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Summary

FePt is one of the most promising alloy systems to be used in future ultra high density data storage applications since  it can store data-bits magnetically in nano-scale volumes and can be synthesized in nanometer sized particles. We have performed first principles electronic structure calculations to analyze the magnetic properties and find competing phases that sensitively depend on the order parameter. This opens up a new dimension for optimizing properties of FePt nanoparitcles in data storage applications.
Motivation –- High-density magnetic recording has been undergoing rapid refinement with information now stored in bits with dimensions approaching 10 nm. These advances have placed stringent requirements on the recording media. For instance, maintaining the thermal stability of information recorded in these small volumes requires high magneto-crystalline anisotropy energy (MAE).  A candidate material for satisfying the necessary  requirement is the ordered intermetallic alloy FePt. Interest in FePt has been heightened by the recent discovery of a chemical pathway in which mono-dispersed FePt particles with tunable diameters from 3 to 10 nm can be synthesized.

Accomplishment –- Motivated by these considerations, and previous success with modeling Fe nano particles and nanowires using spin Hamiltonians, we initiated work to generate a first principles base spin model for FePt nano paticles and wires.  Although the calculated interactions were obtained based on an assumed ferromagnetic ground state for FePt (which is what is found experimentally) the interactions indicated a possible antiferromagnetic (AFM) ground state.  Subsequent first principles calculations for the AFM state (up/down ordering of alternate Fe- planes of the L10) revealed that AFM is indeed the ground state.  More extensive calculations using various first principles methods confirm the AFM state but also indicate a near degeneracy between the ferromagnetic and AFM states, with energy differences less than room-temperature thermal energy. Why then is FePt found, experimentally, to be FM?
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Figure 1: Total-energy differences between ferromagnetic, EFM, and antiferromagnetic, EAFM, states vs. the long-range order parameter  for LKKR-CPA (open symbols) and bulk KKR-CPA (star-filled symbols).  Several c/a values with fixed unit-cell volume are used. The solid lines are a guide-to-the-eye.  The solid symbols are FLAPW-LSDA results.
Consideration of the effects of the long-range order (LRO) parameter () on the magnetic state show that the FM-state is stabilized by anti-site defects (disorder) – see Fig 1. This opens up the possibility that it may be difficult to experimentally produce FePt in an ideal LRO-ed state. A conjecture that now needs to be checked via experimental X-ray scattering studies of the effects of temperature and processing on the LRO parameter. Additionally, consideration of the effects of tetragonality reveals that the FM-state is destabilized as the tetragonal distortion decreased towards the ideal c/a ratio of unity (Fig. 2). 
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Figure 2: Total-energy differences between ferromagnetic, EFM, and antiferromagnetic, EAFM, states vs. c/a. The ferromagnetic state is more favorable as c/a → 1. The antiferromagnetic state is more favorable for non-ideal c/a. All results are for perfectly ordered L10 FePt with =1, i.e., in the absence of chemical disorder. Calculations were performed using the local density approximation (LDA) as well as the Generalized Gradient Approximation (GGA) to density functional theory.

Significance –- Taken in combination these findings offer interesting avenues for experimental investigation in that it may be possible to tailor the properties of FePt, i.e. maintain the FM state and high MAE (generally MAE decreases with decreasing ), through the simultaneous control of  and c/a through processing and additional alloying.    
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