Inner Working of Magnetic Materials

Bjorn Alling, researcher in theoretical physics at Linképing University, has, together with
his colleagues, completed the task given to him by the Swedish Research Council in the
autumn of 2014: Find out what happens inside magnetic materials at high temperatures.

[32]

Generating complex multi-principle element TMDCs essential for the future development
of new generations of quantum, electronic, and energy conversion materials is difficult.

[31]

An international scientific team, which included scientists from China, Israel, England
and Russia, has developed a new method for measuring the response of crystals on the
electric field. [30]

In the perspective, Gabor and Song collect early examples in electron metamaterials
and distil emerging design strategies for electronic control from them. [29]

Lawrence Livermore National Laboratory (LLNL) researchers are working to make
better electronic devices by delving into the way nanocrystals are arranged inside of
them. [28]

Self-assembly and crystallisation of nanoparticles (NPs) is generally a complex
process, based on the evaporation or precipitation of NP-building blocks. [27]

New nanoparticle-based films that are more than 80 times thinner than a human hair
may help to fill this need by providing materials that can holographically archive more
than 1000 times more data than a DVD in a 10-by-10-centimeter piece of film. [26]

Researches of scientists from South Ural State University are implemented within this
area. [25]

Following three years of extensive research, Hebrew University of Jerusalem (HU) physicist
Dr. Uriel Levy and his team have created technology that will enable computers and all
optic communication devices to run 100 times faster through terahertz microchips. [24]

When the energy efficiency of electronics poses a challenge, magnetic materials may
have a solution. [23]

An exotic state of matter that is dazzling scientists with its electrical properties, can
also exhibit unusual optical properties, as shown in a theoretical study by researchers
at A*STAR. [22]


https://phys.org/tags/materials/

The breakthrough was made in the lab of Andrea Alu, director of the ASRC's Photonics
Initiative. Alu and his colleagues from The City College of New York, University of
Texas at Austin and Tel Aviv University were inspired by the seminal work of three
British researchers who won the 2016 Noble Prize in Physics for their work, which
teased out that particular properties of matter (such as electrical conductivity) can be
preserved in certain materials despite continuous changes in the matter's form or
shape. [21]

Researchers at the University of Illinois at Urbana-Champaign have developed a new
technology for switching heat flows 'on’ or 'off'. [20]

Thermoelectric materials can use thermal differences to generate electricity. Now
there is an inexpensive and environmentally friendly way of producing them with the
simplest tools: a pencil, photocopy paper, and conductive paint. [19]

A team of researchers with the University of California and SRI International has
developed a new type of cooling device that is both portable and efficient.

[18]

Thermal conductivity is one of the most crucial physical properties of matter when it
comes to understanding heat transport, hydrodynamic evolution and energy balance in
systems ranging from astrophysical objects to fusion plasmas. [17]

Researchers from the Theory Department of the MPSD have realized the control of
thermal and electrical currents in nanoscale devices by means of quantum local
observations. [16]

Physicists have proposed a new type of Maxwell's demon—the hypothetical agent that
extracts work from a system by decreasing the system's entropy—in which the demon
can extract work just by making a measurement, by taking advantage of quantum
fluctuations and quantum superposition. [15]

Pioneering research offers a fascinating view into the inner workings of the mind of
'Maxwell's Demon’, a famous thought experiment in physics. [14]

For more than a century and a half of physics, the Second Law of Thermodynamics,
which states that entropy always increases, has been as close to inviolable as any law we
know. In this universe, chaos reigns supreme.

[13]

Physicists have shown that the three main types of engines (four-stroke, twostroke, and
continuous) are thermodynamically equivalent in a certain quantum regime, but not at
the classical level. [12]

For the first time, physicists have performed an experiment confirming that
thermodynamic processes are irreversible in a quantum system—meaning that, even on
the quantum level, you can't put a broken egg back into its shell. The results have
implications for understanding thermodynamics in quantum systems and, in turn,
designing quantum computers and other quantum information technologies. [11]



Disorder, or entropy, in a microscopic quantum system has been measured by an
international group of physicists. The team hopes that the feat will shed light on the
"arrow of time": the observation that time always marches towards the future. The
experiment involved continually flipping the spin of carbon atoms with an oscillating
magnetic field and links the emergence of the arrow of time to quantum fluctuations
between one atomic spin state and another. [10]

