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Fig. 1. Hysteresis loops for easy and hard direction in plane of
CoFeSiB film. The inset shows a plane view TEM image of the film.
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Fig. 2. Hysteresis loops of different SAF structures consisting of Ta 5/
CoFeSiB (1.5, 2.0, 2.5)/Ru 1.0/CoFeSiB (7-)/Ta 5 (in nm).
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Fig. 3. TMR curves for MTJs with different free layer structures with
a size of 10x10 pum? by experiment.
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Table 1. The physical properties of 10x10 pum? MTJs with various
free layer structures. The surface roughness R,,, measured just
before capping layer deposition. H,,; switching field, V;
breakdown voltage.

Free Layer Structure R,,, (nm) H,, (Oe) TMR Ratio (%) Vi (V)

CoFe 0.25 54 36 0.87
NiFe 0.24 S 19 0.91
CoFeSiB 0.15 6 28 1.15
CoFeSiB SAF 0.13 4 18 1.14
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Fig. 4. Cell size dependence of H, for MTJs with different free layer
structures using the micromagnetic simulation.
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Fig. 5. Magnetization switching processes for 1x1 um? MTJs with
different free layer structures computed by micromagnetic simulation
at the magnetic field just before the complete magnetization reversal
occurred: (a) CoFe, (b) NiFe, (c) CoFeSiB, and (d) CoFeSiB SAF
free layers, where the applied fields were 130, 70, 50, and 35 Oe,
respectively. One spin unit cell is 20x20 nm? and each arrow indicates
the magnetic moment direction of the unit cell.
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‘Magnetoresistance Effects of Magnetic Tunnel Junctions with Amorphous CoFeSiB
Single and Synthetic Antiferromagnet Free Layers

J. Y. Hwang, S. S. Kim, and J. R. Rhee™
Dept. of Physics, Sookmyung Women's University, Seoul 140-742, Korea
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To obtain low switching field (H,,) we introduced amorphous ferromagnetic CosFeysSiisByo single and synthetic antiferromagnet
(SAY) free layers in magnetic tunnel junctions (MTJIs). The switching characteristics for MTJs with structures Si/SiO»/Ta 45/Ru 9.5/
IrMn 10/CoFe 7/AlO,/CoFeSiB 7 or CoFeSiB (£)/Ru 1.0/CoFeSiB (7-f)/Ru 60 (in nm) were investigated and compared to MTJs with
Coqsleys and NiggFey, free layers. CoFeSiB showed a lower saturation magnetization of 560 emu/cm’ and a higher anisotropy constant
of 2,800 erg/cm’ than CoFe and NiFe, respectively. An exchange coupling energy (J,,) of —0.003 erg/cm? was observed by inserting a
1.0 nm Ru layer in between CoFeSiB layers. In the CoFeSiB single and SAF free layer MTs, it was found that the size dependence of
the Hj, originated from the lower J,, experimentally and by micromagnetic simulation based on the Landau-Lisfschitz-Gilbert
equation. The CoFeSiB SAF structures showed lower H,,, than that of NiFe, CoFe and CoFeSiB single structures. The CoFeSiB SAF
structures were proved to be beneficial for the switching characteristics such as reducing the coercivity and increasing the sensitivity in
micrometer to submicrometer-sized elements.

Key words : magnetic tunnel junctions, tunneling magnetoresistance, switching field, synthetic antiferromagnet, magnetization

switching, CoFeSiB



