Zhu, and C. Wu, “Optimization of a synthetic jet based piezoelectric 
air pump and its application in electronic cooling,” Microsyst. Technol., vol. 26, 
no. 6, pp. 1905–1914, June 2020, doi: 10.1007/s00542-019-04743-2. 

[72] B. Liu, C. Ma, J. Yang, D. Li, and H. Liu, “Study on the Heat Source Insulation 
of a Thermal Bubble-Driven Micropump with Induction Heating,” 
Micromachines, vol. 12, no. 9, p. 1040, Aug. 2021, doi: 10.3390/mi12091040. 

[73] İb. Efe, F. Dı̇Kmen, and Y. Tuchkin, “On an electrostatic micropump with a 
rigorous mathematical model,” Turk. J. Electr. Eng. Comput. Sci., vol. 30, no. 3, 
pp. 805–817, Mar. 2022, doi: 10.55730/1300-0632.3812. 

[74] M. Gao and L. Gui, “Development of a Multi-Stage Electroosmotic Flow 
Pump Using Liquid Metal Electrodes,” Micromachines, vol. 7, no. 9, p. 165, Sept. 
2016, doi: 10.3390/mi7090165. 

[75] “Elveflow. (n.d.). Microfluidic immunoassay systems for diagnostics 
[Webinar].” [Online]. Available: 
https://www.elveflow.com/webinar/microfluidic-immunoassay-systems-for-
diagnostics/ 

[76] M. Alistar and U. Gaudenz, “OpenDrop: An Integrated Do-It-Yourself 
Platform for Personal Use of Biochips,” Bioengineering, vol. 4, no. 2, p. 45, May 
2017, doi: 10.3390/bioengineering4020045. 

[77] A. Bransky, N. Korin, M. Khoury, and S. Levenberg, “A microfluidic droplet 
generator based on a piezoelectric actuator,” Lab Chip, vol. 9, no. 4, pp. 516–520, 
2009, doi: 10.1039/B814810D. 

[78] P. P. Behera, N. Kumar, M. Kumari, S. Kumar, P. K. Mondal, and R. K. Arun, 
“Integrated microfluidic devices for point-of-care detection of bio-analytes and 
disease,” Sens. Diagn., vol. 2, no. 6, pp. 1437–1459, 2023, doi: 
10.1039/D3SD00170A. 

[79] P. Zhou, H. He, H. Ma, S. Wang, and S. Hu, “A Review of Optical Imaging 
Technologies for Microfluidics,” Micromachines, vol. 13, no. 2, p. 274, Feb. 2022, 
doi: 10.3390/mi13020274. 

[80] A. Farzbod and H. Moon, “Integration of reconfigurable potentiometric 
electrochemical sensors into a digital microfluidic platform,” Biosens. 
Bioelectron., vol. 106, pp. 37–42, May 2018, doi: 10.1016/j.bios.2018.01.048. 



106 

[81] W. Pang, H. Zhao, E. S. Kim, H. Zhang, H. Yu, and X. Hu, “Piezoelectric 
microelectromechanical resonant sensors for chemical and biological detection,” 
Lab Chip, vol. 12, no. 1, pp. 29–44, 2012, doi: 10.1039/C1LC20492K. 

[82] S. Sart, G. Ronteix, S. Jain, G. Amselem, and C. N. Baroud, “Cell Culture in 
Microfluidic Droplets,” Chem. Rev., vol. 122, no. 7, pp. 7061–7096, Apr. 2022, 
doi: 10.1021/acs.chemrev.1c00666. 

[83] A. Mudugamuwa et al., “Periodic Flows in Microfluidics,” Small, vol. 20, no. 
50, p. 2404685, Dec. 2024, doi: 10.1002/smll.202404685. 

[84] S. K. Dash, V. Sharma, R. S. Verma, and S. K. Das, “Low intermittent flow 
promotes rat mesenchymal stem cell differentiation in logarithmic fluid shear 
device,” Biomicrofluidics, vol. 14, no. 5, p. 054107, Sept. 2020, doi: 
10.1063/5.0024437. 

[85] P. Garstecki, M. J. Fuerstman, H. A. Stone, and G. M. Whitesides, “Formation 
of droplets and bubbles in a microfluidic T-junction—scaling and mechanism of 
break-up,” Lab. Chip, vol. 6, no. 3, p. 437, 2006, doi: 10.1039/b510841a. 

[86] S.-Y. Teh, R. Lin, L.-H. Hung, and A. P. Lee, “Droplet microfluidics,” Lab. 
Chip, vol. 8, no. 2, p. 198, 2008, doi: 10.1039/b715524g. 

[87] J. K. Nunes, S. S. H. Tsai, J. Wan, and H. A. Stone, “Dripping and jetting in 
microfluidic multiphase flows applied to particle and fibre synthesis,” J. Phys. 
Appl. Phys., vol. 46, no. 11, p. 114002, Mar. 2013, doi: 10.1088/0022-
3727/46/11/114002. 