Mark M. Wilde, Assistant Professor at Louisiana State University, has improved this
theorem in a way that allows for understanding how quantum measurements can be
approximately reversed under certain circumstances. The new results allow for
understanding how quantum information that has been lost during a measurement can
be nearly recovered, which has potential implications for a variety of quantum
technologies. [9]

Today, we are capable of measuring the position of an object with unprecedented
accuracy, but quantum physics and the Heisenberg uncertainty principle place
fundamental limits on our ability to measure. Noise that arises as a result of the
quantum nature of the fields used to make those measurements imposes what is called
the "standard quantum limit." This same limit influences both the ultrasensitive
measurements in nanoscale devices and the kilometer-scale gravitational wave detector
at LIGO. Because of this troublesome background noise, we can never know an object's
exact location, but a recent study provides a solution for rerouting some of that noise
away from the measurement. [8]

The accelerating electrons explain not only the Maxwell Equations and the Special
Relativity, but the Heisenberg Uncertainty Relation, the Wave-Particle Duality and the
electron’s spin also, building the Bridge between the Classical and Quantum Theories.

The Planck Distribution Law of the electromagnetic oscillators explains the
electron/proton mass rate and the Weak and Strong Interactions by the diffraction
patterns. The Weak Interaction changes the diffraction patterns by moving the electric
charge from one side to the other side of the diffraction pattern, which violates the CP
and Time reversal symmetry.

The diffraction patterns and the locality of the self-maintaining electromagnetic
potential explains also the Quantum Entanglement, giving it as a natural part of the
relativistic quantum theory.
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Preface

Physicists are continually looking for ways to unify the theory of relativity, which describes
largescale phenomena, with quantum theory, which describes small-scale phenomena. In a new
proposed experiment in this area, two toaster-sized "nanosatellites" carrying entangled
condensates orbit around the Earth, until one of them moves to a different orbit with different
gravitational field strength. As a result of the change in gravity, the entanglement between the



condensates is predicted to degrade by up to 20%. Experimentally testing the proposal may be
possible in the near future. [5]

Quantum entanglement is a physical phenomenon that occurs when pairs or groups of particles are
generated or interact in ways such that the quantum state of each particle cannot be described
independently — instead, a quantum state may be given for the system as a whole. [4]

| think that we have a simple bridge between the classical and quantum mechanics by
understanding the Heisenberg Uncertainty Relations. It makes clear that the particles are not point
like but have a dx and dp uncertainty.

Revealing the inner working of magnetic materials

Bjorn Alling, researcher in theoretical physics at Linkdping University, has, together with his
colleagues, completed the task given to him by the Swedish Research Council in the autumn of
2014: Find out what happens inside magnetic materials at high temperatures.

Chromium nitride, CrN, is a magnetic material used in industry as, among other things, a hard
surface coating. It is also of interest to researchers, since it is a poor conductor of heat at high
temperatures, which makes it suitable for use in, for example, thermoelectric systems. In such
systems, the material is to conduct current without conducting heat.

The behaviour of chromium nitride, however, is somewhat remarkable at slightly higher
temperatures. Nitrides are compounds that contain nitrogen, N, together with one other element.
The ability of most nitrides to conduct heat falls slowly but surely as the temperature increases. The
heat conduction of chromium nitride, in contrast, falls precipitously after a moderate temperature
rise, and then remains at a constant low level, even as the material is heated to 600 °C. The
mechanisms behind this behaviour have left researchers perplexed for many years.

The past decade has seen major breakthroughs in theoretical research in materials science.
Researchers have determined which calculation methods are most accurate, and have gained
access to sufficiently powerful supercomputers to be able to carry out the calculations.

"There has been a major hole in our knowledge in the particular case of how magnetic materials
function at high temperatures," says Bjorn Alling, researcher in theoretical physics at LiU.

It was nearly four years ago, at the end of 2014, that he was awarded a major research grant from
the Swedish Research Council to attempt to fill this hole, in collaboration with researchers at the
Max-Planck-Institut fur Eisenforschung in Disseldorf. Bjorn Alling spent two years at the institute, a
world-leader in magnetic materials research.

