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Hall probe response to a distribution of vortices in superconductor*

A Reiderman, Y.Wolfus, Y.Abulafia and Y.Yeshurun,

Department of Physics, Bar-Ilan Univ., 52900, Ramat-Gan, Israel

Based on an analytical approach, an approximation of the Hall probe local sensitivity function
by the square uniformly sensitive region wxw, where w is the distance between the Hall
electrodes, is given. A simple formula for the Hall probe response to a distribution of vortices in

superconductors is proposed.

The Hall-probe technique has shown its
efficiency as a tool for mapping out the
magnetic field distributions of the millimeter
size  high-temperature  superconductor
crystals and thim films [1-3]. A spatial
inhomogeneity period of local field in the
measurements is usually comparable to the
probe size. Therefore a local sensitivity
consideration is required for the quantitative
characterization of the field source in this
case. We present a simple approximate
technique for this consideration.

The problem of the inhomogeneous regime
of the Hall probe operation is described by
the following set of equations[4]

PI=E+Rp (<B) ,
VE=0, Vj=0, (1)

with the boundary conditions

Jy=0 fory=tw/2
andEy=0 forx=1¢/2,

where j is the Hall probe current density; p
is the resistivity; Ry is the Hall probe
coefficient; E is the electric field intensity
which determines the Hall voltage; B is the
measured local field; x and y are the
coordinates in the probe plane , x is directed
along the driving current; ¢ and w are the

* This work is supported by the Ministry of Absorption.

probe dimensions in X-axes and Y-axes
directions respectively. (Note: the origin of
the coordinates is chosen to be the center
point of the line between the Hall
electrodes).

We assume that the field B is small
enough to produce only small perturbation in
the Hall probe current. Introducing then the

y
potential function ¢' = ¢ — Rp, jo fB(x,y)dn,
-w/2
where ¢ is determine by the equation
V¢ =E, we obtain the following analytical
solution for the Hall voltage

w/2
Vh=Rpjo [B(x=0,y)dy -
-w/2

wi2 cf2 y'
2 foy [axGy [and2Bmax2, @
-wi2 -c2 -w/2

with Gp= G(x=0, y=w, X', y'-w/2), where G
is the Green's function for the Laplace
equation in rectangle wxc [5], j, is the
current density for B=0,

When mapping the magnetic field of a
superconductor, the question is raised of how
sensitive is the Hall probe to the vortex field.
Let B be the magnetic field of an isolated
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Figurel. Normalized Hall probe voltage
versus vortex position xg at yg=0, h=0 (a)
and probe-to-sample separation h at xg=0,
¥s=0 (b). Normal solid line is the result of
calculation according to (2); bold line is the
average of B according to (3) with N=1.
Dimensions ratio c/w >> 1

vortex. With a certain approximation this
field can be treated as the magnetic pole
field [3] with z-component

By =(@oh/2m)/ir-rgl3 , where rg and r
determine the pole position and field point
respectively, h is the  probe-to-sample
surface separation. Substituting By in the
expression for V, we obtain the Hall probe
response to the vortex field. The fig.1
presents the dependence of normalized Hall
voltage: Vh/joRhWBm (Bm is the maximum
of By) on the vortex position. The results
show that the Hall probe can be
approximately treated as uniformly sensitive

in a square region of wxw and not relatively
narrow region near the line between Hall
electrodes as it can be expected
without taking into account an
inhomogeneous perturbation in probe current
(broken line in the fig.1). The result means
also that the dimension & of the Hall
electrodes have little effect on the registered
Hall voltage and spatial resolution of the
probe if [E |[Sw/2 . Note that the sensitivity in
the square wxw behaves as the average of
B(x,y) over this region (bold line).

Based on this local sensitivity behavior
we can give an approximate formula for the
Hall probe response to an assembly of N
arbitrary positioned (at the points r;) vortices

N
Vh=®njoW) 3 [Bylrrpds, O
i=1 Sg

where Sg is the square |x|<w/2 ; lylsw/2.

For h<<w we have Vp= Ng®oRhio/W ,
where Ng is the number of vortices in Sg.

In conclusion we have shown a square
uniformly sensitive region to be a good
approximation for local sensitivity of the
Hall probe. Hence a simple formula can be
given for the quantitative characterization of
a distribution of vortices.

REFERENCES

1. M.Konczykowski, F.Holzberg, P.Lejay,
Supercond. Sci. Technol., 4, s331(1991).

2. T. Tamegai, L. Krusin-Elbaum,
P.Santhanam, et. al., Phys. Rev. B, 45,
2589 (1992).

3. A.M.Chang, H.D.Hallen, H.F.Hess, et.
al., (unpublished).

4. H.H.Wieder, Hall Generators and
Magnetoresistors, Pion Ltd,
London (1971).

5. G.F.Carrier, C.E.Pearson, Partial
Differential Equations, Acad. Press
Inc. (1988).