[88] A. S. Utada, A. Fernandez-Nieves, H. A. Stone, and D. A. Weitz, “Dripping to 
Jetting Transitions in Coflowing Liquid Streams,” Phys. Rev. Lett., vol. 99, no. 9, 
p. 094502, Aug. 2007, doi: 10.1103/PhysRevLett.99.094502. 

[89] Z. Shi et al., “Step emulsification in microfluidic droplet generation: 
mechanisms and structures,” Chem. Commun., vol. 56, no. 64, pp. 9056–9066, 
2020, doi: 10.1039/D0CC03628E. 

[90] Z. Liu, C. Duan, S. Jiang, C. Zhu, Y. Ma, and T. Fu, “Microfluidic step 
emulsification techniques based on spontaneous transformation mechanism: A 
review,” J. Ind. Eng. Chem., vol. 92, pp. 18–40, Dec. 2020, doi: 
10.1016/j.jiec.2020.08.025. 

[91] G. Ji, Y. Kanno, and T. Nisisako, “Microfluidic Coupling of Step 
Emulsification and Deterministic Lateral Displacement for Producing Satellite-
Free Droplets and Particles,” Micromachines, vol. 14, no. 3, p. 622, Mar. 2023, 
doi: 10.3390/mi14030622. 

[92] G. Vladisavljević, R. Al Nuumani, and S. Nabavi, “Microfluidic Production of 
Multiple Emulsions,” Micromachines, vol. 8, no. 3, p. 75, Mar. 2017, doi: 
10.3390/mi8030075. 

[93] C. M. E. Bitar et al., “Development of a microchannel emulsification process 
for pancreatic beta cell encapsulation,” Biotechnol. Prog., vol. 35, no. 6, p. e2851, 
Nov. 2019, doi: 10.1002/btpr.2851. 

[94] N. Khalid, I. Kobayashi, M. A. Neves, K. Uemura, and M. Nakajima, 
“Microchannel emulsification: A promising technique towards encapsulation of 
functional compounds,” Crit. Rev. Food Sci. Nutr., vol. 58, no. 14, pp. 2364–2385, 
Sept. 2018, doi: 10.1080/10408398.2017.1323724. 



107 

[95] C. Charcosset, “Preparation of emulsions and particles by membrane 
emulsification for the food processing industry,” J. Food Eng., vol. 92, no. 3, pp. 
241–249, June 2009, doi: 10.1016/j.jfoodeng.2008.11.017. 

[96] E. Egidi, G. Gasparini, R. G. Holdich, G. T. Vladisavljević, and S. R. 
Kosvintsev, “Membrane emulsification using membranes of regular pore spacing: 
Droplet size and uniformity in the presence of surface shear,” J. Membr. Sci., vol. 
323, no. 2, pp. 414–420, Oct. 2008, doi: 10.1016/j.memsci.2008.06.047. 

[97] D. Zhang et al., “Innovative Advances in Droplet Microfluidics,” Research, 
vol. 8, p. 0856, Jan. 2025, doi: 10.34133/research.0856. 

[98] U. Roshan et al., “Flexible droplet microfluidic devices for tuneable droplet 
generation,” Sens. Actuators B Chem., vol. 422, p. 136617, Jan. 2025, doi: 
10.1016/j.snb.2024.136617. 

[99] H. Ji, J. Lee, J. Park, J. Kim, H. S. Kim, and Y. Cho, “High-Aspect-Ratio 
Microfluidic Channel with Parallelogram Cross-Section for Monodisperse Droplet 
Generation,” Biosensors, vol. 12, no. 2, p. 118, Feb. 2022, doi: 
10.3390/bios12020118. 

[100] X. Cao et al., “Towards an active droplet-based microfluidic platform for 
programmable fluid handling,” Lab. Chip, vol. 23, no. 8, pp. 2029–2038, 2023, 
doi: 10.1039/D3LC00015J. 

[101] N. Shi, M. Mohibullah, and C. J. Easley, “Active Flow Control and Dynamic 
Analysis in Droplet Microfluidics,” Annu. Rev. Anal. Chem., vol. 14, no. 1, pp. 
133–153, July 2021, doi: 10.1146/annurev-anchem-122120-042627. 

[102] B. Deng, K. Schroën, M. Steegmans, and J. De Ruiter, “Capillary pressure-
based measurement of dynamic interfacial tension in a spontaneous microfluidic 
sensor,” Lab. Chip, vol. 22, no. 20, pp. 3860–3868, 2022, doi: 
10.1039/D2LC00545J. 

[103] J. W. Khor, U. N. Lee, J. Berthier, E. Berthier, and A. B. Theberge, “Interfacial 
Tension Driven Open Droplet Microfluidics,” Adv. Mater. Interfaces, vol. 10, no. 
7, p. 2202234, Mar. 2023, doi: 10.1002/admi.202202234. 

[104] A. Fergola, A. Ballesio, F. Frascella, L. Napione, M. Cocuzza, and S. L. 
Marasso, “Droplet Generation and Manipulation in Microfluidics: A 
Comprehensive Overview of Passive and Active Strategies,” Biosensors, vol. 15, 
no. 6, p. 345, May 2025, doi: 10.3390/bios15060345. 

