
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Acoustofluidics for flow cytometry and life science applications

Jakobsson, Ola

2016

Document Version:
Publisher's PDF, also known as Version of record

Link to publication

Citation for published version (APA):
Jakobsson, O. (2016). Acoustofluidics for flow cytometry and life science applications. Department of Biomedical
Engineering, Lund university.

Total number of authors:
1

Creative Commons License:
Unspecified

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/40c4293d-5ce8-4f75-a647-e7f0ef2c0631


Acoustofluidics for flow 
cytometry and life science 

applications 

 
Ola Jakobsson 

 

 
 

 

 

 

 

 

 

DOCTORAL DISSERTATION 





 









  

 

 

 

  

  

  

 

 

  

  

 

 

  

 

 

 

 

  

 

 

  

  

  

 

  

  

  

  



  

 

 

  

  

  

 

  

  

 

 

 

 

  

  

  







 







 



𝑅𝑒 =
𝜌 ∗ 𝜐 ∗ 𝐷𝐻

𝜇

𝜌 𝜐 𝐷𝐻

𝜇

 



𝐹𝑑𝑟𝑎𝑔 = 3𝜋𝜇𝐷𝑢



 

 



𝐺𝑎𝑖𝑛 =
𝜒

𝜒0
 =

1

√(1 − �̃�2)2 + (𝛿2�̃�2)

�̃� = 𝜔/𝜔0 𝜔 𝜔0

𝜒0 𝜒 𝛿

𝑄 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑜𝑟𝑒𝑑

𝐸𝑛𝑒𝑟𝑔𝑦 𝑑𝑖𝑠𝑠𝑖𝑝𝑎𝑡𝑒𝑑 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒



 



𝐹rad =  4𝜋𝑎3Φ𝑘𝑦𝐸acsin(2𝑘𝑦𝑦)

Φ =
𝜅o−𝜅p

3𝜅o
+

𝜌p−𝜌𝑜

2𝜌p+𝜌𝑜

  





 







λ

𝐹𝑟𝑎𝑑 =  𝐹𝑑𝑟𝑎𝑔 

𝑢𝑟𝑎𝑑 =
2Φ

3µ
𝑎2𝐸ac𝑘𝑦 sin(2𝑘𝑦𝑦) 

𝑢𝑟𝑎𝑑 











 

 







 

 

 

 

 







 [40].  





 

 

 

 

 



 



 



 





 



 





 

𝐹𝑑𝑒𝑝 = 2𝜋𝜀𝑚𝑟3𝑅𝑒[𝐾(𝜔)]∇𝐸𝑟𝑚𝑠
2

ω

𝐾(𝜔) = (
𝜀𝑝

∗ − 𝜀𝑚
∗

𝜀𝑝
∗ + 2𝜀𝑚

∗ )

𝜀∗ = 𝜀 −
𝑗𝜎

𝜔

𝜀𝑝 
∗ 𝜀𝑚

∗



 







 

 



 







 

 





 





 





 





 





 

1. Whitesides, G.M., The origins and the future of microfluidics. Nature, 
2006. 442(7101): p. 368-373. 

2. Hu, D.L., B. Chan, and J.W.M. Bush, The hydrodynamics of water 
strider locomotion. Nature, 2003. 424(6949): p. 663-666. 

3. Lin, W.-Y., et al., Integrated microfluidic reactors. Nano Today, 2009. 
4(6): p. 470-481. 

4. Griffits, J., Electronic sock sorting and mating system. 2005, Google 
Patents. 

5. Augustsson, P., et al., Microfluidic, Label-Free Enrichment of Prostate 
Cancer Cells in Blood Based on Acoustophoresis. Analytical Chemistry, 
2012. 84(18): p. 7954-7962. 

6. Pamme, N. and A. Manz, On-chip free-flow magnetophoresis: 
continuous flow separation of magnetic particles and agglomerates. 
Analytical chemistry, 2004. 76(24): p. 7250-7256. 

7. Beech, J.P., et al., Sorting cells by size, shape and deformability. Lab 
Chip, 2012. 12(6): p. 1048-51. 

8. Di Carlo, D., et al., Continuous inertial focusing, ordering, and 
separation of particles in microchannels. Proceedings of the National 
Academy of Sciences, 2007. 104(48): p. 18892-18897. 

