W NANOPHOTONICS 222 UNIVERSITAT
O TECHNOLOGY POLITECNICA
A CENTER DE VALENCIA

Colocalized mechanical multimodes in a
single optomechanical crystal cavity

R. Ortiz®W, L. Mercadé®2), A. Grau®, A. Griol®), D. Navarro-Urrios®® and A. Martinez®)
(1) Nanophotonics Technology Center, Universitat Politecnica de Valencia, Camino de Vera s/n, 46022 Valencia, Spain
(2) Departament d’Enginyeria Electronica i Biomedica, Facultat de Fisica, Universitat de Barcelona, Carrer de Marti | Franques, 1, 11, 08028 Barcelona, Spain
Email: rortfer@ntc.upv.es; Programa de doctorado en telecomunicaciones

We present an experimental demonstration of an optomechanical crystal cavity that holds multiple confined mechanical modes coupled to
the same optical field when increasing the number of transition cells surrounding it. Through this design, several GHz mechanical modes
placed in a complete phononic bandgap can be transduced via optomechanical interaction.

Usually, optomechanical cavities are designed to bear a single In most of those systems, the Involved
mechanical mode when an optical field is coupled to the cavity. mechanical modes are not confined into the
However, phenomena involving one optical mode coupled to same physical structure, thus resulting In
various mechanical modes like synchronization or stability larger and complex systems [2]. This requires
enhancement have recently been observed [1]. the existence of a physical link between
cavities to couple the mechanical modes.

— N— In this context, we propose and

demonstrate  an optomechanical
crystal cavity that simultaneously
holds several confined mechanical
modes as a function of the cavity
design. By adding transition cells to
the cavity, new GHz mechanical
modes appear.

. . . Methacrylate box
The cavity unit cell consists of a hole and two lateral y

corrugations whose mechanical modes vibrate at around 4
GHz, where the cavity mirror intentionally has a full phononic
bandgap. The crystal Is composed by 11 periodical mirror unit
cells and a defect region of one cell surrounded by variable

transition cells.
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The number of mechanical modes
gradually increases with the number
of transition cells N+.
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We have been able to experimentally transduce the mechanical multimode response through the excitation of the optical resonance of an
OM crystal cavity by evanescent light coupling. Besides applications in synchronization or stability enhancement, this systems may have
applications in multimode phonon lasers, which has recently been demonstrated that multiple confined modes In a single structure can
also get into a self-sustained regime [3].
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