The collaboration has been successful and resulted in an article in the prestigious journal Physical
Review Letters, where the group describes a new method that has enabled it to calculate exactly
what happens in chromium nitride when it is heated. At last we have theoretical calculations that
agree with the behaviour of the material.
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"We want to understand the materials, independently of their temperature, pressure and
composition, and be able to describe them accurately. The theoretical calculations and the
methods we have developed give a stable basis to stand on when developing industrial
applications. It would have been impossible to determine this basis by experiments," says Bjérn
Alling.

The method they have developed gives results of high accuracy, and this means that the
calculations are highly demanding.

In solid materials, the atoms are arranged in a well-organised crystal structure, at definite distances
from each other. As the material is heated, the atoms start to vibrate.

Each atom in a magnetic material contains what can be thought of as a tiny compass needle, a
dipole with a positive and a negative end. In classical magnetic materials, such as iron, the needles
all point in the same direction, which gives the material its typical magnetic properties. As the
material is heated, however, the compass needles start to rotate in an unpredictable manner.

Methods are available to calculate and simulate the vibrations and rotations with high accuracy
separately, but they predict that the ability to conduct heat will decrease gradually. This is not what
happens for chromium nitride.

"We have now developed a method in which we describe how the atomic vibrations change on a
femtosecond timescale, calculating the forces in the atoms using quantum mechanical methods. To
this we add calculations of spin dynamics — how much the magnetism in the atom rotates in a
femtosecond. We then put this calculation back into the dynamic model of how atoms vibrate,"
Bjorn Alling explains.

The method was successful.

"Chromium nitride is remarkable for its low heat conduction at slightly elevated temperatures. We
have now been able to show why, and our simulations predict the behaviour accurately.

No one has managed to do this previously."

The calculation and simulation of what happens in the material during 30 picoseconds requires
more than a month of processor time for the resources available to the researchers at the National
Supercomputer Centre at LiU and in Disseldorf

"We have been able to combine a deep understanding of the fundamental physical and quantum
phenomena, and we have had access to sufficient computer power. It will be some time before the
method is widely used in science, since the calculations are so accurate and demanding, but we
must use this method to make progress," says Bjorn Alling.

The next step will be to apply the method to iron and its alloys. This is one of the
oldest materials used throughout human history, but we still don't have a deep understanding of
it.

"This is theoretical research with huge practical applications, not least in the steel industry," says
Bjorn Alling. [32]
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Scientists shuffle the deck to create materials with new quantum
behaviors

Layered transition metal dichalcogenides or TMDCs—materials composed of metal nanolayers
sandwiched between two other layers of chalcogens— have become extremely attractive to the
research community due to their ability to exfoliate into 2-D single layers. Similar to graphene, they
not only retain some of the unique properties of the bulk material, but also demonstrate direct-gap
semiconducting behavior, excellent electrocatalytic activity and unique quantum phenomena such
as charge density waves (CDW).

Generating complex multi-principle element TMDCs essential for the future development of new
generations of quantum, electronic, and energy conversion materials is difficult.

"It is relatively simple to make a binary material from one type of metal and one type of
chalcogen," said Ames Laboratory Senior Scientist Viktor Balema. "Once you try to add more metals
or chalcogens to the reactants, combining them into a uniform structure becomes challenging. It
was even believed that alloying of two or more different binary TMDCs in one single-phase material
is absolutely impossible."

To overcome this obstacle, postdoctoral research associate Ihor Hlova used ball-milling and
subsequent reactive fusion to combine such TMDCs as MoS,, WSe,, WS;, TaS; and NbSe,. Ball-
milling is a mechanochemical process capable of exfoliating layered materials into single- or few-
layer-nanosheets that can further restore their multi-layered arrangements by restacking.

"Mechanical processing treats binary TMDCs like shuffling together two separate decks of cards,
said Balema. "They are reordered to form 3-D-heterostructured architectures —an unprecedented
phenomenon first observed in our work."

Heating of the resulting 3-D-heterostructures brings them to the edge of their stability, reorders
atoms within and between their layers, resulting in single-phase solids that can in turn be
exfoliated, or peeled into 2-D single layers similar to graphene, but with their own, unique tunable
properties.

