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Abstract

Charged particles moving in metallic samples in the presence of an external magnetic field 
create a potential difference that is orthogonal to both the direction of the particle velocity and 
the direction of the magnetic field. This potential difference is referred to as the Hall Voltage. In 
non-magnetic materials this effect leads to the understanding of the type of charge carriers and 

their number density.  In this ongoing study we focus on the study of the Hall Effect when a 
metal such as Copper is doped with small amounts of magnetic impurities such as Nickel.  We 
have produced thin films with varying Ni concentration, developed and constructed apparatus 

for the experiment, and observed and recorded the Hall Voltage in relationship to different 
currents and magnetic fields. Preliminary data for Cu-Ni thin film with 1 atomic % Ni, shows 

deviations from the “ordinary” Hall Effect.  This deviation is likely caused by magnetization of 
the Ni atoms in the presence of an external field, as predicted by a phenomenological model of 

the “extraordinary” Hall Effect. 

Ordinary Hall Effect

Deflection of conduction electrons occurs due to the Lorentz force

This accumulation of charge creates a voltage called the Hall voltage in a film of 
thickness t

It can be shown that the Hall resistance is related to the number (n) and type (e) of 
charge carriers.        

Extraordinary Hall Effect

Hall Effect in magnetic metals is described by a phenomenological model [1,2] 
represented by the equation

Where R is again the Hall resistance, M the sample magnetization, and R0 and Re

are the ordinary and extraordinary Hall coefficients respectively. 
In magnetic samples it is expected that Re >> Ro.

To observe the Hall Effect under the aforementioned conditions we have designed, organized, and constructed apparatus that allows us to record external magnetic field, magnitude and 
direction of the current source, and the potential difference across our sample. Variation of these parameters enable us to record and study trends and boundaries of our experimental data.

Sample Fabrication and Characterization

Samples with the composition Cu(1-x)Nix with x = 0.01, 0.05, 0.1, 0.2, and 0.25 atomic fractions were prepared by arc melting.  Thin films of these materials were deposited on glass slides 
by thermal evaporation in high vacuum.  Film thicknesses as measured by a “profilometer” were typically in the 2300-2500 Å range. The similar melting points of Copper and Nickel allow a 

sample of a mixture of the two to have a similar evaporation rate, and thus deposition rate.

The thickness of the film is important for the determination of the Hall Coefficient. There are a few different ways to determine the thickness of the sample. A special instrument called a 
profilometer looks at the edge of a thin film to determine the thickness and there are also instruments that measure the deposition rate of the sample and we can in turn calculate the film 

thickness by using the molecular density of the sample. 
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Conclusions

In a nonmagnetic material the slope of  the Hall voltage vs. current is expected to change linearly with magnetic field. In a
magnetic material, the slope should saturate since the magnetic component will dominate at high magnetic fields. This is what

we observe in our preliminary data. 

No firm conclusions can be drawn at this point since this is 
a work in progress. For future work, we plan on 

performing the same tests and recording data for samples 
of 0.05, 0.01,0.2, and 0.25 atomic fraction of Ni. We will 

also observe and record the Hall voltage for the film plane 
oriented at different angles with respect to the direction of 

the magnetic field.

This study raises the following questions:
•Will we see similar trends in samples with a higher atomic 
fraction of Ni?  
• Will that saturation point occur at a lower magnetic field 
as we would expect?
• Is our current range the most appropriate for the 
observations we want to make and trends we want to 
study?
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Experimental Setup

Cu-Ni thin film ~ 250 nm
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