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Inorganic Phototropic Growth

Inorganic Phototropic Growth of Semiconductor Mesostructures
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Dark growth unpatterned; polarized illumination (λavg =
528 nm) effected anisotropic pattern conformally over
macroscale area, as highlighted by film iridescence.

Spontaneous Mesostructuring

Optically-Based Growth Modeling

In analogy to natural phototropism, utilize unstructured
illumination and capitalize on inherent anisotropies in light-material
interactions to optically instruct growth of complex mesostructures
in three-dimensions without a template nor photomask.

Motivation
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Electrodeposited semiconducting Se-Te from aqueous solution with 3-
electrode cell using unpatterned LED illumination. Growth rate significantly
enhanced under illumination (λavg = 521 nm, P = 13.5 mW cm-2).

Dark Illuminated

LED
Source

20 mM SeO2, 10 mM
TeO2, 2 M H2SO4

Feature size and pitch scale with wavelength.
Polarization sets in-plane orientation.

Optical Growth Control
λavg = 843 nm
Vertical Pol.

λavg = 727 nm
Vertical Pol.

λavg = 727 nm
Horizontal Pol.

Simulations using iterative model: FDTD method first utilized to calculate light
absorption profile. Then, a Monte Carlo method used to add mass preferentially to
high absorption areas. No empirical inputs beyond the material complex refractive
index. Experimental agreement suggests morphologies are fully optically determined.

Simultaneous Polarization Inputs
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Self-Optimizing Growth Response
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Simultaneous illumination with λavg = 461 and 630 nm sources resulted in patterns with periodicities
intermediate of those expected for either source alone: function of the intensity ratio between sources.

Fourier analysis indicated singular
morphological periods for each
illumination condition and was used
to quantify. Period could be
continuously tuned by varying
intensity ratio. Growth self-optimizes
to effect morphology that maximizes
interfacial absorption.

HeNe Laser
λavg = 633 nm

LED
λavg = 630 nm

Similar patterns with equivalent morphological periods observed for growth using a HeNe laser, a narrowband
light emitting diode, and halogen lamp with spectral FWHM values of <<1 nm, 30 nm, and 420 nm, respectively.
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500 nm

500 nm

500 nm

I630/Itotal = 0.13 I630/Itotal = 0.50 I630/Itotal = 0.75

500 nm
500 nm

I775;vert/I630;horiz: 1.0 2.0 6.5 9.0

• Room temperature
• Isotropic solution
• Template-free
• Maskless
• Uncorrelated source
• mW cm-2 intensities
• µm min-1 growth rates
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Halogen Lamp
λavg = 640 nm

Initial Growth Mechanism
Nucleation 

Surface roughness
Incident Light 

Scattered
Model with 

Dipole Emitters

Initial film nuclei scatter the incident illumination.
This optical interaction was modeled using two
dipole emitter sources: interference fringes were
observed between the sources. This spatially-
oscillating light intensity profile effects spatially-
anisotropic rates of photoelectrochemical growth.

500 nm

Simulation ExperimentTwo-Step Iterative Growth Model

I630/Itotal = 0.00
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Conclusions
Inorganic phototropic growth was effected via photoelectrodeposition of semiconducting Se-
Te. Three-dimensional mesostructures were generated in a template-free manner over
macroscopic areas. Morphologies were a function of all optical inputs utilized during growth.

Simultaneous illumination with orthogonally
polarized λavg = 630 and 775 nm sources
resulted in morphologies exhibiting two
intersecting, perpendicular patterns with two
different periodicities. The relative heights of
the two patterns was a function of the
intensity ratio between the sources and could
be tuned continuously.
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