
An Artificial Atom
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Overview

• Introduction
• What is a Superconductor?

• Electrical Circuits

• Cirquit QED
• Josephson Junctions

• Quantum Information Processing

• Waveguide QED
• Mirror-like Atom

• Qubits in a Waveguide
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What is a Superconductor?
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Superconductivity & Application

• No Resistance below Tc

• No Information Loss
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LC Oscillator & Circuits
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https://media.giphy.com/media/EjxS2FRgJ4Hss/giphy.gif

- Equidistant Energy Levels 
Cannot address only two of its 
states

- For QIP, need logical zero and one
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The Josephson Junction
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• Replacing the Inductor with a ‘new’ Element

• Qubit?

Aluminium AluminiumIsolator



The Josephson Junction
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• Replacing the Inductor with a ‘new’ Element

• Qubit?
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The Josephson Junction

11/25/2019 Circuit QED with Superconducting Qubits 9

• Replacing the Inductor with a ‘new’ Element

• Qubit?
ȁ ۧ1



The Josephson Junction
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• Replacing the Inductor with a ‘new’ Element

• Qubit?
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Macroscopic Atom: The Transmon Qubit 
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0.5 mm



Fabrication of a Qubit 
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2”



Cirquits with 3D Cavities

• Qubit looks like Antenna

• Need: Box to protect the Qubit
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Quantum Information with Circuits

• Isolation from Environment: 𝑓𝑄𝑢𝑏𝑖𝑡 ≪ 𝑓𝐵𝑜𝑥

• Dispersive Readout

• Excitation with High Amplitude Pulse
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https://arxiv.org/pdf/cond-mat/0411174.pdf
Nature 451, 664 (2008)



The Cryostat
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Single Qubit – Saturable Mirror

10 mm

𝑬
𝒌
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Direct Coupling

10 mm
J
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Dark State Qubit
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Superconducting Circuits Group
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