
Hi-Res Patterning Advance 

Microelectronics 

 

To increase the processing speed and reduce the power consumption of electronic 

devices, the microelectronics industry continues to push for smaller and smaller feature 

sizes. [30] 

Human pathogens, such as HIV and viruses causing respiratory tract infection, have 

molecular fingerprints that are difficult to distinguish. To better detect these pathogens, 

sensors in diagnostic tools need to manipulate light on a nanoscale. [29] 

Scientists are using nanoparticle screening on personal care products and finding 

previously thought toxic chemicals may not be harmful. [28] 

Metal oxide frameworks, or MOFs, are solid materials which can behave like ultra-fine 

sponges. The cavities in the sponge are of nanosizeɂabout the size of individual 

molecules. [27] 

Now researchers in France reckon they have finally found convincing evidence for the 

transformation, having built new devices for pressurizing and observing tiny samples of 

hydrogen. [26] 

The phenomenon of metastability, in which a system is in a state that is stable but not the 

one of least energy, is widely observed in nature and technology. [25] 

Four decades after it was predicted, scientist create a skyrmion, and take one step 

towards efficient nuclear fusion. [24] 

While standard quantum hardware entangles particles in two states, the team has found 

a way to generate and entangle pairs of particles that each has 15 states. [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 "ÒÉÄÇe 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 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.   

  

Enhancing materials for hi -res patterning to advance microelectronics  
To increase the processing speed and reduce the power consumption of electronic devices, the 

microelectronics industry continues to push for smaller and smaller feature sizes. Transistors in 

today's cell phones are typically 10 nanometers (nm) acrossτequivalent to about 50 silicon atoms 

wideτor smaller. Scaling transistors down below these dimensions with higher accuracy requires 

advanced materials for lithographyτthe primary technique for printing electrical circuit elements 

on silicon wafers to manufacture electronic chips. One challenge is developing robust "resists," or 

materials that are used as templates for transferring circuit patterns into device-useful substrates 

such as silicon. 

Now, scientists from the Center for Functional Nanomaterials (CFN)τa U.S. Department of Energy 

(DOE) Office of Science User Facility at Brookhaven National Laboratoryτhave used the recently 

developed technique of infiltration synthesis to create resists that combine the organic polymer 

poly(methyl methacrylate), or PMMA, with inorganic aluminum oxide. Owing to its low cost and 

high resolution, PMMA is the most widely used resist in electron-beam 

lithography (EBL), a kind of lithography in which electrons are used to create the pattern 

template. However, at the resist thicknesses that are necessary to generate the ultrasmall feature 

sizes, the patterns typically start to degrade when they are etched into silicon, failing to produce 

the required high aspect ratio (height to width). 

As reported in a paper published online on July 8 in the Journal of Materials Chemistry C, these 

"hybrid" organic-inorganic resists exhibit a high lithographic contrast and enable the patterning of 

high-resolution silicon nanostructures with a high aspect ratio. By changing the amount of 

aluminum oxide (or a different inorganic element) infiltrated into PMMA, the scientists can tune 

these parameters for particular applications. For example, next-generation memory devices such as 

flash drives will be based on a three-dimensional stacking structure to increase memory density, so 

an extremely high aspect ratio is desirable; on the other hand, a very high resolution is the most 

important characteristic for future processor chips. 

"Instead of taking an entirely new synthesis route, we used an existing resist, an inexpensive metal 

oxide, and common equipment found in almost every nanofabrication facility," said first author 

Nikhil Tiwale, a postdoctoral research associate in the CFN Electronic Nanomaterials Group. 

