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Quantum computing

Supporting slides
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the issue: decoherence

the Schroedinger equation expresses a smooth evolution of 

quantum systems 

BUT

in real world no individual quantum state is isolated: you 

can approximately consider it isolated for a limited time
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decoherence in practice

two time scales relevant to establish how long I can use a qubit

T1: relaxation time – the qubit relaxes to the ground state after ∼T1

T2: dephasing time, after which the state is affected by wrong 

precession in the x-y plane on the Bloch sphere

T2 is usually << than T1      T2* is on the average of many qubits

Hu, De Sousa, Das Sarma Decoherence and dephasing in spin-based solid 

state quantum computers arxiv: 0108339v2 
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superconducting qubits

φ is the magnetic flux across the inductor

Ladd et al. Quantum Computers Nature 2010

Buluta et al. Natural and artificial atoms for 

quantum computation Rep. Prog. Phys. 2011

Charge qubit: #e- in an island 

Flux qubit: direction of loop’s current

Transmon

Phase qubit: oscillatory state 
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supercondicting qubits

Intel

IBM

Google
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spin in silicon qubits
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implementations (5): spin qubits

Spin based qubits confined in semiconductors

Method 1: electrostatic confinement

Method 2: an atom/a defect in crystal

Encoding: single electron/hole spin

two spin singlet/triplet

three spin hybrid qubit

Materials:

• GaAs double quantum dots (100 nm)

• Si double quantum dots (20 nm)

• P atoms in silicon (nm) (electr. manip.)

• NV centers in diamond (nm) (optical manip.)

+ scalability potential of silicon to 108 qubits

- fabrication control at sub nm scale

Intel spin qubits in silicon

spin in silicon qubits

layered architecture of quantum computers

the 5 layers of quantum computers

Layer 4 - Logical

Layer 5 - Application

Layer 2 - Virtual

Layer 3 – Quantum error correction

Layer 1 - Physical
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