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was bent to 5 mm radius of curvature. These cutout fl aps have 
better fl exibility because they are confi ned to the substrate from 
just one direction. For testing the effi cacy of the cutout array over 
the fl at array, both arrays are used to map a surface with different 
sensing depths as shown in  Figure    2  . These topography mapping 
tests are designed to mimic biological surfaces that are few mil-
limeter deep. Both the fl at and the cutout array are placed over a 
metallic mesh, which is the sensed surface, and glass slides are 
placed on top of the mesh to emulate sensing depths ranging from 
0.5 to 5 mm (Figure  2 a,b). Electrical resistance measurements 
from electrode pads to the metallic mesh are done using a mul-
timeter to verify proper electrode to surface contact. Resistance 
values similar to the line resistances of the electrodes are consid-
ered as a “successful” contact, and signifi cantly higher resistance 
values are deemed as an “unsuccessful” contact. The results are 
presented in the bar chart in Figure  2 c. The fl at and the cutout 
array perform similarly with higher than 90% successful contacts 
for sensing depths of 0.5 and 1 mm. For sensing depths higher 
than 1 mm, the cutout array retains the performance, while the 
fl at array performance degrades signifi cantly. This is due to the 

fact that at higher sensing depths the array needs to bend up 
as shown in Figure  2 d,e; and electrodes that are confi ned to the 
substrate also bend up, which results in no contact between the 
electrode and the surface. Most of the electrodes at the edge of 
the step height do not make contact for the fl at array. At higher 
sensing depth (2 mm and beyond), the second layer of electrodes 
of the fl at array starts to lift up, which is why successful contact 
percentage drops to around 70%. On the other hand, the cutout 
array allows electrodes to move freely and make contact to the 
surface, therefore, a high-fi delity electrode to surface contact 
can be established (Figure  2 e). In Section 2.5, these electrodes 
are used for surface impedance mapping of convex and con-
cave surfaces, which mimic surfaces to be sensed in biomedical 
applications.   

  2.2.     Plastic-Compatible Low-Temperature Sintering 

 Although gold is promising for bioelectronic electrode fabrica-
tion, processing inkjet-printed electrodes on plastic substrates 
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 Figure 1.    Fabrication process for manufacturing the printed electrode array. a–e) Isometric views and corresponding cross-sectional views of the 
process steps are shown side by side. a) Gold nanoparticle ink is inkjet printed on PEN substrate. b) After low-temperature sintering, a thin (100 nm) 
dielectric layer of a fl uoropolymer (Cytop) is spun to encapsulate the gold traces. c) To expose the electrodes, oxygen (O 2 ) plasma etching is used in 
conjunction with a shadow mask. d) Plasma-etched electrodes are shown, which will be in contact with the sensed surface. At this point, traces are 
encapsulated and the electrodes are exposed, as shown in the cross-sectional view. e) CO 2  laser is used to cut out freestanding electrodes. f) Finished 
array after laser cutting electrodes. g) Electrode array after bent to 5 mm radius—cutout electrodes extend like freestanding fl aps, which aid in reaching 
into deeper parts of the sensed surface.
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