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Label-free biomolecule detection in sensing systems based on evanescent 

wave optical sensors is recently under very intensive development [1, 2]. New 
opportunity to increase a sensetivity of label-free detection down to single vi-
ruses based on nanoparticle (NP) plasmon resonance have been found [3–5]. 
On the other hand new recently developed tools for data processing can realize 
real-time identification of biological agents [6–9]. So combining advantages of 
plasmon enhancing optical microcavity resonance with identification tools can give 
a new platform for ulta sensitive label-free biomedical sensor.  

We are developing and testing several schemes of sensor cell for reliable de-
tection. The optimized technique is the following. Standard biocompartible po-
lymer microspheres are used as sensitive elements. They are fixed in the solu-
tion flow by thin adhesive layer on the surface being in the field of evanescence 
wave. Compact spin-coater system with digital dosage was used to put and dry 
previously a thin film of adhesive on the surface of substrate or directly on the 
coupling element. After that, microspheres were superimposed on the surface of 
adhesive layer and final drying procedure by free solvent evaporation during 12 
hours followed.  

Under optimized experimentally parameters of the process microspheres 
were reliably fixed as it was tested. The most part of their surface appeared in 
contact with tested solution and so can react to solution. To combine optical 
with plasmon resonance gold nanoparticels injected directly into solution or 
thin film gold layers deposited on the substrate before adhesive have been used.  

The spheres used in these experiments were 50 ÷ 120 micron in diameter. 
The light from a tuneable diode laser (New Focus, 680 nm) is coupled into the 
microsphere through a prism. Laser beam was sharply focussed on the single 
microsphere to increase the contrast and intensity of the resonance scattering 
signal and decrease a power. Due to these only few microwatt of CW laser 
power was enough to register resonance spectra. Rectangular or equilateral 
prisms with refractive index 1.51 and 1.72 have been used as coupling element. 
Micromechanical system for adjustment of laser excitation to meet require-
ments of both optical whispering gallery mode (WGM) and plasmon reson-
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ances has been developed. The microsphere is submerged into a fluidic cell and 
brought into contact with the prism.  

The cell contains initially de-ionized (DI) water or physiological solution. To 
vary the refractive index, a solution of ethanol and water is incrementally added 
to the fluidic cell with a digital syringe. Following each injection, the WGM 
modes are monitored until equilibrium is reached, and then, the subsequent in-
jection is made. To observe the WGM, the laser repeatedly scans across a 
spectral range of approximately 150 pm at a frequency of about 0.1 Hz. Light 
scattered by the micro sphere is collected through a microscope by a CMOS 
camera and monitored with a data acquisition card and computer. While tuning 
the laser wavelength images were recorded by CMOS camera as avi-file. All 
sequences were broken into single frames and the location of the resonance was 
allocated in each frame. The image was filtered for noise reduction and inte-
grated over two coordinates for evaluation of integrated energy of a measured 
signal. As input data the following parameters were used: normalized by free 
spectral range resonance shift of WGM and a relative efficiency of WGM exci-
tation. 

Laser beam was sharply focussed on the single microsphere to increase 
the contrast and intensity of the resonance scattering signal. When the wave-
length of the tuneable laser corresponds to a resonance of the sphere, the power 
of the light scattered by the micro sphere increases, and a spectral maximum 
indicating the WGM spectral position is recorded. The width of such a reso-
nance after filtering is used to estimate the resonance quality. The sensitivity of 
the scheme was tested to determine refractive index variation by monitoring the 
magnitude of the whispering gallery modes (WGM) spectral shift as in [6–9].  

The data were obtained in the form of the video file form CMOS camera 
in a format *.avi. All sequence was broken into frames where the area of a re-
sonance was allocated. The image was filtered for noise reduction and inte-
grated on two coordinates for evaluation of integrated energy of a measured 
signal. As the entrance data following signal parameters were used: relative (to 
a free spectral range) spectral shift of frequency of WGM optical resonance in 
microsphere and relative efficiency of WGM excitation obtained within a free 
spectral range which depended on both type concentration of investigated 
agents. Last parameter was defined as normalized to an integrated resonant 
spectrum within a free spectral range. Then we broke the data set into two sub-
sets – training and tested (randomly). The data before submitting on a network 
input ware preprocessed (normalized and standardized). 

The network topology was designed: a number of the hidden layers of 
multilayered perceptron, a number of neurons in each of layers, a method of 
training of a neural network, activation functions of layers, type and size of a 
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deviation of the received values from required values. For a network training 
the method of the back propagation error in various modifications has been 
used. Input vectors correspond to 6 classes of biological substances under in-
vestigation. The result of classification was considered as positive when each of 
the region, representing a certain substance in a space: relative spectral shift of 
an optical resonance maxima - relative efficiency of excitation of WGM, was 
singly connected.  

The cell contains initially de-ionized water or physiological solution. Solu-
tions of antibiotics of several generation or gold NP gels have been incremen-
tally added to the fluidic cell with a digital syringe. Light scattered by the micro 
sphere is collected through a microscope by a CMOS camera and monitored 
with a data acquisition card and computer like in [6–9]. Both biological agents 
and NP injection was obtained caused WGM shift. But their influence looked 
competitive. Because the presence of drug decreased WGM shift due to NP 
and vice versa. WGM resonance in mictospheres fixed on substrate with gold 
layer was also observed under optimized layer thickness with higher intensity 
then without gold layer. More detailed investigation in this field is under devel-
opment.  
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