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Abstract 

We discuss current work towards the development and field testing of an integrated system 
that collects, concentrates, and detects airborne particles. The system is based on particle 
trapping via insulator-based dielectrophoresis. The system is intended for use as a front-end 
unit that can be easily paired with multiple bio-identification systems. This platform is 
envisioned to act as a decision-making component to determine if confirmatory downstream 
identification assays are required. Without a front end component that triggers downstream 
analysis only when necessary, bio-identification systems (based on current analytical 
technologies such as PCR and immunoassays) may incur prohibitively high costs to operate 
due to continuous consumption of expensive reagents. 
Keywords: insulator-based dielectrophoresis, trigger, particle, trapping, detection. 

1     Introduction 

1.1     Background 

A dielectrophoretic force is exerted on a polarizable particle (such as a polymer microsphere, 
cell, or spore) when placed in a non-uniform electric field (Figure 1a). In insulator based 
dielectrophoresis (iDEP) remote electrodes apply an electric field within a fluidic volume 
while insulating features distort the electric field producing the spatial non-uniformities 
needed to enable dielectrophoresis (Figure 1b) [1]. The total velocity of a particle in an iDEP 
device is given by the sum of the local liquid velocity and the velocities induced by the 
dielectrophoretic and electrophoretic forces. At a certain electric field strength, the sum of 
the velocities will be zero and the particles will be trapped. The trapping field strength will 
be uniquely determined by the conductivity of the particle, the conductivity of the 
surrounding medium, and the size of the particle[1]. A large, laboratory-based research effort 
on iDEP at Sandia over the past 7 years has shown that iDEP is capable of trapping and 
differentiating different types of bio-particles (live vs dead bacteria; spores vs vegetative 
cells) under low flow conditions. 

1.2     Technical Problem 

There is an urgent need for a low cost, fast response, high sensitivity, low false alarm rate, 
biological aerosol early warning system for use by the military, homeland security 
organizations, and commercial infrastructure protective forces. Unfortunately, current 
individual technological approaches to bio-detection often must make trade-offs among cost, 
speed of response, sensitivity, and accuracy. For instance, the current standard for pathogen 
identification, the polymerase chain reaction (PCR) biological assay, is very accurate but 



 

requires expensive biochemicals. On the other hand, low cost aerosol sample collectors 
coupled with real-time, non-selective light scattering detectors yield an unacceptable number  
of false alarms. 
 

 
Figure 1: Uneven polarization. (a) Uneven polarization of a particle in a non-uniform 
electric field results in a dielectric force acting on the particle. (b) iDEP relies on insulating 
features, polymer posts in this case, to create a non uniform electric field [2]. 
 
A potentially game changing solution to this problem is the integration of two (or more) low 
cost orthogonal triggers with a very accurate bio-assay. Examples of such triggers are the 
fast, low cost aerosol light scattering and UV-LIF detectors. By itself, light scattering 
produces too many false positives but when it is coupled to an orthogonal detection 
technology and bio-trigger, the likelihood that the two triggers produce false positive signals 
at the same time is acceptably small [3]. Since only when all the multiple triggers produce 
positive signals will the bio-assay be run, the costs to operate the systems are greatly reduced 
while maintaining the high level of accuracy. A further reduction in cost to operate may be 
achieved by miniaturizing the triggering and bio-assay devices so that very small amounts of 
consumables are used and very little waste is produced. 

1.3     Technical Approach 

In order to enable the multiple, orthogonal triggers solution, Sandia National Laboratories 
(SNL) and Lockheed Martin Corporation (LMC) have collaborated towards the development 
of a prototype insulator-based dielectrophoresis (iDEP) triggering microfluidic device for 
pathogen monitoring. The iDEP trigger will operate in series with an orthogonal trigger 
independently developed by LMC. This effort leverages the past laboratory testing to 
develop a ruggedized system capable of autonomous field environment deployments. 

