
WS 22/23

213

5.Superconducting Qubits

First observation of Rabi oscillations in phase qubit 2002
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We have designed and operated a circuit based on a large-area current-biased Josephson junction
whose two lowest energy quantum levels are used to implement a solid-state qubit. The circuit allows
measurement of the qubit states with a fidelity of 85% while providing sufficient decoupling from
external sources of relaxation and decoherence to allow coherent manipulation of the qubit state, as
demonstrated by the observation of Rabi oscillations. This qubit circuit is the basis of a scalable
quantum computer.
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The question of the applicability of the laws of quan-
tum mechanics to macroscopic degrees of freedom
triggered some 20 years ago [1] the development of super-
conducting junction circuits displaying quantum behavior
at the level of their macroscopic electrical variables.
Energy level quantization [2], macroscopic quantum tun-
neling [3], and quantum superposition of states [4–6]
have indeed been observed in these ‘‘atomlike’’ circuits.
More recently, the idea that quantum mechanics could be
used to manipulate information efficiently [7] has boosted
interest from a different perspective for such solid-state
devices: the two lowest energy states of these circuits
could be used as a quantum bit (qubit) and scaled to a
full quantum computer through integrated-circuit tech-
nology. However, as solid-state qubits are by necessity
coupled to many electromagnetic degrees of freedom
through bias and measurement wires, long coherence
times requires careful circuit design [8].

Circuits presently being explored combine in variable
ratios the Josephson effect and single Cooper-pair charg-
ing effects.When the Josephson energy is dominant, these
‘‘flux circuits’’ are sensitive to external flux and its noise
[6,9,10]. Conversely, when the Coulomb energy is domi-
nant, the ‘‘charge circuits’’ can decohere from charge
noise generated by the random motion of offset charges
[11,12]. For the intermediate-energy regime, a circuit
designed to be insensitive to both the charge and flux
bias has recently achieved [13] long coherence times
(500 ns), demonstrating the potential of superconducting
circuits.

In this Letter, we present a new qubit designed around a
10 !m scale Josephson junction in which the charging
energy is very small, thus providing immunity to charge
noise. Although still sensitive to flux, the circuit retains
the quality of being tunable, and calculations indicate
that decoherence from flux noise is small. Built into the
circuit is a single-shot state measurement that has good
fidelity. However, the most significant advantage is that
scaling to more complex circuits will be favorable be-

cause fabrication and operation of complex superconduct-
ing integrated circuits with large junctions are well
established. Moreover, the large junction capacitance en-
ables qubits to be capacitively coupled over relatively long
distances, allowing greater and more easily engineered
interconnectivity.

The quantum properties of the current-biased
Josephson junction [Figs. 1(a) and 1(b)] are well estab-
lished [3]. With zero dc voltage across the junction, the
Josephson inductance and the junction capacitance
form an anharmonic ‘‘LC’’ resonator in which the two
lowest quantized energy levels are the states of the
qubit. Because the junction bias current I is typically
driven close to the critical current I0, the anharmonic
potential can be well approximated by a cubic potential
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FIG. 1. (a) Model for a current-biased Josephson junction.
(b) Cubic potential U showing qubit states and measurement
scheme. (c) Circuit diagram for a qubit with high-impedance
current bias. Dashed box indicates components fabricated on a
superconducting integrated circuit. Microwaves are injected
via C!w. Component values are I0 ’ 21 !A, C ’ 6 pF, i0 ’
10:5 !A, C!w ’ 2 fF, R!w ’ 50!, L ’ 3:3 nH, M ’ L=160,
L" ’ 0:4 nH, R" ’ 2!, and RV ’ 50!.
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