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Investigate high-frequency response of stray (few in number) magnetic vortices
How do they disrupt SC digital electronics? We examine one aspect of this problem...
First step: Understand their response to high-frequency fields (as opposed to dc-current offsets)
Harmonic generation: Vortex semi-loops generate 3'9-harmonic response, vs. 2"4-harmonic from trapped vortex
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RF semi-lo

vortex core | f=17 GHz
B =28 mT

7200 nm :
C.-Y. Wang, et al., Phys. Rev. Applied 22, 054010 (2024)
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Near-field magnetic microwave microscope
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Microwave microscope measurements 4



Trapped DC vortex driven by local RF field

Time-dependent Ginzburg-Landau simulation
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Time-dependent Ginzburg-Landau Treatment of RF Magnetic Vortices in Superconductors:
\ortex Semiloops in a Spatially Nonuniform Magnetic Field, Phys. Rev. E 101, 033306 (2020)

Trapped DC vortices and second harmonic response 5



Trapped DC vortex driven by local RF field

Time-dependent Ginzburg-Landau simulation
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P, mechanism: gradient of the induced RF current

microscopic measurement — RF field is localized — induced RF current has a strong gradient
— asymmetric vortex dynamics — P, signal from a very localized region of the sample

first half-RF cycle (top view)
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Field of View of the Microwave Microscope
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Simulation: vortex de-pinning and P.,(T) jump

Vorj[ex cqnfiguration change P,(T) The microscope is well-suited for looking
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Fixed-point measurement P,¢(T) with trapped DC vortices
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With vs. without trapped DC vortices
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A candidate for discrete jumps: vortex de-pinning

temperature (K)

Experiment results of a Nb film
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Hysteresis in P,¢(T)
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Simulation: RF annealing caused by passing pulse
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UMD 6-Month Plan

Measurement of vortex re-configuration statistics in Nb anti-dot lattice

TDGL simulations of few-vortex dynamical trapping and re-arrangements

Harmonic generation measurements of trapped flux in/near CPW transmission line
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Summary: microwave microscope and trapped vortices

» The wiggling of a trapped DC vortex when stimulated by a local RF field generates the second
harmonic response.

Microscope has a limited “field of view” for vortices

Immediate application: explore de-pinning of trapped DC vortices.
Further application: Understand response of vortex to SFQ pulses

TDGL digital twin of experiment gives insights into microscopics
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