Chemistry ︱ Dr Matias Velázquez and Dr Philippe Veber

How to grow new crystals
for high-tech applications
High quality single crystalline
materials are at the heart of
many high-tech applications,
from high-power lasers to the
rare-event detectors essential
for the discovery of new
particles. However, despite the
commercial and research need
for such materials, growing
them reproducibly to the
required standards is not an easy
task, but one that Dr Matias
Velázquez at the Institute of
Chemistry of Condensed Matter
of Bordeaux, and Dr Philippe
Veber at the Institut Lumière
Matière in Lyon, France, have
found a way to overcome. By
developing new methods for
crystal growth, their teams have
been able to grow crystals for
several commercial applications.

A synthetic Li6Eu(BO3)3 bulk crystal developed
for fast neutrons spectroscopy and laser
applications.

C

rystals are a special kind of solid
where the atoms are arranged
in a highly ordered, repeating 3D
structure. Precious stones such as rubies
and sapphires are examples of naturallyoccurring crystals, formed when small
particles escape from hot magma inside
the Earth and are squeezed through
narrow fractures and cavities, where the
particles can cool and grow in a process
called crystallisation.
The highly-ordered atomic structure
of crystals gives them many unique
properties that differ from less-ordered
solids and is key to many of their
applications. Crystals are commonly
found at the heart of laser systems, where
different elements can be substituted in
the crystal structure to produce different
colours of laser light. They are also key
in many other technologies, such as other
laser optics, specific types of optical
insulators and the direct detection of
extremely rare events in particle physics.

Most of the crystals in these high-tech
applications are synthetically grown
by controlled and engineered directional
crystallisation. Reproducibly growing
high-quality crystals is a fiendishly difficult
task. Many lab-grown crystals are normally
made from cooling super-saturated
solutions of the chemicals of interest
with a growing platform, like a wire,
in the solution. As the solution cools, the
solubility of the chemicals decreases, and
they begin to solidify on the wire, forming
the crystal structures. However, there are
many factors that influence the size and
quality of the final crystals, from the rate
of cooling to the presence of dust or other
particles in the solution, making it difficult
to fully control the process.
Doctors Matias Velázquez and Philippe
Veber may have an answer to the
problem of how to grow high-quality
crystals reliably. Their research focuses
on developing methods to grow single
crystalline materials, a type of material
which has such a regular structure that
it can be considered as one bulk single
grain, offering the possibility to exploit
their intrinsic physical properties as
well as their anisotropy. This means
that the crystal needs to be as free as
possible of even the smallest defects.
Much of their work has also been
carried out with several international
collaborations, including a particularly
productive one for growing crystals
mainly for optical applications with Dr
Daniel Rytz, physicist and R&D director
at FEE GmbH, Germany.
The flux technique that Velázquez and
Veber have developed led to heretofore
unknown crystalline materials such as
cubic terbia and heavily substituted
gadolinia oxides. While the latter was
proved to lase, a promisingly high
Faraday rotation was discovered in
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A 230 g Li2MoO4 crystal mounted on a diamond saw.

the former, opening new perspectives
in optical insulation and polarisation
circulation in high power laser devices.
We speak about the same kind of flux
growth technique that such brilliant
companies as FEE Gmbh or Cristal
Laser S.A. have turned into a ton-scale
production industrial process, developing
special crystal structures that have not just
found many uses on Earth, but some have
made their way to Mars.
SINGLE CRYSTAL SESQUIOXIDES
Velázquez and Veber have particular
expertise in growing single crystals
of cubic rare earth sesquioxides.
Sesquioxides are defined by having
a ratio of three oxygen atoms for every
two metal atoms and most of the
crystals used in laser applications fall
into this category of refractory materials.
Changing the combination of the rare
earth metals in the sesquioxides and the
metals used as dopants mean that these
sesquioxides are used not just in highpower lasers, but also eyesafe lasers for
telecommunication, scintillator materials
for x-ray materials, upconversion materials
for next generation of solar cells or
Faraday rotators in optical insulation.
The method Velázquez and Veber have
somewhat renewed is known as the flux
method. This is a cheap, simple, reliable
method that uses a non-toxic solvent
in which the crystals grow at half of
their melting temperature, significantly
lower than other growth techniques.
The growing chamber for the crystals
can be run in air but one of the key
components that has made this technique
so successful for growing is the discovery
of a solvent family that is particularly

A Li2MoO4 crystal being grown inside
a Czochralski furnace.

