Tunable metasurfaces
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e Metasurfaces are surfaces
subwavelength  scale to
electromagnetic responses.

 Electronic devices such as varactor diodes,
transistors and MEMS, as well as 2D and phase
change materials, can be Integrated Into
metasurfaces to provide dynamic control over the
electromagnetic properties.

* We Introduced tunable, transmissive metasurface [1]
at X-band frequencies that 1Is capable of
electronically rotating the polarization of an arbitrarily
polarized incident wave, without changing its axial
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Frequency translation

* A transparent, highly miniaturized metasurface was
developed that functions as a single-sideband
frequency translator (serrodyne frequency translator)
[2]. A radio-frequency sawtooth waveform iIs used to
modulate the metasurface, allowing Doppler-like
frequency translation.

 In contrast to a sinusoidally-driven mixer, the
serrodyne frequency translator suppresses the
Image frequency without added Image rejection
circuitry.
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Transparent, tunable
metasurface phase shifters
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Subharmonic mixing

 We characterized a dual-polarized, ultra-thin (0.06A)
metasurface that provides spatio-temporal control of
its reflection phase [3]. With this metasurface we
demonstrated full, dynamic control of reflected
wavefronts, Including beam-steering, polarization
control, frequency conversion and non-reciprocal
beam directing.

* |n addition, we Introduced the concept of spatially-
discrete, space-time modulation (SD-STM), where
the finite number of unit cells In one spatial
modulation period leads to new physical phenomena
such as subharmonic mixing. et
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