
 

 

Electrode Free Nanopore Sensing 
 

Researchers at Nanjing University in China have now made the first nanopore sensor that works 

optically and does not require any electrical connections. [39] 

An international research team around physicist Wolfgang Lang at the University of Vienna has 

succeeded in producing the world's densest complex nano arrays for anchoring flux quanta, the 

fluxons. [38] 

Optical properties of materials are based on their chemistry and the inherent subwavelength 

architecture, although the latter remains to be characterized in depth. [37] 

More than 100 years ago, Albert Einstein and Wander Johannes de Haas discovered that when 

they used a magnetic field to flip the magnetic state of an iron bar dangling from a thread, the 

bar began to rotate. [36] 

Researchers at the Max Born Institute have now generated directed currents at terahertz (THz) 

frequencies, much higher than the clock rates of current electronics. [35] 

Researchers at Friedrich-Alexander-Universität Erlangen-Nürnberg (FAU) have developed a 

simple yet accurate method for finding defects in the latest generation of silicon carbide 

transistors. [34] 

In 2017, University of Utah physicist Valy Vardeny called perovskite a "miracle material" for an 

emerging field of next-generation electronics, called spintronics, and he's standing by that 

assertion. [33] 

Scientists at Tokyo Institute of Technology proposed new quasi-1-D materials for potential 

spintronic applications, an upcoming technology that exploits the spin of electrons. [32] 

They do this by using "excitons," electrically neutral quasiparticles that exist in insulators, 

semiconductors and in some liquids. [31] 

Researchers at ETH Zurich have now developed a method that makes it possible to couple such a 

spin qubit strongly to microwave photons. [30] 

Quantum dots that emit entangled photon pairs on demand could be used in quantum 

communication networks. [29] 

Researchers successfully integrated the systemsɂdonor atoms and quantum dots. [28] 



 

 

A team of researchers including U of A engineering and physics faculty has developed a new 

method of detecting single photons, or light particles, using quantum dots. [27] 

Recent research from Kumamoto University in Japan has revealed that polyoxometalates 

(POMs), typically used for catalysis, electrochemistry, and photochemistry, may also be used in a 

technique for analyzing quantum dot (QD) photoluminescence (PL) emission mechanisms. [26] 

Researchers have designed a new type of laser called a quantum dot ring laser that emits 

red, orange, and green light. [25] 

The world of nanosensors may be physically small, but the demand is large and growing, 

with little sign of slowing. [24]  

In a joint research project, scientists from the Max Born Institute for  

Nonlinear Optics and Short Pulse Spectroscopy (MBI), the Technische Universität Berlin 

(TU) and the University of Rostock have managed for the first time to image free 

nanoparticles in a laboratory experiment using a highintensity laser source. [23]  

For the first time, researchers have built a nanolaser that uses only a single molecular 

layer, placed on a thin silicon beam, which operates at room temperature. [22]  

A team of engineers at Caltech has discovered how to use computer-chip manufacturing 

technologies to create the kind of reflective materials that make safety vests, running 

shoes, and road signs appear shiny in the dark. [21]  

In the September 23th issue of the Physical Review Letters, Prof. Julien Laurat and his 

team at Pierre and Marie Curie University in Paris (Laboratoire Kastler Brossel-LKB) 

report that they have realized an efficient mirror consisting of only 2000 atoms. [20]  

Physicists at MIT have now cooled a gas of potassium atoms to several nanokelvinsɂjust 

a hair above absolute zeroɂand trapped the atoms within a two-dimensional sheet of 

an optical lattice created by crisscrossing lasers. Using a high-resolution microscope, the 

researchers took images of the cooled atoms residing in the lattice. [19]  

Researchers have created quantÕÍ ÓÔÁÔÅÓ ÏÆ ÌÉÇÈÔ ×ÈÏÓÅ ÎÏÉÓÅ ÌÅÖÅÌ ÈÁÓ ÂÅÅÎ ȰÓÑÕÅÅÚÅÄȱ 

to a record low. [18]  

!Î ÅÌÌÉÐÔÉÃÁÌ ÌÉÇÈÔ ÂÅÁÍ ÉÎ Á ÎÏÎÌÉÎÅÁÒ ÏÐÔÉÃÁÌ ÍÅÄÉÕÍ ÐÕÍÐÅÄ ÂÙ ȰÔ×ÉÓÔÅÄ ÌÉÇÈÔȱ ÃÁÎ 

rotate like an electron around a magnetic field. [17]  

Physicists from Trinity College Dublin's School of Physics and the CRANN Institute, 

Trinity College, have discovered a new form of light, which will impact our 

understanding of the fundamental nature of light. [16]  

Light from an optical fiber illuminates the metasurface, is scattered in four different 

directions, and the intensities are measured by the four detectors. From this 

measurement the state of polarization of light is detected. [15] Converting a single 



 

 

photon from one color, or frequency, to another is an essential tool in quantum 

communication, which harnesses the subtle correlations between the subatomic 

properties of photons (particles of light) to securely store and transmit information. 

