
Nanocrystal Growth and Aggregation 
 

Particles in solution can grow, transport, collide, interact, and aggregate into complex 

shapes and structures. [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] 

The breakthrough was made in the lab of Andrea Alù, director of the ASRC's Photonics 

Initiative. Alù 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 demonɂthe hypothetical agent that 

extracts work from a system by decreasing the system's entropyɂin 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 systemɂmeaning 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 

ÅÌÅÃÔÒÏÎȭÓ ÓÐÉÎ ÁÌÓÏȟ ÂÕÉÌÄÉÎÇ ÔÈÅ "ÒÉÄÇÅ ÂÅÔ×ÅÅÎ ÔÈÅ #ÌÁÓÓÉÃÁÌ ÁÎÄ 1ÕÁÎÔÕÍ 4ÈÅÏÒÉÅÓȢ   

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 ς instead, a quantum state may be given for the system as a whole. [4]  

I 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.   

  



Nanocrystal study provides insights on growth, assembly and 

aggregation   
Particles in solution can grow, transport, collide, interact, and aggregate into complex shapes and 

structures. Predicting the outcome of these events is very challenging, especially for irregularly 

shaped particles in extreme solution conditions. New research from scientists at the Interfacial 

Dynamics in Radioactive Environments and Materials (IDREAM) Energy Frontier Research Center 

has found that aluminum oxyhydroxide (boehmite) nanoplatelets align and attach to form neatly 

ordered stacks, a novel findings that involved both experimental and computational research. 

The work, led by Pacific Northwest National Laboratory scientists in collaboration with scientists at 

Washington State University and Oak Ridge National Laboratory, was featured in ACS Nano in a 

paper titled, "Impact of Solution Chemistry and Particle Anisotropy on the Collective Dynamics of 

Oriented Aggregation." 

The study provides key details on the structure and dynamics of boehmite platelets in salt solutions 

at high pH, conditions relevant to high-level radioactive waste such as that found at Hanford 

nuclear site. 

When nanocrystal stacks were placed in salt solutions at high pH, they aggregated rapidly into 

larger microstructures. These platelet stacks further aggregate at rates that increase with pH and 

[NaNO3], crossing from reaction-limited to diffusion-limited regimes. To help explain this behavior, 

we calculated the transport properties of nanoplatelets, specifically their rotational and 

translational modes of motion. Calculations of translational/rotational diffusivities and colloidal 

stability ratios demonstrated importance of considering irregular particle shapes. 

Monte Carlo simulations connected the shape of the seed nanoparticles to the structure and 

growth behavior of the emerging aggregates. Moreover, we determined that platelets interact 

differently at edges, faces, or corners, which complicates the use of typical models based on 

spherical particles. These results are important steps towards a predictive understanding of 

nanoparticle transport and aggregation that will solve problems in geochemistry, biology, materials 

science, and beyond. 

These new insights into the growth, assembly, and aggregation for boehmite and other aluminum 

bearing systems will inform the development of predictive models applied to process control 

schemes. [29] 

 

Nanocrystals arrange to impro ve 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. 

https://phys.org/tags/particles/


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 ƎǊŀŘǳŀƭƭȅ ǊŜƳƻǾŜŘΦ Lǘ ƛǎ ŘƛŦŬŎǳƭǘ ǘƻ ƻōǘŀƛƴ 

quantitative 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. 

9ƭŜŎǘǊƛŎ ŬŜƭŘ-driven growth offers a solution to this problem. "We have recently demonstrated that 

ŀƴ ŜƭŜŎǘǊƛŎ ŬŜƭŘ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ŘǊƛǾŜ ǘƘŜ ŀǎǎŜƳōƭȅ ƻŦ ǿŜƭƭ-ordered, 3-D nanocrystal superlattices," 

Orme said. 

Because the electric Ŭeld 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] 

 

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. 

https://phys.org/tags/superlattice/
https://phys.org/tags/nanocrystals/


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 nanoparticles in 

aqueous solutions. They made an unexpected observation ς 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 I22 to study the crystallisation in situ 

with different chloride salts (NaCl, KCl, RbCl, CsCl). As Dr. Schroer explains, 

 

Fig. 2: Pressure ς 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 Χmore 

I22 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. 

https://phys.org/tags/pressure/
https://phys.org/tags/gold+nanoparticles/
https://phys.org/tags/nanoparticles/
https://phys.org/news/2018-09-nanoparticles-supercrystals-pressure.html
https://phys.org/tags/salt/


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 

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 

https://phys.org/tags/crystallisation/
https://phys.org/tags/storage/


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 

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 

https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/hires/2018/56-researchersd.jpg


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 mate rials 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 

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. 

https://phys.org/tags/electron+flow/
https://phys.org/tags/films/
https://phys.org/tags/element/


 