2     System Description 

2.1     iDEP System Platform 

The iDEP platform has several subsystems including fluidics, electronics, software, 
detection, and packaging.  A 3D system layout denoting some of these functional subsystems 
is shown in Figure 2.  Each of these areas is described in more detail below: 
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Figure 2: 3D system layout. (a) 3D system layout indicating the locations of some 
subsystems. (b) Assembled system. (c) Packaged system. (d) Screen shot of control software. 
 
 

• The Fluidics subsystem is built using capillaries, low volume valves, and connectors [4]. 
It transports fluid from the aerosol collector, through the iDEP chip, through the detector, and 
out to the waste bottle. A chip holder assembly allows easy removal of the chip from the 
fluidic circuit.  The holder also protects the fragile capillary tubing and connections from 
excessive handling, shields the user from the high voltage terminals, and allows quick 
disconnect of the electrical signals. 
 

• The Electronics subsystem controls and monitors the aerosol collector, valves, pumps, 
particle detector, and pressure sensors. It is built around a commercial National Instruments 
USB Compact DAQ (cDAQ). Different interface modules can be easily installed and 
configured in the cDAQ through LabView. The cDAQ performs all of the required digital 
input and output functions, as well as 16 bit analog I/O. The digital output is capable of 
controlling eight 3-way fluidic valves.  
 

• The LabView-based Control software allows the user to automatically and/or manually 
control all aspects of the system and to run user written programs to execute specific control 
sequences.  During a programmed control sequence, twenty six channels of data are collected 
at a rate of up to 30 Hertz and saved to a file for later processing. A laptop computer is used 
for hardware control and connects to the system via a single USB cable. 
 

• The Particle Detection subsystem indicates whether particles were actually trapped by 
the iDEP chip. Preliminary work is being carried out using a capacitively coupled contactless 
conductivity detector (C4D). Other candidate particle detectors will be discussed below in 
Section 3.3. 
 

• The System Packaging protects the instrument during transport and operation while 
allowing air to be pulled in by the aerosol collector at the testing site. 

2.2     iDEP Chips 

The iDEP chips were manufactured by injection molding of Zeonor™. Briefly, fabrication of 
polymer microfluidic devices involves the creation of a master etched in silicon or glass; 
plating of the master to produce a nickel stamp; large-lot replication of the microfluidic 
substrate by injection molding; and precision sealing of the substrate against a drilled 
Zeonor™ plaque lid [5]. The chips contain plastics posts in a 30 micron deep channel as 
shown in Figure 3a. 
 
As made, the iDEP chips do not have the correct surface chemistry to avoid fouling and to 
efficiently trap particles. Thus, the surface was treated with methoxy polyethylene glycol 
acrylate (MOPA) in order to create the hydroxyl surface groups that have been previously 
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shown effective for iDEP. The MOPA treatment lowers contact angle, to 65 ± 4° (versus 90 
± 2° without MOPA). 
 

 
Figure 3: Micrographs. (a) polymer posts in iDEP chip and (b) fluorescently labeled, 2 
micron diameter polymer particles trapped between posts during under a field of 1000 V/cm. 
(c) Data collected while flowing DI water with 106 beads/ml. The trapping voltage was 
ramped from 0 to 1600V and then held for 60 seconds. 

3     Experimental Runs 

3.1     Particle Trapping 

Figure 3b shows an example of 2 micron polymer microbead trapping using the new system 
architecture and a MOPA modified iDEP chip. Multiple runs have shown that trapping of 2 
micron polymer beads starts at 800 V and it is completed at 1000 V. These results are similar 
to that measured in previous iDEP laboratory experiments. 

3.2     Particle Detection via Contactless Conductivity Detection 

A fully automated experiment was carried out to demonstrate the trapping and detection of 
polymer microbeads. The iDEP software was used to load the sample into the iDEP chip; 
prime the C4D detector; trap and detect; and flush out the system. The data from this 
experiment is shown in Figure 3c. 
 
