Microscopic theory of transport and optics in superlattices and applications to metabolomics and novel device functionalities
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[image: ]A nonequilibrium many-body approach is used to predict and control giant THz nonlinearities in superlattices [1] at both steady state and time domains in excellent agreement with experiments [2-9]. The resulting superlattice multipliers are applied to the experimental detection of nitrides in the urine of cancer patients treated by chemotherapy, heralding the potential for a new non-invasive metabolomics approach for diagnostics technique that can potentially detect side effects of chemotherapy using THz spectroscopy, much before conventional diagnostics could indicate damage to the kidneys [10].  In the second part of the talk, superlattice waveguides are used to demonstrate theoretically and experimentally functionalities such as rotators and splitters in a silicon on insulator platform [11-13].  Progress in both projects will be presented at the conference. Figure 1 illustrates the underlying physical mechanisms and the devices demonstrated using both types of superlattices considered in this paper.

Figure 1. (a) 3D view and cross-section of the n-channel waveguide superlattice. (b, c) simulated transmission spectra for a 9-channel waveguide superlattice with input light at channel 5. (d, e) normalized measured transmissions. The adiabatic bent waveguides are designed with angle θ=75o and minimum radius of Rmin = 1.5µm. The crosstalk spectral transmissions are measured through two neighboring ports at either side of the input port 5. (g) Diagram of nitirle detection scheme. The input power and voltage control in the semiconductor superlattices alllow them to be used efficiently as both multiple wavelength sources and heterodyne detectors.
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