[105] S. Sadasivan, S. Pradeep, J. C. Ramachandran, J. Narayan, and M. J. Gęca, 
“Advances in droplet microfluidics: a comprehensive review of innovations, 
morphology, dynamics, and applications,” Microfluid. Nanofluidics, vol. 29, no. 
3, p. 17, Mar. 2025, doi: 10.1007/s10404-025-02789-5. 

[106] J.-H. Wang and G.-B. Lee, “Formation of Tunable, Emulsion Micro-Droplets 
Utilizing Flow-Focusing Channels and a Normally-Closed Micro-Valve,” 
Micromachines, vol. 4, no. 3, pp. 306–320, July 2013, doi: 10.3390/mi4030306. 

[107] M. Zhang, J. Wu, X. Niu, W. Wen, and P. Sheng, “Manipulations of 
microfluidic droplets using electrorheological carrier fluid,” Phys. Rev. E, vol. 78, 
no. 6, p. 066305, Dec. 2008, doi: 10.1103/PhysRevE.78.066305. 



108 

[108] Y. Wu, T. Fu, Y. Ma, and H. Z. Li, “Ferrofluid droplet formation and breakup 
dynamics in a microfluidic flow-focusing device,” Soft Matter, vol. 9, no. 41, p. 
9792, 2013, doi: 10.1039/c3sm51860d. 

[109] N.-T. Nguyen et al., “Thermally mediated droplet formation in 
microchannels,” Appl. Phys. Lett., vol. 91, no. 8, p. 084102, Aug. 2007, doi: 
10.1063/1.2773948. 

[110] Y. N. Cheung and H. Qiu, “Characterization of acoustic droplet formation in a 
microfluidic flow-focusing device,” Phys. Rev. E, vol. 84, no. 6, p. 066310, Dec. 
2011, doi: 10.1103/PhysRevE.84.066310. 

[111] L. Du et al., “Cost-Effective Droplet Generator for Portable Bio-Applications,” 
Micromachines, vol. 14, no. 2, p. 466, Feb. 2023, doi: 10.3390/mi14020466. 

[112] Q. Yan, Z. Liu, L. Wang, W. Sun, and M. Jiang, “Recent Research on 
Structural Design, Performance Optimization, and Applications of Piezoelectric 
Pumps,” Micromachines, vol. 16, no. 4, p. 474, Apr. 2025, doi: 
10.3390/mi16040474. 

[113] P. K. Das and A. B. M. T. Hasan, “Mechanical micropumps and their 
applications: A review,” presented at the 7TH BSME INTERNATIONAL 
CONFERENCE ON THERMAL ENGINEERING, Dhaka, Bangladesh, 2017, p. 
020110. doi: 10.1063/1.4984739. 

[114] B. Markal and A. Evcimen, “Effect of intermittent interruption of fluid supply 
on flow boiling phenomenon in micro-pinned heat sinks,” Int. Commun. Heat 
Mass Transf., vol. 159, p. 108291, Dec. 2024, doi: 
10.1016/j.icheatmasstransfer.2024.108291. 

[115] M. Kim, K. Komeda, J. Jeong, M. Oinuma, T. Sato, and K. Saito, “Optimizing 
Calibration for a Capacitance-Based Void Fraction Sensor with Asymmetric 
Electrodes under Horizontal Flow in a Smoothed Circular Macro-Tube,” Sensors, 
vol. 22, no. 9, p. 3511, May 2022, doi: 10.3390/s22093511. 

[116] A. J. T. Teo et al., “Negative Pressure Induced Droplet Generation in a 
Microfluidic Flow-Focusing Device,” Anal. Chem., vol. 89, no. 8, pp. 4387–4391, 
Apr. 2017, doi: 10.1021/acs.analchem.6b05053. 

[117] C. Lee, Y. Cho, W. Jung, J. Lee, and Y. Hwang, “Droplet generation with 
integrated 3D pneumatic actuator for orifice control,” J. Mech. Sci. Technol., vol. 
36, no. 1, pp. 333–340, Jan. 2022, doi: 10.1007/s12206-021-1232-6. 

[118] S. M. Naghib and Y. Rezaeian, “Microfluidic Micropumps: Advancing 
Biomedical Applications with Micro Electromechanical-Based Systems 
(MEMS),” in Frontiers of Nanobiotechnology, in Series in BioEngineering. , 
Cham: Springer Nature Switzerland, 2025, pp. 93–135. doi: 10.1007/978-3-031-
88419-1_4. 

[119] M. Zagnoni and J. M. Cooper, in Methods in Cell Biology, vol. 102, Elsevier, 
2011, pp. 23–48. doi: 10.1016/B978-0-12-374912-3.00002-X. 

[120] E. Bouzetos, K. A. Ganar, E. Mastrobattista, S. Deshpande, and J. Van Der 
Oost, “(R)evolution-on-a-chip,” Trends Biotechnol., vol. 40, no. 1, pp. 60–76, Jan. 
2022, doi: 10.1016/j.tibtech.2021.04.009. 

