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Abstract:
We implement intentional strong nonlinearity at the nanoscale, arising from geometric and/or
kinematic effects. Starting from oscillating multi-walled carbon nanotubes with attached discrete
particles we show both theoretically and experimentally that geometric nonlinearity leadsto
extreme resonance bands exceeding in some cases 10MHz, which, in turn, lead to improved
senistivity of these systems to sensing of mass and energy fluctuations. This contrasts to current
linear nanoresonators whose operation is restricted only to narrow frequency ranges. Then we
consider a nonlinear micromechanical cantilever system with intentionally integrated geometric
nonlinearity realized through a multi-walled boron nitride nanotube coupling. The geometrically
positioned nanotube introduces nonlinearity efficiently into the otherwise linear micromechanical
cantilever oscillator. It is shown that a small change in the geometrical parameters of the system
produces a complete transition of the nonlinear behaviour from hardening to softening, highlighting
the tunability of the nonlinearity of this system with its geometry. Finally, we employ atransfer-
printing assembly technique to reliably integrate a silicon nanomembrane as a nonlinear coupling
component into alinear system of two microcantilevers. The dynamics of the developed system was
modelled analytically and investigated experimentally as the coupling strength was finely tuned via
FIB post-processing. The transition from linear to strongly nonlinear dynamic regimes for gradual
change in the coupling strength is experimentally studied. At the limit of weak coupling we show
that the oscillations of the two microcantilevers become asynchronous in the vicinity of resonance,
with the system exhibiting a nonlinear complex mode. We conjecture that the emergence of this
nonlinear complex mode is attributed to the nonlinear damping effect due to the attached
nanomembrane. These applications highlight the diverse applications of intentional strong
nonlinearity in dynamical systems at the small scale.
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