Horizontal Deposition of Polystyrene Colloids for Enhanced
Light Trapping in Solar Cells
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Motivations

A majority of solar cells base their materials off of silicon wafers about 180-300um in thickness
due to it being very cost efficient in the market. However, when the thickness of Silicon wafers
are reduced, it is only able to create energy on the visible light spectrum for solar rays.
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Because light on the inferred spectrum is not effectively absorbed when making thinner silicon
wafers, a proposal to implement metal particles into the wafer to scatter light has been
observed. Light enters the solar cell but is scattered because of metal particles uniformly
placed on top of the wafers. Light is then trapped between the semiconductor due to high

angles the light is scattered at, resulting in a more effective absorption of solar energy.

Objective:

* Fabricate Polystyrene particles on a substrate with a uniform monolayer.

* Find an effective chemical to mix with the particles to evenly separate the particles so they
are not touching each other.
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Thin structures of particles can be flow coated into a monolayer by using a horizontal
deposition method using a slide coater. Two glass slides were placed at an angle and placed on
the slide coater. Polystyrene colloids with particles that are 1um in diameter were injected
between the two glass slides and deposited by dragging the deposition slide at a constant
velocity. The solution on the substrate will evaporate eventually leaving the glass with particles
hexagonally aligned in a uniform manner.
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Fabrication Behavior with Different Methods
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' ' - Polystyrene Mr. Peanut dimers fabricated
' f As well as the fabrication speed being too

A TEOS Silica Gel was added into the

Polyvinyl Alcohol polymer being used to colloid to separate particles.

separate particles.

The result of a naked particle when
fabricated at a speed too slow.
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Results

After about 100 tests with flow coating, we have figured out several things:
* Different humidity causes changes in what deposition speed creates the most monolayers on the

40x zoom substrate.
 Mr. Peanut dimers did not seem to show any particular patters at any deposition speed.
* Alarger concentration of Polystyrene particles help speed up the coating process as well as increase
the area of monolayers.
* Using Polyvinyl Alcohol helped prevent parallel streaks from forming during the deposition
process.
Separation of Particles
60x Zoom
Image 4 A AR A naked Polystyrene colloid to the left is compared to a polystyrene colloid with the addition of a silica

gel. This shows the separation of particles while still retaining the hexagonal shape when a gel is added.

Future Work

* Increase the area of monolayer sections to at least 1 x 1 cm.

* Figure out a volume fraction when using the silica gel to keep particles separated while retaining
quality of fabrication.

* Fabricating nonspherical particles onto a substrate with an electric current flowing through.

Largest area created is about 0.5 x 0.5 cm



