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Motivations 
A majority of solar cells base their materials off of silicon wafers about 180-300μm 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.  
 
 
 
 
 
 
 
 
 
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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guided modes in the semiconductor slab, whereupon the light is 
converted to photocarriers in the semiconductor (Fig. 2c).

As will be discussed in detail in the next section, these three 
light-trapping techniques may allow considerable shrinkage 
(possibly 10- to 100-fold) of the photovoltaic layer thickness, while 
keeping the optical absorption (and thus e ciency) constant. 

Various additional ways of using plasmonic nanostructures to 
increase photovoltaic energy conversion are described in the section 
on other plasmonic solar-cell designs.

Plasmonic light trapping in thin-film solar cells
Light scattering using particle plasmons. Light scattering from 
a small metal nanoparticle embedded in a homogeneous medium 
is nearly symmetric in the forward and reverse directions27,28. is 
situation changes when the particle is placed close to the interface 
between two dielectrics, in which case light will scatter preferen-
tially into the dielectric with the larger permittivity29. e scattered 
light will then acquire an angular spread in the dielectric that e ec-
tively increases the optical path length (see Fig. 2a). Moreover, light 
scattered at an angle beyond the critical angle for re ection (16° for 
the Si/air interface) will remain trapped in the cell. In addition, if 
the cell has a re ecting metal back contact, light re ected towards 
the surface will couple to the nanoparticles and be partly reradi-
ated into the wafer by the same scattering mechanism. As a result, 
the incident light will pass several times through the semiconductor 
lm, increasing the e ective path length.

e enhanced incoupling of light into semiconductor thin lms 
by scattering from plasmonic nanoparticles was rst recognized by 
Stuart and Hall, who used dense nanoparticle arrays as resonant 
scatterers to couple light into Si-on-insulator photo detector struc-
tures30,31. ey observed a roughly 20-fold increase in the infrared 
photocurrent in such a structure. is research eld then remained 
relatively dormant for many years, until applications in thin- lm 
solar cells emerged, with papers published on enhanced light cou-
pling into single-crystalline Si (ref. 32), amorphous Si (refs 33,34), 
Si-on-insulator35, quantum well36 and GaAs (ref. 37) solar cells cov-
ered with metal nanoparticles.

Although there is now considerable experimental evidence that 
light scattering from metal nanoparticle arrays increases the photo-
current spectral response of thin- lm solar cells, many of the under-
lying physical mechanisms and their interplay have not been studied 
systematically. e full potential of the particle scattering concept, 
taking into account integration with optimized anti-re ection coat-
ings, is being studied by several research groups. In recent papers38,39, 
we reported that both shape and size of metal nano particles are key 
factors determining the incoupling e ciency. is is illustrated 
in Fig. 3a, which shows that smaller particles, with their e ective 
dipole moment located closer to the semiconductor layer, couple a 
larger fraction of the incident light into the under lying semiconduc-
tor because of enhanced near- eld coupling. Indeed, in the limit of 
a point dipole very near to a silicon substrate, 96% of the incident 
light is scattered into the substrate, demonstrating the power of 
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Figure 1 | Optical absorption and carrier di usion requirements in a solar 

cell. a, AM1.5 solar spectrum, together with a graph that indicates the solar 

energy absorbed in a 2-μm-thick crystalline Si film (assuming single-pass 

absorption and no reflection). Clearly, a large fraction of the incident light 

in the spectral range 600–1,100 nm is not absorbed in a thin crystalline Si 

solar cell. b, Schematic indicating carrier di usion from the region where 

photocarriers are generated to the p–n junction. Charge carriers generated 

far away (more than the di usion length Ld) from the p–n junction are not 

e ectively collected, owing to bulk recombination (indicat ed by the asterisk).

Figure 2 | Plasmonic light -trapping geometries for thin-film solar cells. a, Light trapping by scattering from metal nanoparticles at the surface of the solar 

cell. Light is preferentially scattered and trapped into the semiconductor thin film by multiple and high-angle scatt ering, causing an increase in the e ective 

optical path length in the cell. b, Light trapping by the excitation of localized surface plasmons in metal nanopar ticles embedded in the semiconductor. 

The excited particles’ near-field causes the creation of electron–hole pairs in the semiconductor. c, Light trapping by the excitation of surface plasmon 

polaritons at the metal/ semiconductor interface. A corrugated metal back surface couples light to surface plasmon polarit on or photonic modes that 

propagate in the plane of the semiconductor layer.
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Methods: 
 
 
 
 
 
 
 
 
 
 
 
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 1μm 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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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 

substrate.  
• Mr. Peanut dimers did not seem to show any particular patters at any deposition speed.  
• A larger 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 
 
 
 
 
 
 
 
 
 
 
 
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. 

Polystyrene Mr. Peanut  dimers fabricated 
As well as the fabrication speed being too 

fast.   

Polyvinyl Alcohol polymer being used to 
separate particles. 

A TEOS Silica Gel was added into the 
colloid to separate particles. The result of a naked particle when 

fabricated at a speed too slow.  


