
Abstract— Recent progress in micrometer-scale techniques 
has promoted the analysis of biological cells using lab-on-a-chip 
microfluidic devices. In this work, an electrical impedance based 
system for monitoring the motion, size and shape of cells flowing 
in a microchannel is presented, which can be used for a label-
free biophysical characterization at the single-cell level.  
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I. INTRODUCTION 
INGLE-CELL impedance cytometry is a non-invasive 

method for characterizing individual cells and particles 
with high-throughput [1, 2]. A microfluidic impedance chip 
typically consists of a microchannel equipped with 
microelectrodes and filled with a conductive buffer. An AC 
voltage is applied to a pair of electrodes, which causes a 
current to flow between them. The current change upon 
passage of a cell between the electrodes is measured and then 
analysed to determine cell properties. Coplanar-electrode 
chip layouts are especially attractive, because they can be 
easily patterned yielding miniaturized, reproducible, and 
ultimately low-cost devices. 

The system presented in this work (Figure 1) is equipped 
with coplanar electrodes and comprises three parts: i) a 5-
electrode zone for accurate sizing, velocity estimation and 
vertical position estimation [3], ii) an optical sensing region 
(triggered by electrical impedance signals) for transverse 
position estimation [4], iii) a 4-electrode cross zone for shape 
analysis [5]. Details on the operating principle are provided in 
the cited references. 

II. MATERIAL AND METHODS

A. Chip microfabrication 
The microfluidic impedance chip consists of a PDMS 

(polydimethylsiloxane) fluidic top layer and patterned 
microelectrodes on glass (Figure 1). In the sensing region, the 
microchannel cross sectional area is 40 µm (w) x 21 µm (h). 
The Ti/Au electrodes (20 nm/200 nm) were deposited on the 
glass substrate (75×25×1 mm) using optical lithography, e-
beam evaporation and lift off procedures. The PDMS 
microchannels were replica molded from photo-
lithographically patterned SU-8 master. The PDMS and glass 
were both activated by O2 plasma treatment before alignment 
and irreversible bonding. For fluidic access, a Teflon tube was 
inserted into the chip inlet and connected to a syringe pump 
(Harvard Apparatus), whereas electrical connections were 
made to the chips using pogo-pins within a custom holder. 

B. Experimental setup 
Polystyrene beads (6 μm diameter), baker’s yeast or U937 

cells were considered in the experiments (typical 
concentration of 106 cell/ml in PBS). Samples were pumped 
through the device at a flow rate of 10 µl/min. An excitation 
signal of 4 V@1 MHz was applied. Impedance was measured 
using a Zurich Instruments trans-impedance amplifier 
(HF2TA, 10kΩ gain) and impedance scope (HF2IS, 20 kHz 
filter bandwidth, 115 kHz sampling rate). A Mini UX100 
high-speed camera was used for image acquisition. A custom 
Matlab toolbox was used for signal and image processing 
(event detection and feature extraction). 

III. RESULTS AND DISCUSSION

Some results relevant to particle sizing and localization are 
here reported. In particular, a histogram of the estimated 
diameter of baker’s yeasts spiked with 6 μm beads is shown 
in Figure 2. Two yeast populations with Gaussian size 
distributions can be clearly distinguished (4.5±0.5 µm and 
5.7±0.3 µm).  

A density plot of bead centers in a transverse position X 
versus relative prominence P plane is reported in Figure 3 
(the relative prominence P encodes for particle vertical 
position, the higher P and the closer the particle is to the 
channel floor). The graph shows particle focusing towards 
positions with lateral coordinate ± 12.5 μm and relative 
prominence ~ 0.2 or ~ 0.75. Electrical and optical recordings 
are shown in Figure 2 for four exemplary events. Points have 
been selected at low (A), medium (B, C) or high (D) relative 
prominence P and at positive (C), zero (B, D) or negative (A) 
X-coordinate. Particle passing through the center of the 
channel experience the highest velocity of the laminar flow 
profile, as can be observed from the particle in point B, which 
has the shortest duration among the ones reported.  

Future activities will integrate into the device focusing 
mechanisms (e.g. acustophoretic) or deformation systems 
(e.g. flow induced or electric-field induced), in order to 
enable the analysis of cell biomechanical properties. 
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Figure 1. (a) Microfluidic impedance chip, consisting of a PDMS fluidic top layer and patterned coplanar microelectrodes on 
glass. Microscopy image of (b) 5-electrode sensing zone and (c) 4-electrode cross.  

Figure 2. Baker’s yeast spiked with 
6 μm diameter beads. Histogram of 
the estimated cell diameter (Y1 and 
Y2, yeast populations; B, beads). 

Figure 3. Density plot of particle centers distribution in the microchannel cross-
section (6 μm diameter beads). Electrical (5-electrode zone) and optical signals 
relevant to four exemplary events are shown (see text for explanation).  
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