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Deepfreeze electronics for supercomputers -
Fraunhofer technology prepares quantum computing for industrial
use

Quantum computers are highly energy-efficient and extremely powerful
supercomputers. But for these machines to realize their full potential in new
applications like artificial intelligence or machine learning, researchers are hard at
work at perfecting the underlying electronics to process their calculations. A team
at Fraunhofer IZM are working on superconducting connections that measure a
mere ten micrometers in thickness, moving the industry a substantial step closer to
a future of commercially viable quantum computers.

With the extreme computing power they promise, quantum computers have the potential to
become the driving force for technological innovations in all areas of modern industry. By
contrast with the run-of-the-mill computers of today, they do not work with bits, but with
qubits: No longer are these units of information restricted to the binary states of 1 or 0. With
guantum superposition or entanglement added, qubits mean a great leap forward in terms
of sheer speed and power and the complexity of the calculations they can handle. One
simple rule still holds, though: More qubits mean more speed and more computing power.

There seems no end to the possible uses for quantum computers: Wherever massive datasets
like simulations or probability calculations have to be processed, they can solve even
complicated problems at lightning speed. From optimized logistics or traffic management
due to highly precise forecasts or from the production of novel medical treatments with
precisely modelled molecules to virtually unbreakable encryptions for the finance industry,
everything seems possible.

The transition to the new technological age seems only a quantum leap away, but it is not as
simple as that. The quantum computers of the first two generations have taught researchers
a lot about the fundamental workings of the new technology. The flagships of this new fleet
of supercomputers, like the quantum computer at the Jalich Research Centre, currently work
with a respectable 5,000 gubits, meaning 2°°% potential states for every quantum particle.
But these machines are coming up against certain limitations: The complex interplay of
connected qubits is extremely sensitive to disruption, which can mean faults and errors in the
calculations. They need error correction mechanisms to polish the results, which in turn need
far more qubits than the original calculation: Researchers are expecting future quantum
computers to have at least 100,000 or even a million qubits each.
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stand temperatures as low as -273° C. It is in these unimaginably freezing conditions that
the lattice vibration in solid bodies slows down enough for the qubits to remain entangled
and to be readable. But the system is at risk of warming itself up with its own power, which
is why lossless superconductors are used at the lowest possible temperatures. Designing and
building these superconducting connections for such systems and the cryogenic packaging
they need is the mission of Dr Hermann Oppermann at Fraunhofer IZM in Berlin.

For his team to create the necessary solder contacts or bumps that can cope with extremely
low temperatures, they had to come up with a new technology. They chose indium for the
purpose, a material that becomes superconducting at below 3.4 Kelvin and stays robust even
near absolute zero temperatures. To create electronic structures from indium, the material is
electroplated using special electrolytes. This process requires the indium to be moved from
the nickel base that is commonly used for structures of these dimensions. Nickel would
produce too strong a magnetic field that might disrupt the work of the qubits, whereas the
new metallized base works as a seed layer for the electroplating. The process used by the
team meant a new world record in miniaturization for cryogenic connections, with the grid
spacing of the connectors reduced to less than 10 micrometers.

The team also constructed extremely low-loss, superconducting connectors from niobium
and niobium nitride. An innovative process was developed for the niobium coating that was
then etched by ion ray to create compact connectors in an exceptional alloy that work at
cryogenic temperatures and can handle high current densities. After the indium bumps and
the superconducting circuit carriers were finished, the components were subjected to
temperatures below 3 Kelvin in a special cryogenic test — successfully.

As part of the InnoPush project “HALQ — Semiconductor-based Quantum Computing”, the
project partners have created a universal platform that applies microelectronic technologies
for use cases with extremely scalable quantum computers. The project partners include:
Fraunhofer IPMS, Fraunhofer ITWM, Fraunhofer EMFT, Fraunhofer FHR, Fraunhofer IIS,
Fraunhofer IISB, Fraunhofer ILT, Fraunhofer ISIT, Fraunhofer IOF, Fraunhofer ENAS, and
Fraunhofer IAF.

(Text: Olga Putsykina)
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Chip assgerrirt;lry for readout electronics in quantum computers.
© Fraunhofer IZM / Volker Mai | High-Res Pictures: www.izm.fraunhofer.de/pics
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The compact interconnection technology of tomorrow’s computers, courtesy of fine
pitch contacts made from indium and superconducting metallization.
© Fraunhofer IZM | High-Res Pictures: www.izm.fraunhofer.de/pics
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The Fraunhofer-Gesellschaft, headquartered Germany, is the world’s leading applied research organization.

With its focus on developing key technologies that are vital for the future and enabling the commercial
exploitation of this work by business and industry, Fraunhofer plays a central now and in the future. Founded
in 1949, the Fraunhofer-Gesellschaft currently operates 75 institutes and research institutions throughout
Germany. The majority of the organization’s 30,000 employees are qualified scientists and engineers, who
work with an annual research budget of 2.9 billion euros. Of this sum, 2.5 billion euros are generated
through contract research.

Fraunhofer IZM: Invisible - but indispensable: nothing works without highly integrated microelectronics and
microsystems technology. The basis for their integration into products is the availability of reliable and cost-
effective packaging and interconnection technologies. Fraunhofer IZM, a world leader in the development
and reliability assessment of electronic packaging technologies, provides its customers with customized
system integration technologies at wafer, chip and board level. Research at Fraunhofer IZM also means
making electronics more reliable and providing its customers with reliable information on the durability of the
electronics.
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