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Acoustically induced superlattices: from photons
and electrons to excitons and polaritons
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Resonant acousto-optics of photon-dressed excitons



Surface acoustic waves and ITD technique 

Interdigital transducer

Bonding pad

Connecting strip

A Rayleigh SAW propagating between
the transducers SAW-mediated acousto-optic spectroscopy



Schematic of a SAW-driven semiconductor microcavity
for optical modulation and switching 



Non-resonant acousto-optical interaction



Diffraction of the light field by an acoustic grating



Hamiltonian approach

Effect of ultrasonics on the electron spectrum



Truncated scheme for the quasi-energy spectrum



Acoustically-pumped bulk GaAs



The quasi-energy spectrum of the acoustically-pumped
conduction band of bulk GaAs



The quasi-energy spectrum of the acoustically-pumped
conduction band of bulk GaAs



Accuracy of the truncated scheme 



Resonant acousto-optics of the polariton eigenstates



Polaritons parametrically driven by an acoustic wave 



Acoustically-induced quasi-energy spectrum



Polariton-mediated optical response of an 
acoustically driven bulk semiconductor (GaAs)



Acoustically-driven MC polaritons



Surface acoustic wave

SAW of νsaw= 24 GHz in GaAs QWs has been reported (I. V. Kukushkin et al., 2004)



The quasi-energy spectrum of acoustically-driven MC polaritons



Bragg spectroscopy of SAW-driven MC polaritons
[K. Cho, K. Okumoto, N. Nikolaev and A.L. Ivanov, Phys. Rev. Lett. 94, 226406 (2005)]



Quasi-energy spectrum of SAW-driven MC polaritons



The Bragg angle is 8.22 o

The excitonic damping is

5 micro-eV (solid lines),
10 micro-eV (dashed lines),
30 micro-eV (dotted lines)

Bragg spectroscopy of SAW-driven MC polaritons

n=1
N=

n=1

n=3



Bragg spectroscopy of SAW-driven MC polaritons

n=1, LPB

n=1, UPB

n=2, LPB

n=2, LPB

I   =28.6 W/cmac
2



Recent observation of the resonant acousto-optic effect in 
GaAs microcavities

[see also M. M. de Lima, M. van der Poel, P. V. Santos, and J. M. Hvam, 2006]



Bragg spectroscopy of SAW-driven MC polaritons
(a low-frequency surface acoustic wave)

νsaw= 30 MHz νsaw = 50 MHz

νsaw= 0.3 GHz νsaw= 1.0 GHz

Isaw=0 W/cm2

Isaw=2 W/cm2

MC detuning = 0 meV,

γx = 15 µeV,

Isaw = 2 W/cm2 .



SAW-driven upper- and lower-branch MC polaritons

νsaw = 1.0 GHz, 
Isaw = 10 W/ cm-2,
γx = 15 µeV, 
DBR – 35 layers

∆=-1.5meV ∆=0meV
∆=-3meV



Towards room-temperature resonant acousto-optics



Bragg spectroscopy of SAW-driven MC polaritons

Iac=0 W/cm2

Iac=4kW/cm2

Iac=2kW/cm2

MC detuning = -17meV MC detuning = -15meV

High temperatures:  γx = 1 meV;       Microcavity Rabi splitting: 10 meV. 



Acoustic versus optical pumping 



Resonant acousto-optics: device applications



Conclusions

Resonant acousto-optics of photon-dressed excitons:
a) giant, resonantly-enhanced acousto-optical nonlinearities,
b) acoustically-induced optical band gaps in the polariton spectrum,
c) nontrivial Bragg spectroscopy of SAW-driven polaritons. 

Resonant acousto-optics of microcavity polaritons:
a) compatibility of semiconductor MCs with the SAW technique,
b) 1D geometry for the SAW-mediated interaction of MC polaritons,
c) the SAW frequency of 1-3 GHz, the SAW intensity 1-100 W/cm,
d) the interaction length of 10-100 micrometers.

Device applications of resonant acousto-optics.

Review papers:   (a) A. L. Ivanov, phys. stat. sol. (a) 202, 2657 (2005).
(b) in the book Problems of Condensed Matter Physics 

(Oxford University Press, 2006), Editors A. L. Ivanov and G. S. Tikhodeev.
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