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Engineering discovery challenges heat transfer paradigm that guides electronic and photonic device
design

Date: December 9, 2020
Source:  University of Virginia School of Engineering and Applied Science

Summary: A research breakthrough demonstrates a new mechanism to control temperature and extend the lifetime of electronic and photonic devices such as sensors,
smart phones and transistors.

FULL STORY

A research breakthrough from the University of Virginia School of Engineering demonstrates a new mechanism to control temperature
and extend the lifetime of electronic and photonic devices such as sensors, smart phones and transistors.

The discovery, from UVA's experiments and simulations in thermal engineering research group, challenges a fundamental assumption about heat transfer in semiconductor
design. In devices, electrical contacts form at the junction of a metal and a semiconducting material. Traditionally, materials and device engineers have assumed that electron
energy moves across this junction through a process called charge injection, said group leader Patrick Hopkins, professor of mechanical and aerospace engineering with
courtesy appointments in materials science and engineering and physics.

Charge injection posits that with the flow of the electrical charge, electrons physically jump from the metal into the semiconductor, taking their excess heat with them. This
changes the electrical composition and properties of the insulating or semiconducting materials. The cooling that goes hand-in-hand with charge injection can significantly
degrade device efficiency and performance.

Hopkins' group discovered a new heat transfer path that embraces the benefits of cooling associated with charge injection without any of the drawbacks of the electrons
physically moving into the semiconductor device. They call this mechanism ballistic thermal injection.

As described by Hopkins' advisee John Tomko, a Ph.D. student of materials science and engineering: "The electron gets to the bridge between its metal and the semiconductor,
sees another electron across the bridge and interacts with it, transferring its heat but staying on its own side of the bridge. The semiconducting material absorbs a lot of heat,
but the number of electrons remains constant.”

"The ability to cool electrical contacts by keeping charge densities constant offers a new direction in electronic cooling without impacting the electrical and optical performance
of the device," Hopkins said. "The ability to independently optimize optical, electrical and thermal behavior of materials and devices improves device performance and longevity."

Tomko's expertise in laser metrology -- measuring energy transfer at the nanoscale -- revealed ballistic thermal injection as a new path for device self-cooling. Tomko's
measurement technique, more specifically optical laser spectroscopy, is an entirely new way to measure heat transfer across the metal-semiconductor interface.

"Previous methods of measurement and observation could not decompose the heat transfer mechanism separately from charge injection," Tomko said.

For their experiments, Hopkins' research team selected cadmium oxide, a transparent electricity-conducting oxide that looks like glass. Cadmium oxide was a pragmatic choice
because its unique optical properties are well suited to Tomko's laser spectroscopy measurement method.

Cadmium oxide perfectly absorbs mid-infrared photons in the form of plasmons, quasiparticles composed of synchronized electrons that are an incredibly efficient way of
coupling light into a material. Tomko used ballistic thermal injection to move the light wavelength at which perfect absorption occurs, essentially tuning the optical properties of
cadmium oxide through injected heat.

"Our observations of tuning enable us to say definitively that heat transfer happens without swapping electrons," Tomko said.

Tomko probed the plasmons to extract information on the number of free electrons on each side of the bridge between the metal and the semiconductor. In this way, Tomko
captured the measurement of electrons' placement before and after the metal was heated and cooled.

The team's discovery offers promise for infrared sensing technologies as well. Tomko's observations reveal that the optical tuning lasts as long as the cadmium oxide remains
hot, keeping in mind that time is relative -- a trillionth rather than a quadrillionth of a second.

Ballistic thermal injection can control plasmon absorption and therefore the optical response of non-metal materials. Such control enables highly efficient plasmon absorption at
mid-infrared length. One benefit of this development is that night vision devices can be made more responsive to a sudden, intense change in heat that would otherwise leave
the device temporarily blind.

"The realization of this ballistic thermal injection process across metal/cadmium oxide interfaces for ultrafast plasmonic applications opens the door for us to use this process for
efficient cooling of other device-relevant material interfaces," Hopkins said.

