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Despite decades of progress, the terahertz (THz) gap in electromagnetic spectrum persists due to
the fundamental mismatch between electronic device dimensions and free-space wavelengths.
Plasma-wave electronics in field-effect transistors has reached multi-THz frequencies, yet its
impact has been constrained by the intrinsically weak coupling of deeply subwavelength devices
to electromagnetic radiation, limiting both emission power and detection sensitivity.

We introduce a fundamentally different approach in which large, periodic transistor arrays
operate as a coherently driven, nonlinear medium rather than as independent devices. By
enforcing spatially synchronized modulation of the channel carrier density, the array exhibits
collective behavior, enabling constructive interference and dramatic enhancement of radiation
coupling.

The underlying mechanism is parametric excitation of plasma waves in the two-dimensional
carrier gas, governed by a Mathieu-type equation. This leads to the formation of instability
frequency bands and sharply peaked parametric resonances. Entering a strongly nonlinear
regime, in which each transistor is periodically driven between subthreshold and above-threshold
conduction, transforms the array into a large-signal parametric system capable of efficient
frequency upconversion from radio-frequency (RF) excitation into the THz domain.

In this regime, the combination of parametric gain, nonlinear switching, and array-level coherence
enables power scaling that is inaccessible to single-device architectures. The resulting system
behaves as a distributed, actively driven electromagnetic source, with the potential to deliver
orders-of-magnitude improvements in radiated THz power and responsivity using standard
semiconductor platforms.

This paradigm shifts THz electronics from single-device operation to collective nonlinear
dynamics in large scale transistor arrays, opening a path toward compact, scalable, and high-
power THz sources and highly sensitive detectors. Such capabilities could redefine the practical
limits of high-frequency electronics and enable widespread deployment of THz technologies
across communications, sensing, imaging, and biomedical applications.