"Preliminary examination of properties of only a few, earlier unavailable compounds, proves as
exciting as synthetic results are," adds Ames Laboratory Senior Scientist and Distinguished
Professor of Materials Science and Engineering Vitalij Pecharsky. "Very likely, we have just opened
doors to the entirely new class of finely tunable, quantum matter." [31]

Scientists to track the reaction of crystals to the electric field

An international scientific team, which included scientists from China, Israel, England and Russia,
has developed a new method for measuring the response of crystals on the electric field. The study,
performed at the European Synchrotron Radiation Facility (ESRF), were published in the Journal of
Applied Crystallography and appeared on the cover of the October issue. This method will help
to implement new and improve existing functional materials.
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"The study is dedicated to crystalline materials (ferroelectric), which are used in a variety of devices
from sonars for submarines to elements of ultrasonic diagnostic devices," said researcher Dmitry
Chernyshov of the Swiss-Norwegian Beam Lines at ESRF and the Physical Electronics department of
SPbPU. He stressed that improving the properties of such materials is an extremely important
scientific task.

The scientist said that detailed three-dimensional scattering maps were collected during the
synchrotron experiments at the ESRF. These maps carry detailed information about the structure of
the crystal and its response to the electric field. Next, a mathematical method was invented for
extracting the relevant information from such maps. The crystals under study were placed in a
special cell for the application of electric field. The cell was developed by alumnus of St. Petersburg
Polytechnic University Tikhon Vergentiev as part of his Ph.D. project during his internship at the
ESRF.

The structure of crystals can be described in different spatial scales. It is possible to describe the
structure at the atomic level or at the level of large blocks of the atomic structure (domains,
boundaries between domains, structural defects). When the external conditions change
(temperature, pressure, etc.), all components of the structure react differently. The research team
studied the response of the material to an electric field in its atomic and domain structures.

"In the framework of one experiment, we were able to see how the different levels of the structural
hierarchy react to external influences. If we measure and describe the response of individual
components of a complex system, as well as their interaction, it is going to be possible to rationally
control the structure and properties of such materials," said Dmitry Chernyshov.

The authors of the study expect that the obtained results will be required by a wide range of
specialists. It will help chemists to tune the chemical composition and crystal structure, and
materials scientists will use new tools for manipulating the large blocks of structure, domains
(domain engineering). According to scientists, this will lead to the improvement of the properties
of materials used in ultrasonic diagnostic devices. [30]

Physicists name and codify new field in nanotechnology: 'electron

quantum metamaterials’

When two atomically thin two-dimensional layers are stacked on top of each other and one layer is
made to rotate against the second layer, they begin to produce patterns—the familiar moiré
patterns—that neither layer can generate on its own and that facilitate the passage of light and
electrons, allowing for materials that exhibit unusual phenomena. For example, when two
graphene layers are overlaid and the angle between them is 1.1 degrees, the material becomes a
superconductor.

"It's a bit like driving past a vineyard and looking out the window at the vineyard rows. Every now
and then, you see no rows because you're looking directly along a row," said Nathaniel Gabor, an
associate professor in the Department of Physics and Astronomy at the University of California,
Riverside. "This is akin to what happens when two atomic layers are stacked on top of each other.
At certain angles of twist, everything is energetically allowed. It adds up just right to allow for
interesting possibilities of energy transfer."
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This is the future of new materials being synthesized by twisting and stacking atomically thin layers,
and is still in the "alchemy" stage, Gabor added. To bring it all under one roof, he and physicist
Justin C. W. Song of Nanyang Technological University, Singapore, have proposed this field of
research be called "electron guantum metamaterials" and have just published a perspective article
in Nature Nanotechnology.

"We highlight the potential of engineering synthetic periodic arrays with feature sizes below the
wavelength of an electron. Such engineering allows the electrons to be manipulated in unusual
ways, resulting in a new range of synthetic quantum metamaterials with unconventional
responses," Gabor said.

Metamaterials are a class of material engineered to produce properties that do not occur naturally.
Examples include optical cloaking devices and super-lenses akin to the Fresnel lens that lighthouses
use. Nature, too, has adopted such techniques—for example, in the unique coloring of butterfly
wings—to manipulate photons as they move through nanoscale structures.

