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Electroencephalography (EEG) is a well-established and widely used technique for clinical 

diagnostic (e.g. seizures) and a wide variety of research areas (e.g. brain computer 

interfaces). There are currently a plethora of medical and consumer systems and devices 

for EEG acquisition, but its implementation is dominated by paste-based sensors requiring 

laborious and time-consuming preparation. Dry and semi-dry electrode systems address 

this limitation and have been commercialized, leading the way in the growing interest on 

mobile and outside-the-lab systems. However, concerns about higher electrode-skin 

impedance (ESI), increased motion artifact susceptibility, and reduced wearing comfort have 

limited a wider implementation. Hydrogels-based electrodes, belonging to the semi-dry 

category, have recently attracted attention due to their lower long-term ESI, improved 

comfort, and desirable scalp comformability while retaining facile application, making them 

attractive candidates for mobile and long-term applications. 

We developed a biosensor composed of an Ag/AgCl coated polyurethane and a 

polyacrylamide/alginate/gelatine/AMPS hydrogel – the first serving as mechanical fixing 

point (polyurethane) and electrochemically stable electrode (Ag/AgCl coating), and the 

second as electrolyte carrier and skin conformal interface. Different hydrogel formulations 

were mechanically (compression and adhesion), morphologically (SEM) and 

electrochemically (intrinsic impedance for 24 h) characterized to assess individual 

components' effect and fabricate three lead hydrogels. Lead hydrogels were then used to 

perform 2-pole ESI measurements, placed 8 cm apart on the forehead of three healthy 

volunteers for 8 h to investigate transferability of our observations on intrinsic impedance 

results to biosignal acquisition. ESI measurements with paste-based electrodes were 

carried out in the same conditions for comparison. The best performing hydrogel (lowest 

ESI) was finally used to assemble biosensors for a low-density EEG system and perform 

proof of concept measurements. 

Increased polymer content showed the strongest effect on mechanical strength (2-fold 

increase in compression modulus – 8.8 kPa), while increased glycerol content and reduced 

crosslinking of the polymer network improved long-term impedance stability. ESI (at 10 Hz) 

of hydrogel-based biosensor at 0 h was 31 kΩ, a comparable result to paste-based 

electrodes in the same conditions – 36 kΩ. Preliminary results provide evidence for the 

hydrogel’s capability to maintain low intrinsic impedance over 24h (1394 Ω at 10 Hz) and 

thus proves its potential for long-term and mobile EEG systems. Future studies will aim to 

investigate the role of hydrogels' mechanical properties in application-focused properties, 

such as conformability to the scalp, user’s comfort, motion artifacts susceptibility.  