9. Gascoyne, P.R. and J. Vykoukal, Particle separation by 
dielectrophoresis. Electrophoresis, 2002. 23(13): p. 1973. 

10. Yamada, M., M. Nakashima, and M. Seki, Pinched flow fractionation: 
continuous size separation of particles utilizing a laminar flow profile 
in a pinched microchannel. Analytical chemistry, 2004. 76(18): p. 
5465-5471. 

11. Squires, T.M. and S.R. Quake, Microfluidics: Fluid physics at the 
nanoliter scale. Reviews of modern physics, 2005. 77(3): p. 977. 

12. Reynolds, O., An experimental investigation of the circumstances 
which determine whether the motion of water shall be direct or 
sinuous, and of the law of resistance in parallel channels. Proceedings 
of the royal society of London, 1883. 35(224-226): p. 84-99. 

13. Lighthill, J., Waves in fluids. 2001: Cambridge university press. 
14. Bruus, H., Theoretical Microfluidics. Department of Micro and 

Nanotechnology Technical University of Denmark. 2008, Oxford, New 
York. 

15. Gorkov, L.P., Forces acting on a small particle in an acoustic field 
within an ideal fluid. Doklady Akademii Nauk Sssr, 1961. 140(1): p. 88-
&. 



16. King, L.V., On the Acoustic Radiation Pressure on Spheres. Proceedings 
of the Royal Society of London A: Mathematical, Physical and 
Engineering Sciences, 1934. 147(861): p. 212-240. 

17. Yosioka, K. and Y. Kawasima, Acoustic radiation pressure on a 
compressible sphere. Acta Acustica united with Acustica, 1955. 5(3): p. 
167-173. 

18. Settnes, M. and H. Bruus, Forces acting on a small particle in an 
acoustical field in a viscous fluid. Physical Review E, 2012. 85(1): p. 
016327. 

19. Karlsen, J.T. and H. Bruus, Forces acting on a small particle in an 
acoustical field in a thermoviscous fluid. Physical Review E, 2015. 
92(4): p. 043010. 

20. Karlsen, J.T., P. Augustsson, and H. Bruus, Nonlinear acoustic forces 
acting on inhomogeneous fluids at slow time-scales. The Journal of the 
Acoustical Society of America, 2016. 139(4): p. 2152-2152. 

21. Karlsen, J.T., P. Augustsson, and H. Bruus, Acoustic Force Density 
Acting on Inhomogeneous Fluids in Acoustic Fields. Physical Review 
Letters, 2016. 117(11): p. 114504. 

22. Bruus, H., Acoustofluidics 7: The acoustic radiation force on small 
particles. Lab on a Chip, 2012. 12(6): p. 1014-1021. 

23. Weiser, M.A.H. and R.E. Apfel, Extension of acoustic levitation to 
include the study of micron‐size particles in a more compressible host 
liquid. The Journal of the Acoustical Society of America, 1982. 71(5): p. 
1261-1268. 

24. Barnkob, R., et al. Measuring density and compressibility of white 
blood cells and prostate cancer cells by microchannel acoustophoresis. 
in 15th International Conference on Miniaturized Systems for 
Chemistry and Life Sciences October 2-6, 2011, Seattle, Washington, 
USA. 2011. CBMS. 

25. Hartono, D., et al., On-chip measurements of cell compressibility via 
acoustic radiation. Lab on a Chip, 2011. 11(23): p. 4072-4080. 

26. Rayleigh, L., On the Circulation of Air Observed in Kundt's Tubes, and 
on Some Allied Acoustical Problems. Philosophical Transactions of the 
Royal Society of London, 1884. 175: p. 1-21. 

27. Schlichting, H., Berechnung ebener periodischer 
Grenzschichtströmungen. Phys. Z, 1932. 33(1932): p. 327-335. 

28. Wiklund, M., R. Green, and M. Ohlin, Acoustofluidics 14: Applications 
of acoustic streaming in microfluidic devices. Lab on a Chip, 2012. 
12(14): p. 2438-2451. 

29. Muller, P.B., et al., A numerical study of microparticle acoustophoresis 
driven by acoustic radiation forces and streaming-induced drag forces. 
Lab on a Chip, 2012. 12(22): p. 4617-4627. 



30. Antfolk, M., et al., Focusing of sub-micrometer particles and bacteria 
enabled by two-dimensional acoustophoresis. Lab on a Chip, 2014. 
14(15): p. 2791-2799. 

31. Deshmukh, S., et al., Acoustic radiation forces at liquid interfaces 
impact the performance of acoustophoresis. Lab on a Chip, 2014. 
14(17): p. 3394-3400. 

