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Abstract 
My research focused on developing biocompatible flexible low-impedance high-density multi-electrode 

arrays (MEAs) for high fidelity electromyography (EMG) recording. The core goals of the research include 
improving the electrical characteristics of the electrodes while maintaining biocompatibility. The fabricated 

arrays are being used for EMG acquisition from songbirds and mice. Optimization of the electrodes surface 

coatings is done to lower impedance while maintaining a small footprint. A low impedance is important to 

collect high fidelity EMG signals. The surface coating of the electrodes plays an important factor in 
reducing the impedance. The current electrode surface coating in use is 

Poly(ethylenedioxythiophene):Polystyrene Sulfate (PEDOT:PSS). The purpose of this coating is to 

enhance the conductivity of the device while preserving biocompatibility and lowering impedance. During 
this research internship, I performed gold electroplating, PEDOT:PSS coating and characterization of the 

3D electrodes. 

 

Introduction 
The improvement of signal collection becomes more important and necessary for the further development 

in understanding the functions of the brain and consequential behaviors. In the field of neuroscience, an 

understanding of how and why things happen through body and brain interaction is constantly observed 
and questioned. Many tools and devices like a multi-electrode array (MEA) are designed to collect the very 

signals sent from the brain throughout the body. An MEA is a device that contains multiple micro-

electrodes. Each electrode in the MEA records electrical activity from the living tissue (in our case, from 
muscles). The purpose of research activity that I was involved in, was to better understand how the neural 

code translates into complex motor behavior. For this purpose, the multi electrode arrays are implanted into 

the muscles of various animal species to collect EMG data. The precise timing off spikes is then correlated 
to the behavior. My research activity was to support the fabrication of a biocompatible MEA to collect 

EMG signals from mice and songbirds, specifically for the electroplating and PEDOT:PSS coating of novel 

3D electrodes for high signal-to-noise ratio (SNR) EMG measurements.  

Fabrication 

 
Each MEA device begins fabrication with the same seven steps(a-g).The MEA will be fabricated upon a 

silicon carrier wafer. A thick spin coated polyimide layer (seen on step a) will be the body for the device. 



 
 

Fabrication of the 2D MEA is nearly complete when going through the initial seven steps. 3D fabrication 
however has a few extra steps, following the dry etching process (seen on step g) a thick photoresist 

patterning and reflow process is performed that creates a 3D dome structure used as the base of the 3D 

electrode sites. The 3D electrodes have a higher surface area that decreases the impedance and provides a 

higher SNR. Thus, a key aim of this research is to develop 3D structures that can increase the surface area 

while keeping the footprint to a minimum.  

Characterization 
During the final steps of fabrication, the device will go through a series of electrical characteristic tests. 

The 2D and 3D electrodes testing will use the Nano-Z tool to measure the impedance. For 3D MEA devices 

the impedance measurements are collected both before and after the PEDOT coating to compare the 
difference in impedance before and after the surface treatment.  

2D MEAs tend to have a much higher impedance rating when compared to 3D MEAs, and when the PEDOT 

coating is added to the 3D MEA the impedance again is lowered and the devices electrical performance 

also improves owing to its large charge storage capacity. 

My Contribution 
During my time in the lab, I have been involved mainly with 3D Au electroplating, laser dicing, electrode 

bonding and assembly, and PEDOT electropolymerization. I have also been tasked with reviewing literature 

that had adhesion of gold to polyimide using titanium (Ti) and chromium (Cr) as an adhesion base. I found 
that both elements are very common to be used as adhesion factors, when compared Ti seemed to maintain 

stable conductivity longer than Cr. Surface roughening of polyimide was also recommended to further 

increase the metal adhesion. 

3D Au Electroplating 
An electrolyte: gold concentrate (4:1) solution is heated and constantly stirred at about 50º C. While heated 

and stirred a power supply will load 2-3mA and a 20-minute cycle will then begin. As the cycle goes on 
there is an observable layer of electroplated gold appearing on the device surface. The electroplated gold is 

then observed for adequate thickness. If the amount of gold does not seem to be enough to fully cover each 

electrode properly another cycle may be done, with inspection after that cycle as well. 

 
a) Gold Electroplating 

The visible layer of electroplated gold on the exposed ends of the 3D electrodes  

Laser dicing 
The Optec Femtosecond Laser will precisely cut the selected mask onto the Si wafer. The laser will not cut 
through the wafer, but only cut the thick polyimide layer holding the Electrode device.  This will then allow 

for the peel-off step followed by bonding. 

 
b) Laser Dicing 

The Optec Femtosecond Laser cuts out the desired shape for the MEA 

 

 

 



 
 

Electrode Bonding Process 

The Bonding step connects the Omnetics connector to the fabricated device. Anisotropic Conductive Film 
(ACF) tape will be used to create the adhesion of the Omnetics connector to the Electrode device. The ACF 

tape will be heated to approximately 80° C to initially have it stick to the base of the device, followed by 

the aligning of the Omnetics pins and electrode pads. 

Once aligned the system will be heated to about 180° C and 10N of force will be applied to complete the 
bonding process.  

 
c) Electrode Bonding 

• In the left photo the pins of the Omnetics connector are being aligned with the electrode pads  

• In the center photo the Omnetics connector is being bonded to the electrode 

• In the right photo a fabricated MEA is awaiting characterization tests 

 

3D PEDOT Electropolymerization 

The electropolymerization process will use the Gamry Reference 600+ (a very precise potentiostat designed 

for low current systems) instead of a regular power supply. This is done to apply a very low amount of 
current. To calculate the total current being applied multiply a current density of 0.5 mA/cm2  to the device 

electrode surface area. The process will take place at room temperature, with the solution made up will 

consist of 10mM EDOT in 2.0 g/100mL NaPSS solution. The solution will be stirred at a constant pace as 
the electroplotmerization process is done in a 20-minute cycle. When completed the PEDOT coating will 

be inspected under the microscope to check for a full and proper coating. The final MEA device should 

then have a lower impedance compared to before the PEDOT electropolymerization process. 

 
d) PEDOT Electropolymerization 

A visible layer of PEDOT on the exposed ends of the 3D electrodes 
 

 