[121] N. Shembekar, C. Chaipan, R. Utharala, and C. A. Merten, “Droplet-based 
microfluidics in drug discovery, transcriptomics and high-throughput molecular 



109 

genetics,” Lab. Chip, vol. 16, no. 8, pp. 1314–1331, 2016, doi: 
10.1039/C6LC00249H. 

[122] J. Zhu et al., “AI-driven high-throughput droplet screening of cell-free gene 
expression,” Nat. Commun., vol. 16, no. 1, p. 2720, Mar. 2025, doi: 
10.1038/s41467-025-58139-0. 

[123] M. Srisa-Art, A. J. deMello, and J. B. Edel, “High-Throughput DNA Droplet 
Assays Using Picoliter Reactor Volumes,” Anal. Chem., vol. 79, no. 17, pp. 6682–
6689, Sept. 2007, doi: 10.1021/ac070987o. 

[124] E. Mazaika and J. Homsy, “Digital Droplet PCR: CNV Analysis and Other 
Applications,” Curr. Protoc. Hum. Genet., vol. 82, no. 1, July 2014, doi: 
10.1002/0471142905.hg0724s82. 

[125] K. R. Emslie, J. L. H. McLaughlin, K. Griffiths, M. Forbes-Smith, L. B. 
Pinheiro, and D. G. Burke, “Droplet Volume Variability and Impact on Digital 
PCR Copy Number Concentration Measurements,” Anal. Chem., vol. 91, no. 6, 
pp. 4124–4131, Mar. 2019, doi: 10.1021/acs.analchem.8b05828. 

[126] M. Zhang et al., “Highly parallel and efficient single cell mRNA sequencing 
with paired picoliter chambers,” Nat. Commun., vol. 11, no. 1, p. 2118, Apr. 2020, 
doi: 10.1038/s41467-020-15765-0. 

[127] P. Sant, K. Rippe, and J.-P. Mallm, “Approaches for single-cell RNA 
sequencing across tissues and cell types,” Transcription, vol. 14, no. 3–5, pp. 127–
145, Oct. 2023, doi: 10.1080/21541264.2023.2200721. 

[128] W. Lee, H. Kim, P. K. Bae, S. Lee, S. Yang, and J. Kim, “A single snapshot 
multiplex immunoassay platform utilizing dense test lines based on engineered 
beads,” Biosens. Bioelectron., vol. 190, p. 113388, Oct. 2021, doi: 
10.1016/j.bios.2021.113388. 

[129] C.-C. Lin, J.-H. Wang, H.-W. Wu, and G.-B. Lee, “Microfluidic 
Immunoassays,” JALA J. Assoc. Lab. Autom., vol. 15, no. 3, pp. 253–274, June 
2010, doi: 10.1016/j.jala.2010.01.013. 

[130] C. Leal‐Alves et al., “A Microfluidic Multiplex Sorter for Strain 
Development,” Adv. Mater. Technol., vol. 10, no. 6, p. 2401209, Mar. 2025, doi: 
10.1002/admt.202401209. 

[131] S. Sohrabi, N. Kassir, and M. Keshavarz Moraveji, “Droplet microfluidics: 
fundamentals and its advanced applications,” RSC Adv., vol. 10, no. 46, pp. 
27560–27574, 2020, doi: 10.1039/D0RA04566G. 

[132] E. Brouzes et al., “Droplet microfluidic technology for single-cell high-
throughput screening,” Proc. Natl. Acad. Sci., vol. 106, no. 34, pp. 14195–14200, 
Aug. 2009, doi: 10.1073/pnas.0903542106. 

[133] H. Fu, W. Zeng, S. Li, and S. Yuan, “Electrical-detection droplet microfluidic 
closed-loop control system for precise droplet production,” Sens. Actuators Phys., 
vol. 267, pp. 142–149, Nov. 2017, doi: 10.1016/j.sna.2017.09.043. 

[134] J. Liu and N. Trung Nguyen, “Numerical Simulation of Droplet-Based 
Microfluidics - A Review,” Micro Nanosyst., vol. 2, no. 3, pp. 193–201, Sept. 
2010, doi: 10.2174/1876402911002030193. 



110 

[135] E. M. Payne, D. A. Holland-Moritz, S. Sun, and R. T. Kennedy, “High-
throughput screening by droplet microfluidics: perspective into key challenges and 
future prospects,” Lab. Chip, vol. 20, no. 13, pp. 2247–2262, 2020, doi: 
10.1039/D0LC00347F. 

[136] S. Gimondi, H. Ferreira, R. L. Reis, and N. M. Neves, “Microfluidic Devices: 
A Tool for Nanoparticle Synthesis and Performance Evaluation,” ACS Nano, vol. 
17, no. 15, pp. 14205–14228, Aug. 2023, doi: 10.1021/acsnano.3c01117. 

[137] A.-G. Niculescu, C. Chircov, A. C. Bîrcă, and A. M. Grumezescu, 
“Nanomaterials Synthesis through Microfluidic Methods: An Updated Overview,” 
Nanomaterials, vol. 11, no. 4, p. 864, Mar. 2021, doi: 10.3390/nano11040864. 