±ƛƪǘƻǊƛŀ aŀǘǾŜȅŎƘǳƪΦ /ǊŜŘƛǘΥ ˢΦ ¢ǊǳƪƘŀƴƻǾ 

"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, 

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 

https://phys.org/tags/materials/
https://phys.org/tags/chemical+elements/
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2018/1-detailsforqu.jpg


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 reliabilityτand 

manufacturing scalabilityτof 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 technologyτthe kind used in flash 

drives and discs-on-keyτin 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] 

https://phys.org/tags/microchip/
https://phys.org/tags/technology/
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Revolutionizing computer memory ɂwith 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 problemτusing 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 drives for long-term storage, 

semiconductors are currently used for short-term memory and processing, which is where most of 

the energy is consumed. However, as semiconductors shrink to meet consumer expectations for 

speed and density, there comes a limit to how small they can be made without risking the loss of 

information. DARPA recognizes this challenge, and research projects funded by DARPA's 

"Topological Excitations in Electronics" program center on finding ways to use "topological 

protection" to improve magnetic materials that can be used for computer memory storage or 

processors. 

Imagine a bowl with a small ball rolling inside. As you shake it, the ball moves up and down the 

walls of the bowl, staying inside. However, if you did this with a smaller bowl, the ball might 

eventually fall out. Similarly, when a semiconductor is exposed to heat, it is at risk of losing 

information. The smaller you manufacture semiconductors, the more risk there is of data loss. 

Credit: Carnegie Mellon University College of Engineering 

"The fundamental physics behind that isn't something we can readily change," explains Sokalski, 

"but we can look at entirely different material systems and mechanisms where we're moving 

around magnetic features, and using those magnetic features to change the resistance of a 

computing device. But in order to do that, we really need to explore and discover new materials 

that can serve that purpose." 

Enter magnetic materials. By improving magnetic materials, Sokalski hopes to one day find new 

materials that could augment, or even replace, semiconductors in computing. 

Sokalski's project begins with magnetic skyrmions, or 2-D magnetic bubbles. If used in computer 

memory, each bubble would store a single bit of data. 

"Skyrmions are a rebirth of the idea of bubble memory" that was widely studied in the 1970s and 

80s, says Sokalski. "Except now the bubbles are much smaller, more stable, and have topological 
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protection, so we can move them around with greater energy efficiency than we ever could have 

moved them around 40 or 50 years ago." 

In magnetic materials, think of each electron as a tiny bar magnet with a north and south pole that 

are all pointing in the same direction. These are called spins. Sokalski is interested in how to create 

topological defects in lines of these spins. 

To understand the importance of topological protection, you first have to understand topological 

defects. Imagine stacking a cheese tray with a friend. One of you starts on the right side of the tray, 

stacking up each piece of cheese on top of the next, and the other starts on the left side. 

Eventually, you'll meet in the middle, and your slices of cheese will collide, rather than aligning at 

the same angle. That point where they collide is the essence of a topological defect. 

To erase a topological defect, you'd have to flip every "slice of cheese" on one side of the defect.  In 

magnetism, if half of your spins in a chain point inward to the left, and all the others point the 

opposite direction, you'd get a defect in the middle. In order to make the defect disappear, you'd 

have to reverse every spin on one side, moving it away to the edge of the chain. 

In magnetism, these topological defects are very valuable. If you have a topological defect, that 

means your data are topologically protected, because if just one spin spontaneously flips to point in 

the opposite direction, the defect just shifts, rather than goes away. 

Why is this topic suddenly emerging in magnetic materials research? All magnetism is based on 

something called the Heisenberg Exchange, a quantum mechanical effect that causes electron spins 

to align in a parallel orientation. However, the discovery of a new phenomenon called the 

Dzyaloshinskii-Moriya Interaction (DMI) leads to a perpendicular alignment of neighboring spins. 

The combination of Heisenberg Exchange and DMI, which is what Sokalski studies, gives rise to a 

new kind of magnetism that causes electron spins to have a continuously spiraling configuration. 

"It turns out that features in magnetic materials that are stabilized by this new interaction can 

actually be manipulated with better efficiency than in cases where it's only the Heisenberg 

Exchange," says Sokalski. 

Having greater control over skyrmions and topological defects would mean more reliable data 

storage and energy efficiency in computing. 

"DARPA is looking to circumvent the pending challenge of energy-efficient electronics," says 

Sokalski, "and that scales from the most fundamental physical concepts of spin to the design of 

computers that have an entirely different circuit architecture. Our research will lead to energy-

efficient computing that meets the needs of artificial intelligence and small-scale computers, while 

mitigating their global energy footprint." 

MSE Ph.D. students Maxwell Li and Derek Lau and Physics postdoctoral researcher Ran Cheng are 

collaborators on this project, in addition to Co-PIs Tim Mewes and Claudia Mewes at the University 

of Alabama. [23] 
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