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Cell forces have been connected to pathologies ranging from excessive bleeding 
to cancer, but due to their inherent heterogeneity, measurements on many cells are 
needed to gain an accurate understanding of the biophysical behaviors. Existing 
technologies to measure cell forces are very slow, typically relying on the analysis 
of light microscopy images1. Non-optical techniques, such as nanometer-scale 
strain gauges located underneath the cells would allow for real-time single-cell 
force measurements with improved spatial resolution. Moreover, arrays of such 
strain gauges could enable high-throughput mechanical measurements of large cell 
populations. Our previous work reported fabrication of nanoscale strain gauges on 
flexible polydimethylsiloxane (PDMS) substrate using a transfer process with a 
polyacrylic acid sacrificial layer and a parylene C capping layer2. That process was 
limited by the oxygen plasma etch removal of the parylene C capping layer causing 
residue on the probe pads and damage to the nanoscale structures.   

This work improves on those results by using a transfer process with a 
sacrificial aluminum layer and no capping layer3.  This allows for more reliable 4-
point electrical probing and the demonstration of transduction of mechanical strain 
to electrical resistance change. To the best of our knowledge, these strain gauges 
exhibit the smallest lateral dimensions known to be made on a flexible and soft 
polymer substrate. Optical (Figure 1) and electron microscopy (Figure 2) images 
show the successful transfer of the strain gauges with 100 nm width, with three 
different resistor patterns. The nanoscale strain gauges were characterized using a 
probe station and fixtures with varying radius of curvature to create a controlled 
compressive strain εx, resulting in a reduction in resistance (Figures 3 and 4). Figure 
3 compares the measured resistance change of type-1 resistors with the resistance 
change simulated using COMSOL as a function of the PDMS surface strain. The 
measured resistance changes are similar to the simulated response. Finally, Figure 
4 compares measured resistance changes as a function of surface strain for all three 
resistor patterns. As expected, the straight type-3 resistors exhibit a larger 
sensitivity compared to the serpentine type-1 and type-2 devices. 
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Figure 1: PDMS substrate with 0.85 mm thickness and 28 x 35 mm area, with 

144 Au nanoscale strain gauges, each with four point probe pads. 
 

 
Figure 2: SEM images of 100 nm line width type-1 (left), type-2 (middle), and 

type-3 (right) resistors on PDMS. 
 

 
Figure 3: Measured and simulated relative resistance change of type-1 resistors 

versus PDMS surface strain. 
 

 
 

Figure 4: Measured relative resistance change of all pattern types (p1,p2,p3) 
versus PDMS surface strain on three different samples (s1,s2,s3) for 15 unique 

devices (d1-d15). 
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