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Giant Magnetoresistance is an effect observed in layered thin-film struc-
tures, composed of alternating layers of ferromagnetic and nonmagnetic met-
als. It consists of a change in electrical resistance due to an applied external
magnetic field.

The simplest system in which this effect can be ovserved is that called
a spin valve, and it is composed of a nonmagnetic metal (NM) sandwiched
between two ferromagnetic (FM) ones. Depending on the external magnetic
field, the magnetization of the ferromagnetic materials can be parallel or
antiparallel. If the magnetization is parallel, the resistance measured in the
device will be low, while when the magnetization is antiparallel, one will
measure a high resistance.

This effect is due to the different density of states (DOS) at the Fermi
level (EF ) the spin up and down electrons have in a ferromagnet. See figure
1.

Figure 1: Schematic representation of the electronic DOS for a nonmagnetic
metal (right) and a ferromagnetic one (left). In the ferromagnet the bands
for spin up and down are shifted in energy, which causes the difference in
DOS at the EF .
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Figure 2 shows how it works. Because of the difference in DOS at the
Fermi level, in ferromagnetic materials the conductances for the spin up
electrons is different to that of the spin down ones [1]. When current is
driven from a FM to a NM, mostly spin up electrons (for this concrete case)
go into the NM. If the magnetizations are parallel (P), these spin up electrons
will find plenty of states available in the second FM, thus they will find a low
resistance. On the other hand, if the magnetizations are antiparallel (AP),
the spin down electrons will have few states available when reaching the other
FM and the resistance will be high.

Figure 2: Representation of how GMR works. When the magnetizations are
parallel (antiparallel), the resistance is low (high).

Although GMR can be explained just by using the laws of magnetism , it
was not until the appearance of techniques to grow layers of a few nanometers
one on top of the other (e.g. molecular beam epitaxy, sputtering) that it was
possible to discover it. This is because in order to observe the effect, the
width of the NM has to be less than the spin diffusion length in that metal,
otherwise the spin information will be lost before reaching the second FM.
The spin diffusion length in NM metals is of the order of the nanometer
(several hundred nanometers at best) [2]. So in this sense, GMR should
totally be regarded as a nano effect.

Using the technique of molecular beam epitaxy, Peter Grünberg con-
structed a trilayer system Fe/Cr/Fe where he found a resistance change of
1.5% [3]. Albert Fert used multilayers of the form (Fe/Cr)n, where he reached
n = 60, and he found a change in resistance close to 50% [4]. The concept
of magnetoresistance was not new, in 1857 Lord Kelvin discovered what is
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called anisotropic magnetoresistance (AMR). This is a change in resistance
observed in FM conductors, which depends in the relative orientation of the
current and the applied magnetic field (when the current and the field are
parallel, the observed resistance is highest). However, Fert and Grünberg
realized this was a completely different effect, and the first one called it ”Gi-
ant Magnetoresistance”, cause the magnetoresistance observed in the case of
GMR is much bigger than for AMR.

The most important application of GMR came in the field of computer
electronics. Not even ten years after its discovery, in 1997 the first read-out
head (this is what enables to read information stored in the hard disk of
a computer) based on GMR was launched, and soon became the standard
technology, which is still used nowadays. The information in a hard disk is
stored in the form of different magnetic domains (which are the ”1”s and
”0”s of the binary system). These domains used to be read read using AMR,
but as hard disks decrese in size, the magnetic field of each bite becomes
weaker, and a more sensitive technique is needed to be able to read it [5].
Thus, it is thanks to GMR that Moore’s law could be fulfilled.

But maybe, more important than the application itself, is the fact that
it was one of the first times that nanotechnology was used in industry. It
opened the door for a new field of science, called spintronics, which is a
new kind of electronics where besides the charge of the electron, the spin is
also used and manipulated. Nanotechnology was necesary for GMR to be
discovered, and now GMR is one of the reasons for which nanotechnology is
moving so fast, why scientists and engineers are looking for new applications.

More than twenty years after its discovery, there is quite an important
research going on around GMR, but it is more related to engineering issues,
than to the basic science of the effect, since this is well understood and there
is not much more to add. One of this issues is, for example, how to write
hard disks, while reading has improved really fastly, writing is still done with
coils, as it was done sixty years ago. Something new has been done using
TMR (tunneling magnetoresistance), but nothing which is widely used.
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