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and etching. In order to avoid the short-circuiting effect of the current contacts on the Hall voltage, the ratio 
of the sample length to its width was at least three and varied in the range from 3 to 5. No dependence of the 
effects on the film thickness and the length-to-width ratio was observed.

Ohmic contacts were formed by a deposition of low-melting solder on the film surface, to which copper 
wires were soldered. The Hall effect was measured at T = 300 K in the field of an electromagnet with the in-
duction up to B = 1.25 T and a Helmholtz coil with the induction up to 10 mT when scanning the field in posi-
tive and negative directions. The measurements were carried out at different angles (j) between the magnetic 
field direction and sample plane as well as different angles (q) between the sampling current and the external 
magnetic field direction when measuring the PHE. Since the processes of magnetisation reversal depend on 
the initial magnetic state, all measurements were carried out with a sequential increase in the magnetic field 

to a maximum value in two scaning directions at least four times. The Hall resistance R
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a ratio of the potential difference measured between the Hall contacts to the sampling current. The magnetic 
field induction measurement error did not exceed 1.5 %, and the angle setting error between the magnetic field 
and plane of the sample direction did not exceed ± 1°. The angle setting error between the flowing current and 
the magnetic field direction when measuring the PHE did not exceed  ± 3°. The estimation of the current and the 
voltage measurement errors showed that they did not exceed 0.008 and 0.1 %, respectively.

Results and discussion
Figure 1 shows the Hall resistance hysteresis loops of the permalloy film at different angles between the mag-

netic field direction and the sample plane. The sample has the form of a rectangular parallelepiped of 2 × 8 mm 
and a thickness of d = 120 nm. Despite the fact that at j = 0 the voltage measured between the Hall contacts strict-
ly speaking is not related to the Hall effect, we will use the well-established terms PHE when the magnetic field 
is parallel to the film plane and EHE as well as OHE measured at arbitrary angles φ. As can be seen, an increase 
in the field leads to a rather sharp increase in the Hall resistance due to the dominance of the EHE because of the 
spontaneous magnetisation of the sample. Upon reaching the magnetisation saturation (B > 0.7 T), the slope of 
the Hall resistance is reduced and is determined by the action of the Lorentz force on the moving electrons, 
i. e. the OHE. The inset in fig. 1 shows the magnetisation hysteresis loop at j = 90°. One can see the value of 
magnetisation saturation field corresponds the change of the Hall resistance slope.

An increase in the angle j leads to an expected increase in the value of the Hall resistance due to its depen-
dence on the magnetic field component normal to the sample plane, and an increase in the slope in the region 
of a weak magnetic field where the EHE dominates. Moreover, one can see the asymmetry in the value of the 
Hall resistance when the direction of the magnetic field changes to the opposite. The lack of the Hall resistance 
symmetry upon a change of the magnetic field direction is most clearly manifested when measuring the EHE 
and the PHE (see fig. 1, curves 1 and 3, respectively). The asymmetry of the Hall resistance is typical for mag-
netic solids. It is related to the non-symmetric location of the Hall contacts and changes in the longitudinal and 
transverse components of the resistance anisotropy [12].

Fig. 1. The Hall resistance hysteresis loops of the permalloy film  
at different angles between the magnetic field direction  

and the sample plane j: 1 – 0°; 2 – 45°; 3 – 90°.  
The inset shows the magnetisation hysteresis loop at j = 90°


