Physica C 235-240 (1994) 2761-2762
North-Holland

PHYSICA &

Geometrical Barriers in Type II Superconductors
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Vortex penetration in thin flat samples in perpendicular fields is governed by geometrical barrier effect. The
main fe- Lures of this novel barrier is vortex accumulation in the center of the sample and irreversible magnetization
in the .bsence of bulk pinning. The developed theoretical model is confirmed by experimental results.

The magnetization behavior of thin supercon-
ducting samples is usually modeled by approx-
imation to an elliptical cross-section [1]. This
common procedure fails to resolve some impor-
tant aspects of vortex dynamics which are spe-
cific to thin flat samples in perpendicular mag-
netic fields. In particular, in absence of pinning
and surface barriers, a reversible magnetization
is expected in elliptical samples. In contrast, flat
samples exhibit unique hysteretic behavior which
is the result of geometrical barriers as discussed
below.

Consider a long thin superconducting strip of
rectangular cross-section of width 2W (-W <
z < W) and thickness d (—d/2 < z < d/2, and
d << W) exposed to applied field Hgl|z. In ab-
sence of bulk pinning the resulting shielding cur-
rent density averaged over the sample thickness
is given by [2]

Jy(z) =
0, 0<z<b,
2J0. ng__“'_z__— Y(z2=b?)
—=FE arctan 4/ (Wz_zg)(;_xz), b<z<e,
-JZ, e<z < W,

and —Jy(z) for z < 0. The edge current Jg is
determined by the following consideration. In
increasing applied field the vortices initially cut
through the sharp rims of the sample without
complete penetration and thus effectively round
off the curvature of the edges on the order of d/2.
As a result, the vortex energy increases gradu-
ally from zero to a maximum value of ¢od at
W — |z| ~ d/2. At steady state conditions the

resulting force due to this potential gradient has
to be balanced by Lorentz force of the shielding
currents, J%@od/c, and hence Jg =~ 2ceo/¢od =
cH./27d. ¢o is the flux quantum and ¢y the
vortex line energy. The corresponding transverse
field profile inside and outside the sample is

B:(z) =
2Ho |, VI (W2 b3 +/Io2 = s2|(W2=c?)
™ \/(02—b2)[W2—1‘2| :
lzl < borlz|>c¢,
0, b<l|zl<e,

with the resulting magnetization per unit voiume
Hcl
47Wd

The parameters b and e are determined by the
applied field

M=-

V(W2 = b2)(W?2 — e2).

2y VIR VW=
- T \/62 ____b2

and by the history of the magnetic cycle as fol-
lows. As the field is initially increased, b = 0
and the vortices penetrate partially only into the
edge regions ¢ < |z} < W. The resulting cv-
rent and field profiles are similar to the case
in which vortex penetration is limited by bulk
pinning [3] with JJ replacing J.. This situa-
tion holds as long as e > W — d/2 and hence
H, < H, ~ (2Hc1/7)\/d/W. Above the pene-
tration field e = W —d/2 and the penetrating vor-
tices are dragged by the extended shielding cur-
rents towards the center, where a vortex-filled re-
gion of width 2b is formed as shown in Fig. 1. The
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Figure 1. Calculated current (a) and field (b)
profiles in half of a strip in ascending (Ho/Hp=1,
1.05, 1.2) and descending (0.8, 0.4) fields. Maxi-
mum applied field is Hmar = 1.2H,.

tesulting apparent flux growth from the center of
the sample is a unique consequence of the flat ge-
ometry. This situation, however, is not reversible
since on decreasing {ield the central vortices are
effectively trapped by the shielding currents. In
this case both b and e increase with the declining
field and their values are determined by H, and
the condition of constant trapped flux inside the
sample. Fig. 1 shows the resulting current and
field profiles, and the irreversible magnetization
loops are shown in Fig. 2. Note that in contrast
to bulk J. the edge current J3 does not change
polarity as field decreases and hence M < 0 also
on the descending branch. The trapped vortices
exit the sample when & >~ W — d/2. At high
fields a reversible magnetization is obtained when
e=W—-df2~bat H, > H;; ~15H,,.

We have mecasured the B,(z) profiles in
BizSr;CaCuy0g crystals using sensitive micro-
scopic GaAs/AlGaAs Hall-sensor arrays. Fig. 3
shows the experimental field profiles at T = 50K
in ascending applied field. For H, < 450e no vor-
tices penetrate into the sample. As field increases,
the flux build-up in the center of the sample and
the expansion of vortex-filled region are clearly
visible. The observed increase of the background
field inside the crystal close to the edge is the
result of small finite gap between crystal surface
and the sensors.
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Figure 2. Calculated magnetization loops of a
strip showing irreversible behavior due to geomet-
rical barrier.
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Figure 3. Experimental local field profiles in as-
cending H,. Hall-sensor array consisted of nine

30x30pm? elements 30um apart. The connecting
lines are guide to the eye.
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