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An international research team has been able to show that it is relatively easy to
generate terahertz waves with an alloy of mercury, cadmium and tellurium. To
examine the behavior of the electrons in the material, the physicists use the free-
electron laser FELBE at HZDR. Circularly polarized terahertz pulses (orange
spiral) excite the electrons (red) from the lowest to the next higher energy level
(parabolic shell). The energy gap of these so-called Landau levels can be
adjusted with the help of a magnetic field. Credit: HZDR / Juniks
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The Landau-level laser is an exciting concept for an unusual radiation
source. It could efficiently generate so-called terahertz waves, which can
be used to penetrate materials, with possible applications in data
transmission. So far, however, nearly all attempts to make such a laser
have failed. An international team of researchers has now taken an
important step in the right direction: In the journal Nature Photonics,
they describe a material that generates terahertz waves by simply
applying an electric current. Physicists from the German research center
Helmholtz-Zentrum Dresden-Rossendorf (HZDR) played a significant
role in this project.

Like light, terahertz waves are electromagnetic radiation in a frequency
range between microwaves and infrared radiation. Their properties are
of great technological and scientific interest, as they allow fundamental
researchers to study the oscillations of crystal lattices or the propagation
of spin waves.

"Terahertz waves are of interest for technical applications because they
can penetrate numerous substances that are otherwise opaque, such as
clothing, plastics and paper," HZDR researcher Stephan Winnerl
explains. Terahertz scanners are already used today for airport security
checks, detecting whether passengers are concealing dangerous objects
under their clothing—without having to resort to harmful X-rays.

Because terahertz waves have a higher frequency than the radio waves
we use today, they could also be harnessed for data transmission one day.
Current WLAN technology, for instance, operates at frequencies of two
to five gigahertz. Since terahertz frequencies are about 1000 times
higher, they could transmit images, video and music much faster, albeit
across shorter distances. However, the technology is not yet fully
developed. "There has been a lot of progress in recent years," Winnerl
reports. "But generating the waves is still a challenge—experts speak of a
veritable terahertz gap." A particular issue is the lack of a terahertz laser

2/5

https://phys.org/tags/terahertz+waves/
https://phys.org/tags/frequency+range/
https://phys.org/tags/frequency+range/
https://phys.org/tags/terahertz/
https://phys.org/tags/laser/


 

that is compact, powerful, and tunable at the same time.

Flexible frequencies

Laser light is generated by the electrons in the laser material. According
to the quantum effect, energized electrons emit light, but they cannot
absorb just any random amount of energy, only certain portions.
Accordingly, light is also emitted in portions, in a specific color and as a
focused beam. For some time now, experts have set their sights on a
specific concept for a terahertz laser, a Landau-level laser. Notably, it
can use a magnetic field to flexibly adjust the electrons' energy levels.
These levels, in turn, determine the frequencies that are emitted by the
electrons, which makes the laser tunable—a huge advantage for many
scientific and technical applications.

There is just one issue: Such a laser does not exist yet. "So far, the
problem has been that the electrons pass their energy on to other
electrons instead of emitting them as the desired light waves," Winnerl
explains. Experts call this physical process the Auger effect. To their
chagrin, this phenomenon also occurs in graphene, a material that they
deemed particularly promising for a Landau-level laser. This two-
dimensional form of carbon showed strong Auger scattering in HZDR
experiments.

A question of material

The research team therefore tried another material: a heavy metal alloy
of mercury, cadmium and tellurium (HgCdTe) that is used for highly
sensitive thermal imaging cameras, among other things. The special
feature of this material is that its mercury, cadmium and tellurium
contents can be very precisely chosen, which makes it possible to fine-
tune a certain property that experts call the band gap.
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As a result, the material showed properties similar to graphene, but
without the issue of strong Auger scattering. "There are subtle
differences to graphene that avoid this scattering effect," says Stephan
Winnerl. "Put simply, the electrons can't find any other electrons that
could absorb the right amount of energy." Therefore, they have no
choice but to get rid of their energy in the form that the scientists want:
terahertz radiation.

The project was an international team effort: Russian partners had
prepared the HgCdTe samples, which the project's lead group in
Grenoble then analyzed. One of the pivotal investigations took place in
Dresden-Rossendorf: Using the free-electron laser FELBE, experts fired
strong terahertz pulses at the sample and were able to observe the
electrons' behavior in temporal resolution. The result: "We noticed that
the Auger effect that we had observed in graphene had actually
disappeared," Winnerl says.

LED for Terahertz

Lastly, a work group in Montpellier observed that the HgCdTe
compound actually emits terahertz waves when electric current is
applied. By varying an additional magnetic field of only about 200
millitesla, the experts were able to vary the frequency of the emitted
waves in a range of one to two terahertz—a tunable radiation source.
"It's not quite a laser yet, but rather like a terahertz LED," Winnerl
describes. "But we should be able to extend the concept to a laser, even
though it will take some effort." And that's exactly what the French
partners want to tackle next.

There is one limiting factor, however: Up to now, the principle has only
worked when cooled to very low temperatures, just above absolute zero.
"This is certainly a hindrance for everyday applications," Winnerl
summarizes. "But for use in research and in certain high-tech systems,
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we should be able to make it work with this kind of cooling."

  More information: D. B. But et al, Suppressed Auger scattering and
tunable light emission of Landau-quantized massless Kane electrons, 
Nature Photonics (2019). DOI: 10.1038/s41566-019-0496-1
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