Tailoring Exchange Bias via Shape Anisotropy
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What happens to
Exchange Bias when
bilayer is patterned?
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E-Beam Lithography
Line width: 180-350 nm
Line pitch: 500 nm
Area: 100 x 100 um?

Sample Preparation —/

Prepare several patterns with
different orientation on single chip
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Neasurements at room temperature

Uniaxial Anisotropy parallel to Field

Experimental Results

<« Measurements

— Uniaxial Anisotropy perpendicular to Field\
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- Model Calculations
Coherent rotation model K,/Kg=0 K,/Kg=05 K,/Kg=0.95 K,/Kg=15 \
Similar to: E. C. Stoner and E. P. Wohlfarth, Trans. Roy. Soc. A240, 74 (1949) 10 1.0 r 1.0 1.0
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Free energy:
f =-HM,cos6-K,cos(0-0,)-K,cos’(0-6,)
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Three distinct different behaviors
as a function of K /K. !
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Multiple Reference Magnetization Directions
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Outlook and Conclusions
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Interactions

Other possibly interesting systems:
» Exchange spring
+ Synthetic Antiferromagnets

Shape anisotropy can give rise to exchange bias, wherm
one naively would not expect any

Exchange bias most pronounced for
K, slightly smaller than K¢

Rich phase diagram of hysteretic behavior as a function
of K /Kg

Experimentally observed Exchange bias may not reflect
strength of interfacial interactions

Shape Anisotropy may be used to establish more than
one magnetic reference orientation
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