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Fig. 1. Superconducting phase qubit fabricated by multilayer process 8. (a) Optical microscope image. (b) and (c)

SEM images of the qubit junction and two junctions in one of the SQUID arms. (d) The design layout, in which
the Nb (gray), the first Al (green), the Si (half transparent), the second Al (blue), and the shadow evaporated Al
(light gray) films are shown. The horizontal bars at right-bottom corner in (a), (b), and (c) indicate lengths of 100,

1, and 1 pm, respectively. The grid cell dimension in (d) is 10 pm.
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B2 ZREETZH%KES nSQUID i1 HRs I BAEHR Y, 1 NEM0EHE, Bk CM M DM #op gz [10]
Fig. 2. False-colored optical photograph of the nSQUID qubit. Inset shows the nSQUID qubit schematic. CM and

DM stand for the common mode and differential mode, respectively

[10].
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Fig. 3. Typical 2D potential landscapes of the superconducting nSQUID qubit [19].
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Fig. 4. Experimental and calculated results for the nSQUID qubit [10]. (a) Experimental energy spectrum. (b) Measured

excited probability. (c) Calculated bottom four energy levels (black) and wave functions (red) along the 0 axis after

integrating over ¢ and (d) those along the ¢ axis after integrating over 6. (e) Calculated wave functions corresponding

to the four energy levels, plotted in two dimensions (horizontal, 0; vertical, ¢) with plus (blue) and minus (red) signs.
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Fig. 5. Energy spectra of the coupled superconducting qudit-resonator system (12 Left panels: Experimental results
for three microwave powers, (a) —100 dBm, (b) —95 dBm, (c) —70 dBm. Right panels: Experimental (symbols)
and theoretical (solid lines) spectral lines involving the first (d), the second (e), and the third (f) excited states.
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Fig. 13. Coherent population transfer via STIRAP in the superconducting Xmon qutrit: (a) Stokes and pump
microwave pulses; (b) measured level populations Py, P and P> versus time; (c) experimental level populations

after correction; lines in (b) and (c) are the calculated results [24],
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Fig. 16. Schematic of microwave correlated laser.
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Abstract

In the past years, superconducting quantum computation has received much attention and significant progress of
the device design and fabrication has been made, which leads qubit coherence times to be improved greatly. Recently,
we have successfully designed, fabricated, and tested the superconducting qubits based on the negative-inductance
superconducting quantum interference devices (nSQUIDs), which are expected to have the advantages for the fast
quantum information transfer and macroscopic quantum phenomenon study with a two-dimensional potential landscape.
Their quantum coherence and basic physical properties have been demonstrated and systematically investigated. On
the other hand, a new type of superconducting qubit, called transmon and Xmon qubit, has been developed in the
meantime by the international community, whose coherence time has been gradually increased to the present scale of
tens of microseconds. These devices are demonstrated to have many advantages in the sample design and fabrication,
and multi-qubit coupling and manipulation. We have also studied this type of superconducting qubit. In collaboration
with Zhejiang University and the University of Science and Technology of China, we have successfully fabricated various
types of the coupled Xmon devices having the qubit numbers ranging from 4 to 10. Quantum entanglement, quantum
algorithm of solving coupled linear equations, and quantum simulation of the many-body localization problem in solid-
state physics have been demonstrated by using these devices. Also, we have made significant achievements in the studies of
the macroscopic quantum phenomena, quantum dissipation, quantum microwave lasing, and some other quantum optics
problems. In particular, Autler-Townes splitting under strong microwave drive, electromagnetically induced transparency,
stimulated Raman adiabatic passage, microwave mixing, correlated emission lasing, and microwave frequency up-and-

down conversion have been successfully studied, both experimentally and theoretically.
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