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Schematic presentation of the obtained magnetic field effect of photocarriers in
photovoltaic cells and injected carriers in light emitting diodes based on hybrid
organic/inorganic perovskite semiconductors, which originates from different
precession frequencies of the electron (red) and hole (blue) about an applied
magnetic field (arrow). Credit: University of Utah
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The best hope for cheap, super-efficient solar power is a remarkable
family of crystalline materials called hybrid perovskites. In just five
years of development, hybrid perovskite solar cells have attained power
conversion efficiencies that took decades to achieve with the top-
performing conventional materials used to generate electricity from
sunlight.

Now researchers at the University of Utah, in collaboration with the
University of Texas at Dallas, have uncovered some of the secrets
behind the amazing material's performance. The findings, published
today in the journal Nature Physics, help fill a deep void in hybrid
perovskite solar cell research. Scientists and engineers have lacked a
clear understanding of the precise goings on at the molecular level.

Among the practical results of the new study is proof of a way to rapidly
test the performance of different prototypes of hybrid perovskite
materials using magnetic fields, according to lead author Charlie Zhang,
a post-doctoral research fellow, and senior author Z. Valy Vardeny, a
distinguished professor of physics at the University of Utah.

"Our group has unique expertise in magnetic field effects," Vardeny
says. "We wanted to see if magnetic field effects would tell us why the
efficiency is so high."

Probing electronic properties

Applying a magnetic field makes it possible to glean clues about the
behavior of electrons and "holes" in semiconductor compounds. In 
photovoltaic solar cells, molecules absorb incoming photons of sunlight.
Each absorbed photon can generate an exciton, the pairing of an electron
and a corresponding electron hole. These pairings are short-lived and
split into free, charge-carrying particles that drive an electric current.
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Electrons and holes have a magnetic-related property called 'spin', a
form of angular momentum; and the torque of a magnetic field can alter
the spin direction. Spin can't be observed directly, but spin properties
can be inferred by looking at readily measurable properties, such as
changes in the electrical conductivity of a material, or changes in
photoluminescence - its tendency to emit light after absorbing photons -
when it is subjected to a magnetic field.

Zhang and colleagues measured magnetic field-induced changes in these
properties in an assortment of fabricated hybrid perovskite solar cells
having different solar power conversion efficiencies. They used a typical
hybrid perovskite material, methylammonium lead iodide, or MAPbI3.
(Hybrid perovskites follow the naming convention MAPbX3, with MA
denoting the organic methylammonium group that is combined with an
inorganic group made of lead (Pb) and either chloride, bromide, or
iodide (X)). Contrary to conventional wisdom in the field, the Utah
scientists found pronounced magnetic field effects. The magnetic
properties of the heavy atoms of lead and iodine were thought to
minimize magnetic field effects in hybrid perovskite solar cells.

How it works

The researchers proposed a mechanism to explain the effects based on
how a magnetic field changes the spin configuration of electron-hole
pairs. The spin configuration affects the rate at which electron-hole pairs
split apart or recombine, which in turn respectively changes the electrical
conductivity and photoluminescence of the perovskite. They dubbed this
effect the 'delta-g mechanism', with g being a factor that describes the
magnetic moment of an electron in the material. Delta-g is the
difference between the g-factors of an electron and hole, a difference
that becomes crucial in how hybrid perovskite materials perform.

They verified this mechanism by measuring delta-g directly using a
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technique called field-induced circular polarized emission. It proved to
be much larger than delta-g in ordinary organic solar cells, as would be
expected if the delta-g mechanism were correct. For further
confirmation, the researchers used a spectroscopy technique to measure
the fleeting lifetimes - in trillionths of a second - of electron-hole pairs
created by light absorption in the hybrid perovskite solar cells. The
results also fit the delta-g mechanism.

Answering key questions

The findings point to an answer to a critical question: whether hybrid
perovskite devices behave more like silicon solar cells or like so-called
excitonic solar cells made of organic polymers. Vardeny said the
magnetic field effects nailed down by his group are telling. "This
material is not excitonic. If it were, we would not see this effect. It is not
like organic photovoltaic materials."

The efficiency of converting sunlight to electric power has a theoretical
limit of 33 percent. The hybrid perovskite photovoltaic devices are
pushing 20 percent, not as good as the 26 percent of the best silicon
cells, but closing in - and the hybrid perovskites can be produced at a
fraction of the cost. The new findings provide more detailed
understanding of the underlying physics that should help researchers to
fully optimize hybrid perovskite solar cells.

Harnessing solar energy using photovoltaic cells has become more
accessible with the addition of the hybrid perovskite 'miracle materials',
Vardeny says. "This is important since the gasoline price at the pumps
would not stay that low forever."

  More information: Magnetic field effects in hybrid perovskite
devices, Nature Physics, DOI: 10.1038/nphys3277
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