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Motivation
Using Superconductive Resonators to Characterize Charge Noise in Oxides

Overview: Charge noise is a problem for semiconductor qubits; we are working on fast-
cycle approach to measure it

Several techniques are currently used to assess noise in
semiconductor qubits.
«  Coulomb blockade
* Intensive experiments lasting months to years per
device and requires a large investment of time and
effort.

Superconducting Qubits

« Resonators to probe the degradation of Q at low power levels.

« attempt to extend this technique by measuring noise spectra
from materials useful for semiconductor qubits.

John M. Martinis, K.B. Cooper, R. McDermott, Matthias Steffen, Markus Ansmann, K. Osborn, K. Cicak, S. Oh, D.P. Pappas. R.W. Simmonds, Clare C, Yu, Decoherence in
Josephson Qubits from Dielectric Loss, Phys. Rev. Lett. 95, 210503 (2005)



Using superconductive resonators to characterize charge noi £ "

oxides

|ldea: to use the sensitivity of a high-quality factor (Q)
resonator to track defects in materials used for solid
TLS defects

state qubits
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Coplanar resonator structure

S de Graaf et al, NATURE COMMUNICATIONS (2018).

Produce noise in resonant frequency

J. Gao et al. ‘Noise properties of superconducting coplanar waveguide microwave resonators’, Appl. Phys. Lett. 90, 102507 (2007).

Some Resonator refs: 1.
2. S. de Graaf, ‘Suppression of low-frequency charge noise in superconducting resonators by surface spin desorption®, Nature Comm. 9, 1143 (2018).



A fast-cycle charge noise measurement for better qubits Vany -
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CP-V curves
7V to -7V (Capacitor D=1600 um )
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Transmission measurements: Low temperature Oxide (E) and @R -
Native oxide (D)
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Low temperature Oxide (E) and Native oxide (D) samples



Resonators Tested -;, | ot amos

Dewce Q¢ (high Coupllng Geometry

A2 on Si 1200 7fE/18fF Native 10:6 um

B AN/2ioniSOl 3.6 28K ; ; Native

C WY L 4.5 78k 100k ofF/2fF  None (BOE)  3:2 um

D AN2ion S| 4.5 39K 43K 3fF/3fF Native 3:2 um

E AN2IOI S| ; Failed A0K 3fF/3fF 750C oxide  3:2 um

F AN2ion S| i il 40K 3F/3fF 1050C 3:2 um
oxide

In our experiments, we chose resonators mostly between 4.5 GHz and 5.5 GHz. The temperature equivalents at these frequencies are
200 mK and 300 mK respectively, indicating that at 20 mK low thermal occupation of the microwave photon modes can achieved.



Charge noise in resonator imparted as phase noise on probe tm" 7
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Charge noise in resonator imparted as phase noise on probe ) Wi

Probe
tone ~

Vin = Xq coswit + X5 sin wt

Resonator coupled to random
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Homodyne detection of noise in superconducti A\
resonators . “Los Alamos
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Noise spectra recorded for sample C at 22mK
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a) The data were acquire at moderate power of -115 dBm or ~ 10% photons in the resonator. (b) Microwave
signal was less than -157 dBm of microwave power at the resonator input port.
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 The noise is nearly equally present in both | and Q channels
* Noise due to TLS's should be mostly present in the Q channel

* Our method shows some sensitivity to thinner oxides.

* Further calibration of the amplifier chain, mixer, and other detector
components is needed to isolate these sources of noise.
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