[138] S. M. Giannitelli et al., “Droplet-based microfluidic synthesis of nanogels for 
controlled drug delivery: tailoring nanomaterial properties via pneumatically 
actuated flow-focusing junction,” Nanoscale, vol. 14, no. 31, pp. 11415–11428, 
2022, doi: 10.1039/D2NR00827K. 

[139] N. Forbes et al., “Rapid and scale-independent microfluidic manufacture of 
liposomes entrapping protein incorporating in-line purification and at-line size 
monitoring,” Int. J. Pharm., vol. 556, pp. 68–81, Feb. 2019, doi: 
10.1016/j.ijpharm.2018.11.060. 

[140] C. Martino and A. J. deMello, “Droplet-based microfluidics for artificial cell 
generation: a brief review,” Interface Focus, vol. 6, no. 4, p. 20160011, Aug. 2016, 
doi: 10.1098/rsfs.2016.0011. 

[141] A. Jahn, J. E. Reiner, W. N. Vreeland, D. L. DeVoe, L. E. Locascio, and M. 
Gaitan, “Preparation of nanoparticles by continuous-flow microfluidics,” J. 
Nanoparticle Res., vol. 10, no. 6, pp. 925–934, Aug. 2008, doi: 10.1007/s11051-
007-9340-5. 

[142] S. Deshpande, Y. Caspi, A. E. C. Meijering, and C. Dekker, “Octanol-assisted 
liposome assembly on chip,” Nat. Commun., vol. 7, no. 1, p. 10447, Jan. 2016, doi: 
10.1038/ncomms10447. 

[143] P. Dimitriou, J. Li, G. Tornillo, T. McCloy, and D. Barrow, “Droplet 
Microfluidics for Tumor Drug‐Related Studies and Programmable Artificial 
Cells,” Glob. Chall., vol. 5, no. 7, p. 2000123, July 2021, doi: 
10.1002/gch2.202000123. 

[144] H. Nazari et al., “Microfluidic-Based Droplets for Advanced Regenerative 
Medicine: Current Challenges and Future Trends,” Biosensors, vol. 12, no. 1, p. 
20, Dec. 2021, doi: 10.3390/bios12010020. 

[145] M. S. Unger et al., “Direct Automated MALDI Mass Spectrometry Analysis 
of Cellular Transporter Function: Inhibition of OATP2B1 Uptake by 294 Drugs,” 
Anal. Chem., vol. 92, no. 17, pp. 11851–11859, Sept. 2020, doi: 
10.1021/acs.analchem.0c02186. 

[146] S.-M. Yang, S. Lv, W. Zhang, and Y. Cui, “Microfluidic Point-of-Care (POC) 
Devices in Early Diagnosis: A Review of Opportunities and Challenges,” Sensors, 
vol. 22, no. 4, p. 1620, Feb. 2022, doi: 10.3390/s22041620. 

[147] Y. Zhang and Y. Liu, “Advances in integrated digital microfluidic platforms 
for point-of-care diagnosis: a review,” Sens. Diagn., vol. 1, no. 4, pp. 648–672, 
2022, doi: 10.1039/D2SD00031H. 



111 

[148] L. Carter, A. Nightingale, M. Feelisch, and X. Niu, “A Droplet Microfluidic 
Sensor for Point-of-Care Measurement of Plasma/Serum Total Free Thiol 
Concentrations,” Anal. Chem., vol. 97, no. 5, pp. 2678–2688, Feb. 2025, doi: 
10.1021/acs.analchem.4c04163. 

[149] X. Hu, X. Gao, S. Chen, J. Guo, and Y. Zhang, “DropLab: an automated 
magnetic digital microfluidic platform for sample-to-answer point-of-care 
testing—development and application to quantitative immunodiagnostics,” 
Microsyst. Nanoeng., vol. 9, no. 1, p. 10, Jan. 2023, doi: 10.1038/s41378-022-
00475-y. 

[150] S. A. Jaywant and K. M. Arif, “A Comprehensive Review of Microfluidic 
Water Quality Monitoring Sensors,” Sensors, vol. 19, no. 21, p. 4781, Nov. 2019, 
doi: 10.3390/s19214781. 

[151] B. Lu et al., “Droplet Microfluidic-Based In Situ Analyzer for Monitoring Free 
Nitrate in Soil,” Environ. Sci. Technol., vol. 58, no. 6, pp. 2956–2965, Feb. 2024, 
doi: 10.1021/acs.est.3c08207. 

[152] P. Aryal, C. Hefner, B. Martinez, and C. S. Henry, “Microfluidics in 
environmental analysis: advancements, challenges, and future prospects for rapid 
and efficient monitoring,” Lab. Chip, vol. 24, no. 5, pp. 1175–1206, 2024, doi: 
10.1039/D3LC00871A. 

[153] C. Fuciños et al., “Microfluidics potential for developing food-grade 
microstructures through emulsification processes and their application,” Food Res. 
Int., vol. 172, p. 113086, Oct. 2023, doi: 10.1016/j.foodres.2023.113086. 