32. Augustsson, P., et al., Iso-acoustic focusing of cells for size-insensitive 
acousto-mechanical phenotyping. Nat Commun, 2016. 7. 

33. Ding, X., et al., Chapter 15 Lab-on-a-chip Technologies Enabled by 
Surface Acoustic Waves, in Microscale Acoustofluidics. 2015, The Royal 
Society of Chemistry. p. 354-398. 

34. Moldavan, A., PHOTO-ELECTRIC TECHNIQUE FOR THE COUNTING OF 
MICROSCOPICAL CELLS. Science, 1934. 80(2069): p. 188-189. 

35. Lagercrantz, C., PHOTO-ELECTRIC COUNTING OF INDIVIDUAL 
MICROSCOPIC PLANT AND ANIMAL CELLS. Nature, 1948. 161(4079): p. 
25-26. 

36. H, C.W., Means for counting particles suspended in a fluid. 1953, 
Google Patents. 

37. Fulwyler, M.J., Electronic Separation of Biological Cells by Volume. 
Science, 1965. 150(3698): p. 910-911. 

38. Sun, T. and H. Morgan, Single-cell microfluidic impedance cytometry: a 
review. Microfluidics and Nanofluidics, 2010. 8(4): p. 423-443. 

39. Leary, J.F., High-Speed Cell Sorting, in Current Protocols in Cytometry. 
2001, John Wiley & Sons, Inc. 

40. Shapiro, H.M., Practical flow cytometry, Third edition. Practical flow 
cytometry, Third edition. 1995: Wiley-Liss, Inc., 605 Third Avenue, 
New York, New York 10158-0012, USA Chichester, England. 
xxxviii+542p. 

41. Cho, S.H., et al., Review Article: Recent advancements in optofluidic 
flow cytometer. Biomicrofluidics, 2010. 4(4): p. 043001. 

42. Ateya, D.A., et al., The good, the bad, and the tiny: a review of 
microflow cytometry. Analytical and Bioanalytical Chemistry, 2008. 
391(5): p. 1485-1498. 

43. Piyasena, M.E. and S.W. Graves, The intersection of flow cytometry 
with microfluidics and microfabrication. Lab on a Chip, 2014. 14(6): p. 
1044-1059. 

44. Mao, X., et al., An integrated, multiparametric flow cytometry chip 
using "microfluidic drifting" based three-dimensional hydrodynamic 
focusing. Biomicrofluidics, 2012. 6(2). 

45. Shriver-Lake, L.C., et al., Simultaneous assay for ten bacteria and 
toxins in spiked clinical samples using a microflow cytometer. 
Analytical and Bioanalytical Chemistry, 2013. 405(16): p. 5611-5614. 



46. Kim, J.S., et al., Multiplexed Detection of Bacteria and Toxins Using a 
Microflow Cytometer. Analytical Chemistry, 2009. 81(13): p. 5426-
5432. 

47. Hofmann, O., et al., Monolithically integrated dye-doped PDMS long-
pass filters for disposable on-chip fluorescence detection. Lab on a 
Chip, 2006. 6(8): p. 981-987. 

48. Godin, J., V. Lien, and Y.-H. Lo, Demonstration of two-dimensional 
fluidic lens for integration into microfluidic flow cytometers. Applied 
Physics Letters, 2006. 89(6): p. 061106. 

49. Oakey, J., et al., Particle focusing in staged inertial microfluidic devices 
for flow cytometry. Analytical chemistry, 2010. 82(9): p. 3862-3867. 

50. Watson, D.A., et al., A flow cytometer for the measurement of Raman 
spectra. Cytometry Part A, 2008. 73A(2): p. 119-128. 

51. Houston, J.P., M.A. Naivar, and J.P. Freyer, Digital analysis and sorting 
of fluorescence lifetime by flow cytometry. Cytometry Part A, 2010. 
77A(9): p. 861-872. 

52. Holmes, D., H. Morgan, and N.G. Green, High throughput particle 
analysis: Combining dielectrophoretic particle focussing with confocal 
optical detection. Biosensors and Bioelectronics, 2006. 21(8): p. 1621-
1630. 

53. Spencer, D., G. Elliott, and H. Morgan, A sheath-less combined optical 
and impedance micro-cytometer. Lab on a Chip, 2014. 14(16): p. 3064-
3073. 

