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ion trap photon semiconductor defect
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semiconductor quantum dot

Majorana (Topological qubit)



DiVincenzo Criteria (2001)

1) A scalable physical system with well characterized qubits.

2) The ability to initialize the state of the qubits.

3) A coherence times much longer than the gate operation time.

4) A “universal” set of quantum gates

5) A qubit-specific measurement capability

Qubit : A quantum system with two states

10  ie 1001 
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Jones, Yamamoto, PRX 2012

Gambetta, ArXiv 2015



8







최초 1999년, NEC 2019년, Google, IBM

Nature 1999



Schoelkopf Plot
초전도큐비트 결맞음시간
3년에 10 배씩 증가

Neven’s Law
큐비트의 수는
이중지수적으로 증가

Moore’s Law
반도체 집적도는
대략 2년마다
두 배씩 증가
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Nobel Prize 2003

Are macroscopic degrees of freedom governed by quantum mechanics?

Science 1988
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 Josephson Relations

Sullivan and Zimmerman, Am. J. Phys. 39, 1504 (1971)
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Josephson junction Two angle evaporation

Josephson Inductance

Tuning of Ic (EJ)
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You design your Circuit = You design your Atom

= You design your Hamiltonian

Qubit with electrons? - “interact, but be isolated”
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(Quantum) Harmonic Oscillator
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LC Oscillator

→ Need Nonlinearity (Anharmonicity) for Qubit
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Low-loss Nonlinear Oscillator with 1 photon
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Sweet spot everywhere, by design

J. Koch, PRA 2007



Transmon (Yale) Xmon (Google-UCSB)
Transmon (IBM)

Gatemon (Niels Bohr Inst.)

3D-transmon (Yale, IBM)

Starmon (Delft-QUTech)

MIT-LL



Nature 2004
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qubit-state dependent

cavity frequency

shift

cavity photon-number

dependent

qubit energy shift

If qubit and cavity are well off resonance
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microwave



microwave

Coherent rotation of qubit states is controlled by microwave pulses



controlled-NOT

single-qubit gates

two-qubit (entangling) gate

+



Slide credit: IBM

큐비트의 개수만이 성능을 결정
하지 않으며 여러가지 성능지수
를 복합적으로 고려해야 함.

Slide credit: Google

Credit: IonQ

Quantum Volume

Fidelity

Qubit Connectivity



다른 성능지표도 있음
예) Algorithmic Qubit (IonQ)





ArXiv:2106.14734











IBM 2017

IBM 2019

Google 2020

Google 2016

IonQ 2020





https://www.youtube.com/watch?v=GR6ANm6Z0yk



http://webzine.kps.or.kr/

http://webzine.kps.or.kr/



