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Micromagnetic approach to EB

: PM'14

Typical length scales
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M - magnetization K - anisotropy A — exchange stiffness
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Important facts

master equation for EB:
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“Thus the tiny
amount of only 4%
of a monolayer of
pinned Mn moments
are responsible for
the entire exchange
bias effect! This
illustrates why it
took so long to
unravel the puzzle.”

X-Rays Unravel the Puzzle of Exchange Bias

Slonczewski: field-induced anisotopy - 103
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http://www-ssrl.slac.stanford.edu/stohr/PRL-91-017203-03.pdf

Hs vs. HC
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Heb - 4-n-M-lex2-E. 1
g tfm
Material 4w M A D lee  ATM 12,
(kOe) (perg/cm) (meV nm?) (nm) (10°Oe cm?)
Fe 21.4% 2.0" 2.8 3.3 2.3
Co 18.1* 2.5" 4.5 4.4 3.5
Ni 6.1% 0.8" 4.5 7.6 3.5
NigoFesp 10.0? 1.0° 2.5 5.0 2.5
CosrFess 17.0° 5.9° 8.0 7.2 8.7
CosFeSi  14.1¢ 3.24 7.0 6.4 5.7
CoaMnSn 9.9 © 0.6° 2.0 3.9 1.5
NisMnSn 5.1 1 0.1" 0.4 2.6 0.3
FesO4 " 5.9 ¢ 0.72 5.0 7.1 3.0
e=1 (M-B) £=0.3nm=3108cm  t,=10nm=10%cm H.,=10° Oe

g=4 102 §=0.3 nm=3 108 cm t;;=10 Nm=10° cm



“Our results show that EB in HA/IrMn 500
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Dubowik et al. J. Appl. Phys. 113, 193907 (2013)




% Heusler alloy films in contact with AFM

PM'14

Co,FeSi
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IrMn IrMn IrMn

Heusler m My my Jy_x" Jy_y" Jy_y* A x 10°
alloy 1z /T.u. Up Up mRy mRy mRy erg/cm
Ni;MnSn 4.0 (Ref. 28) 0.14 (Ref. 28) 3.50 (Ref. 28) Y 0.2 0.2 0.1 (Ref. 9)

Co,MnSn 5.0 (Ref. 21) 0.97 (Ref. 21) 3.23 (Ref. 21) 0.1 0.8 0.1 0.6 (Ref. 22)
Co,FeSi 6.0 (Ref. 21) 1.40 (Ref. 21) 2.87 (Ref. 21) 04 1.5 0.05 3.2 (Ref. 22)
Permalloy ~4 (Ref. 1) 0.3 1.0 (Ref. 1)

“The values of the exchange integrals are calculated by the EMTO package.‘?

Dubowik et al. J. Appl. Phys. 113, 193907 (2013)
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Conclusion: the assumed ratio of irreversible pinned spins
of a few % seems to be typical of metallic FM/AFM

R. Coehoorn, “Lecture notes on novel magnetoelectronic
materials and devices: exchange biased spinvalves, part 4.7
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“It was suggested that the variation in the J, with varying the FM layer composition
is due to the change of the exchange coupling energy at the heterointerface.”

Tsunoda et al.

Appl. Phys. Lett. 97, 072501 (2010)
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Ideal (almost) EB: all-oxide bilayers
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P. J. van der Zaag et al. in: Magnetic properties of AFM oxide materials
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F/AF system Interface (mJ/m’) A
Fe,0,/Co0 (100) 2.11 @
Fe,0,/Co0 (111) 1.43 35

NigoFe,o/FeMn (111) 0.22 73

2 ¢2 /

— ) A=g2=1/8 = 0.125

C
S

Jpp = AnM?(

Jop (Kg,) extrapolated to O K is of 2.1 erg/cm?,
which is only a factor of 8 smaller than
calculated on the basis of n-n exchange across
a perfectly flat interface..

P. J. van der Zaag et al. in: Magnetic properties of AFM oxide materials
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after Aharoni et al. J. Appl. Phys. 30, 1956 (1959)
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Magnetization twisting: experiment
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Z-P. Li et al. Phys. Rev. Lett. 96, 217205 (2006)



SUMMARY

Interfacial interactions FM/AFM — geometrical problem

(&) e

model gives the values compatible with exp.
with € of 4% for all-metallic FM/AFM structures

Hep % . ~1/8 of that of M-B due to
winding of magnetization ( eqiv. to ¢ of 35%)



