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» Cost reduction can be achieved by thinning the Si wafer.
» As Si thickness decreases, absorption of sunlight becomes poor.
o Efficient light trapping of sunlight is required.

Symmetry Breaking Paths
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e Consider two symmetry-breaking paths in a
square lattice.

e Count the number of peaks in A=0.7-1.0 um
(unit cell 0.7 um x 0.7 um)

« Compare spectral average absorptance with
the number of peaks
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Methods

Symmetry Breaking in Inverted Pyramids
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fabricated on Silicon using simple wet etching.
« Absorption in experiment matched well with theory.
 Further absorption enhancement would require symmetry-breaking.

Fabrication Process Flow
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[110] direction and
perform wet etching.

 Lower symmetry
photoresist pattern
would lower the
symmetry of the
Inverted pyramids.

 Low symmetry
Inverted pyramids that
possess only 180°
rotation symmetry (C,)
could be fabricated by
this approach.
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» As the symmetry of light trapping structures is systematically lowered, the number of optical absorption peaks increases in

a manner consistent with group theory.

Conclusion
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« With symmetry-breaking, both the number of absorption peaks and the average absorptance increase.
« Symmetry breaking in general enhances the absorption integrated over a broad spectrum by increasing the number of

resonant peaks.

e Symmetry breaking can be realized in inverted nanopyramids on (001) Si wafers by simple wet etching.
* |sotropic etching after anisotropic alkaline etching can remove unetched regions to enhance light trapping.

» Absorption increases by symmetry breaking in inverted nanopyramids.
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