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Towards microwave optomechanics using a superconducting

Al

Aalto University
School of Science

Abstract

Utilizing the ultra-high sensitivity of a superconducting carbon nanotube (CNT) sensor to probe
the quantum ground state is a promising experimental approach for investigations of macro-
scopic quantum phenomena. However, reproducible and reliable fabrication of such devices
IS still to be shown due to the demands on high temperature stable materials that the CNT
growth requires and the crucial role the contact resistance plays for inducing superconductiv-
Ity into the CNT. We approach the challenge using molybdenum rhenium (MoRe) microwave
cavity, which withstands high temperatures. As an alternative for pure MoRe, we have also
used a thin coverage of palladium to improve contact resistance to the CNT. We have been
able to reach 22 nA critical currents in 250 nm long single walled CNTs. These devices dis-
played good gate modulation characteristics with 85 nA V. Using such weak links in an op-
tomechanical microwave setting, coupling energies on the order of 100 kHz can be reached
petween the mechanical resonator and the electrical cavity.

carbon nanotube weak link
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Measuring supercurrent in CNT

* We fabricated source/drain pairs of 50 nm MoRe [1] and a separation of 250 nm and de-
posited aerosol-synthesised [2] carbon nanotubes onto a chip with multiple pairs

* Promising tubes are selected and cooled down to 10 mK
* We can measure a supercurrent of up to 22 nA with a responsivity of 8l ¢/0Vy = 85nA V™!
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 First device with 5 nm palladium (Pd) cover on top of the MoRe contacts

* Pd should prevent the MoRe from oxidization

* The device shows supercurrent, however, it is very small compared to the device without Pd
* Many features are an indication for multiple tubes
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Limits of CNT supercurrent

* CNT coupled to two leads with equidistant energy levels
and and four time degenerate (two valleys and two spins)

S 1 ¢ The escape rates to both sides are then given by 1z > 0.5
and t. > 0.5 (no Coulomb blockade) and the CNT has 4
channel with a transparency
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* The readout frequency should be around f, = 5GHz and the optimal operation point at
lc = 100 nA corresponding to a Josephson energy of E ;/2nh = 48.36 GHz

* Due to the low charging energy of E ¢/2nh = 64.6 MHz artificial large capacitances C; > Cj
are needed

* The coupling between the Qubit and phonon corresponding to the CNT vibration is
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Future outlook

* We demonstrated the working principle of a CNT resonator on Pd/MoRe source/drain pairs

* The combination of suspended CNT and readout cavity introduces new challenges, but also
opportunities

* On one hand the contact resistance of the CNT-metal interface is very important for obtain-
Ing high critical currents. We will further improve our approach with thin Pd films.

* Another important factor is the placement of the CNT onto the cavity with sufficient accuracy
and without degrading the cavity quality factor. We plan to stamp the CNT using a PMMA
stamp onto the pre patterned cavity.

* The stamping approach yields another advantage: It enables the characterization of the CNT
before transferring resulting in higher yield of useful devices
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