6.2 Advanced storage technology
6.2.1　 Magnetic recording devices utilizing magnetic nano domains
　With the goal of realizing a high-speed magnetic recording device with no moving parts, we are developing recording devices that utilize the motion of nano-sized magnetic domains in magnetic nanowires. We previously developed a technology for using pulse currents to drive the magnetic nano-domains in magnetic nanowires(1) and detecting the magnetization status for reproduction(2). In 2014, we developed a recording technology for forming new magnetic nano-domains and demonstrated the basic operating principle of magnetic recording devices utilizing magnetic nano-domains (Figure 1).
　To verify the recording, motion, and reproduction of current-driven magnetic domains as a series of operations on a single sample, we redesigned the element arrangement and electrode structure and thereby developed a new way of fabricating magnetic nanowires. The conventional fabrication method, which molds a magnetic nanowire by cutting out the nanowire shape from the magnetic thin film deposited on the entire surface of a Si wafer substrate using the lift-off method, often forms burrs on the edge surfaces of the nanowire. As these burrs hinder current driving of magnetic domains, it was necessary to develop a process for forming magnetic nanowires free of burrs. We developed a lithography technology that uses a bilayered resist structure consisting of an electron beam resist and a sacrifice layer resist to form a cutting mold template that has a unique, overhang-type sectional shape. This template enables the formation of ultra-flat nanowires without burrs.
　In order to form and detect the magnetic nano-domains in magnetic nanowire, we applied the magnetic domain scope with nano-order resolution (nano-MDS) method that we had developed in FY 2013 using a conventional magnetic recording head unit, in which a pair of write head and tunneling magnetoresistive read-out head is closely-placed. Current-induced magnetic field can be generated from the write head and the strength of the applied field is changed by the distance between this write head and the specimen. By adjusting the structure of magnetic nanowires and their electrodes, the distance between the write head and the surface of magnetic nanowire can be reduced as close as 11 nm. Therefore, we can apply higher magnetic field to the magnetic nanowire and succeeded in forming stable magnetic domains in nanowire. The magnetic direction of each formed domain is easily evaluated using the output from the read-out head by nano-MDS method. 
　To clarify the phenomenon of current-driven magnetic domain motion, we developed a nano-magnetic simulation method incorporating the interaction between electrons and magnetic materials. This enabled us to investigate in detail the shape and size of the trap site necessary to stop and stabilize the magnetic domain motion and to clarify the relationships between trap size and shape and the trapping energy.
　By combining this method with the technologies we previously developed for forming magnetic nano-domains, achieving high-speed driving, evaluating magnetic status, and fabricating ultra-flat magnetic nanowires, we made it possible to record multiple magnetic nano-domains with different magnetization directions in magnetic nanowires, drive them along the nanowires by using pulse currents, and then reproduce the magnetization information of the magnetic domain. Thus, the basic operation principle of our magnetic recording devices utilizing magnetic nano-domains has been demonstrated and verified experimentally.

　


Figure 1. Operating principle of recording devices utilizing magnetic nanowires
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