[154] K. Schroen et al., “Droplet Microfluidics for Food and Nutrition Applications,” 
Micromachines, vol. 12, no. 8, p. 863, July 2021, doi: 10.3390/mi12080863. 

[155] H. M. Hegab, A. ElMekawy, and T. Stakenborg, “Review of microfluidic 
microbioreactor technology for high-throughput submerged microbiological 
cultivation,” Biomicrofluidics, vol. 7, no. 2, p. 021502, Mar. 2013, doi: 
10.1063/1.4799966. 

[156] M. Duran, A. Serrano, A. Nikulin, J.-L. Dauvergne, L. Derzsi, and E. Palomo 
Del Barrio, “Microcapsule production by droplet microfluidics: A review from the 
material science approach,” Mater. Des., vol. 223, p. 111230, Nov. 2022, doi: 
10.1016/j.matdes.2022.111230. 

[157] Z. Jiang, B. Xia, R. McBride, and J. Oakey, “A microfluidic-based cell 
encapsulation platform to achieve high long-term cell viability in 
photopolymerized PEGNB hydrogel microspheres,” J. Mater. Chem. B, vol. 5, no. 
1, pp. 173–180, 2017, doi: 10.1039/C6TB02551J. 

[158] H. Huang, Y. Yu, Y. Hu, X. He, O. Berk Usta, and M. L. Yarmush, “Generation 
and manipulation of hydrogel microcapsules by droplet-based microfluidics for 
mammalian cell culture,” Lab. Chip, vol. 17, no. 11, pp. 1913–1932, 2017, doi: 
10.1039/C7LC00262A. 

[159] J. M. Lee et al., “Generation of tumor spheroids using a droplet-based 
microfluidic device for photothermal therapy,” Microsyst. Nanoeng., vol. 6, no. 1, 
p. 52, June 2020, doi: 10.1038/s41378-020-0167-x. 

[160] B. Patra, Y.-H. Chen, C.-C. Peng, S.-C. Lin, C.-H. Lee, and Y.-C. Tung, “A 
microfluidic device for uniform-sized cell spheroids formation, culture, harvesting 



112 

and flow cytometry analysis,” Biomicrofluidics, vol. 7, no. 5, p. 054114, Sept. 
2013, doi: 10.1063/1.4824480. 

[161] S. I. Lee et al., “3D Multicellular Tumor Spheroids in a Microfluidic Droplet 
System for Investigation of Drug Resistance,” Polymers, vol. 14, no. 18, p. 3752, 
Sept. 2022, doi: 10.3390/polym14183752. 

[162] S. Hengoju et al., “A droplet microfluidic strategy for cultivation, 
investigation, and high-throughput isolation of mouse gut microbiome bacteria,” 
Appl. Environ. Microbiol., vol. 91, no. 8, pp. e00695-25, Aug. 2025, doi: 
10.1128/aem.00695-25. 

[163] J. Yin et al., “A droplet-based microfluidic approach to isolating functional 
bacteria from gut microbiota,” Front. Cell. Infect. Microbiol., vol. 12, p. 920986, 
Aug. 2022, doi: 10.3389/fcimb.2022.920986. 

[164] J. Dai et al., “Microfluidic droplets with amended culture media cultivate a 
greater diversity of soil microorganisms,” Appl. Environ. Microbiol., vol. 91, no. 
3, pp. e01794-24, Mar. 2025, doi: 10.1128/aem.01794-24. 

[165] H. Ma, Y. Zhang, R. Shen, and Y. Jia, “Droplet-Based Microfluidics in Single-
Bacterium Analysis: Advancements in Cultivation, Detection, and Application,” 
Biosensors, vol. 15, no. 8, p. 535, Aug. 2025, doi: 10.3390/bios15080535. 

[166] A. Lashkaripour et al., “Machine learning enables design automation of 
microfluidic flow-focusing droplet generation,” Nat. Commun., vol. 12, no. 1, p. 
25, Jan. 2021, doi: 10.1038/s41467-020-20284-z. 

[167] A. Lashkaripour, C. Rodriguez, L. Ortiz, and D. Densmore, “Performance 
tuning of microfluidic flow-focusing droplet generators,” Lab. Chip, vol. 19, no. 
6, pp. 1041–1053, 2019, doi: 10.1039/C8LC01253A. 

[168] K. Ren, J. Zhou, and H. Wu, “Materials for Microfluidic Chip Fabrication,” 
Acc. Chem. Res., vol. 46, no. 11, pp. 2396–2406, Nov. 2013, doi: 
10.1021/ar300314s. 

[169] D. McIntyre, A. Lashkaripour, D. Arguijo, P. Fordyce, and D. Densmore, 
“Versatility and stability optimization of flow-focusing droplet generators via 
quality metric-driven design automation,” Lab. Chip, vol. 23, no. 23, pp. 4997–
5008, 2023, doi: 10.1039/D3LC00189J. 

[170] C. N. Baroud, F. Gallaire, and R. Dangla, “Dynamics of microfluidic droplets,” 
Lab. Chip, vol. 10, no. 16, p. 2032, 2010, doi: 10.1039/c001191f. 