Scientists at the National Institute of Standards and Technology (NIST) have now 

developed a miniaturized version of a frequency converter, using technology similar to 

that used to make computer chips. [14]  

Harnessing the power of the sun and creating light-harvesting or light-sensing devices 

requires a material that both absorbs light efficiently and converts the energy to highly 

mobile electrical current. Finding the ideal mix of properties in a single material is a 

challenge, so scientists have been experimenting with ways to combine different 

materials to create "hybrids" with enhanced features. [13]  

Condensed-matter physicists often turn to particle-like entities called quasiparticlesɂ

such as excitons, plasmons, magnonsɂto explain complex phenomena. Now Gil Refael 

from the California Institute of Technology in Pasadena and colleagues report the 

ÔÈÅÏÒÅÔÉÃÁÌ ÃÏÎÃÅÐÔ ÏÆ ÔÈÅ ÔÏÐÏÌÏÇÉÃÁÌ ÐÏÌÁÒÉÔÉÏÎȟ ÏÒ ȰÔÏÐÏÌÁÒÉÔÏÎȱȡ Á ÈÙÂÒÉÄ ÈÁÌÆ-light, 

half-matter quasiparticle that has special topological properties and might be used in 

devices to transport light in one direction. [12]  

Solitons are localized wave disturbances that propagate without changing shape, a 

result of a nonlinear interaction that compensates for wave packet dispersion. Individual 

solitons may collide, but a defining feature is that they pass through one another and 

emerge from the collision unaltered in shape, amplitude, or velocity, but with a new 

trajectory reflecting a discontinuous jump.  

Working with colleagues at the Harvard-MIT Center for Ultracold Atoms, a group led by 

Harvard Professor of Physics Mikhail Lukin and MIT Professor of Physics Vladan Vuletic 

have managed to coax photons into binding together to form molecules ɀ a state of 

matter that, until recently, had been purely theoretical. The work is described in a 

September 25 paper in Nature.  

New ideas for interactions and particles: This paper examines the possibility to origin the 

Spontaneously Broken Symmetries from the Planck Distribution Law. This way we get a 

Unification of the Strong, Electromagnetic, and Weak Interactions from the interference 

occurrences of oscillators. Understanding that the relativistic mass change is the result 

of the magnetic induction we arrive to the conclusion that the Gravitational Force is also 

based on the electromagnetic forces, getting a Unified Relativistic Quantum Theory of all 

4 Interactions.  
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Nanopore sensing goes electrode free   
Nanopore sensors can identify a wide variety of single molecules and biomolecules, but all such devices 

made so far rely on electrodes to measure the current change through the nanopore as a molecule passes 

through it. Researchers at Nanjing University in China have now made the first nanopore sensor that works 

optically and does not require any electrical connections. The new technique, dubbed 

DiffusiOptoPhysiology (DOP), could find applications in drug screening, clinical diagnosis and DNA 

sequencing. 

ά{ƛƴŎŜ ǘƘŜ ŦƛǊǎǘ ǎƛƴƎƭŜ-molecule nanopore sensors were made a few decades ago, their mode of 

measurement ς which requires a patch clamp amplifier for single-channel recording ς has not changedΣέ 

explains Shuo HuangΣ ǿƘƻ ƭŜŘ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ŜŦŦƻǊǘΦ ά¢Ƙƛǎ Ƙŀǎ ǎŜǘ ŀ ƘƛƎƘ ǘŜŎƘƴƛŎŀƭ ƘǳǊŘƭŜ ǘƘŀǘ Ƙŀǎ 
ƭƛƳƛǘŜŘ ƴŀƴƻǇƻǊŜ ǊŜǎŜŀǊŎƘ ǘƻ ŀ ŦŜǿ ŀŎŀŘŜƳƛŎ ƭŀōƻǊŀǘƻǊƛŜǎ ŀƴŘ ǎǇŜŎƛŀƭƛǎǘǎ ŀǊƻǳƴŘ ǘƘŜ ǿƻǊƭŘΦέ 

