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Quantum Computing with Superconducting 
Qubits

• Basic types of superconducting Josephson devices:
a. Charge, e.g., Cooper pair box.
b. Flux, e.g., RF SQUIDs, 3-JJ persistent current qubits.
c. Phase, e.g., Josephson tunnel junctions.

• As qubits:
1. Solid state approach leads to better scalability.
2. Engineered Hamiltonians are easy to control.
3. Long coherence time (compare to other solid state approaches).
4. Very easy initial state preparation.
5. Qubit rotation using microwave.
6. Adjustable interaction between qubits.
7. Non-invasive (in a practical sense) single-shot state detection.
8. Coupling to flying qubits via cavity QED.



Josephson Tunnel Junction
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Classical Dynamics of a Current Biased 
Josephson Junction

RSJ model
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Mechanical model of a Josephson junctionMechanical model of a Josephson junction
- a “particle” in a tilted washboard potential U(Φ)
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Electrical model of a JJ
- a nonlinear LCR resonantor

Resonance frequency:
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I-V Curve of a Josephson Tunnel 
Junction
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Quantum mechanical description

Two-level approximation:
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Phase qubit Hamiltonian:



RabiRabi oscillation in a oscillation in a metastablemetastable twotwo--level systemlevel system

Excitation and detection
• Microwave excites Rabi oscillations between the two levels.
• Excited state detected by monitoring tunneling events.

tunneling rate from level |n nΓ − 〉

3
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excitation State detection: escape from V=0 state 

Fidelity of state detection

99.9%∼
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Experimental SetupExperimental Setup
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Experimental Procedure

1 1mwtΓ ∆ CW (continuous wave)

Always-on detection



Escape Time DistributionEscape Time Distribution
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RabiRabi Oscillations with Long Coherence TimeOscillations with Long Coherence Time
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Power DependencePower Dependence
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Superconducting flux qubit (SQUID)

An rf SQUID flux qubit
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High fidelity, very small back-action, single-shot 
readout  
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Coupled SQUID qubits for demonstration of CNOT 
and two-bit entanglement
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It is NOT that simple!
Dynamics depends on level 
structure in a non-trivial way.

Northrop Grumman 
Feb. 2003

Qubit 1Qubit 2

detector 1
detector 2

VBT

Design and measurement: KU 
Fabrication: Northrop Grumman (TRW)

Experiment status: 
High temperature characterizations 

close to completion.
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Decoherence due to Critical Current 
Fluctuations

• 1/f power spectrum:

• Affects all Josephson qubits.

• Nearly universal 

• Qubit type dependent
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Fractional detuning due to Ic fluctuations
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Conclusions
• Phase qubit rotation demonstrated.

• Long coherence time observed.

• Effect of 1/f critical current fluctuation on 
dephasing is similar to all types of Josephson qubit.

• Superconducting approach to QC is very 
competitive.
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