Though other hybrid resists have been proposed, most of them require high electron doses 

(intensities), involve complex chemical synthesis methods, or have expensive proprietary 

compositions. Thus, these resists are not optimal for the high-rate, high-volume manufacture of 

next-generation electronics. 

https://phys.org/tags/electron-beam+lithography/
https://phys.org/tags/electron-beam+lithography/


Left: A scanning electron microscope (SEM) image of silicon elbow-shaped nanopatterns with 

different feature sizes (linewidths). Right: A high-magnification SEM image of high-resolution, high-

aspect-ratio silicon nanostructures patterned at a pitch resolution (linewidth plus spacewidth, or 

space between lines) of 500 nm. Credit: Brookhaven National Laboratory 

Advanced nanolithography for high-volume manufacturing 

Conventionally, the microelectronics industry has relied upon optical lithography, whose resolution 

is limited by the wavelength of light that the resist gets exposed to. However, EBL and 

other nanolithography techniques such as extreme ultraviolet lithography (EUVL) can push this limit 

because of the very small wavelength of electrons and high-energy ultraviolet light. The main 

difference between the two techniques is the exposure process. 

"In EBL, you need to write all of the area you need to expose line by line, kind of like making a 

sketch with a pencil," said Tiwale. "By contrast, in EUVL, you can expose the whole area in one shot, 

akin to taking a photograph. From this point of view, EBL is great for research purposes, and EUVL is 

better suited for high-volume manufacturing. We believe that the approach we demonstrated for 

EBL can be directly applied to EUVL, which companies including Samsung have recently started 

using to develop manufacturing processes for their 7 nm technology node." 

In this study, the scientists used an atomic layer deposition (ALD) systemτa standard 

piece of nanofabrication equipment for depositing ultrathin films on surfacesτto combine PMMA 

and aluminum oxide. After placing a substrate coated with a thin film of PMMA into the ALD 

reaction chamber, they introduced a vapor of an aluminum precursor that diffused through tiny 

molecular pores inside the PMMA matrix to bind with the chemical species inside the polymer 

chains. Then, they introduced another precursor (such as water) that reacted with the first 

precursor to form aluminum oxide inside the PMMA matrix. These steps together constitute one 

processing cycle. 

The team then performed EBL with hybrid resists that had up to eight processing cycles. To 

characterize the contrast of the resists under different electron doses, the scientists measured the 

change in resist thickness within the exposed areas. Surface height maps generated with 

an atomic force microscope (a microscope with an atomically sharp tip for tracking 

the topography of a surface) and optical measurements obtained through ellipsometry (a technique 

for determining film thickness based on the change in the polarization of light reflected from a 

https://phys.org/tags/wavelength+of+light/
https://phys.org/tags/atomic+layer+deposition/
https://phys.org/tags/atomic+force+microscope/


surface) revealed that the thickness changes gradually with a low number of processing cycles but 

rapidly with additional cyclesτi.e., a higher aluminum oxide content. 

After two processing cycles, the etch selectivity of the hybrid resist surpasses that of ZEP, a costly 

resist. After four cycles, the hybrid resist has a 40 percent higher etch selectivity than that of silicon 

dioxide (SiO2). Credit: Brookhaven National Laboratory 

"The contrast refers to how fast the resist changes after being exposed to the electron beam," 

explained Chang-Yong Nam, a materials scientist in the CFN Electronic Nanomaterials Group, who 

supervised the project and conceived the idea in collaboration with Jiyoung Kim, a professor in the 

Department of Materials Science and Engineering at the University of Texas at Dallas. "The abrupt 

change in the height of the exposed regions suggests an increase in the resist contrast for higher 

numbers of infiltration cyclesτalmost six times higher than that of the original PMMA resist." 

The scientists also used the hybrid resists to pattern periodic straight lines and "elbows" 

(intersecting lines) in silicon substrates, and compared the etch rate of the resists with substrates. 

"You want silicon to be etched faster than the resist; otherwise the resist starts to degrade," said 

Nam. "We found that the etch selectivity of our hybrid resist is higher than that of costly 

proprietary resists (e.g., ZEP) and techniques that use an intermediate "hard" mask layer such as 

silicon dioxide to prevent pattern degradation, but which require additional processing steps." 

Going forward, the team will study how the hybrid resists respond to EUV exposure. They have 

already started using soft x-rays (energy range corresponding to the wavelength of EUV light) at 

Brookhaven's National Synchrotron Light Source II (NSLS-II), and hope to use a dedicated EUV 

beamline operated by the Center for X-ray Optics at Lawrence Berkeley National Lab's Advanced 

Light Source (ALS) in collaboration with industry partners. 












































































