
New crystal production method could
enhance quantum computers and
electronics
UC Irvine researchers make ultra-thin bismuth material for flexible technologies.
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Squeezing bismuth between atomically smooth molding plates made of a material
called hexagonal boron nitride results in extremely thin and flat crystals with unique
quantum electronic properties. 
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Irvine, Calif., May 21, 2024 — In a study published in Nature Materials, scientists
from the University of California, Irvine describe a new method to make very thin
crystals of the element bismuth – a process that may aid the manufacturing of
cheap flexible electronics an everyday reality. 

“Bismuth has fascinated scientists for over a hundred years due to its low melting
point and unique electronic properties,” said Javier Sanchez-Yamagishi, assistant
professor of physics & astronomy at UC Irvine and a co-author of the study. “We
developed a new method to make very thin crystals of materials such as bismuth,
and in the process reveal hidden electronic behaviors of the metal’s surfaces.” 

The bismuth sheets the team made are only a few nanometers thick. Sanchez-
Yamagishi explained how theorists have predicted that bismuth contains special
electronic states allowing it to become magnetic when electricity flows through it –
something essential for quantum electronic devices based on the magnetic spin of
electrons.

One of the hidden behaviors observed by the team is so-called quantum oscillations
originating from the surfaces of the crystals. “Quantum oscillations arise from the
motion of an electron in a magnetic field,” said Laisi Chen, a Ph.D. candidate in
physics & astronomy at UC Irvine and one of the lead authors of the paper. “If the
electron can complete a full orbit around a magnetic field, it can exhibit effects that
are important for the performance of electronics. Quantum oscillations were first
discovered in bismuth in the 1930s, but have never been seen in nanometer-thin
bismuth crystals.”

Amy Wu, a Ph.D. candidate in physics in Sanchez-Yamagishi’s lab, likened the
team’s new method to a tortilla press. To make the ultra-thin sheets of bismuth, Wu
explained, they had to squish bismuth between two hot plates. To make the sheets
as flat as they are, they had to use molding plates that are perfectly smooth at the
atomic level, meaning there are no microscopic divots or other imperfections on the
surface. “We then made a kind of quesadilla or panini where the bismuth is the
cheesy filling and the tortillas are the atomically flat surfaces,” said Wu.

“There was this nervous moment where we had spent over a year making these
beautiful thin crystals, but we had no idea whether its electrical properties would be
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something extraordinary,” said Sanchez-Yamagishi. “But when we cooled down the
device in our lab, we were amazed to observe quantum oscillations, which have not
been previously seen in thin bismuth films.” 

“Compression is a very common manufacturing technique used for making common
household materials such as aluminum foil, but is not commonly used for making
electronic materials like those in your computers,” Sanchez-Yamagishi added. “We
believe our method will generalize to other materials, such as tin, selenium,
tellurium and related alloys with low melting points, and it could be interesting to
explore for future flexible electronic circuits.”  

Next, the team wants to explore other ways in which compression and injection
molding methods can be used to make the next computer chips for phones or
tablets. 

“Our new team members bring exciting ideas to this project, and we’re working on
new techniques to gain further control over the shape and thickness of the grown
bismuth crystals,” said Chen. “This will simplify how we fabricate devices, and take it
one step closer for mass production.”

The research team included collaborators from UC Irvine, Los Alamos National
Laboratory and the National Institute for Materials Science in Japan. The research
was primarily funded by the Air Force Office of Scientific Research, with partial
support coming from the UC Irvine Center for Complex and Active Materials Seed
Program, a Materials Research Science and Engineering Center under the National
Science Foundation.

UCI’s Brilliant Future campaign: Publicly launched on Oct. 4, 2019, the Brilliant
Future campaign aims to raise awareness and support for the university. By
engaging 75,000 alumni and garnering $2 billion in philanthropic investment, UCI
seeks to reach new heights of excellence in student success, health and wellness,
research and more. The School of Physical Sciences plays a vital role in the success
of the campaign. Learn more at https://brilliantfuture.uci.edu/uci-school-of-physical-
sciences/.

About the University of California, Irvine: Founded in 1965, UC Irvine is a
member of the prestigious Association of American Universities and is ranked among
the nation’s top 10 public universities by U.S. News & World Report. The campus has
produced five Nobel laureates and is known for its academic achievement, premier
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research, innovation and anteater mascot. Led by Chancellor Howard Gillman, UC
Irvine has more than 36,000 students and offers 224 degree programs. It’s located
in one of the world’s safest and most economically vibrant communities and is
Orange County’s second-largest employer, contributing $7 billion annually to the
local economy and $8 billion statewide. For more on UC Irvine, visit www.uci.edu.

Media access: Radio programs/stations may, for a fee, use an on-campus ISDN line
to interview UC Irvine faculty and experts, subject to availability and university
approval. For more UC Irvine news, visit news.uci.edu. Additional resources for
journalists may be found at https://news.uci.edu/media-resources/.
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