[171] F. S. P. Da Silva and P. N. Lisboa-Filho, “Volume of Fluid (VOF) Method as 
a Suitable Method for Studying Droplet Formation in a Microchannel,” 
Micromachines, vol. 16, no. 7, p. 757, June 2025, doi: 10.3390/mi16070757. 

[172] K. G. Lyras and J. Lee, “A finite volume coupled level set and volume of fluid 
method with a mass conservation step for simulating two‐phase flows,” Int. J. 
Numer. Methods Fluids, vol. 94, no. 8, pp. 1027–1047, Aug. 2022, doi: 
10.1002/fld.5082. 

[173] H. Ning, S. Qian, and T. Zhou, “Applications of level set method in 
computational fluid dynamics: a review,” Int. J. Hydromechatronics, vol. 6, no. 1, 
p. 1, 2023, doi: 10.1504/IJHM.2023.129126. 



113 

[174] F. Denner and B. G. M. Van Wachem, “Fully-Coupled Balanced-Force VOF 
Framework for Arbitrary Meshes with Least-Squares Curvature Evaluation from 
Volume Fractions,” Numer. Heat Transf. Part B Fundam., vol. 65, no. 3, pp. 218–
255, Mar. 2014, doi: 10.1080/10407790.2013.849996. 

[175] S. P. Van Der Pijl, A. Segal, C. Vuik, and P. Wesseling, “A mass‐conserving 
Level‐Set method for modelling of multi‐phase flows,” Int. J. Numer. Methods 
Fluids, vol. 47, no. 4, pp. 339–361, Feb. 2005, doi: 10.1002/fld.817. 

[176] F. Gibou, L. Chen, D. Nguyen, and S. Banerjee, “A level set based sharp 
interface method for the multiphase incompressible Navier–Stokes equations with 
phase change,” J. Comput. Phys., vol. 222, no. 2, pp. 536–555, Mar. 2007, doi: 
10.1016/j.jcp.2006.07.035. 

[177] F. R. Munas et al., “Development of PZT Actuated Valveless Micropump,” 
Sensors, vol. 18, no. 5, p. 1302, Apr. 2018, doi: 10.3390/s18051302. 

[178] H. Bruus, Theoretical Microfluidics. Oxford University PressOxford, 1997. 
doi: 10.1093/oso/9780199235087.001.0001. 

[179] V. Sahore, S. R. Doonan, and R. C. Bailey, “Droplet microfluidics in 
thermoplastics: device fabrication, droplet generation, and content manipulation 
using integrated electric and magnetic fields,” Anal. Methods, vol. 10, no. 35, pp. 
4264–4274, 2018, doi: 10.1039/C8AY01474D. 

[180] C. Matellan and A. E. Del Río Hernández, “Cost-effective rapid prototyping 
and assembly of poly(methyl methacrylate) microfluidic devices,” Sci. Rep., vol. 
8, no. 1, p. 6971, May 2018, doi: 10.1038/s41598-018-25202-4. 

[181] B. Bruijns, A. Veciana, R. Tiggelaar, and H. Gardeniers, “Cyclic Olefin 
Copolymer Microfluidic Devices for Forensic Applications,” Biosensors, vol. 9, 
no. 3, p. 85, July 2019, doi: 10.3390/bios9030085. 

[182] S. Natarajan, D. A. Chang-Yen, and B. K. Gale, “Large-area, high-aspect-ratio 
SU-8 molds for the fabrication of PDMS microfluidic devices,” J. 
Micromechanics Microengineering, vol. 18, no. 4, p. 045021, Apr. 2008, doi: 
10.1088/0960-1317/18/4/045021. 

[183] O. Eren, M. B. Çuhadaroğlu, and K. Sezer, “ADDITIVE MANUFACTURING 
OF MICROFLUIDIC LAB-ON-A-CHIP DEVICES,” Int. J. 3D Print. Technol. 
Digit. Ind., vol. 5, no. 3, pp. 692–708, Dec. 2021, doi: 10.46519/ij3dptdi.956020. 

[184] H. Shafique et al., “High-resolution low-cost LCD 3D printing for 
microfluidics and organ-on-a-chip devices,” Lab. Chip, vol. 24, no. 10, pp. 2774–
2790, 2024, doi: 10.1039/D3LC01125A. 

[185] S. Waheed et al., “3D printed microfluidic devices: enablers and barriers,” Lab. 
Chip, vol. 16, no. 11, pp. 1993–2013, 2016, doi: 10.1039/C6LC00284F. 

[186] B. Gross, S. Y. Lockwood, and D. M. Spence, “Recent Advances in Analytical 
Chemistry by 3D Printing,” Anal. Chem., vol. 89, no. 1, pp. 57–70, Jan. 2017, doi: 
10.1021/acs.analchem.6b04344. 

[187] K. S. Ramadan, D. Sameoto, and S. Evoy, “A review of piezoelectric polymers 
as functional materials for electromechanical transducers,” Smart Mater. Struct., 
vol. 23, no. 3, p. 033001, Mar. 2014, doi: 10.1088/0964-1726/23/3/033001. 