"Unlike photons that scarcely interact with each other, however, electrons in subwavelength
structured metamaterials are charged, and they strongly interact," Gabor said. "The result is an
enormous variety of emergent phenomena and radically new classes of interacting quantum
metamaterials."

Gabor and Song were invited by Nature Nanotechnology to write a review paper. But the pair chose
to delve deeper and lay out the fundamental physics that may explain much of the research in
electron quantum metamaterials. They wrote a perspective paper instead that envisions the

current status of the field and discusses its future.

"Researchers, including in our own labs, were exploring a variety of metamaterials but no one had
given the field even a name," said Gabor, who directs the Quantum Materials Optoelectronics lab
at UCR. "That was our intent in writing the perspective. We are the first to codify the underlying
physics. In a way, we are expressing the periodic table of this new and exciting field. It has been a
herculean task to codify all the work that has been done so far and to present a unifying picture.
The ideas and experiments have matured, and the literature shows there has been rapid progress
in creating quantum materials for electrons. It was time to rein it all in under one umbrella and
offer a roadmap to researchers for categorizing future work."

In the perspective, Gabor and Song collect early examples in electron metamaterials and distil
emerging design strategies for electronic control from them. They write that one of the most
promising aspects of the new field occurs when electrons in subwavelength-structure samples
interact to exhibit unexpected emergent behavior.

"The behavior of superconductivity in twisted bilayer graphene that emerged was a surprise,"
Gabor said. "It shows, remarkably, how electron interactions and subwavelength features could be
made to work together in quantum metamaterials to produce radically new phenomena. It is
examples like this that paint an exciting future for electronic metamaterials. Thus far, we have only
set the stage for a lot of new work to come." [29]
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Nanocrystals arrange to improve electronics
Lawrence Livermore National Laboratory (LLNL) researchers are working to make better electronic
devices by delving into the way nanocrystals are arranged inside of them.

Nanocrystals are promising building blocks for new and improved electronic devices, due to their
size-tunable properties and ability to integrate into devices at low-cost.

While the structure of nanocrystals has been extensively studied, no one has been able to watch
the full assembly process.

That's where LLNL scientists Christine Orme, Yixuan Yu, Babak Sadigh and a colleague from the
University of California, Los Angeles come in.

"We think the situation can be improved if detailed quantitative information on the nanocrystal
assembly process could be identified and if the crystallization process were better controlled," said
Orme, an LLNL material scientist and corresponding author of a paper appearing in the

journal Nature Communications.

Nanocrystals inside devices form ensembles, whose collective physical properties, such as charge
carrier mobility, depend on both the properties of individual nanocrystals and the way they are
arranged. In principle, ordered nanocrystal ensembles, or superlattices, allow for more control in
charge transport by facilitating the formation of minibands. However, in practice, few devices built
from ordered nanocrystal superlattices are on the market.

Most previous studies use solution evaporation methods to generate nanocrystal superlattices and
probe the assembly process as the solvent is being gradually removed. It is difficult to obtain
guantitative information on the assembly process, however, because the volume and shape of the
nanocrystal solution is continually changing in an uncontrollable manner and the capillary forces
can drive nanocrystal motion during drying.

Electric field-driven growth offers a solution to this problem. "We have recently demonstrated that
an electric field can be used to drive the assembly of well-ordered, 3-D nanocrystal superlattices,"
Orme said.

Because the electric field increases the local concentration without changing the volume, shape or
composition of nanocrystal solution, the crystallizing system can be probed quantitatively without
complications associated with capillary forces or scattering from drying interfaces.

As anticipated, the team found that the electric field drives nanocrystals toward the surface,
creating a concentration gradient that leads to nucleation and growth of superlattices. Surprisingly,
the field also sorts the particles according to size. In essence, the electric field both concentrates
and purifies the nanocrystal solution during growth.

