Polymeric magnetic materials.

Advanced Magnetic Technology and Consulting conducts investigations on polymeric materials containing magnetic nanoparticles, which can be used for radioelectronic and high-density information storage applications.

At the present time various ferrite articles have found broad applications as components of the radioelectronic devices. At the same time the process of the ferrite articles fabrication is quite complex and the articles are subject to variability in each of the many technological steps during their manufacturing. This requires strong control of the process, otherwise the dielectric and magnetic properties (especially dielectric and magnetic losses) of the articles can vary significantly, which can make radio, radar and microwave system performances much less than optimum for many applications. Using ferrite materials one also have essential difficulties in producing articles with complex forms and in creation of ferrite layers on complex surfaces (the latter is especially needed to increase the antennas efficiency). There is also a great need to miniaturize discrete magnetic electronic components made on the basis of ferrite materials. Film-based devices are a promising solution of this problem, but they require reliable and cost-effective methods of producing magnetic films and low process temperatures to provide direct integration with other circuit components. The existing processes for depositing ferrite films (such as pulsed laser ablation deposition, rf sputtering, spin spray processing, liquid phase and chemical vapor phase deposition) cannot provide sufficient film quality in integrated technological processes. These deposition methods also require expensive and complicated equipment.

The polymeric materials containing magnetic nanoparticles can give solution to the above-mentioned problems. These materials will have low weight; advanced magnetic and dielectric properties suitable for radioelectronic applications, will be easily machinable and will be prepared by relatively simple, reliable and cost-effective technology. The materials should combine high dielectric properties inherent to polymers (high permittivity (, low dielectric losses, high breakdown voltage) with advanced magnetic properties of the magnetic nanoparticles system (high ordering temperature and stability, high magnetic permeability (). This will give possibility to essentially reduce weight and physical dimensions of the RF components and improve their performances.

Another possible field of application of polymeric materials containing magnetic nanoparticles can be media for high density data storage. Magnetic data recording systems currently are based on media, which are comprised of a thin sheet containing small, single-domain, magnetically decoupled particles, switching independently. To increase storage density one should reduce granular sizes simultaneously with increasing of their magnetic anisotropy to avoid thermally induced noise. Magnetic nanoparticles in polymeric matrix provides necessary conditions for high-density data storage – they have small sizes, they are single domain particles and they can have at room temperatures essential magnetic anisotropy due to the interaction of the particle with surrounding matrix. 

Our company conducted investigations on the task of development of the polymeric materials containing magnetic nanoparticles suitable for the purposes of high-density information storage. On the basis of the results of these investigations we can conclude that the materials present a class of new advanced materials with adjustable properties and at the present time can be of interest for radioelectronic and high density data storage applications. Magnetic properties of the materials can be changed in wide range (from hard to soft type) choosing appropriate technological regimes of preparation, material of the polymeric matrix and magnetic particles, size and composition of the nanoparticles, concentration of the magnetic component in the matrix. It was shown that using relatively simple technological route it is possible to produce large quantity of low cost, easily machinable (in order to produce the articles with complex form) magnetic polymeric materials with high stability, high resistivity and low dielectric and magnetic losses for RF applications.

