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At the frontier between non-linear optics and Bose Einstein condensates,
semiconductor microcavities have opened a new research field, both for fundamental studies
of bosonic quantum fluids in a driven dissipative system, and for the development of new
devices for all optical information processing. Optical properties of semiconductor
microcavities are governed by bosonic quasi-particles named cavity polaritons, which are
light-matter mixed states. Cavity polaritons propagate like photons, but interact strongly with
their environment via their matter component. Patterning of semiconductor microcavities on
a micron scale allows confining polaritons in photonic circuits or in lattices.

After a general introduction on cavity polaritons, I will illustrate the diversity of
physical problems that can be addressed in this non-linear photonic system using patterned
microstructures.I will show that taking advantage of the giant non-linearities induced by
polariton interaction it is possible to realize photonic circuits in which coherent polaritons are
propagated and optically manipulated.

The second part of the talk will be dedicated to the physics of polaritons in lattices. I
will show that we can implement complex Hamiltonians and thus develop a new platform for
quantum emulation. For instance, we have demonstrated a fractal energy spectrum for
polaritons by engineering a quasi-periodic lattice. It becomes possible to explore the physics
of non-linear wavepackets in such complex environment. Polaritons are also very promising
for the investigation of graphene physics using honeycomb lattices. For instance, Dirac cones
are directly imaged in the polariton far field emission. Finally we recently fabricated lattices
holding non dispersive bands. In such flat bands, kinetic energy frustration dramatically
modifies the spontaneous spatial coherence of polariton condensates.
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