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Microwave photons in a superconducting resonator have been used as information carriers and for controlled qubit operations in various superconducting quantum computing
architectures [1]. For superconducting qubits, microwave photons may also provide interactions between the qubits and coupling to a dissipative environment [2]. Thus accurate
and rapid control of photonic states of microwave resonators is important in the development of quantum information technology. However, an active control of the photonic
quantum state using single-electron tunneling across superconducting–insulator–normal–
metal (SIN) junctions has not been harnessed to date.
We propose and demonstrate a new method to control the quantum state of a microwave
resonator in a mesoscopic device utilizing controlled single–electron tunneling across SIN
junctions. We study a device, in which a superconducting coplanar resonator is coupled
to SIN junctions (see the figure below). When an electron tunnels across a SIN junction,
it absorbs a photon from or emits it to the resonator. Using the bias voltage applied to the
SIN junctions, this mechanism allows us to electrically control the output power from the
device which works as a microwave photon source.
In our theoretical model, we calculate the power between the resonator and tunneling
electrons using P (E) theory [3] and obtain the power between the resonator and the
transmission line using the method developed in Ref. [4]. Numerical results show agreements with the experimental results in low voltage regime. The model can also be used to
examine the time evolution of the resonator state.
Figure: Schematics of the device design. Two pairs of SIN junctions and a
transmission line are capacitively coupled
to coplanar superconducting resonator.
C1,2,3,4 denote parallel–plate capacitors.
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