BIOSENSOR BASED ON SURFACE PLASMON INTERFEROMETRY INDEPENDENT ON VARIATIONS OF LIQUID'S REFRACTION INDEX
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Several methods of Surface Plasmon Resonance (SPR) registration are proposed and realized in biosensors. The most popular from them are Kretschmann configurations using angular and wavelength interrogation. Exploiting of a phase measurement at SPR permits to increase the sensitivity of SPR sensors by one
 or even two order of magnitude (using abrupt phase jump near SPR)
 in comparison with ones which use angular and wavelength interrogation. 

But there is a general problem for all previously mentioned methods of SPR registration. It is an undesirable sensitivity of the SPR to changes in the refraction index (RI) of the liquid due to variation of the liquid temperature, composition and so on. For example, the water temperature change by 10C gives the RI change about 10-4. So potentially very high ultimate sensitivity of SP phase detection becomes meaningless without comprehensive temperature and composition stabilization. There is therefore a need for such a method of the phase registration which will be high sensitive to the properties of a layer deposited on the SPR supporting film, but will be insensitive to the variations of the RI of the liquid.

We present a surface sensitive optical sensor based on registration of the phase of surface plasmons by such a method of the phase detection that makes it possible to essentially eliminate an undesirable sensitivity to variations of refraction index of the liquid. This objective has been achieved by detecting the interference between the surface plasmon wave and a bulk wave propagating at grazing angle just above the surface. The proposed interferometric method also does not suffer from vibrational noise.
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Fig.1. The scheme of the experiment. On the insert the structure of the metal films is shown.

We have shown theoretically and experimentally
  that the proposed method is insensitive on variations of refraction index of a liquid due to temperature, composition and other changes. Suppression of these undesirable variations of liquid's RI is more strong for the small variations. For example, according to theoretical estimation the total improvement factor (TIF) in comparison with ordinary Kretschmann configuration is TIF=4000 in the case of the RI deviation from 1.327 to 1.33 (this corresponds to water cooling down by 200C), and TIF=40000 in the case of the RI deviation from 1.3270 to 1.3273 (this corresponds to water cooling down by 20C). From other hand this method holds high surface sensitivity of phase measurements. We used the deposition of a self-assembled monolayer (SAM) of 2-mercaptoethanol to demonstrate the surface sensitivity of our method. The registered phase shift was appropriate to the deposition of a thin layer with thickness d=(3.1(0.1) Å (for nd=1.5).
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