54. Gawad, S., L. Schild, and P.H. Renaud, Micromachined impedance 
spectroscopy flow cytometer for cell analysis and particle sizing. Lab 
Chip, 2001. 1(1): p. 76-82. 

55. Holmes, D., et al., Leukocyte analysis and differentiation using high 
speed microfluidic single cell impedance cytometry. Lab on a Chip, 
2009. 9(20): p. 2881-2889. 

56. Cheung, K.C., et al., Microfluidic impedance-based flow cytometry. 
Cytometry Part A, 2010. 77A(7): p. 648-666. 

57. Boyle, D.S., et al., Emerging technologies for point-of-care CD4 T-
lymphocyte counting. Trends in Biotechnology, 2012. 30(1): p. 45-54. 

58. Grenvall, C., et al., Two-dimensional acoustic particle focusing enables 
sheathless chip Coulter counter with planar electrode configuration. 
Lab on a Chip, 2014. 14(24): p. 4629-4637. 

59. Rodriguez-Trujillo, R., et al., Low cost micro-Coulter counter with 
hydrodynamic focusing. Microfluidics and Nanofluidics, 2006. 3(2): p. 
171-176. 

60. Sun, T., et al., High speed multi-frequency impedance analysis of single 
particles in a microfluidic cytometer using maximum length sequences. 
Lab on a Chip, 2007. 7(8): p. 1034-1040. 

61. Zmijan, R., et al., High throughput imaging cytometer with acoustic 
focussing. RSC Advances, 2015. 5(101): p. 83206-83216. 



62. Bow, H., et al., A microfabricated deformability-based flow cytometer 
with application to malaria. Lab on a Chip, 2011. 11(6): p. 1065-1073. 

63. Mishra, P., M. Hill, and P. Glynne-Jones, Deformation of red blood cells 
using acoustic radiation forces. Biomicrofluidics, 2014. 8(3): p. 034109. 

64. Guck, J., et al., The optical stretcher: a novel laser tool to 
micromanipulate cells. Biophysical Journal, 2001. 81(2): p. 767-784. 

65. Gossett, D.R., et al., Hydrodynamic stretching of single cells for large 
population mechanical phenotyping. Proceedings of the National 
Academy of Sciences, 2012. 109(20): p. 7630-7635. 

66. Otto, O., et al., Real-time deformability cytometry: on-the-fly cell 
mechanical phenotyping. Nature Methods, 2015. 12(3): p. 199–202. 

67. Chih-Chang, C., H. Zhi-Xiong, and Y. Ruey-Jen, Three-dimensional 
hydrodynamic focusing in two-layer polydimethylsiloxane (PDMS) 
microchannels. Journal of Micromechanics and Microengineering, 
2007. 17(8): p. 1479. 

68. Simonnet, C. and A. Groisman, Two-dimensional hydrodynamic 
focusing in a simple microfluidic device. Applied Physics Letters, 2005. 
87(11): p. 114104. 

69. Sundararajan, N., et al., Three-dimensional hydrodynamic focusing in 
polydimethylsiloxane (PDMS) microchannels. Microelectromechanical 
Systems, Journal of, 2004. 13(4): p. 559-567. 

70. Tsai, C.-H., H.-H. Hou, and L.-M. Fu, An optimal three-dimensional 
focusing technique for micro-flow cytometers. Microfluidics and 
Nanofluidics, 2008. 5(6): p. 827-836. 

71. Yang, R., D.L. Feeback, and W. Wang, Microfabrication and test of a 
three-dimensional polymer hydro-focusing unit for flow cytometry 
applications. Sensors and Actuators A: Physical, 2005. 118(2): p. 259-
267. 

72. Klank, H., et al., PIV measurements in a microfluidic 3D-sheathing 
structure with three-dimensional flow behaviour. Journal of 
Micromechanics and Microengineering, 2002. 12(6): p. 862. 

73. Wolff, A., et al., Integrating advanced functionality in a 
microfabricated high-throughput fluorescent-activated cell sorter. Lab 
on a Chip, 2003. 3(1): p. 22-27. 

74. Huh, D., et al., Use of air-liquid two-phase flow in hydrophobic 
microfluidic channels for disposable flow cytometers. Biomedical 
Microdevices, 2002. 4(2): p. 141-149. 

75. Di Carlo, D., Inertial microfluidics. Lab on a Chip, 2009. 9(21): p. 3038-
3046. 

76. Yoon, D.H., et al., Size-selective separation of micro beads by utilizing 
secondary flow in a curved rectangular microchannel. Lab on a Chip, 
2009. 9(1): p. 87-90. 

