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A Naïve Model: Rigid Antiferromagnet Model

W.P. Meiklejohn, J. Appl. Phys. 33 (1962) 1328.
R.L. Stamps, J. Phys. D: Appl. Phys. 33 (2000) R247 

Assumptions:

(1) AFM remains rigidly aligned along its easy axis

(2)  Perfect interface

(3) uncompensated interface

(4) Uniform magnetization

(0) Thin film system

(5)  Uniaxial FM anisotropy
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H: applied field;  M:  saturation magnetization of FM
J:  FM-AFM interlayer exchange; 𝑡𝑓: the thickness of FM film

𝐾𝑓: uniaxial anisotropy in FM



A Naïve Model: Rigid Antiferromagnet Model
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Conclusions: (1) EB comes from exchange interaction between
Interface AFM and FM spins

(2) Coercivity originates from FM anisotropy

(3) 𝐻𝐸 ∝
1
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Failure of  this Naïve Model

Implications:
(1) 𝐻𝐸 < 0
(2) Uncompensated interfaces should display the largest magnitudes of 𝐻𝐸
(3) The roughness of a compensated interface should increase 𝐻𝐸

Experimental Results:
(1) 𝐻𝐸 is orders of magnitude larger than that of experimentally

observed.          (𝐻𝐸𝑡𝑓)𝑡ℎ𝑒𝑜𝑟𝑦= 1.6 × 105
𝑘𝐴

𝑚
Å. ≫. 𝐻𝐸𝑡𝑓 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑠

= 360~1000

W.P. Meiklejohn, J. Appl. Phys. 33 (1962) 1328.

(2)  Some crystal orientations exhibit larger loop shifts than uncompensated 
orientations of the same AFM materials

J. Nogues, T.J. Moran, D. Lederman, I.K. Schuller, K.V.Rao, Phys. Rev. B 

(3) 𝐻𝐸 can decrease with the increasing roughness for systems of compensated
interface  



EB Models for thin film system
𝐼. Partial Wall Models: the reorientation of the ferromagnet through application of an applied 

magnetic field can require formation of magnetic domain wall structures on either side of the interface 

Mauri D, Siegmann H C, Bagus P S and Kay E 1987 J. Appl. Phys. 62 3047–9 

Koon N C 1997  Phys. Rev. Lett. 78 4865–8 
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𝐼𝐼. Domain Wall Models: with considerations of domain formation and domain wall motion, pinning and 
de-pinning during reversal of the ferromagnet. 

Meiklejohn 1962;  Schlenker and Paccard 1967; Schlenker 1968a, 1968b; Neel 1988; Malozemoff 1987;Nemoto et al 1999;
Nikitenko et al 2000; Kiwi et al 1999a; Li and Zhang 2000; Kiwi et al 1999a; Leighton et al 2000;



EB Models for thin film system

𝐼𝐼𝐼. Random Interface Field Models : Random interface roughness gives rise to a random magnetic field 
that acts on the interface spins, yielding unidirectional anisotropy.

A.P. Malozemoff, Phys. Rev. B 35 (1987) 3679. 

T.C. Schulthess, W.H. Butler, Phys. Rev. Lett. 81 (1998) 4516 

T.C. Schulthess, W.H. Butler, J. Appl. Phys. 85 (1999) 5510
……… 

𝐼𝑉. Spin Wave Model: The interface coupling is a consequence of the emission and reabsorption , by a frromagneitc

spin, of virtual AF spin waves across the interface. 

T.M. Hong, Phys. Rev. B 58 (1998) 97.

H. Suhl, I.K. Schuller, Phys. Rev. B 58 (1998) 258 



AFM Partial Wall Models: Uncompensated interface

AFM FM

Assumptions:

(1) Uncompensated interface  

(2) No FM anisotropy

(3) AFM partial wall

Mauri D, Siegmann H C, Bagus P S and Kay E 1987 J. Appl. Phys. 62 3047–9 

𝜎: the energy per unit surface of a 90°domain wall in AFM

𝐽1 = 𝜎

𝑑𝑤 ~
𝐽1

𝜎



AFM Partial Wall Models: Compensated interface

Assumptions:

Koon N C 1997  Phys. Rev. Lett. 78 4865–8 Clue:  exchange coupling to a FM at a compensated interface could 
automatically generate a small magnetic moment through a 
spontaneous canting of AFM spins;  Spins in the interface region are 
frustrated by competing AFM exchange between the two sublattices 
and the FM

M. Riihrig, R. Schafer, A. Hubert, R. Mosler, J. A. Wolf, S. Demokritov, and P. Griinberg, Phys. Status Solidi (a) 125, 635 (1991)

J.C. Slonczewski, Phys. Rev. Lett. 67, 3172 (1991)

𝑛𝑎𝑓

𝜌 =
𝜋

2

Interface exchange larger than the energy required to form a wall in the antiferromagnet 

𝐽2 > 𝜎

𝐽1 = 0



AFM Partial Wall Models: Stability Analysis

(1) Uncompensated interface: 𝑱𝟏 ≫ 𝑱𝟐

(2) Compensated interface: 𝐽1 = 0

(3) Mixed interface: 𝐽1~𝐽2



Compensated interface: 𝑱𝟏 = 𝟎

𝐽1 = 0

𝜌 =
𝜋
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NO EB!  Coercivity !



Compensated interface: 𝑱𝟏 = 𝟎

𝐽2 = 1.5 𝜎

No coercivity! EB!
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(3) Mixed interface: 𝑱𝟏~𝑱𝟐