effective at favouring the desired
crystallisation patterns while incorporating
many of the rare earth metal ions. The
growing process can also be carried out
in air and should be capable of producing
hundreds of single crystals pieces
demanded by the highly selective niche
markets, and also allows Velázquez and
Veber to be the only one in the world,
even nine years after achieving their world
premiere in the synthesis of new crystal
types, to be able to obtain these efficient
materials.
Being able to produce such quantities
of crystals and single crystals of large sizes
is ideal for laser applications. Another of

the unique features of the cubic rare earth
sesquioxide single crystals is their ability
to dissipate isotropically heat and deal
with the high thermal load conditions in
high power laser systems. The properties
of the crystals grown by Velázquez and
Veber compare favourably in terms of
efficiency and wavelength tuneability to
those grown by traditional methods, but
their approach is not just more efficient
in terms of energy and cost but offers
greater flexibility in terms of the metals
that can be introduced uniformly to the
crystals. Crystals can literally be tailormade. This is part of why this synthesis
method has already found several
commercial applications.

If some of these crystals – like the flux
grown RTP ones by Cristal Laser S. A.–
have made their way to Mars, we should
be able to reach the markets.
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PARTICLE DETECTORS
Being able to grow crystals of large sizes
on larger scales has proved very useful
for rare event detectors. These are the
detectors used at places like CERN to
record data on the particles formed from
high-energy particle collision experiments.
Another example is the CUORE detector,
located far underground in Italy, which
looks for very rare events in baryonic
matter likely to radically change our views
on the ultimate components of matter.
The scale of both detectors and the
number of crystals required for them
is colossal. At CERN, there are over 90
tons of crystals, with over 60,000 crystals
located in the detector barrels alone.
The CUORE detector is nearly 19 stories
tall and contains nearly a thousand crystals
as well. But current crystals implemented
at the core of this detector are not
scintillating, and Velázquez and Veber
have decided to take up the challenge
of producing the next generation of
crystals for heat-scintillation cryogenic
bolometers, a technology recognised
worldwide for its high discovery potential
in astroparticle physics.
At the heart of these detectors are
heat-scintillation cryogenic modules,
that is, detectors that are constantly
cryogenically cooled and can transform
the kinetic energy of incoming particles
or of a spontaneous decay inside the
crystal into heat and light, hence probing
the temperature and illumination change
in the material. For rare event detection,
the crystals used for the bolometers must
not just be very high-quality crystals,
but they also need to be radiopure
to an extent never seen in any R&D
programme. This means they must be
free of any radioactive isotopes that could
undergo decay and trigger unwanted
radioactive noise on the detector. This is
very challenging as virtually all chemical
compounds contain trace amounts of
radioactive isotopes, that can even prove
to be chemically the same and have some
level of radioactivity.
Velázquez and Veber have been able
to grow radiopure crystals for cryogenic
bolometers using growth techniques
that differ from those used for the
sesquioxides. The development of these
techniques has also been spearheaded
by them, especially by means of deep
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Behind the Bench

Centimeter-sized Gd3+–
substituted Li6Eu(BO3)3 crystals
out of the Pt crucible in which
they were grown. Their redorange luminescence arises
from the near-UV illumination.
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Controlling crystal growth and
reproducibly growing high-quality and
yet unknown crystals is a fiendishly
difficult task… one that Drs Velázquez
and Veber may have an answer for.
purification and numerical modelling and
simulation. The quality of these materials
is essential for achieving detectors with
incredibly low levels of background noise
to achieve the very high levels of certainty
required for detection of these very rare
decays. The production of such materials
has not just involved trial and error in
the laboratory but also the integration of
numerical simulations to guide the design
process.
OUTLOOK
Velázquez and Veber will not just stop

at these applications. Their growth
methods can be adapted for composite
crystals, different types of crystals that
are joined together, that are of interest in
laser applications and specially shaped
crystals that can be used to make very
hard, durable windows. Their work has
already found industrial interest, but their
versatile, reliable growth techniques are
likely to find more applications in the
future, including continuing to increase
the amount of rare earth substitution
in the crystals, as Velázquez and Veber
believe they have yet to reach the limits
of their synthetic methods.
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A 7Li-enriched (>99.9%) 7Li2MoO4 90 g single
crystal grown by the Czochralski method.

A stylised drawing of the cubic rare earth (RE)
sesquioxide crystal structure, showing the 3 RE
element sites of C2-symmetry (dark cyanide and
orange colours) for 1 RE element site of C3isymmetry (red colour).
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Personal Response
What types of applications will you be focusing
on growing crystals for in the future?
As crystal growers, we are led by two important science
drivers: producing faster well-established crystalline
materials with improved quality and larger size at a lower
cost and growing bulks of new categories of materials with
extreme thermodynamic characteristics. While the former
one implies back-and-forth cooperation with numerical
simulation and multiphysics modelling experts, the latter
calls for some sense of adventure, curiosity-driven and risky
exploration growth experiments. We also want to develop
new single crystalline substrates for all kinds of integrated
optical devices.
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