
 

Cryo-chip overcomes obstacle to large-scale
quantum computers
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Horse Ridge mounted on the board ready to be installed in the cryogenic
refrigerator. Credit: QuTech
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QuTech has resolved a major issue on the road toward a working large-
scale quantum computer. QuTech, a collaboration of TU Delft and TNO,
and Intel have designed and fabricated an integrated circuit that can
controlling qubits at extremely low temperatures. This paves the way for
the crucial integration of qubits and their controlling electronics in the
same chip. The scientists have presented their research during the ISSCC
Conference in San Francisco.

Quantum computers

"This result brings us closer to a large-scale quantum computer which
can solve problems that are intractable by even the most powerful
supercomputers. Solutions to those problems can make a strong impact
on everyday life, for instance in the fields of medicine and energy," said
team lead Fabio Sebastiano from QuTech and the Faculty of Electrical
Engineering, Mathematics and Computer Science.

Extreme temperatures

"There are many issues to be resolved before we have a working large-
scale quantum computer," said Sebastiano. "The quantum information
stored in qubits can rapidly degrade and become unusable unless qubits
are cooled down to temperatures very close to absolute zero (-273
degrees Celsius, or 0 Kelvin). For this reason, qubits typically operate
inside special refrigerators at temperatures as low as 0.01 K, controlled
by conventional electronics working at room temperature."

Scaling up

One wire is required to connect each qubit to the control electronics.
While this is feasible for the small number of qubits now in operation,
the approach will become impractical for the millions of qubits required
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in useful quantum computers. "It would be equivalent to taking the
12-megapixel camera on your mobile phone and trying to individually
wire each of the million pixels to a separate electronic circuit," said
Sebastiano. "A more viable solution is to operate the electronics
controlling the qubits at extremely low (cryogenic) temperatures, so they
can be placed as close as possible to the qubits."

Horse Ridge

QuTech teamed up with Intel to address this precise challenge. The
result is called Horse Ridge—an integrated circuit named after one of
the coldest spots in Oregon. Sebastiano: "We have designed and
fabricated a CMOS integrated circuit able to control up to 128 qubits,
which can operate at 3 K (-270 °C) and can therefore be described as a
cryo-CMOS circuit."

CMOS (complementary metal oxide semiconductor) is the same
technology employed for standard microprocessors. Using CMOS
therefore enables the reliable fabrication of very complex circuits
comprising billions of electrical components, as required for large-scale
quantum computers.
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The team in the lab next to the cryogenic refrigerator hosting the qubit and
Horse Ridge. The Horse Ridge output is visible on the screen on the bottom
right. From top to bottom, from left to right: Bishnu Patra, Jeroen van Dijk, Xiao
Xue, Fabio Sebastiano (holding the qubits), Lieven Vandersypen, Masoud Babaie
(holding Horse Ridge). Credit: Ernst de Groot for QuTech

Integrated circuit and qubit

The researchers demonstrated experimentally both proper operation of
the integrated circuit and an ability to drive a real spin qubit. Spin qubits
are among the promising qubit candidates for a large-scale quantum
computer. Sebastiano: "This is the most complex cryo-CMOS circuit
ever demonstrated, and the first capable of driving a spin qubit."
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One chip

The next challenge is to close the remaining temperature gap. "Spin
qubits are expected to function at slightly higher temperatures than is
achieved now, say above 1,5 K," said Sebastiano. "Our cryo-CMOS
circuit now works at 3 K. If we can bridge this temperature gap, we
could integrate both qubits and their controlling electronics into the same
package or chip, thus achieving an extremely compact system."

  More information: A Scalable Cryo-CMOS 2-to-20GHz Digitally
Intensive Controller for 4×32 Frequency Multiplexed Spin
Qubits/Transmons in 22nm FinFET Technology for Quantum
Computers, B. Patra, J. P. G. van Dijk, S. Subramanian, A. Corna, X.
Xue, C. Jeon, F. Sheikh, E. Juarez-Hernandez, B. Perez Esparza, H.
Rampurawala, B. Carlton, N. Samkharadze, S. Ravikumar, C. Nieva, S.
Kim, H-J. Lee, A. Sammak, G. Scappucci, M. Veldhorst, L. M. K.
Vandersypen, M. Babaie, F. Sebastiano, E. Charbon, S. Pellerano,
Proceedings of the 2020 IEEE International Solid- State Circuits
Conference (ISSCC), San Francisco, CA, USA, 2020. isscc.org/
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