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Micropore-based technology emerges as a promising tool for rapid and cost-effective 
nanoparticle detection within fluidic environments. This innovative approach exploits the 
nanoparticle translocation dynamics into nano- or micrometer-sized apertures, marking a 
significant change in analytical methodologies1,2. From viral pathogen diagnosis to detecting 
nanoplastics in aqueous samples, resistive pulse sensing technique showcases unparalleled 
versatility and sensitivity 3,4.  

Presently, silicon nitride-made nanopores are predominantly used as sensors for translocation 
dynamic studies5. However, their widespread use faces problems, primarily due to limited 
large-scale production capabilities and the prohibitively high cost of individual nanopore 
chips. In addition, the wetting of these pores often necessitates the use of hazardous chemicals, 
posing significant safety and environmental concerns. 

In this study, we introduce a significant technological advancement: a cost-effective, mass-
producible flow cell featuring a laser-drilled aperture of 1μm diameter within a 12.5 μm thick 
polyimide-made foil, suitable for the detection of particles measuring up to 100 nm in 
diameter.  

Fundamental to our approach is the application of femtosecond laser technology, which offers 
notable advantages due to its ultrashort pulse duration (fs) and high instantaneous power 
(GW). These carachteristics enhance the precision of material processing, ensuring ultrafine 
results while minimizing any collateral damage to the surrounding material.  

The system boasts compact dimensions, measuring 15 x 26 mm, and features a 12.5 μm thick 
layer of polyimide embedded within a PMMA/PET frame, housing two distinct compartments 
(Figure1A). The laser-drilled aperture in the polyimide sheet (Figure 1A) presents a truncated 
configuration, with the larger diameter (aprox 5 μm) facing the top compartment and the 
smaller diameter (1 μm) facing the bottom compartment. Access to both compartments is 
facilitated through apertures at the top, with a central larger one on the top side and two smaller 
ones on the bottom side (Figure 1A). The top compartment requires a maximum volume of 80 
μL, while the bottom compartment, presenting a horseshoe-shaped configuration with open 
extremities, necessitates only 20 μL for filling. Two printed Ag/AgCl electrodes (Figure 1A) 
allowing the electrochemical measurments are designed to contact the electronics of a portable 
current-voltage amplifier, the Nanopore Reader 100 kHz (Elements srl).  

To facilitate nanoparticle translocation through the aperture, a low pressure can be easiliy 
applied to the bottom compartment, if needed. A plastic tube is affixed to one of the access 
holes leading to the bottom compartment, while the second aperture remains sealed. By 
attaching a syringe to the tube, pressure can be applied on the solution, thereby enhancing the 
flow rate of nanoparticles passing through the aperture within a designated period. 

Our results show that the fluidic cell can discriminate between particles of different diameters 
and can detect analytes up to 100 nm in size (Figure 1B,C). In addition, we show that applicatin 
of pressure significantly increases particle translocation (Figure 1D).  
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This flowcell not only overcomes the limitations of passive systems relying on osmotic 
principles, but obviates the need for pre-wetting the nanopores with aggressive solutions such 
as piranha solution or the oxygen plasma treatment. 

Beyond scalability and cost-effectiveness, this breakthrough empowers the deployment of 
nanopore-based detection methodologies in real-world field applications. 
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Figure 1 

A. Left, picture of the 
assembled micropore flow 
cell. Right, stack view of the 
flow cell. Arrows indicate the 
top and bottom compartments 
, the Ag/AgCl electrodes and 
the micro-sized aperture laser-
drilled in a 12.5 μm tick 
polymide foil.  

B. Representative 10-second 
recording of resistive pulses 
measured in the micropore 
flow cell after the addition of 
polystyrene nanoparticles, 100 
and 350 nm in size, in a 1:1 
mixture (concentration: E12 
particles/mL in 1X PBS). The 
two apertures providing access 
to the bottom compartment 
(see panel A) were clogged 
after the addition of the sample 
in order to apply a pressure.  

C. Histogram analysis of the 
peak amplitude shows two 
clear distinct populations, 
namely the 100 and the 300 
nm particles. Inset shows a 
blow-up of two representative 
events.  

D. Representative 10-second 
recording of resistive pulses 
measured in the same 
condition as Panel A, but 
removing the pressure applied 
to the bottom compartment. 
Note the marked decrease in 
event frequency compared to 
panel A. 
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