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Voltage vs. Flux Biased Couplers Capacitance & Conductance Matrix Extraction EPR & Exchange Interaction Matrix Elements

Voltage-controlled coupler Flux-tunable coupler! » Solve Poisson’s equation with the EPR Matrix Elements
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T f°t » Extract Maxwell capacitance matrix

- 2nd order sensitive to voltage bias 5.669 4 5E8 223 67.1

) . . = - - - Q; Cii Coo ... Gy (W4 5.840 1.3E9 67.1 223
No heating introduced by voltage bias 1st order sensitive to flux bias /Qz\ /Czl G CQN\ (Vg\ 5 615 | 8E13 0.074 1

- Minimal cross-talk expected - Current biases can heat system _ _ _ _ _ .
- Not part of cQED fab, yet . | b ‘ ’ HFSS Model with Lumped

| | | - Cross-talk from stray magnetic fields \QN} \Cvi Cnz - .. Cuw ) \\/N)
- Dielectric loss from 2DEG possible - Compatible with cQED fab . Solve time harmonic equations Element Inset > ElFSS Eig8e9nmodes — EPR — Matrix
ements®

+ Loss from distributed capacitors V. (0E + J.)
1 Adapted from J. Martinis, SQuInT 2020 €
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Single Gate Depleted V-D=p /% capacitances as inputs
III £y, Cs Lo Lo o] » Use terminal cur.rent, voltage. solutions /// /// B f: Coupler modeled as lumped element
to compute admittance matrix, Y / ///// % capacitor
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V5 Yor Yoo ... Yon || b = capacitance to extract self- and
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| | | » I11-V materials stack based on devices 24.3 24.3 2E, Davy Qka
o de by the Shabani NYU? Exch | ion Matri i
6=38 =38 |e=38 made by the Shabani group at o Xchange Interaction IViatrix Exchange interaction matrix elements

. . Electron densities calculated from 1243 243 25.7 25.7 Elements recover ~160 on /off ratio
i-»l e le—>] y > T equilibrium SOlUtiOnS to the 1943 243 257 257 Qubit Index Matrix Elements [MHZ] 8 [Minev, arXiv e-prints, arXiv:1902.10355 (2019) ]

¢, n* 10 nm InGaAs  ¢,=14.03 ,*, 296 0.0005 % [Minev et al., arXiv e-prints, arXiv:2010.00620 (2020) ]

P InCaAs &~ 1203 drift-diffusion equations with 1243 24.3 25.7 25.7 : 10 [Orlando et al., Phys. Rev. B 60, 15398 (1999) ]

. oL 0.0005 226 11 [Koch et al., Phys. Rev. A 76, 042319 (2007
- Fermi-Dirac statistics in COMSOL 1 2 3 4 556 0070 [Koch et al., Phys. Rev. A 76, (2007) ]
?DEG confinement included with 0.079 226

Materials Stack density gradients moditying the Dielectric Loss Estimation
equilibrium electron densities

loglO (n[cm™3])

Future Work

Electrostatic charge conservation » Estimation of dielectric
applied to InAlAs, SiO,, and air-gap loss-limited 7742
dielectric regions

ti [nm] p; tand; Ty [us] » Finish experimental measurements of loss in IlI-V materials

e . InGaAs 10 2.08E-5 4.8E-5 3190 » Begin testing tunable resonators with voltage-controlled IlI-V stack
Electron densities with gate biases (a) = Q) nAs 4 3 18E.5 4.8E.5 20800

0 V on all gates, (b) -3 V on center -1 _ . InGaAs 4 2 86E-5 4.8E-5 23200
gate, 0 V on others, and -3 V on all InAlAs 20 5.64E-4 4.8E-5 1180

- tier; | |E*dS 7
three gates. Source bias set to 10 mV. J<1y s Si0," 50 4.44E-3 2.00E-3 3.58
Total - - - 3.57

» Fabricate and measure two qubits coupled by the |-V 2DEG coupler
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