1 Purpose of the visit

Single crystal bioensor consist of microelectrodes and a one-dimensional semiconductive nanocrystal switched in the electric circuit. Crystal surface modified by biolinker monolayer is capable for selective catching with certain biological agents. If screening radius LD of nanocrystal material and the crystal diameter are close we are dealing with one-dimensional conductive system with strong response of the conductivity for the external polarization. The principle of the simplest biosensor (Fig. 1) based on one-dimensional conductor is that the selective adsorption of a bio-agent leads to dramatic changes of the conductivity.
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Similar drastical changes of properties of the system of nanocrystals like one shown in Fig.2 are observed at the crossing of the percolation threshold after the absorption of the bio-agent. From this point of view it would be interesting to try systems with such semiconducting whiskers grown in holes of alumina template or on metallic nanobrashes. Such systems may be interesting for optoelectronics too.

So, the aim of the visit is the investigation of possibilities of the preparation of such structures and further investigation of their properties.
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	Fig.1. Biosensor  sketch
	Fig.2. SEM morphology of CdS nanocrystals

	
	


2. Description of the work 
For this work we proposed to use the features of the self-organization of nanometer-scale semiconductor single crystals for the manufacture of nanophotonic devices and new semiconductor elements in the form of ordered tripods array. Structures with CdS tripods shown in Fig.3 were made.
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	Fig.3. CdS nanocrystal with tripod topology, SEM.
	Fig.4. CdS nanocrystal with tetrapod topology, SEM.


The peculiarity of this new element is the fact that under certain conditions its geometry is determined by the crystallographic structure of semiconductor substrates what governs the orientation of tripods, and only size is defined by the technological parameters of growth.
The topology of such a semiconductor element from CdS or CdSe can be a basis for a number of nanophotonic devices . Such devices may include the following ones:

Efficient converter of infrared laser radiation of 1.2 - 1.6 mkm into the visible optical range by the enhancement of nonlinear energy upconversion including doubling and tripling frequencies.

Array nanoantennas  - detectors of infrared radiation.
Electroluminescent devices with enhanced conversion efficiency due to nanoplasmonics.
Effective medium for biosensors.
3. Description of the main result
CdS single crystals of about 200nm size were grown with a gas phase epitaxy in the windows of a mask on a <100> silicon wafer surface. Our technological experiments demonstrated that the epitaxial growth of CdS single crystals with a hexagonal wurtzite or sphalerite lattice phase on silicon with the surface orientation of <100 > is possible only under certain determined angles, and in areas with the size of several hundred nanometers because of mismatch of crystallographic types and lattice period. Epitaxial growth of continuous films in such conditions is not possible.

Prefabricated wafers of semiconductor monocrystalline silicon with orientation <100 > were used in experiments of tripods growing. Those wafers were coated with a layer of silicon nitride of 14,3nm thickness (according to made ellipsometric investigations) with windows made by electron beam lithography of 80nm diameter. The distance between these windows varied from 200 to 600nm for different samples.
As the plate was kept in air, a thin layer of native oxide, which prevents epitaxy arrised on the surface of silicon in the windows. Therefore, before the epitaxial growth of CdS nanocrystals in the windows on the silicon surface oxide was removed by etching in a solution of hydrofluoric acid.

Nanocrystals were grown from the gas phase in the quasi-closed volume. CdS of semiconductor purity was used as the vapor source. Typical temperature of the vapor source was 745C, of substrates - 515- 635C . The growth time was about 5 minutes.

Changing of the conditions for the growth of the nanocrystals from epitaxy in the direction to the nucleation mode at lower temperatures leads to the formation of tetrapods like shown in Fig.4. Growth without complete removal of oxide on the silicon surface leads to quasiepitaksy and generates an array of tripods with partial disorientation.
Fig.5. Fabricated array of CdS nanocrystals , SEM.
As the result, the array of fabricated CdS nanocrystals presented in Fig.5 were produced.
4. Future collaboration
· Investigation of emission spectra of arrays of CdS nanocrystalls in visible range under excitation by an intense laser radiation of 1.2-1.65 microns.
· Investigation of the crystal structure of tripods by TEM method.
· Modelling of antenna consisting of semiconductor tripod and gold щк silver metal layers.
· Growth of CdSe tripods for better connection with plasmonics.
· Growth of tripods in AAO template windows on the surface of a silicon wafer.
· Simulation of electromagnetic excitations of effective medium based on semiconductor tripods and gold or silver layers.

Processes of self-organization of semiconductor nanocrystals allows to form nanostructures with topology that can be used in nanophotonic devices, sensing and solar energy converters. The use of self-organizing processes can allow not only significantly decrease the use of expensive nanolithography processes, but even eliminate it at the formation of new devices. This research demonstrated the formation of an array of nanoscale semiconductor ranked tripods and tetrapods consisted from single crystals of CdS and the program of the investigations and applications of such a structures was proposed.
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