"Because of this size sorting effect, the superlattice crystals are better ordered and the size of
the nanocrystals in the lattice can be tuned during growth," Orme said. "This might be a useful
tool for optoelectronic devices. We're working on infrared detectors now and think it might be an
interesting strategy for improving color in monitors." [28]
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Nanoparticles form supercrystals under pressure

Self-assembly and crystallisation of nanoparticles (NPs) is generally a complex process, based on the
evaporation or precipitation of NP-building blocks. Obtaining high-quality supercrystals is slow,
dependent on forming and maintaining homogenous crystallisation conditions. Recent studies have
used applied pressure as a homogenous method to induce various structural transformations and
phase transitions in pre-ordered nanoparticle assemblies. Now, in work recently published in

the Journal of Physical Chemistry Letters, a team of German researchers studying solutions of gold
nanoparticles coated with poly(ethylene glycol)- (PEG-) based ligands has discovered that
supercrystals can be induced to form rapidly within the whole suspension.

Over the last few decades, there has been considerable interest in the formation of nanoparticle
(NP) supercrystals, which can exhibit tunable and collective properties that are different from that
of their component parts, and which have potential applications in areas such as optics, electronics,
and sensor platforms. Whilst the formation of high-quality supercrystals is normally a slow and
complex process, recent research has shown that applying pressure can induce gold nanoparticles
to form supercrystals. Building on this and the established effect of salts on the solubility of gold
nanoparticles (AuNP) coated with PEG-based ligands, Dr. Martin Schroer and his team carried out a
series of experiments investigating the effect of varying pressure on gold nanopatrticles in
aqueous solutions. They made an unexpected observation —when a salt is added to the solution,
the nanoparticles crystallise at a certain pressure. The phase diagram is very sensitive, and the
crystallisation can be tuned by varying the type of salt added, and its concentration.

The team used small angle x-ray scattering (SAXS) on beamline 122 to study the crystallisation in situ
with different chloride salts (NaCl, KCI, RbCl, CsCl). As Dr. Schroer explains,
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Fig. 2: Pressure — salt concentration phase diagram of AUNP@PEG. For low pressures, the particles
are in the liquid state, beyond a critical pressure, face-centred cubic (fcc) superlattices are formed
within solution. The crystallisation ...more
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122 is one of the few beamlines to offer a high-pressure environment, and it is unusual because the
experimental setup is easily managed by the users themselves. The beamline staff are excellent,
and we are particularly grateful for their expertise in data processing, which was invaluable."

The resulting pressure-salt concentration phase diagram shows that the crystallisation is a result of
the combined effect of salt and pressure on the PEG coatings. Supercrystal formation occurs only at
high salt concentrations, and is reversible. Increasing the salt concentration leads to a continuous
decrease of the crystallisation pressure, whereas the lattice structure and degree of crystallinity is
independent of the salt type and concentration.

When reaching the crystallisation pressure, supercrystals form within the whole suspension;
compressing the liquid further results in changes of the lattice constant, but no further
crystallisation or structural transitions. This technique should be applicable to a variety of
nanomaterials, and future studies may reveal insights into supercrystal formation that will help to
understand crystallisation processes and enable the development of new and quicker methods for
the synthesis of NP supercrystals.

The NP crystallisation appears to be instantaneous, but in this set of experiments there was a
delay of around 30 seconds between applying the pressure and taking the SAXS measurements. Dr.
Schroer and his team are returning to Diamond later this year to carry out time-resolved studies to
further investigate this phenomenon. [27]

Researchers develop nanoparticle films for high-density data storage
As we generate more and more data, the need for high-density data storage that remains stable
over time is becoming critical. New nanoparticle-based films that are more than 80 times thinner
than a human hair may help to fill this need by providing materials that can holographically archive
more than 1000 times more data than a DVD in a 10-by-10-centimeter piece of film. The new
technology could one day enable tiny wearable devices that capture and store 3-D images of
objects or people.

"In the future, these new films could be incorporated into a tiny storage chip that records 3-D color
information that could later be viewed as a 3-D hologram with realistic detail," said Shencheng Fu,
who led researchers from Northeast Normal University in China who developed the new films.
"Because the storage medium is environmentally stable, the device could be used outside or even
brought into the harsh radiation conditions of outer space."

In the journal Optical Materials Express, the researchers detail their fabrication of the new films and
demonstrate the technology's ability to be used for an environmentally-stable holographic storage
system. The films not only hold large amounts of data, but that data can also be retrieved at speeds
up to 1 GB per second, which is about twenty times the reading speed of today's flash memory.