Much-simplified technology 

άLƴ ƻǳǊ ǿƻǊƪΣ ǿŜ ǿŜǊŜ ƛƴǎǇƛǊŜŘ ōȅ ǊŜŎŜƴǘ ŀŘǾŀƴŎŜǎ ƛƴ ŎŀƭŎƛǳƳ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƳŀƎƛƴƎΣέ ƘŜ ǎŀȅǎΦ ά¢ƘŜ ǊŜǎǳƭǘ ƛǎ 

a much-simplified technology, the DOP, which is adapted from optical single-ŎƘŀƴƴŜƭ ǊŜŎƻǊŘƛƴƎ όƻ{/wύΦέ 

http://hysz.nju.edu.cn/bionano/


 

 

oSCR optically monitors calcium ion (Ca2+) flux through individual nanopores embedded in a droplet 

interface bilayer (DIB). Although very efficient for high-throughput measurements, a pair of electrodes is 

still required to electrically drive Ca2+ions through the pores. Such a setup is not without risk since manually 

inserting electrodes into aqueous droplets requires much dexterity and delicate micro-manipulation skills to 

avoid inadvertently rupturing the DIB. 

DOP does not require any electrical connections, explains Huang. It works by optically monitoring (the 

strong) fluorescence emission that occurs when Ca2+ ions bind with the indicator dye, Fluo-8 (a chemical 

reagent routinely employed by biologists and chemists) as they diffuse through the channels of a nanopore 

sensor. 

Reporting single molecule activities and parallel measurements 

ά¢ƘŜ ŦƭǳƻǊŜǎŎŜƴŎŜ ƛƴǘŜƴǎƛǘȅ ƛǎ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ƛƻƴƛŎ ŦƭǳȄ ǘƘǊƻǳƎƘ ǘƘŜ ŎƘŀƴƴŜƭǎΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ Ŏŀƴ ǊŜǇƻǊǘ 

single molecule activities, such as binding of small molecules to a nanopore or translocation of nucleic acids 

ǘƘǊƻǳƎƘ ƛǘΦέ 

DOP allows for parallel measurements from thousands of nanopores on a centimetre-sized chip and is cost 

effective ς at less than $1 in consumables for a single measurement. This low cost, as well as its small size 

makes it highly suitable as a disposable device for use in clinical diagnosis, says Huang. 

To test their device, the researchers detected small molecules such as cyclodextrin, PEG1500 and dsDNA as 

well as various macromolecules and biomacromolecules. 
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Molecular hopper lines up for DNA sequencing 

 

ñAnyone anywhere could carry out DOPò 

ά¢ƘŜ 5ht ŎƘƛǇ Ƴŀȅ ŦƛƴŘ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ǎŎǊŜŜƴƛƴƎ ŦƻǊ ƴŜǿ ŘǊǳƎ ƳƻƭŜŎǳƭŜǎΣέ ǎŀȅǎ IǳŀƴƎΦ άLǘǎ ƭƻǿ Ŏƻǎǘ ŀƴŘ 

the fact that it is easy to use may allow research teams around the world to now exploit the power of 

https://physicsworld.com/a/molecular-hopper-lines-up-for-dna-sequencing/
https://physicsworld.com/a/molecular-hopper-lines-up-for-dna-sequencing/
https://physicsworld.com/a/molecular-hopper-lines-up-for-dna-sequencing/
https://physicsworld.com/a/molecular-hopper-lines-up-for-dna-sequencing/
https://physicsworld.com/a/molecular-hopper-lines-up-for-dna-sequencing/


 

 

nanopores foǊ ǇƻǘŜƴǘƛŀƭƭȅ ǊƻǳǘƛƴŜ ŎƭƛƴƛŎŀƭ ŘƛŀƎƴƻǎŜǎΦέ LƴŘŜŜŘΣ ǘƘŜ bŀƴƧƛƴƎ ǘŜŀƳ ǎŀȅǎ ǘƘŀǘ ƛǘ Ƙŀǎ ŘŜŎƛŘŜŘ ǘƻ 

share its technique for preparing biological nanopores via a public gene repository service. 