Tomko first-authored a paper documenting these findings. Nature Nanotechnology published the team's paper, Long-lived Modulation of Plasmonic Absorption by Ballistic
Thermal Injection, on November 9; the paper was also promoted in the journal editors' News and Views. The Nature Nanotechnology paper adds to a long list of publications for
Tomko, who has co-authored more than 30 papers and can now claim first-authorship of two Nature Nanotechnology papers as a graduate student.

The research paper culminates a two-year, collaborative effort funded by a U.S. Army Research Office Multi-University Research Initiative. Jon-Paul Maria, professor of
materials science and engineering at Penn State University, is the principal investigator for the MURI grant, which includes the University of Southern California as well as UVA.
This MURI team also collaborated with Josh Caldwell, associate professor of mechanical engineering and electrical engineering at Vanderbilt University.

The team's breakthrough relied on Penn State's expertise in making the cadmium oxide samples, Vanderbilt's expertise in optical modeling, the University of Southern
California's computational modeling, and UVA's expertise in energy transport, charge flow, and photonic interactions with plasmons at heterogeneous interfaces, including the
development of a novel ultrafast-pump-probe laser experiment to monitor this novel ballistic thermal injection process.
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Materials provided by University of Virginia School of Engineering and Applied Science. Original written by Karen Walker. Note: Content may be edited for style and length.
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Plasma Electrons Can Be Used to Produce Metallic Films

May 7, 2020 — Computers, mobile phones and all other electronic devices contain thousands of transistors, linked together by thin films of metal. Scientists have developed a
method that can use the electronsina ...

Turning Graphene Into Light Nanosensors

Apr. 25, 2018 — Graphene has many properties, but it does not absorb light very well. To remedy this, physicists resort to embedding a sheet of graphene in a flat photonic
crystal. Scientists now demonstrate that by ...

'Near-Zero-Power' Temperature Sensor Could Make Wearables, Smart Devices Less Power-Hungry

July 5, 2017 — Electrical engineers have developed a temperature sensor that runs on only 113 picowatts of power -- 628 times lower power than the state of the art and about
10 billion times smaller than a watt. ...

Breakthrough Paves Way for Smaller Electronic Devices

June 14, 2017 — A new way to create extremely thin electrically conducting sheets has been discovered, which could revolutionize the tiny electronic devices that control
everything from smart phones to banking and ...
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Japanese art technique inspires new engineering technique
'Kirigami cuts' can be used to create 3D microstructures and nanotools

Date:  December 22, 2020
Source:  Northwestern University

Summary: A team of engineers is using ideas taken from paper-folding practices to create a sophisticated alternative to 3D printing.
FULL STORY

Paper snowflakes, pop-up children's books and elaborate paper cards are of interest to more than just crafters. A team of Northwestern
University engineers is using ideas taken from paper-folding practices to create a sophisticated alternative to 3D printing.

Kirigami comes from the Japanese words "kiru" (to cut) and "kami" (paper) and is a traditional form of art in which paper is precisely cut and transformed into a 3D object. Using
thin films of material and software to select exact geometric cuts, engineers can create a wide range of complex structures by taking inspiration from the practice.

Research, published in 2015, showed promise in the kirigami "pop-up" fabrication model. In this iteration, the ribbon-like structures created by the cuts were open shapes, with
limited ability to achieve closed shapes. Other research building on the same inspiration mainly demonstrates that kirigami can be applied at a macroscale with simple materials
like paper.

But new research published today (Dec. 22) in the journal Advanced Materials advances the process a step further.

Horacio Espinosa, a mechanical engineering professor in the McCormick School of Engineering, said his team was able to apply concepts of design and kirigami to
nanostructures. Espinosa led the research and is the James N. and Nancy J. Farley Professor in Manufacturing and Entrepreneurship.

"By combining nanomanufacturing, in situ microscopy experimentation, and computational modeling, we unraveled the rich behavior of kirigami structures and identified
conditions for their use in practical applications," Espinosa said.

The researchers start by creating 2D structures using state-of-the-art methods in semiconductor manufacturing and carefully placed "kirigami cuts" on ultrathin films. Structural
instabilities induced by residual stresses in the films then create well-defined 3D structures. The engineered kirigami structures could be employed in a number of applications
ranging from microscale grippers (e.g. cell picking) to spatial light modulators to flow control in airplane wings. These capabilities position the technique for potential applications
in biomedical devices, energy harvesting, and aerospace.

