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Fig. 1. Angular dependence of H,, and H, for in-plane hysteresis loops measured at ¢ with respect to the field-cooling direction (x-axis) as shown
in the figure. The angular dependence of the exchange field H,, and the coercivity H,. where the solid line corresponds to H,(¢) = H,(0)coso.
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Fig. 3. Hysteresis loops measured at 6 = (a) 0°, (b) 30° (c) 60° (d) 75° (e) 80°, (f) 82° (g) 85° (h) 86°, (i) 90° from the perpendicular-to-films
direction in the Ta50/Pt4/[Pt15/C03],/IrMn50/Ta50 (in A) multilayers with out-of-plane anisotropy.
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Fig. 4. (a) Angular dependence of the exchange bias field. The solid
line corresponds to H,,(0) = H,,(0)/cosO. (b) Angular dependence of
the coercivity. The solid line corresponds to H.(0) = H.(0)/|cos0).
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Characteristics of the Angular-dependent Exchange Coupling Bias
in Multilayer [Pt/Co]x-IrMn with Toward-in Plane Applied Fields
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The angular dependence of the exchange bias (H,,) and coercivity (H.) in multilayer [Pt/Co]x-IrMn with applied measuring field
rotated toward in-plane at angle © from perpendicular-to-plane, has been measured. Multilayer films consisting of Si/SiO,/Ta(50)/
Pt(4)/[Pt(15)/Co(tco) In/ItMn(50)/Ta(50) (in A) were prepared by magnetron sputtering under typical base pressure below 2x107 Torr
at room temperature. Magnetization measurements were performed on a vibrating sample magnetometer and extraordinary Hall
voltage measurement systems after cooling from 550 K under a field of 2 kOe applied along the perpendicular to film direction. The
hysteresis loop shifts from the origin not only along the field axis but also along the magnetization axis. H,, and H, show a 1/cos0 and
1//cosO| dependence on the angle (0) between the applied measuring field and the perpendicular-film direction, respectively. This 1/
cosB dependence can be accounted for by considering the angular dependence of strong out-of-plane magnetic anisotropy introduced
during the field cooling.

Keywords : exchange bias, coercivity, angular dependence, field cooling
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