77. Edd, J.F., et al., Controlled encapsulation of single-cells into 
monodisperse picolitre drops. Lab on a Chip, 2008. 8(8): p. 1262-1264. 



78. Matas, J.P., et al., Trains of particles in finite-Reynolds-number pipe 
flow. Physics of Fluids, 2004. 16(11): p. 4192-4195. 

79. Hur, S.C., H.T.K. Tse, and D. Di Carlo, Sheathless inertial cell ordering 
for extreme throughput flow cytometry. Lab on a Chip, 2010. 10(3): p. 
274-280. 

80. Kahkeshani, S., H. Haddadi, and D. Di Carlo, Preferred interparticle 
spacings in trains of particles in inertial microchannel flows. Journal of 
Fluid Mechanics, 2016. 786: p. R3. 

81. Pethig, R., Review Article—Dielectrophoresis: Status of the theory, 
technology, and applications. Biomicrofluidics, 2010. 4(2): p. 022811. 

82. Holmes, D., H. Morgan, and N.G. Green, High throughput particle 
analysis: Combining dielectrophoretic particle focussing with confocal 
optical detection. Biosensors & Bioelectronics, 2006. 21(8): p. 1621-
1630. 

83. Ming, L., et al., Continuous particle focusing in a waved microchannel 
using negative dc dielectrophoresis. Journal of Micromechanics and 
Microengineering, 2012. 22(9): p. 095001. 

84. Yu, C., et al., A three-dimensional dielectrophoretic particle focusing 
channel for microcytometry applications. Microelectromechanical 
Systems, Journal of, 2005. 14(3): p. 480-487. 

85. Morgan, H., D. Holmes, and N.G. Green. 3D focusing of nanoparticles 
in microfluidic channels. in Nanobiotechnology, IEE Proceedings-. 
2003. IET. 

86. Goddard, G.R., et al., Analytical Performance of an Ultrasonic Particle 
Focusing Flow Cytometer. Analytical Chemistry, 2007. 79(22): p. 8740-
8746. 

87. Goddard, G., et al., Ultrasonic particle-concentration for sheathless 
focusing of particles for analysis in a flow cytometer. Cytometry Part 
A, 2006. 69A(2): p. 66-74. 

88. Goddard, G. and G. Kaduchak, Ultrasonic particle concentration in a 
line-driven cylindrical tube. The Journal of the Acoustical Society of 
America, 2005. 117(6): p. 3440-3447. 

89. Ward, M., et al., Fundamentals of Acoustic Cytometry, in Current 
Protocols in Cytometry. 2001, John Wiley & Sons, Inc. 

90. Suthanthiraraj, P.P.A., et al., One-dimensional acoustic standing waves 
in rectangular channels for flow cytometry. Methods, 2012. 57(3): p. 
259-271. 

91. Piyasena, M.E., et al., Multinode acoustic focusing for parallel flow 
cytometry. Anal Chem, 2012. 84(4): p. 1831-9. 

92. Gao, L., et al., Two-dimensional spatial manipulation of microparticles 
in continuous flows in acoustofluidic systems. Biomicrofluidics, 2015. 
9(1): p. 014105. 



93. Shi, J., et al., Focusing microparticles in a microfluidic channel with 
standing surface acoustic waves (SSAW). Lab Chip, 2008. 8(2): p. 221-
3. 

94. Shi, J., et al., Three-dimensional continuous particle focusing in a 
microfluidic channel via standing surface acoustic waves (SSAW)(). Lab 
on a chip, 2011. 11(14): p. 2319-2324. 

95. Kinnunen, M., et al., Effect of the size and shape of a red blood cell on 
elastic light scattering properties at the single-cell level. Biomedical 
Optics Express, 2011. 2(7): p. 1803-1814. 

96. Dean, P.N., D. Pinkel, and M.L. Mendelsohn, HYDRODYNAMIC 
ORIENTATION OF SPERM HEADS FOR FLOW CYTOMETRY. Biophysical 
Journal, 1978. 23(1): p. 7-13. 

97. Mohanty, K., et al., Orientation of erythrocytes in optical trap revealed 
by confocal fluorescence microscopy. J Biomed Opt, 2007. 12(6): p. 
060506. 

