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Cooper pair box energy dispersion
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Cooper pair box energy dispersion
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Cooper pair box Rabi-Oszillations
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Transmission-line resonator
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Transmon

2d transmon

Energy dispersion

E;JEc =2 E;/Ec=10 E;/Ec =50

3d transmon
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Wiring of transmon qubits
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Readout of 3d transmon qubits
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Transmon b
60 Rabi oscillations
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Four-Transmon chip

T mm

. Coupling . Charge . Readout Purcell
Qubits - resonators - Flux lines lines - Feedline - resonators - filters
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Quadrontium: Hybrid of flux qubit and Cooper pair box
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Flux bias
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Quadrontium: Hybrid of flux qubit and Cooper pair box
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Quadrontium: Noise
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Noise arising from atomic tunneling systems
double-well potential

wl 'Qbr

/

TLS on substrate
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Flux qubit
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possible structural configurations with atomic tunneling systems

double-well potential

wl ¢r

typical values: A/kg <10K
d~1A
hQ/ky ~300 K
V /kg <1000 K
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atomic tunneling systems

pure tunneling: classical asymmetry energy A
o(x) /\
1] \ J \ ] E
A
W, A W, s

v NS\ Y /\/\

— X — X

coupling to external fields 0
asymmetry energy A
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0

asymmetry energy A
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Two qubits gate operations

Year Gate type Fidelity (%) Gate time
2009 CZ gate [70] 87 NON
2010 iSWAP gate [84] 78 NON
2011 CR gate [85] 81 220 ns
2012 bSWAP gate [86] 86 800 ns
2012 ViSWAP gate [87] 90 31 ns
2013 CZ gate [88] 87 510 ns
2013 CNOT gate [56] 93.47 420 ns
2014 CZ gate [25] 99.44 43 ns
2014 CZ gate [33] 99.07 30 ns
2016 CR gate [74] 99 160 ns
2016 CZ gate [81] 98.53 413 ns
2016 ViSWAP gate [69] 98.23 183 ns
2017 CZ gate [89] 93.60 250 ns
2018 CZ gate [80] 95 278 ns
2018 CZ gate [90] 92 210 ns
2018 iISWAP gate [90] 94 150 ns
2018 CNOT gate [91] 89 190 ns
2018 CNOT gate [92] 79 4.6 us
2019 CZ gate [71] 99.54 40 ns
2019 iISWAP-like gate [72] 99.66 18 ns
2020 CZ gate [78] 98.8 176 ns
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Systems
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