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Abstract:
Single-cell analysis plays an important role in 
disease diagnosis. However, many characterization 
methods are labor-intensive, costly, and time-
consuming. Electrical impedance spectroscopy 
(EIS) offers a label-free, non-invasive method for 
probing the biophysical characteristics of cells and 
assessing their viability. Here, we have designed 
and fabricated a coplanar waveguide (CPW) 

capture a single cell between the gaps of the CPW 
electrodes. By sweeping the frequency from low 

successfully extracted the cellular bilayer electrical 
properties in real-time monitoring and assessed the 
cell viability through modeling each layer of the 
cell with a suggested electrical equivalent circuit.

Summary of Research:

Mask Writer. Then, we patterned the design using 

of the fused silica wafer. After developing with 

gold) were deposited onto the substrate using an 
electron beam evaporator. This was followed by 
a lift-off process to remove unwanted metal and 
remaining photoresist (Figure 1b).

baking, exposure was done using the ABM contact aligner, 

We then hard-baked the pattern. Afterward, the PDMS was 

for 2 hours. Next, we peeled the PDMS off and bonded the 

a leak-proof seal. Finally, the CPW input and output were 
terminated with SMA coaxial connectors (Figure 1c).

The platform was connected to the vector network analyzer 

sucrose solution were injected through the microchannel for 
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the CPW gap (Figure 2a). With EIS, most of the electric 

probed the cell's intracellular properties. Using a two-
port measurement, we measured both the membrane and 
cytoplasm electrical properties, and we assessed cell 
viability through scattering (S) parameter measurement. 

S-parameters to the proposed equivalent circuit for the
cell (Figure 2b) via Advanced Design System (ADS)
software.

Conclusions and Future Steps:
We introduced a high-throughput electrical-impedance 

intracellular electrical properties of single cells. It can 
distinguish cell viability at high frequencies (3 GHz), 
where cytoplasm capacitance is dominant. The system 
enables real-time differentiation between live and dead 
cells with high accuracy, demonstrating a cytoplasmic 

fast, accurate, non-invasive, and label-free, enabling 
real-time monitoring of single cells. It can be used 

including mammalian and reproductive cells, for precise 
single-cell analysis. Future work will focus on EIS 
measurements of oocytes using this platform to select 
the best oocyte candidate for assisted reproductive 
technology (ART) purposes.
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