Looking ahead, the researchers say they are now busy working on a highly portable imaging hardware that 

ƛǎ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ 5htΦ ά¢Ƙƛǎ ƘŀǊŘǿŀǊŜ ǿƻǳƭŘ ǊŜǎŜƳōƭŜ ŀ ƳƻōƛƭŜ ŎŜƭƭ ǇƘƻƴŜ ǿƛǘƘ ƛƴǘŜƎǊŀǘŜŘ ƻǇǘƛŎŀƭ ŀƴŘ 

laser diode-based illǳƳƛƴŀǘƛƻƴ ƳƻŘǳƭŜǎ ǎƻ ǘƘŀǘ ŀƴȅƻƴŜ ŀƴȅǿƘŜǊŜ ŎƻǳƭŘ ŎŀǊǊȅ ƻǳǘ 5htΣέ IǳŀƴƎ 

tells Physics World. 

The electrode-free nanopore sensor is detailed in Science 

Advances 10.1126/sciadv.aar3309. [39] 

 

 

From Japanese basket weaving art to nanotechnology with ion beams  
The properties of high-temperature superconductors can be tailored by the introduction of artificial defects. 

An international research team around physicist Wolfgang Lang at the University of Vienna has succeeded 

in producing the world's densest complex nano arrays for anchoring flux quanta, the fluxons. This was 

achieved by irradiating the superconductor with a helium-ion microscope at the University of Tübingen, a 

technology that has only recently become available. The researchers were inspired by a traditional 

Japanese basket weaving art. The results have been published recently in ACS Applied Nano Materials, a 

journal of the renowned American Chemical Society. 

Superconductors can carry electricity without loss if they are cooled below a certain critical temperature. 

However, pure superconductors are not suitable for most technical applications, but only after controlled 

introduction of defects. Mostly, these are randomly distributed, but nowadays the tailored periodic 

arrangement of such defects becomes more and more important. 

Traps and cages for magnetic quantum objects in superconductors 

A magnetic field can only penetrate in quantized portions into a superconductor, the so-called fluxons. If 

superconductivity is destroyed in very small regions, the fluxons are anchored at exactly these places. With 

periodic arrays of such defects, two-dimensional "fluxon crystals" can be generated, which are a model 

system for many interesting investigations. The defects serve as traps for the fluxons and by varying easily 

accessible parameters numerous effects can be investigated. "However, it is necessary to realize very dense 

defect arrangements so that the fluxons can interact with each other, ideally at distances below 100 

nanometers, which is a thousand times smaller than the diameter of a hair," explains Bernd Aichner from 

the University of Vienna. 

Particularly interesting for the researchers are complex periodic arrangements, such as the quasi-kagomé 

defect pattern investigated in the current study, which was inspired by a traditional Japanese basket 

weaving art. The bamboo stripes of the kagomé pattern are replaced by a chain of defects with 70 

nanometers spacings. The peculiarity of this artificial nanostructure is that not only one fluxon per defect 

can be anchored, but approximately circular fluxon chains are formed, which in turn hold a still free fluxon 

trapped in their midst. Such fluxon cages are based on the mutual repulsion of fluxons and can be opened 

or locked by changing the external magnetic field. They are therefore regarded as a promising concept for 

the realization of low-loss and fast superconducting circuits with fluxons. 

https://www.molecularcloud.org/cloud-scientist/Shuo-Huang/1588.html
https://advances.sciencemag.org/content/5/9/eaar3309
https://advances.sciencemag.org/content/5/9/eaar3309


 

 

Nanostructuring of high-temperature superconductors with the helium-ion 

microscope 

This research has been made possible by a novel device at the University of Tübingen ς the helium-ion 

microscope. Although it has a similar operating principle as the scanning electron microscope, the helium-

ion microscope offers a previously unmatched resolution and depth of field because of the much smaller 

wavelength of the helium ions. "With a helium-ion microscope, the superconducting properties 

can be tailored without removing or destroying the material, which enables us to produce fluxon arrays in 

high-temperature superconductors with a density that is unrivaled worldwide," emphasizes Dieter Koelle 

from the Eberhard Karls University of Tübingen. The scientists are now planning to further develop the 

method for even smaller structures and to test various theoretically proposed concepts for fluxon circuits. 

[38] 

 

 

Three -dimensional femtosecond laser nanolithography of crystals  
Optical properties of materials are based on their chemistry and the inherent subwavelength architecture, 

although the latter remains to be characterized in depth. Photonic crystals and metamaterials have 

proven this by providing access through surface alterations to a new level of light manipulation beyond the 

known natural optical properties of materials. Yet, in the past three decades of research, technical methods 

have been unable to reliably nanostructure hard optical crystals beyond the material surface for in-depth 

optical characterization and related applications. 