Typically, there has been a limit to the number of shapes that can be created by a single kirigami motif. But by using variations in the cuts, the team was able to demonstrate film
bending and twisting that result in a wider variety of shapes -- including both symmetrical and asymmetrical configurations. The researchers demonstrated for the first time that
structures at microscales, using film thicknesses of a few tens of nanometers, can achieve unusual 3D shapes and present broader functionality.

For example, electrostatic microtweezers snap close, which can be harsh on soft samples. By contrast, kirigami-based tweezers can be engineered to precisely control the
grabbing force by tuning the amount of stretching. In this and other applications, the ability to design cut locations and predict structural behavior based on computer simulations
takes out trial and error, saving money and time in the process.

As their research advances, Espinosa says his team plans to explore the large space of kirigami designs, including array configurations, in order to achieve a larger number of
possible functionalities. Another area for future research is the embedding of distributed actuators for kirigami deployment and control. By looking into the technique further, the
team believes kirigami can have implications in architecture, aerospace and environmental engineering.

Story Source:
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Your Paper Notebook Could Become Your Next Tablet

Sep. 1, 2020 — Engineers developed a simple printing process that renders any paper or cardboard packaging into a keyboard, keypad or other easy-to-use human-machine ...

Design of Insect-Inspired Fans Offers Wide-Ranging Applications

July 13, 2020 — A highly sophisticated folding mechanism employed by a group of insects for at least 280 million years is set to become available for a wide range of
applications, thanks to a design method developed ...
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Shape-Changing Metamaterial Developed Using Kirigami Technique
Aug. 5, 2016 — Engineers have developed a new shape-changing metamaterial using Kirigami, which is the ancient Japanese art of cutting and folding paper to obtain 3-D ...

Creating a Color Printer That Uses a Colorless, Non-Toxic Ink Inspired by Nature
Feb. 10, 2016 — From dot-matrix to 3-D, printing technology has come a long way in 40 years. But all of these technologies have created hues by using dye inks, which can be

taxing on the environment. Now a team ...
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Why it's not a good idea to be a civil engineer in
India

Synopsis
Considering the growth in construction sector, lack of demand for civil engineers comes as quite a surprise.

Civil engineering has registered the lowest placement rate of a mere 38% between

2012-13 and 2015-16 among six engineering streams approved by the All India
Council for Technical Education (AICTE). At a time when the construction sector
is one of the fastest growing, this apparent lack of demand for civil engineers
comes as quite a surprise.

Data from the AICTE shows that over this period chemical engineering had the

highest placement rates. Surprisingly, the electronics and communication stream

The data also shows a considerable variation in

pass percentages across streams, with civil too had a relatively low placement rate of 48%. Only three streams -- chemical
engineering once again having the lowest rate of
39%. engineering, computer science and mechanical engineering — saw more than

half their graduates getting place.

The data also shows a considerable variation in pass percentages across streams, with civil engineering once again
having the lowest rate of 39% and electronics and communications registering a 74% success rate in clearing the course.

Mechanical engineering continues to be the most popular engineering stream with over 20 lakh students enrolling for
the courses approved by the AICTE followed by computer science, civil engineering, electronics and communication,
electrical engineering and chemical engineering. Mechanical engineering has recorded 47% pass outs in these four years,

but placement in the stream is barely 50%. Chemical engineering is the least preferred branch with just 86,000 students
enrolling in four years.
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Interestingly, between 2013-14 and 2017-18 only 55% of AICTE approved engineering seats were filled and 214 institutes
were closed during this period. Over 77 lakh students enrolled for various engineering streams during this period, over
threefourths of them boys.

According to industry experts, the percentage of engineering seats being filled has come down over time because of an

explosion in the number of seats. Another factor, they suggest, is that those graduating out of engineering colleges do not
always possess skills that industry requires resulting in their not getting hired.
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The data also shows a considerable variation in pass percentages across streams, with civil engineering once again
having the lowest rate of 39% and electronics and communications registering a 74% success rate
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