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Abstract. One domain model is the simplest method to describe the planar Hall 
effect in thin magnetic film with uniaxial magnetic anisotropy. The model is 
based on the unifo1m rotation of the magnetization and gives a possibility to find 
the counterpart between the magnetic parameters of the film and the peculiarities 
of the Hall curves. The comparison between the theoretical provisions and the 
experimental Hall curves determines the applicability of the model. 

PACS number: 75.70.-i 

1. Introduction 

1.1. The Critical Parameters of the Film 

The one domain Stoner- Wohlfarth model of the magnetization processes in thin mag
netic films with uniaxial magnetic anisotropy assigns the astroid as a critical curve built 
from the components of the applied magnetic field H and the anisotropy field of the 
film Ha [ 1]. The critical curve determines the position of the magnetization vector M 
which corresponds to the extremal state of the free energy E in the film. On the other 
hand this energy (per volume unit) depends both on the energy of anisotropy Ea and 
the energy of interaction EH between M and H 

E =Ea+ EH= K sin 2 cp - M H cos(B - cp) (1) 

where J{ is the constant of anisotropy and the angles 0 and cp determine the position 
of the field and the magnetization respectively (Fig. 1). If the applied field H and its 
direction e are fixed the destination of magnetization cp is determined by the minimum 

BE a2 E d. . b . th .d energy conditions 0 and -- > 0. These con 1t1ons nng e astr01 as a 
8cp 8cp2 

critical curve [2] 

(hcos8) 213 + (hsin8) 213 = 1 , (2) 
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sin 2cp - 2hsin(B - cp) = 0 , (3) 

cos 2cp + hcos(B - cp) :::: 0 (4) 

where h = H/Ha and Ha = 2K/M. The equality in (4) is performed on the astroid 
(2) and gives the possibility to find the relation between the critical values Bm 'Per and 

her 

Ber = 'Per+ arctan [- ~ tan(2cper)] , or 

'Per = - arc tan (tan Ber) 1 
/

3 
, 

h [ 
6 . 6 ] 1/2 

er = ± COS 'Per + Slll 'Per . 

(5) 

(6) 

(7) 

If the magnetic field changes crossing the astroid the magnetization vector M jumps 
on new equilibrium position cp~, [3] 

I 3 [ ( 2 4 ) 1/2 2 ] tan 'Per = - tan 'Per 1 + tan 'Per + tan 'Per - 1 - tan 'Per (8) 

The disposition of the magnetic field and the magnetization in rectangular sample 
of thin magnetic film with anisotropy easy axis Ox is shown in Fig. la and the critical 
values - in Fig. lb. The model problem is to find the position cp of the magnetization 
vector M for every h = H/ Ha and B taking into account the critical values from (5) 
to (8). 
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Fig. 1. Geometry of the thin film sample, magnetization and magnetic field (a) and astroid 
- critical curve of magnetization (b) 

1.2. One Domain Model for the Planar Hall Effect (PHE) 

If the film sample is magnetized to a saturation the electrical field of the planar Hall 

effect is 

Ey = l::!.p8 sin 2cp (9) 
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where 6.ps = (Ps11- Psl..) / 2, Psll and Psl.. are the values of the resistance at MIU and 
M _l_ j respectively U is the current density along Ox-axis of the sample). 

From (9) we can find the relative Hall voltage normalized in regard to its maximum 
value [4] at cp = n/4 and the Eq. (3): 

u 
Uy= rr- = sin(2cp) = 2hsin(B - cp). 

Umax 
(10) 

For the magnetic field components hx =hem; Band hy = hsin B we can obtain 

(11) 

where the signs depend on the quadrant of the coordinate system. 

Therefore the normalized Hall voltage is a function of the magnetization vector 
position cp connected with the value h and the angle B of the magnetic field. The 
behaviour of cp during the magnetization processes includes the smooth change of Uy 

and jumps when the magnetic field crosses the astroid. 
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We can describe the voltage uy of the PHE as a function of the magnetic field h a 
different values of e (field dependence of PHE Uy= Uy(h)IO=const) and as a function 
of eat different h (angular dependence of PHE Uy= Uy(B)lii=consd· Initially we might 
calculate the critical values Om C{Jcr, cp~r and her from the astroid (Fig. 2), because they 
determine the boundaries of the argument cp. 
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Fig. 3. Field dependence of PHE at different 8 = const 

2.1. Field Dependences of PHE 

The numerical solution of the Eq. (11) shows the behaviour of the Hall voltage at 
() = 30 °, 60 ° and 90 ° respectively if the magnetic field changes from + h to - h 
(Fig. 3). The critical values 'Per determine the origin of the jump in Uy at the same 
values of her because () = 30 ° and 60 ° are deposited symmetrically at 8 = 45 °. There 
is no jump at 8 = 90 ° where the magnetization vector changes its position smoothly. 
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Fig. 4. Angular dependence of PHE at different h = const 

2.2. Angular Dependences of PHE 

The angular dependences at h = 0.4, 0.7 and 1.2 (Fig. 4) show the peculiarities when 
the magnetic field crosses the astroid (at h = 0. 7). In this case on observe the hysteresis 
that appears at 0.5 < h < 1. At h = 0.4 the period of the angular dependence is 271', 
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but at h = 1.2 the period is 7f. The angle Bmax which corresponds to Uy = 1 can be 
found from (10) as 

Bmax = ~ + arc8in (~h) . 
4 2 

(12) 

Obviously in saturation state of the film (at h ---+ oo) cp ---+ Brnax = 7f / 4. 

"""'"' 0.0 ···········~· '£f~jQ·o··· 

- 8=60 ° 

- 0.5 '----...l.------'----'------'-------'-=-9_0_o__, 
- 6000 - 4000 -2000 0 2000 4000 6000 

H (A l m) 

Fig. 5. Experimental field dependence of PHE in Nis0Fe20 film 

3. Experimental Results and Conclusion 

The theoretical curves in Figs 3 and 4 are based on the unifonn rotation of the magne
tization in the applied magnetic field. But the real magnetization processes are more 
complicated. The unifonn rotation takes place at relatively strong applied field h » 1. 
Close to the astroid the dominating process is nonuniform rotation of the magnetiza
tion. In the astroid area the processes of domain wall motion dominate. That is the 
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Fig. 6. Experimental angular dependence of PHE in Nis0Fe20 film 
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way the one domain model describes the behaviour of the magnetization and the PHE 
qualitatively. As an example no observe of the sharp jumps in the field dependence 
of the PHE (Fig. 5) or the angular dependence of the PHE (Fig. 6) in thin Ni80Fe20 
film. The complicated magnetic behaviour of the sample leads to an asymmetry of the 
Hall curve. Independently of this the critical values of h at different e or the critical 
values of B at different h admit to build the experimental astroid of the film (Fig. 7). 
The asy1runetry of the curves is obliged to the influence of the demagnetization field 
which is not taken into account in the model. 
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Fig. 7. Experimental astroid for Nis0Fe20 magnetic film 
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