98. Sheu, F.W., et al., Stable trapping and manually controlled rotation of 
an asymmetric or birefringent microparticle using dual-mode split-
beam optical tweezers. Opt Express, 2010. 18(14): p. 14724-9. 

99. Takahashi, K., et al., Non-destructive on-chip cell sorting system with 
real-time microscopic image processing. Journal of 
Nanobiotechnology, 2004. 2(1): p. 1-8. 

100. Fiedler, S., et al., Dielectrophoretic sorting of particles and cells in a 
microsystem. Analytical Chemistry, 1998. 70(9): p. 1909-1915. 

101. Wang, L., et al., Dielectrophoresis switching with vertical sidewall 
electrodes for microfluidic flow cytometry. Lab on a Chip, 2007. 7(9): p. 
1114-1120. 

102. Guo, F., et al., Droplet electric separator microfluidic device for cell 
sorting. Applied Physics Letters, 2010. 96(19). 

103. Franke, T., et al., Surface acoustic wave actuated cell sorting 
(SAWACS). Lab on a chip, 2010. 10(6): p. 789-794. 

104. Ding, X., et al., Standing surface acoustic wave (SSAW) based 
multichannel cell sorting. Lab on a Chip, 2012. 12(21): p. 4228-4231. 

105. Franke, T., et al., Surface acoustic wave (SAW) directed droplet flow in 
microfluidics for PDMS devices. Lab on a Chip, 2009. 9(18): p. 2625-
2627. 

106. Ren, L., et al., A high-throughput acoustic cell sorter. Lab Chip, 2015. 
15(19): p. 3870-9. 

107. Collins, D.J., A. Neild, and Y. Ai, Highly focused high-frequency 
travelling surface acoustic waves (SAW) for rapid single-particle 
sorting. Lab on a Chip, 2016. 16(3): p. 471-479. 

108. Chen, C.H., et al., Microfluidic cell sorter with integrated piezoelectric 
actuator. Biomedical Microdevices, 2009. 11(6): p. 1223-1231. 

109. Furlong, E.E., D. Profitt, and M.P. Scott, Automated sorting of live 
transgenic embryos. Nat Biotechnol, 2001. 19(2): p. 153-6. 



110. Fu, A.Y., et al., An integrated microfabricated cell sorter. Anal Chem, 
2002. 74(11): p. 2451-7. 

111. Cho, S.H., et al., Mammalian Cell Sorting using μFACS. Conference on 
Lasers and Electro-optics : (CLEO). Conference on Lasers and Electro-
optics, 2010. 2010: p. CTuD1. 

112. Cho, S.H., et al., Human mammalian cell sorting using a highly 
integrated micro-fabricated fluorescence-activated cell sorter (μFACS). 
Lab on a Chip - Miniaturisation for Chemistry and Biology, 2010. 
10(12): p. 1567-1573. 

113. Fu, A.Y., et al., A microfabricated fluorescence-activated cell sorter. 
Nature Biotechnology, 1999. 17(11): p. 1109-1111. 

114. Baret, J.-C., et al., Fluorescence-activated droplet sorting (FADS): 
efficient microfluidic cell sorting based on enzymatic activity. Lab on a 
Chip, 2009. 9(13): p. 1850-1858. 

115. Wang, M.M., et al., Microfluidic sorting of mammalian cells by optical 
force switching. Nat Biotech, 2005. 23(1): p. 83-87. 

116. Johansson, L., et al., On-Chip Fluorescence-Activated Cell Sorting by an 
Integrated Miniaturized Ultrasonic Transducer. Analytical Chemistry, 
2009. 81(13): p. 5188-5196. 

117. Nawaz, A.A., et al., Acoustofluidic Fluorescence Activated Cell Sorter. 
Anal Chem, 2015. 87(24): p. 12051-8. 

118. Veldhuis, M.J.W. and G.W. Kraay, Application of flow cytometry in 
marine phytoplankton research: current applications and future 
perspectives. Scientia Marina, 2000. 64(2): p. 121-134. 

119. Shields, C.W., et al., Translating microfluidics: Cell separation 
technologies and their barriers to commercialization. Cytometry Part 
B: Clinical Cytometry, 2016: p. n/a-n/a. 

120. Kundt, A., Ueber eine neue Art akustischer Staubfiguren und über die 
Anwendung derselben zur Bestimmung der Schallgeschwindigkeit in 
festen Körpern und Gasen. Annalen der Physik, 1866. 203(4): p. 497-
523. 


