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Abstract

We report on numerical studies of the DC vortex transport properties, including V(I) curves and vortex trajectories,
in triangular pinning arrays of triangular blind antidots. The asymmetric geometry of the pinning sites produces a
significant influence on the vortex motion depending on the direction of the applied Lorentz force FL.
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Asymmetric pinning [1–4] can be central to the
design of superconducting devices. In this paper, we
present numerical simulations of the motion of su-
perconducting vortices interacting with a triangular
array of triangular blind antidots. Here we focus on
the DC vortex dynamics at opposite Lorentz force
FL orientations (FL ‖ y or FL ‖ −y). A pronounced
asymmetry in the dynamics, depending on the drive
direction, has been found. The different constraint
on the positions of the pinned vortices, when FL is
directed along opposite directions, leads to an asym-
metric vortex depinning transition, which gives rise to
the observed asymmetry in the dynamics.

We consider a blind antidot model for the triangu-
lar pinning traps. This means that no pinning force is
exerted on the vortex once it is trapped inside the tri-
angle. It also allows the possibility of a multiple-vortex
occupancy of the pinning site, without the merging of
the vortices into one multi-quanta vortex.

The pinning force of each triangular pinning
center on a vortex is modelled as Fp(r) =

−Fp0f0

∑Np

k=1
r/Rp exp

(−|r/Rp|2
)
, when the vortex

is outside of the bottom area of the kth triangular
pinning center. Here, r is the distance between the
vortex and the boundary of the kth triangular pinning

trap. Fp0f0 denotes the strength of the individual pin-
ning site force here fixed to Fp0 = 0.5. The repulsive
vortex-vortex interaction Fvv is modelled by the mod-
ified Bessel function K1 [3]. The equation of motion is
ηv = FL + Fvv + Fp. Here, Rp = 0.4, λ = 6, η = 1,
and we fix the side length s0 of the triangular pinning
centers s0 ≡ λ/2 = a0/2, where a0 is the spacing
between pins.

Voltage-Current V(I) Characteristics and Vortex
Flow Regimes. — Figure 1 shows V (FL) curves for
H/H1 = 1.2 for the applied driving force FL directed
along +y and −y. Very asymmetric depinning tran-
sitions are obtained for the two opposite FL orienta-
tions. For FL ‖ −y, a very single sharp jump in the
V (FL) curve is observed, indicating that all the vor-
tices are suddenly depinned simultaneously at large
drives. In contrast to this, for FL ‖ y, we observe a
multi-stage depinning process with initial depinning at
a much lower FL (FL ∼ 0.14). The vortex rows with
the largest strain are first set in motion, while the
commensurate rows stay pinned, see i.e., Fig. 2(a) and
(b). With the gradual increase of the driving force,
more and more incommensurate depinning transitions
occur. The small jumps in the V (FL) curve around
point c in Fig. 1 are due to the fact that all the forces
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Fig. 1. Average vortex velocity V as a function of the driving

Lorentz force for FL directed along the positive and negative

y-directions. The arrows and labels refer to the corresponding

trajectories in Fig. 2(a)-(f).
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Fig. 2. (a)-(d): vortex trajectories at FL = 0.15, 0.26, 0.28

and 0.38 for FL directed along the positive y-direction; (e)-(f):

vortex trajectories at FL = 0.34 and 0.38 for FL directed along

the negative y-direction corresponding to the labels in figure 1.

barely balance and thus the moving vortices have
many metastable states available and move left and
right on the sample (see Fig. 2 (c)).

As seen in Fig. 2(e), two vortices can be easily ac-
comodated inside the pinning trap when FL ‖ −y.
However, this is not possible when FL ‖ y, because
two trapped vortices tend to be driven to the upper
corner pointing towards the positive y-direction. This
greatly reduces the critical driving Lorentz force along
+y. This is the reason why a lower critical F c

L value
is obtained when FL ‖ y and a higher one in the case
FL ‖ −y.

Figure 2 (a)-(f) shows the pinning sites (open trian-
gles), vortex positions (black dots) and vortex trajec-
tories (lines) at H/H1 = 1.2 for the different dynamic
vortex phases indicated in Fig. 1.When FL ‖ y at FL =
0.15 (Fig. 2(a)), most vortices are pinned and just a
few move along “diagonal” trajectories. Fig. 2(a) also
shows some fixed tilted columns that have two pinned
vortices per trap. A reason that might trigger the mo-
tion of some diagonals versus others is the distance be-
tween triangular pins that have two trapped vortices
in each triangle. Fig. 2(a) shows a pattern of inclined

columns: 1) moving incommensurate inclined column;
2) pinned commensurate inclined column with one vor-
tex per pin and 3) pinned matching inclined column
with alternating one-two vortices per pin.

When the driving becomes strong enough, the
vortices do not move diagonally anymore, but move
straight up, as shown in Fig. 2(b). Again, commensu-
rate vertical columns do not move (it costs relatively
large energies to do so), while incommensurate ones
do move. Since most of the vortices are depinned
and move along the direction of the driving force in
this case, there is a clear jump in the IV curve at
FL ∼ 0.16 as seen in Fig.1 (filled circles). In Fig. 2(c)
at FL = 0.28, the driving force is sufficiently large
and all the columns can be depinned. The V(I) curve
is noisier in this phase than the two formers as seen
in Fig. 1 (filled circles) because all the forces barely
balance, each vortex has several metastable configu-
rations to choose from and its motion oscillates “at
random” (due to nearby vortices at a given time). In
Fig. 2(d) all rows move orderly along the y-axis, but
some rows appear to move faster than other ones. The
more incommensurate the row, the easier it is to move.

When FL ‖ −y, a different vortex behavior is re-
vealed. In 2(e) at FL = 0.34, the vortices are pinned
with a pattern that somehow resembles the following
(besides a few isolated defects): 1) horizontal row of
pinned vortices with one vortex per pin (each pinned
vortex located near the center of the south-facing side);
2) horizontal row of pinned vortices with alternating
one-two vortices per pin (each pinned vortex located at
the edges of the south-facing side). Of course, this con-
figuration can hold the two vortices for a while, until
the driving force is large enough, near FL ∼ 0.38 and
the vortices suddenly move producing a sharp jump in
the velocity and recovering the speed they had in (d).
The columns with an incommensurate number of vor-
tices move faster than the commensurate ones, which
can be seen from the high number of trajectory lines
in these columns.
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