Storing more data in less space

The new films are designed for holographic data storage, a technique that uses lasers to create and
read a 3-D holographic recreation of data in a material. Because it can record and read millions of
bits at once, holographic data storage is much faster than optical and magnetic approaches
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typically used for data storage today, which record and read individual bits one at a time.
Holographic approaches are also inherently high-density because they record information
throughout the 3-D volume of the material, not just on the surface, and can record multiple images
in the same area using light at different angles or consisting of different colors.

Recently, researchers have been experimenting with using metal-semiconductor nanocomposites
as a medium for storing nanoscale holograms with high spatial resolution. Porous films made of the
semiconductor titania and silver nanoparticles are promising for this application because they

change color when exposed to various wavelengths, or colors, of laser light and because a set of 3-
D images can be recorded at the focus area of laser beam using a single step. Although the films
could be used for multiwavelength holographic data storage, exposure to UV light has been shown
to erase the data, making the films unstable for long-term information storage.

Shuangyan Liu is holding the new UV-resistant holographic storage film. The new technology could
one day be used to make tiny wearable devices that capture and store 3-D images of objects or
people. Credit: Northeast Normal University

Recording a holographic image into titania-silver films involves using a laser to convert the silver
particles into silver cations, which have a positive charge due to extra electrons. "We noticed that
UV light could erase the data because it caused electrons to transfer from the semiconductor film
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to the metal nanoparticles, inducing the same photo transformation as the laser," said Fu.
"Introducing electron-accepting molecules into the system causes some of the electrons to flow
from the semiconductor to these molecules, weakening the ability of UV light to erase the data and
creating an environmentally stable high-density data storage medium."

Changing the electron flow

For the new films, the researchers used electron-accepting molecules that measured only 1 to 2
nanometers to disrupt the electron flow from the semiconductor to the metal nanoparticles. They
fabricated semiconductor films with a honeycomb nanopore structure that allowed the
nanoparticles, electron-accepting molecules and the semiconductor to all interface with each
other. The ultrasmall size of the electron-accepting molecules allowed them to attach inside the
pores without affecting the pore structure. The final films were just 620 nanometers thick.

The researchers tested their new films and found that holograms can be written into them
efficiently and with high stability even in the presence of UV light. The researchers also
demonstrated that using the electron-acceptors to change the electron flow formed multiple
electron transferring paths, making the material respond faster to the laser light and greatly
accelerating the speed of data writing.

"Particles made from noble metals such as silver are typically viewed as a slow-response media for
optical storage," said Fu. "We show that using a new electron transport flow improves the optical
response speed of the particles while still maintaining the particle's other advantages for
information storage."

The researchers plan to test the environmental stability of the new films by performing outdoor
tests. They also point out that real-life application of the films would require the development of
high efficiency 3-D image reconstruction techniques and methods for color presentation for
displaying or reading the stored data. [26]

Researchers developing materials for quantum computing

Creation of innovative materials is one of the most important areas of modern science. Active
development of Industry 4.0 requires new properties from composite elements of electronics.
Researches of scientists from South Ural State University are implemented within this area. SUSU's
Crystal Growth Laboratory performs modification of properties and structure of ferrites, which are
oxides of iron with other metals' oxides. This task is performed by introducing other chemical
elements into the structure of barium hexaferrite in order to obtain new working characteristics of
the material.

One of the latest research articles dedicated to this topic was published at the end of 2017
in Ceramics International.

"The specificity of ferrite crystal structure is in the fact that it has five different positions of iron in
the crystal lattice. This is exactly what allows modifying the structure and properties of the material
in a sufficiently wide range. Structure of the initial material changes its properties after introduction
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of other elements, which expands the possibilities for its use. Therefore, by changing material's
chemical composition, we can modify its working characteristics. We researched distribution of
indium on positions of the substitute element," says Denis Vinnik, Head of the Crystal Growth
Laboratory.

The scientists have a special interest in determining which of iron's positions in the lattice of barium
hexaferrite is the most preferential for the new element: properties of the modified material
depend on its structure. At the present time, the crystallographic positions that indium will place

have been determined. Research is being carried out in the area of studying super-high frequency
characteristics and the nature of other various properties of ferrites.