For example, laser lithography developed by the semiconductor industry is a surface-processing technique 

used for efficient etching of a range of materials, including silicon, silica glass and polymers. The process 

can produce high-quality two-dimensional (2-D) nanophotonic devices that can be extended to 3-D, 

which was demonstrated two decades ago with infrared femtosecond laser direct writing. However, the 

photopolymerized structures are impractical as they cannot be interfaced with other photonic elements. 

While 3-D nanostructured optical fibres have delivered functionalities well beyond those possible with 

ordinary unstructured glass to revolutionize nonlinear optics and optical communications, reliable 

manufacture of materials in crystalline media has remained elusive. 

Alternative methods include direct machining 3-D nanostructures with laser-induced dielectric breakdown 

and micro-explosions triggered inside transparent crystals to form voids and induce sub-micrometer 

structures within them. But such methods occurred at the risk of extended lattice damage and crack 

propagation. Therefore, despite efforts, a standard method for large-scale, 3-D volume crystal 

nanostructuring remains to be reported. 

In a recent study published in Nature Photonics, Airán Ródenas and co-workers at the Institute of Photonics 

and Nanotechnology and the Department of Physics departed from existing methods of engineering the 

crystal nanoarchitecture. Instead, they proposed a method whereby the inner chemical reactivity of a 

crystal, given by its wet etch rate, could be locally modified at the nanoscale to form dense nanopore 

lattices using multiphoton 3-D laser writing (3DLW). The interdisciplinary scientists showed that centimeter-

long empty pore lattices with arbitrary features at the 100 nm scale could be created inside key crystals 

such as yttrium aluminum garnet (YAG) and sapphire, typically used for practical applications. Ródenas et 

https://phys.org/tags/helium-ion+microscope/
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.58.2486
http://science.sciencemag.org/content/305/5685/788
https://phys.org/tags/laser+lithography/
https://phys.org/search/?search=etching
https://ieeexplore.ieee.org/document/1482581
https://www.ncbi.nlm.nih.gov/pubmed/18033375
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.78.1135
https://www.ncbi.nlm.nih.gov/pubmed/19488382
https://phys.org/tags/laser/
https://aip.scitation.org/doi/10.1063/1.119677
https://onlinelibrary.wiley.com/doi/abs/10.1002/adma.200501837
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/yttrium-aluminum-garnet


 

 

al. performed direct laser writing before etching, creating the desired pore architecture inside the solid-

state laser crystal for photonic applications. 

 

Wet etching nanopore lattices engineered by 3DLW in YAG. a) Nanopore lattice etched for 120 hours with 

average pore dimensions (257 ± 7 nm and 454 ± 13 nm) along x and y directions and 1 mm length along z. 

b) Vertically overlapping Χmore 

In the experiments, the scientists used a standard 3DLW with an ytterbium mode-locked ultrafast fiber laser 

(1030 nm wavelength and 350 fs pulse duration). A 1.4 numerical aperture (NA) oil-immersion objective 

was used to tightly focus the laser pulses inside the crystals. Ródenas et al. used computer-controlled XYZ 

linear stages for 3-D nanopositioning of the samples. After laser irradiation, they laterally polished the 

crystals to expose the irradiated structures followed by wet chemical etching. For this, the YAG crystals 

were etched in hot phosphoric acid in deionized water. A key technical limitation of the etching process 

was the difficulty in refreshing the exhausted acid inside the nanopores fabricated using the method 

detailed. 

The results showed an etching selectivity at a value larger than 1 x 105 at the molecuar level between the 

modified and pristine crystalline states, hitherto not observed in a photo-irradiated material. The observed 

value was approximately two orders of magnitude higher than that of alumina etch masks on silicon. 

Ródenas et al. determined the etching rate of unmodified YAG at ~1 nm/hour. The proposed method 

allowed the design and fabrication of nanophotonic elements inside a crystal that could provide the desired 

optical responses, at the subwavelength structure. The scientists were able to control the features of pore 

https://phys.org/news/2019-01-three-dimensional-femtosecond-laser-nanolithography-crystals.html?utm_source=menu&utm_medium=link&utm_campaign=item-menu
https://phys.org/tags/numerical+aperture/
http://iopscience.iop.org/article/10.1088/0022-3727/2/8/414/meta
http://iopscience.iop.org/article/10.1088/0957-4484/20/25/255305/meta
https://3c1703fe8d.site.internapcdn.net/newman/gfx/news/2019/1-threedimensi.jpg



































































































