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Current Status of 
Electronics

• The current status of the integrated circuits
– Device size ~ 10 nm

– Integration Level ~ 109/chip

– Power ~ 100 W Leakage ~ 20 W

– Other features: Power Supply ~ 1.5 V
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Microfabricated Chemical
Measurement Systems

• Lab-on-a-Chip
– Microfabricated fluidic circuits for chemical 

analysis

• Nanofluidics

• Micro Ion Trap Mass Spectrometry

• Micro Ion Mobility Spectrometry



Lab-on-a-Chip: Objectives

• Integrate multiple steps of a 
measurement or synthesis protocol 
into a microfabricated fluidic device

• Utilize existing laboratory principles 
taking advantage of scaling where 
possible

• Design devices that can be mass 
produced



Lab-on-a-Chip: Benefits

• Automation
• Reagent consumption reduced 104 - 106

• Speed - 102

• High quality data
• Scale up at low cost
• Inexpensive/disposable devices (chips)
• Standardized platforms
• CAD/A - Rapid prototyping



Applications



Synthesis Applications

• Materials Discovery
– Vaccines
– Coatings
– Electronics

• Just in time production
– Hazardous materials

• Production development/optimization
– Pharmaceuticals
– Materials



Microfluidic Devices

• Materials
– Silica (and other silicon related)
– Plastics (polymers)

• Dimensions (channels)
– 20-100 µm wide
– 0.05-30 µm deep
– 1-20 cm2 substrates

• Volumes
– 1 fL - 1 nL manipulations
– 1-100 µL reservoirs

• Fluid transport
– electrokinetic
– pressure
– surface tension



Electrokinetic Transport

ep: electrophoresis

eo: electroosmosis

η: viscosity



Electrokinetic Forces

Caused by interaction between 
dipole and electric field

AC/DCElectro-orientation

Caused by dipole lag in traveling 
E-field 

ACTraveling wave 
DEP

Caused by dipole lag in rotating E-
field (Torque=Dd X E)

ACElectrorotation

Caused by interaction between 
double layer charges and 
tangential E-field

AC/DCElectro-osmosis

Caused by induced dipole in field 
gradient (Qd.  E)

AC/DCDielectrophoresis

(DEP)

Caused by charge in E-field (QE)DCElectrophoresis

Origin (Force)AC or DCForce



Polarization, Relaxation and 
Dispersion

• Z-1=R-1+Xc         Resistance: R=d/σA

•                              Reactance: Xc= 1/ωC

• C=ε∗A/d

•  ε∗=ε0εr-jσ/ω      Includes both dielectric 

 and conductivity effects
Z

R

C

Z

ω 0   σ dominates,  ω 8   εr dominates      in between there is a transition  dispersion



Dispersions

• Internal dispersion: 
– Debye relaxation

• Dispersion at the interface between two 
different materials: 
– Maxwell-Wagner relaxation

• These and other dispersions results in 
frequency dependence of forces on nano-
particles



Dielectrophoresis/Electrophoresis



Electric Double Layer

Charged 
particle

--

----

--
--

Positively charge layer with
Well-defined thickness (Stern layer)

Ionic diffuse layer

(Gouy-Chapman Model)

-
-
- +

Inner Helmholtz layer

- charges

Outer Helmholtz layer

IHP  OHP

ExponentialLinear

Φ

Distance

(potential)



• Negative dielectrophoresis

• Positive dielectrophoresis

• Brownian motion, dielectrophoretic, and 
electro-osmotic balance

Electro-osmotic force

Electrodes

Electrodes
Positive dielectrophoretic force

Negative dielectrophoretic force
arises when εreal becomes negative 



Constant Volume (Pinched Valve)



Functional Elements



Sub-Milisecond Electrophoresis



Very High Efficiency Separation



Electrokinetically Actuated
Segmented Flow





Electro Hydrodynamic Separation of DNA



Stochastic Chemical Sensing 
with Ligand Gated Ion Channels



Addressable Ion Channel Arrays



FIB Milled Nanochannels in SiO2
Membranes



Conductance Measurements


