L g
"‘ech?splore

Engineers develop way to improve efficiency
and heat tolerance of devices

April 21 2020, by Sarah Small

Xin Chen, a doctorate candidate in the Department of Materials Sciences and
Engineering at Penn State, and Qiming Zhang, distinguished professor of
electrical engineering, test a film capacitor in this photo taken in January. Credit:
Penn State College Of Engineering

When it comes to increasing electric storage efficiency and electric
breakdown strength—the ability of an electrical system to operate at
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higher voltage and temperatures with great efficiency—increasing one
traditionally has led to a decrease in the other. Penn State researchers,
led by Qiming Zhang, distinguished professor of electrical engineering,
recently developed a scalable method that relies on engineered materials
to increase both properties.

The researchers altered a dielectric capacitor, a device that stores and
regulates energy and is commonly used in electronics and electric
systems. Using dopants —small, engineered materials also called
metamaterials—the researchers altered the dielectric capacitor to
increase storage capacity while also increasing electric charge efficiency,
meaning the capacitor can withstand greater voltage with very little
energy loss at temperatures higher than 300 degrees Fahrenheit.

While other researchers have been able to do this for dielectric
capacitors, the methods have been too expensive to scale for use with
real products. Zhang and the other Penn State researchers reported their
results in a recent issue of Science Advances.

"What we have done is to use interface effects in nano-dopants to
increase both the storage efficiency and electric breakdown strength
with a very small quantity of dopants and at a low cost," Zhang said. "A
lot of people think they need to fill the capacitor with a lot of fillers to
achieve the greater energy storage efficiency, but we showed you can
accomplish it in the opposite direction, that is, by using very low-volume
content fillers with very low-cost materials, which can also lead to
greater breakdown strength. This keeps the cost low and makes this
highly scalable."

Increasing the electric breakdown strength in a capacitor will enable the
device to handle higher temperatures without a failure in the system.
This is an important trait in many electronics and electrical systems,
including electric cars, industrial drills and electric grids.
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"Hybrid electric vehicles now use a capacitor made of a material known
as BOPP," Zhang said. "They work well up to 80 degrees Celsius (176
degrees F). However, vehicles can get very hot, so you have to use a
cooling agent. It increases cost and also adds volume. Now, you can use
this new capacitor with metamaterials, which are smaller, to replace the
existing capacitor and not worry about the cooling loop since it can
handle higher temperatures."

Equipment used for deep drilling also will potentially benefit from
having an increased temperature threshold and a smaller, less expensive
capacitor. The electric grid will potentially benefit from this new
technological development, particularly in terms of the increased energy
efficiency and higher electric breakdown strength.

"We did not create a new material, but by using metamaterials in this
way, we can greatly enhance the performance of existing materials
without adding cost," Zhang said.

Other Penn State researchers working on this project are Tian Zhang,
graduate student in electrical engineering and computer science, and Xin
Chen, graduate student in materials science and engineering, both first
authors; Yash Thakur, graduate student in electrical engineering and
computer science; Blao Lu and Qlyan Zhang, post-doctoral fellows in
electrical engineering and computer science; and James Runt, professor
emeritus of polymer science.

More information: Tian Zhang et al, A highly scalable dielectric
metamaterial with superior capacitor performance over a broad
temperature, Science Advances (2020). DOI: 10.1126/sciadv.aax6622
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