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MAGNETIZATION SWITCHING 

 Static switching – SW switching 

- Stonner-Wohlfarth model 

- Single domain particles 

- DC applied field 

 Dynamic switching (control of switching field and time) 

- Switching time 

- M(t) – LLG equation 

- H(t) (Pulsed field) 

Magnetization changes by rotation = Switching 

Two stable states (logical “0” and “1”) 



Stoner-Wohlfarth Model 

 Single Domain Particles at T=0K 

 No Interactions 

 Uniaxial anisotropy 

 Coherent Rotation 

 Very useful in modeling magnetic particles in 
 Magnetic storage 

 Biomagnetism 

 Rock Magnetism 

 Paleomagnetism 

 

 



Stoner-Wohlfarth Model 



SWITCHING & CRITICAL CURVE 







SWITCHING & CRITICAL CURVE 



  STATIC CRITICAL CURVE 

CC = the locus of in-plane fields at which the irreversible magnetization reversal occurs 

J. C. Slonczewski, IBM Research Center Memorandum R. M. Report No. 003.111.224. 

The free energy of a uniaxial anisotropy single domain particle 
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CRITICAL CURVE: Experiments 



  Static Critical Curve: Hypocycloid 



STONER-WOHLFARTH & CRITICAL CURVE 
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CRITICAL CURVE: Experiments 
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 Introducing our new sensitive method  based on reversible susceptibility's 

singularities detection for determination of the critical curve of 2D magnetic 

systems 
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Experimental CC: Susceptibility Method 



Experimental CC: Susceptibility Method 



The TS tensor components 

Experimental CC: Susceptibility Method 



Probing 2D switching using susceptibility experiments 



The theoretical curve  The experimental curve  

Co 

clusters 

 

SiO2 buffer 

layer Si 

 





Static vs. Dynamic 



Ellipsoidal permalloy Particle 
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DYNAMIC MAGNETIZATION SWITCHING 

Scheme of the pulse to explain the parameters 

        pulse rise time/pulse length/pulse fall time 
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MAGNETIZATION SWITCHING DIAGRAM 

Applied Pulse 0/2.75/0 ns 

Applied Pulse 0/0.25/0 ns 



Static Critical Curve .vs. Dynamic Critical Curve 

Applied Pulse 0/2.75/0 ns 

Applied Pulse 0/1.4/0 ns 

DC Applied Field 



The Nobel Prize in Physics 2007 
Discovery of Giant Magnetoresistence 

Albert Fert Peter Grunberg 

  



(a) basic magnetic tunnel junction structure consisting of two ferromagnetic metals separated by a thin 

insulating layer 

(b) exchange-coupling one of the magnetic layers to an antiferromagnetic layer (by “pinning” the layer) the 

TMR response reflects the hysteresis of the other so-called “free” layer and has a response more suitable 

for memory 

(c) magnetic offset caused by fields emanating from the pinned layer  -> SAF pinned layer; the lower layer in 

this artificial antiferromagnet is pinned via exchange bias. This flux closure increases the magnetic 

stability of the pinned layer and reduces coupling to the free layer 

(d) both pinned and free = antiferromagnetically coupled pairs -> used in toggle-MRAM 

MTJ FOR MRAM EVOLUTION 



 The synthetic antiferromagnet (SAF) = a nanostructured sandwich of two 
ferromagnetic thin films antiferromagnetically coupled through a non-magnetic 
metallic spacer. 

SAF 

MRAM 

Synthetic antiferromagnet (SAF) structures 

  Many technological applications: 

     - soft underlayer for perpendicular recording 

     - hard disk reading heads 

     - magnetic sensors 

     - MRAM  

     - Toggle-MRAM  



   Comparison 

  between the 

  Non-Coupled    

        and 

    Coupled     

    Magnetic  

   Structures 



H. Chang, "Analysis of static and quasidynamic behavior of magneostatically coupled thin 

magnetic films," IBM J. Res. Dev., vol. 6, pp. 419-429, 1962. 



H. Chang, "Analysis of static and quasidynamic behavior of magneostatically coupled thin 

magnetic films," IBM J. Res. Dev., vol. 6, pp. 419-429, 1962. 



Constant Angle Contour Maps 



SAF CRITICAL CURVE 



SAF Critical Curve 



Critical Curves (CC) – Symmetric SAF 



Critical Curves (CC) – Asymmetric SAF 



                                  Critical Curve and Susceptibility Tensor 

                                              for a coupled structure 

1 2

0
F F

 

 
 

 

2
2 2 2

2 2

1 2 1 2

0
F F F

   

      
     

       

D. Cimpoesu et al., JAP 101 (9), 09D112, 2007 

1

2 2 1

1 2 2

2

1 2

1 1

2 2 2 2

1 1 2 2

2

cos 2 cos cos cos
xx

F F

F mt

F

F m t F 

 

  

 



 

   




 


1, 2,

0 0
lim lim

ac ac

x xx
xx

H H
ac ac

M MM

H H


 

 
 

2, 2

1, 1

; ; thickness of layer 
s

i

s

M t
m t t i

M t
  

1 2

Zeeman anisotropy coupling

energy density per unit area

Jh

F

F F F





  

m m



Depending on the coupling strength between the two ferromagnetic layers in a coupled (i.e. SAF) structure the 

critical curve evolves from a simple astroid at zero coupling to more complicated critical curves for larger coupling 

field values. 

 

Measurements of the critical curve for a coupled structure 

 

Visible advantage of  

using susceptibility 

instead of  

hysteresis loop 



C. Radu et al., APL 93, 022506, 2008 

Measurements of the critical curve for a coupled structure 



C. Radu et al., APL 93, 022506, 2008 

Measurements of the critical curve for a coupled structure 



SAF Critical Curves: Theory vs. Experiment 



SAF – Dynamical Critical Curves 

Switching behavior of one SW 

particle: using field pulses starting 

from origin. 

- M. Bauer et. al. PRB 61, 3410, 2000 

- H.  Pham et.al. JAP 97, 10P106, 2005 

Switching behavior of SAF: using a 

bias and a pulse field 
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Dynamic CC of an asymmetric SAF – sweep rate dependence 

riseH thv /max

The dynamical CC of a SAF element 

shows that only a digit or word field, 

which are the field applied at  and with 

respect to the easy axis in toggle 

MRAM structure, can switch the 

magnetization 

 using the static CCs instead of 

dynamic CCs in characterization of a 

SAF can lead to inadvertent switching 

of half-selected memory cells  



Dynamic CC of an asymmetric SAF – damping dependence 

riseH thv /max

The dynamical CC of a SAF element 

shows that only a digit or word field, 

which are the field applied at  and with 

respect to the easy axis in toggle 

MRAM structure, can switch the 

magnetization 

 using the static CCs instead of 

dynamic CCs in characterization of a 

SAF can lead to inadvertent switching 

of half-selected memory cells  



Dynamic CC of an asymmetric SAF – pulse length dependence 

riseH thv /max

The dynamical CC of a SAF element 

shows that only a digit or word field, 

which are the field applied at  and with 

respect to the easy axis in toggle 

MRAM structure, can switch the 

magnetization 

 using the static CCs instead of 

dynamic CCs in characterization of a 

SAF can lead to inadvertent switching 

of half-selected memory cells  



Dynamic CC of a symmetric SAF – sweep rate dependence 

riseH thv /max



Dynamic CC of a symmetric SAF – damping dependence 

riseH thv /max



Edmund Clifton Stoner (1899-1968) 



Erich Peter Wohlfarth (1924-1988) 
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