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Trapping of Single-Cells Within 3D 
Electrokinetic Cages
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What is Dielectrophoresis?

Dielectrophoresis Cell analysis

40 µm
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Talk outline

• What is Dieletrophoresis?
• Theory
• Application for single-cell trapping

• Stationary study
• Electric field and laminar flow
• Clausius-Mossotti factor

• Particle tracing for fluid flow
• Pressure
• Trap size
• Behavior of different cells

• Conclusion

Outline
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What is Dielectrophoresis?

Doh and Cho, Sensors Actuators, A Phys., 2005
Voldman et al., Anal. Chem., 2002

Dielectrophoresis Theory

஽ா௉ܨ ൌ ଴ܴଷܴ݁ߝ௠ߝߨ ܯܥ ௣௞ܧߘ
ଶ
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What is Dielectrophoresis?
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Electric field and laminar flow

Stationary study E-field and flow

Dielectrophoretic force

஽ா௉ܨ ൌ ଴ܴଷܴ݁ߝ௠ߝߨ ܯܥ ௣௞ܧߘ
ଶ
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Drag	force
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Clausius-Mossotti factor

Stationary study Clausius-Mossotti
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Particle tracing for fluid flow
Positive DEP Negative DEP

௠௘ௗߪ ൌ 100
݉ܵ
݉

݂ ൌ ݖܪܯ	100

௠௘ௗߪ ൌ 100
݉ܵ
݉

݂ ൌ ݖܪ݇	100

T Lymphocytes

Particle tracing
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Pressure

Pressure

A549 cells

σ୫ୣୢ ൌ 1
S
m

f ൌ 100	kHz
0.01 mbar 0.1 mbar 1 mbar

Particle tracing
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Optimal eletrode diameter

Trap size 
80um

A549 cells

σ୫ୣୢ ൌ 1
S
m

f ൌ 100	kHz

Trap size 
40um

Trap size 
20um

Trap sizeParticle tracing
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Trapping behaviour of different cells

CellsParticle tracing

M17 cells HeLa cells

HEK 293 cellsT lymphocytes

p = 0.06 mbar
f = 2.3 MHz

σ୫ୣୢ ൌ 1
S
m

Trap size: 40 µm

p = 0.07 mbar
f = 2.6 MHz

Particle velocity
In 100 µm/s

Particle velocity
In 100 µm/s
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Conclusion

• Stationary study: Electric field and laminar flow
• Particle tracing:

• Pressure
• Trap size
• Cells

Conclusion

M17 cells T lymphocytes

 Simulations should be performed for every new layout and cell line
 Come see our poster (poster number 94)
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Thank you for your attention!
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 Come see our poster (poster number 94)


