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Fig. 1. Schematic diagram of critical temperature gradient
superconducting film with slit. The critical temperature in-
creases linearly from T¢pnin upward to Ttmax along the y ax-
is. The superconducting film of width w is infinite along z
axis. The slit length and width are ¢ and cy, respectively.
The distance of defect center to sample upper boundary is
Cp . Superconducting film is applied by a square-wave ac
current I,(¢) along z axis and a perpendicular magnetic
field H, along z axis, and the DC voltage Vg, is calcu-
lated along the direction of applied current. The direction of

vortex motion is along y axis.
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Fig. 2. (a) Characteristic curves of current-voltage (V) at
several magnetic fields for 4+I, and —I,. Snapshots 1-6 in-
dicate the corresponding cooper-pair density shown in the I-
V curves; (b) variations of rectified voltage as a function of
ac amplitude for slit located at the middle of the sample
Cp =w/2. The critical temperature of superconducting
film at the top and bottom boundary are Tcmax = 12 K and
Temin = 4.7 K, respectively (multimedia view Al of the sup-
plementary materials).
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Fig. 3. Variations of rectified voltage as a function of ac
amplitude for several magnetic fields with defect located at
(a) Cp =w/3 and (b) Cp =2w/3. The critical tempera-
ture of superconducting film at the top and bottom boun-
dary are Temax=12 K and Tgmin=4.7 K, respectively (mul-

timedia view A2 and A3 of the supplementary materials).
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Fig. 4. Variations of equilibrated voltage as a function of ac amplitude time with magnetic field H, = 0.1 and slit location
Cp =2w/3 for (a) Iie =0.13 and (b) I, = 0.14. Snapshots indicate the corresponding Cooper-pair density shown in the V-t
curves. The black arrows indicate the direction of vortex motion. The critical temperature of superconducting film at the top and

bottom boundary are Temax = 12 K and Temin = 4.7 K, respectively.
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Fig. 5. Contour plot of V. as a function of magnetic field and current amplitude with slit location (a) C, = w/2 and (b) Cp, =
2w/3. The white dotted lines represent the area of reversal rectified voltage. Snapshots show the superconducting Cooper-pair densi-
ty at the defect location Cp = 2w/3 under different magnetic fields and currents. The left column represents the condition of ap-
plied current along the positive direction, and the right column represents that of applied current along the negative direction. The
black arrows represent the direction of vortex motion. The critical temperature of superconducting film at the top and bottom

boundary are Temax = 12 K and Tipmin = 4.7 K, respectively.
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Fig. 6. (a) Variations of rectified voltage as a function of ac
amplitude with slit location Cp = w/2, Tymin = 4.7 K and
magnetic field H, = 0.1 for several maximum critical tem-
perature Temax = 6, 8, 10 and 12 K. Dependencies of equi-
librated voltage versus time for (b) Iac = 0.095 and (c) Iac =
0.1. Snapshots indicate the corresponding cooper-pair densi-
ty shown in the V-¢ curves. The black arrows indicate the
direction of vortex motion (multimedia view A4 and A5 of

supplementary materials).
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Abstract

The ratchet effect caused by superconducting vortex motion can be widely used in flux pumps, rectifiers

and superconducting switches. Ginzburg-Landau theory provides a powerful tool to investigate superconducting

vortex matter. In this paper, the finite difference method is used to numerically solve the time-dependent

Ginzburg-Landau equation, and the fast Fourier transform method is used to solve the coupled heat conduction

equation. The vortex dynamic behavior of the superconducting thin film with a linear change of critical

temperature is simulated numerically, and a new way to regulate the superconducting rectification effect is

proposed. The effect of critical temperature gradient and slit location on the reversal phenomenon of rectified

voltage are studied. Because of the influence of edge barrier and the defect attraction potential on vortex

motion, it is beneficial to observing the reversal rectified voltage with increasing AC amplitude that the defect

location is near to the side of the higher critical temperature or the gradient of the critical temperature is small.

Keywords: superconducting film, rectified voltage, critical temperature gradient, slit
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