114 

[188] S. Korkmaz and I. A. Kariper, “BaTiO3-based nanogenerators: fundamentals 
and current status,” J. Electroceramics, vol. 48, no. 1, pp. 8–34, Feb. 2022, doi: 
10.1007/s10832-021-00266-3. 

[189] J. Gao, D. Xue, W. Liu, C. Zhou, and X. Ren, “Recent Progress on BaTiO3-
Based Piezoelectric Ceramics for Actuator Applications,” Actuators, vol. 6, no. 3, 
p. 24, July 2017, doi: 10.3390/act6030024. 

[190] B. Zhao, X. Li, J. Shi, and H. Liu, “Design and Experimental Characterization 
of a Microfluidic Piezoelectric Pump Utilizing P(VDF-TrFE) Film,” Coatings, 
vol. 14, no. 12, p. 1483, Nov. 2024, doi: 10.3390/coatings14121483. 

[191] S. Sherrit et al., “Multilayer piezoelectric stack actuator characterization,” 
presented at the The 15th International Symposium on: Smart Structures and 
Materials & Nondestructive Evaluation and Health Monitoring, M. J. Dapino and 
Z. Ounaies, Eds., San Diego, California, Mar. 2008, p. 692909. doi: 
10.1117/12.776396. 

[192] T. Li et al., “Fabrication and DC-Bias Manipulation Frequency Characteristics 
of AlN-Based Piezoelectric Micromachined Ultrasonic Transducer,” 
Micromachines, vol. 14, no. 1, p. 210, Jan. 2023, doi: 10.3390/mi14010210. 

[193] C. Polley et al., “3D printing of piezoelectric and bioactive barium titanate-
bioactive glass scaffolds for bone tissue engineering,” Mater. Today Bio, vol. 21, 
p. 100719, Aug. 2023, doi: 10.1016/j.mtbio.2023.100719. 

[194] Matthew W. Hooker, “Properties of PZT-Based Piezoelectric Ceramics 
Between −150 and 250°C.” NASA Langley Research Center, 1998. [Online]. 
Available: 
https://ntrs.nasa.gov/api/citations/19980236888/downloads/19980236888.pdf?ut
m_source=chatgpt.com 

[195] K. Zou et al., “Systematic evaluation of the radial polarized piezoelectric 
ceramic micro-tube for high-temperature microfluidics,” Sens. Actuators Phys., 
vol. 370, p. 115263, May 2024, doi: 10.1016/j.sna.2024.115263. 

[196] Z. Yin, Z. Huang, X. Lin, X. Gao, and F. Bao, “Droplet Generation in a Flow-
Focusing Microfluidic Device with External Mechanical Vibration,” 
Micromachines, vol. 11, no. 8, p. 743, July 2020, doi: 10.3390/mi11080743. 

[197] N. Yandrapalli, J. Petit, O. Bäumchen, and T. Robinson, “Surfactant-free 
production of biomimetic giant unilamellar vesicles using PDMS-based 
microfluidics,” Commun. Chem., vol. 4, no. 1, p. 100, June 2021, doi: 
10.1038/s42004-021-00530-1. 

[198] W. Wagner and A. Pruß, “The IAPWS Formulation 1995 for the 
Thermodynamic Properties of Ordinary Water Substance for General and 
Scientific Use,” J. Phys. Chem. Ref. Data, vol. 31, no. 2, pp. 387–535, June 2002, 
doi: 10.1063/1.1461829. 

[199] E. Gencturk, S. Mutlu, and K. O. Ulgen, “Advances in microfluidic devices 
made from thermoplastics used in cell biology and analyses,” Biomicrofluidics, 
vol. 11, no. 5, p. 051502, Sept. 2017, doi: 10.1063/1.4998604. 

[200] G. Melroy et al., “PZT Based Active Microfluidic Droplet Generator for Lab-
on-a-Chip Devices,” in Sustainable Design and Manufacturing, vol. 262, S. G. 
Scholz, R. J. Howlett, and R. Setchi, Eds., in Smart Innovation, Systems and 



115 

Technologies, vol. 262. , Singapore: Springer Singapore, 2022, pp. 277–289. doi: 
10.1007/978-981-16-6128-0_27. 

[201] O. Aluf, “Power Amplifier (PA) System Stability Analysis,” in Microwave RF 
Antennas and Circuits, Cham: Springer International Publishing, 2017, pp. 513–
600. doi: 10.1007/978-3-319-45427-6_5. 

[202] W. H. P. Sampath, S. P. Hettiarachchi, N. H. R. G. Melroy, and Y. W. R. 
Amarasinghe, “Design and Development of a Droplet-Based Microfluidics 
System Using Laser Fabrication Machining Techniques for a Lab on a Chip 
Device,” in Innovation in Medicine and Healthcare, vol. 192, Y.-W. Chen, S. 
Tanaka, R. J. Howlett, and L. C. Jain, Eds., in Smart Innovation, Systems and 
Technologies, vol. 192. , Singapore: Springer Singapore, 2020, pp. 201–210. doi: 
10.1007/978-981-15-5852-8_19. 

 
  


