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Abstract 

Limited electrode size with high electrochemical performance and reliability of modified 
materials are two of the main concerns for flexible neural electrodes in recent years. Here, an 
effective fabrication method of enhanced micro-scale wrinkles based on oil-pretreated 
hyperelastic substrates (PDMS and Ecoflex) is proposed for the application of implantable 
neural electrodes. The uniform PEDOT:PSS coating is obtained on the wrinkled surface. Cyclic 
voltammetry (CV) scanning for 2500 times is performed to investigate adhesion and stability of 
modified PEDOT:PSS. Flexible wrinkled microelectrodes are further verified by in-vivo ECoG 
recordings combined with optogenetics in mice. These results highlight the importance of 
micro-structure in neural electrode and tremendous application potentials in flexible electronics. 

 

Figure 1: Schematic illustration of the enhanced wrinkled microelectrodes. 

 
Figure 2: Basic formation principle of the enhanced microsale wrinkles. 

 
Figure 3: Comparison of surface morphologies with and without oil pretreatment. 

 
Figure 4: (a) Microelectrode device; Micro-wrinkle structures on PDMS_oil substrate(b) and 

Ecoflex_oil substrate(c). 



 
Figure 5: PEDOT:PSS modification on PDMS_oil and Ecoflex_oil microelectrodes. 

 
Figure 6: (a) CV and (b) EIS of PEDOT:PSS microelectrodes on the flat, PDMS_oil and 

Ecoflex_oil substrates; (c) CSC and (d) impedance variation with 2500 CV scanning cycles. 

 
Figure 7: Stability of PEDOT:PSS coating on three substrates with 2500 CV scanning cycles. 

 
Figure 8: (a) Picture and (b) scheme of wrinkled microelectrodes on the cortex of mouse brain; 
(c) Comparison of ECoG signals from PEDOT:PSS microelectrodes based on three substrates. 

 
Figure 9: (a) Image and (b) scheme of a sequence of 473 nm light pulse above the device 
implanted in a ChR2 mouse; (c) Representative light-induced ECoG signal and the single 

excited potential from PEDOT:PSS microelectrodes based on three substrates. 
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