In order to calculate a more realistic concentration factor, we now analyze the conductivity 
signal collected during the bead trapping experiment (Figure 3c). Point A corresponds to the 
conductivity signal when the trapping voltage is off. It measures the total conductivity of the 
buffer and of the non-conducting polymer beads in suspension. As the trapping voltage is 
turned up, the non-conducting beads are trapped and thus they are removed from the buffer. 
As a result the conductivity signal increases slightly (Point B). After turning off the trapping 
voltage, the trapped beads are released and they eventually reach the conductivity sensor as a 
“plug” of concentrated beads causing a large drop in the conductivity (Point C). The plug 
eventually washes by and the conductivity returns to a value close to the value measured at 
the beginning of the experiment (Point D). 
 
 
 

Bead Flow at 3 Microliter/ Minute
-1800

-1600

-1400

-1200

-1000

-800

-600

-400

-200

0

200
0 200 400 600 800

Time (sec)
Tr

ap
pi

ng
 V

ol
ta

ge
 (V

)

1.24

1.25

1.26

1.27

1.28

1.29

1.3

1.31

1.32

1.33

C
on

du
ct

iv
ity

 S
ig

na
l 

(a
u)

Trapping Voltage
Conductivity Signal

C A 

A B 
D 

B 
C 



 

 
 
 
Thus, we estimate the concentration factor CF as the ratio of the change in conductivity when 
the plug goes through over the change in conductivity when the beads are first removed from 
the buffer. This is given by: 
 

trapping

plug

A
A

CF =       (1) 

 
Where Aplug is the area defined by the bead plug signal and Atrapping is the area defined by the 
conductivity signal during trapping as shown in Figure 3c. This calculation yields CF ~ 60. 

3.3     Alternative Particle Detection Schemes 

Although the data recorded with the C4D detector shows some promise, care must be taken 
to factor out interfering high conductivity peaks due to the electrolysis of water and other 
species in solution [6]. Alternative detection schemes which are not sensitive to high 
conductivity peaks include absorbance spectroscopy in which the UV wavelengths that are 
absorbed by biological particles is monitored; surface acoustic wave (SAW) sensors which 
are sensitive to changes in viscosity caused by particles in solutions; and light scattering 
measurements that detect the off-normal light scattered by particles in solution. 

4     Conclusions 

The hardware, optimized chip, and the dedicated software have enabled the automated 
trapping and non-optical detection of trapped particles for the first time. The conductivity 
signal recorded by our instrument indicates a concentration factor of approximately 60. 
Further improvements in our trapping and detection technology are likely to increase that 
concentration factor further. Experiments are in progress to test the limit of detection of the 
system, the suitability of alternative detection technology, and to demonstrate the ability to 
trap, separate, and fractionate inert and biological particles. 

References 

[1] P. Sabounchi, A. M. Morales, P. Ponce, L. P. Lee, B. A. Simmons, R. V. Davalos, Sample 
concentration and impedance detection on a microfluidic polymer chip, Biomed Microdevices, 2008, 
vol. 10, pp. 661–670. 

[2] Schematic courtesy of Blake Simmons, Sandia National Laboratories. 

[3] J. Vitko Jr., et al, Sensor Systems for Biological Agent Attacks: Protecting Buildings and Military 
Bases, The National Academies Press, 2004, pp. 20-22. 

[4] www.sandia.gov/mission/homeland/factsheets/detection/captiteSAND2003-8556P.pdf

[5] T. I. Wallow, A. M. Morales, B. A. Simmons, M. C. Hunter, K. L. Krafcik, L. A. Domeier, S. M. 
Sickafoose, K. D. Patel, A. Gardea, Low-distortion, high-strength bonding of thermoplastic 
microfluidic devices employing case-II diffusion-mediated permeant activation, Lab Chip, 2007, vol. 
7, pp. 1825–1831. 

[6] C. K. Harnett; R. W. Crocker, B. P. Mosier; P. F. Caton; J. F. Stamps; Composition pulse time-of-
flight mass flow sensor, US Patent 7,225,683. 

http://www.sandia.gov/mission/homeland/factsheets/detection/captiteSAND2003-8556P.pdf

	Insulator Based Dielectrophoresis (i-DEP) – A Tool to Detect
	1.1     Background
	1.2     Technical Problem
	1.3     Technical Approach