—

R

Viktoria Matveychuk. Credit: A. Trukhanov

"Our interest to barium ferrites is conditioned by their high functional properties," explains Aleksey
Valentinovich. "Chemical stability and corrosion resistance makes these materials environmentally
safe and usable fro practically unlimited time. Hexaferrites possess excellent magnetic parameters.
Low specific electrical conductivity allows applying hexaferrite magnets at the presence of high-
frequency magnet fields, which is prospective for microelectronics. Nowadays this material has a
great potential in absorbing electromagnetic interference (EMI) in the microwave range. Therefore,
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hexaferrites are applicable for microwave technologies and for data transmission and protection
from wave exposure at high frequencies."

"We are working with a 'palette’ of various chemical elements, including wolframium, aluminum,
titanium, manganese and silicon. We would like to find out how such substitutions affect the
material's properties," says Svetlana Aleksandrovna. "Now, we are working with lead germanate.

Additionally, we are studying physical characteristics of barium hexaferrite with placeable lead and
its behavior at high temperatures. At some point of heating till a specific temperature, the sample
starts shrinking; this is a quite extraordinary phenomenon. Within this experiment, we calculated
the linear expansion coefficient and obtained interesting dependences. There are materials with
negative or zero expansion coefficient; they don't change their size during heating. This is
important at extreme temperatures, because some electronic details get overheated even under
normal conditions."

Barium hexaferrite with placeable lead is one of study fields of the Crystal Growth Laboratory. The
scientists have now grown monocrystals with low defect density that can be applied as working
elements of electronic devices. Potentially, the material can be used for creation of a quantum
computer which would have the highest performance capacity among the existing computational
devices.

Development of new magnetic materials in the 21st century will allow creating memory elements
with high-speed response, significant volume, and reliability. This class of materials has many
applications. [25]

Terahertz computer chip now within reach

Following three years of extensive research, Hebrew University of Jerusalem (HU) physicist Dr. Uriel
Levy and his team have created technology that will enable computers and all optic communication
devices to run 100 times faster through terahertz microchips.

Until now, two major challenges stood in the way of creating the terahertz microchip: overheating
and scalability.

However, in a paper published this week in Laser & Photonics Reviews, Dr. Levy, head of HU's Nano-
Opto Group and HU emeritus professor Joseph Shappir have shown proof of concept for an

optic technology that integrates the speed of optic (light) communications with the reliability—and
manufacturing scalability—of electronics.

Optic communications encompass all technologies that use light and transmit through fiber optic
cables, such as the internet, email, text messages, phone calls, the cloud and data centers, among
others. Optic communications are super fast but in microchips they become unreliable and difficult
to replicate in large quanitites.

Now, by using a Metal-Oxide-Nitride-Oxide-Silicon (MONOS) structure, Levy and his team have
come up with a new integrated circuit that uses flash memory technology—the kind used in flash
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drives and discs-on-key—in microchips. If successful, this technology will enable standard 8-16
gigahertz computers to run 100 times faster and will bring all optic devices closer to the holy grail of
communications: the terahertz chip.

As Dr. Uriel Levy shared, "this discovery could help fill the "THz gap' and create new and more
powerful wireless devices that could transmit data at significantly higher speeds than currently
possible. In the world of hi-tech advances, this is game-changing technology,"

Meir Grajower, the leading HU Ph.D. student on the project, added, "It will now be possible to
manufacture any optical device with the precision and cost-effectiveness of flash technology." [24]

Revolutionizing computer memory—with magnets
When the energy efficiency of electronics poses a challenge, magnetic materials may have a
solution.

Energy efficiency will make or break the future. As the demand for energy from electronics
continues growing, the Semiconductor Research Corporation warns that within two decades, the
global computational demand for energy will be greater than the total amount produced. Vincent
Sokalski, an assistant professor of materials science and engineering at Carnegie Mellon University,
is working on a solution to this problem—using magnetic materials for energy-efficient memory
and computing.

Sokalski recently received a $1.8 million grant from the Defense Advanced Research Projects
Agency (DARPA) for his project, "Domain wall skyrmions: Topological excitations confined to 1-D
channels." Along with CMU Professors Marc De Graef (MSE) and Di Xiao (Physics), Sokalski will
explore new ways to efficiently process and store information with magnetic materials.

Although magnetic materials are already used in today's hard disk dr