
• Electroencephalograms (EEGs), are used to assess brain
electrical activity. Some utilizations include epilepsy
diagnosis, sleep staging, and brain-computer interfaces

• Current cap-EEG setups are highly power inefficient and
do not realistically reflect everyday neural brain activity
because the user is unable to move while wearing it

• The overall approach to this is an EEG design that will
wrap around the ear and connect to OpenBCI for testing

• We will base our design on a previous ear EEG design[1] ,
using a more flexible substrate for better comfortability

Objective: To create a mobile, unobtrusive, energy efficient,
and cost-efficient ear-centered EEG design that will allow
acquisition of brain activity in a comfortable manner.

Figure 1. A representation of how an EEG works. [2]

Figure 2. A plastic, non-functional prototype of the original 
ear-centered EEG (Bleichner and Denebar) in comparison to 
a nickel.

Figure 3. The application process for an ear-centered EEG 
compared to the traditional cap-EEG. [1]
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Methodology

Substrate
• A sticky substrate was created so that the device could stick

around an individual’s ear
• 18 grams of polydimethylsiloxane (PDMS) was mixed with 2

grams of a crosslinking agent and modified with 70 μL of 80%
ethoxylated polyethylenimine solution (PEIE) to make the
substrate stick to skin

• The mixture was poured into a plexiglass mold and degassed
• The substrate was cured over a hot plate for 5 hours at 110° C;

however, we had a faulty hot plate, leaving some areas of it
hotter than the others

• Our substrate needed to be sticky enough to stick to skin, but 
not to the point where it is uncomfortable when attached or 
difficult to peel off

• Then the substrate was tested with a latex glove and the 
substrate stuck to the glove and did not leave residue

Figure 4. Process of creating a sticky substrate.

Electrodes
• Silhouette Cameo 3 cutter and Silhouette Studio software were 

utilized to design our template for mask
• The design was based on the shape of the original ear-centered 

EEG. [1] This includes:
• 10 circular electrodes that will contact the skin
• A wire coming out of each electrode that will be used to 

conduct signals

Figure 5. The Silhouette Cameo 3 cutter and a view of the 
Silhouette Studio software. [3]

Results

Substrate
• After a few tries, we were able to create a substrate that stuck 

to our glove but did not leave any residue

Electrodes
• Using the Silhouette Studio software, we were able to design a 
template that we will use to print out electrodes in the future

Figure 6. Transparent substrate curing on a hotplate (left), as well 
as the electrode and wire design (right).

Conclusion
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EEGs can be utilized for epilepsy diagnosis, sleep staging, and 
brain-computer interfaces. To further improve on current EEGs, 
we aimed to make the substrate stick to skin without needing to 
apply any gel or sticky substance. We did this by mixing 18 
grams of PDMS with 2 grams of crosslinking agent and modified 
it with 70 μL of 80% ethoxylated polyethylenimine solution (PEIE) 
to make the substrate stick to skin without needing to apply any 
gel or sticky substance. We were also able to complete a design 
for the electrodes to be placed onto the substrate.
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Future Work
Electrodes
• This mask will be used to create the electrodes which will be

fabricated from silver/silver chloride ink and mixed with
Exoflex-50 to give the electrodes the crucial quality of being
flexible and stretchable

• The wires of the design will be covered by a conducting
polymer: poly (3,4-ethylenedioxythiophene) polystyrene
sulfonate (PEDOT:PSS) so that only the circular electrodes will
be in contact with skin [4]

Figure 7. An image of the electrodes Kaiping Wang previously 
created. [4]

OpenBCI
• We will utilize open-source brain-computer interface

(OpenBCI) and commercial electrodes to obtain EEG data that
will be used as a control

• Then we will record data and if the data from our ear-EEG is
similar to the data from the commercial electrodes then our
ear-EEG works and improves upon the comfortability and
obtrusiveness of the previous ear-EEG design

Figure 8. Image of the OpenBCI. [5]
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