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Over the last decade strong interest has been developed in photonic metamaterials as artificial media with 
specially designed properties, which are not provided by nature. However, the building blocks of 
metamaterials are mostly metal-based nanostructures suffering from intrinsic losses, which are – at least in 
the visible spectral region – large enough to keep metamaterial applications from becoming technology. 

One promising way of overcoming these losses is to combine the metamaterial with a  second 
medium providing optical gain [1]. This can be experimentally realized by, for example, fluorescent dyes 
[2] or quantum dots [3]. In our work we have, however, focused on the use of semiconductor quantum-
wells as they provide the possibility of electrical carrier injection, which we believe to be important for  any 
technological application of metamaterial-based devices.

For the above approach to work, substantial coupling between the metamaterial and the gain medium 
is an essential prerequisite. We therefore study the coupling between silver split-ring resonators (SRRs), 
being typical metamaterial building blocks, and InGaAs-single-quantum wells (QW) positioned close to the 
surface of the substrate in order to provide sufficient overlap of the SRRs' near-fields and the electronic 
wavefunction of the quantum well [4]. Employing femtosecond-pump-probe spectroscopy we find 
evidence of strong coupling effects: For resonant situations the differential transmittance of the combined 
system of SRRs and QW differs significantly from that of the bare well. Not only does the magnitude of the 
signal increase by upto a factor of four it also becomes negative in sign and we observe a change in the 
temporal behavior. For off-resonant situations all these effects are found to be absent.

As the exact behavior of the coupled system depends on a number of parameters, of which the 
spectral detuning is only one, we fit our experimental data with an analytical toy model [5]. This allows us 
to quantify the coupling in terms of a phenomenlogical constant within the model and to thus compare the 
coupling efficiency of SRRs and single QWs upon variation of their respective separation.

Differential transmittance data for the bare quantum well (dash-dotted blue curve) and for the combined system of SRR 
and QW (solid red curve). The left panel is for resonant excitation (i.e., probe polarization) of the SRR, the right panel for 
the off-resonant case. Probe wavelength is 1480 nm, corresponding to the gain maximum of the well.
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