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Magnetostatic Coupling Between two Nanowires of Different Width
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The magnetostatic interaction between the two magnetic nanowires was studied by using the longitudinal mag-
neto-optical Kerr effect (MOKE). For this purpose two magnetic nanowires having different widths (400 nm,
800 nm) were fabricated on an Si substrate with electron beam lithography and the lift-off method. Magnetic
hysteresis loops measured by MOKE showed double switching behavior, corresponding to the separated
switching fields of each wire. The switching field of the narrow wire was greatly affected by the separation
between the two wires. Based on how the switching field changes with decreasing separation, it is concluded
that the magnetostatic field of the 800-nm wire strongly affects the switching of the 400-nm wire when the sep-

aration is less than 0.5 xm.
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1. Introduction

Ferromagnetic nanowires have been studied extensively
over the last decade [1]. The wires have a well-defined
magnetic anisotropy because of their shape, and many
fascinating properties and behaviors [2-11], including
single domain structure, domain wall motion along the wire
axis, spin transfer torque, and use in magnetic logic
devices, have their roots in this well-defined anisotropy.

The magnetic hysteresis loop is one of the most
important measurements used in understanding magnetic
materials, and it is directly affected by the magnetic
anisotropy. Much of what is known about magnetic nano-
structures is based on the measurements of magnetic
hysteresis loops, but it is necessary to study the magneto-
static interaction among multiple magnetic nanostructures
in order to understand the hysteresis loop of a nanostruc-
ture array.

Recently, there have been several reports about the
magnetic dipolar interaction in magnetic nanowire arrays.
The coercive field of a nanowire array has been found to
be influenced strongly by the edge-to-edge spacing bet-
ween the nanowires [12]. This variation in the coercive
field has also been observed in a wire array of alternating
widths [13]. However, in order to understand the mag-
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netic dipolar interaction better, it is necessary to study the
interaction between two wires only, particularly given the
fact that a pair of wires is the basic unit in forming a wire
array.

In this work, we report details about the magnetostatic
interaction between two magnetic nanowires. For our
study we used two wires with different widths and with
different separations between them. We explain our obser-
vations in terms of the magnetostatic field from the wires.

2. Experiment

Six pairs of nanowires (10 nm Cu, 20 nm NigoFe,, and
3 nm Cu capping) were prepared on a Si substrate with
electron beam lithography and the lift-off method. Each
pair was composed of two nanowires with different widths
(400 nm and 800 nm). The separation (s) between two
wires in a pair ranged from 0.07 pm to 2 um. The length
of the wires was 100 um. Each pair was separated from
adjacent pairs by 10 um, which is a large enough distance
that the magnetostatic interaction between the pairs can
be neglected. In this paper we discuss only pairs with
separations s=0.07 um and s=2 pum. The evaporation
step was done under the low pressure of 10~ Torr. Fig. 1
shows an atomic force microscopy (AFM) image of two
nanowire pairs.

We used the longitudinal magneto optical Kerr effect
(MOKE) to detect the magnetic hysteresis loop of the
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Fig. 1. Atomic force microscopy image of two nanowire
pairs; the separations between the two wires are 0.2 pm
(left) and 0.07 um (right).

wires. Fig. 2(a) shows the MOKE setup for this experi-
ment. The s-polarized light (of wavelength 633 nm) was
incident at 45° to the surface normal, and the reflected
beam was detected by the photodiode. The incident beam
was focused onto a spot by using an objective lens (50x)
with a long working distance (17 mm). We confirmed that
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Fig. 2. (a) Experimental setup for MOKE measurements
(LASER: HeNe laser, P: polarizer, OL: objective lens, M:
magnet, XZ: XZ-motional stage, A: analyzer, L: lens, D:
detector). (b) Intensity of the reflected beam from the nanow-
ire pair. The separations between the two wires are (from left
to right) 2, 1, 0.5, 0.2, 0.1, 0.07 um.
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the focused beam covered just one pair of nanowires by
measuring the intensity of the reflected beam from the
pairs. During measurements we scanned the sample along
one direction by using an xz-motion stage (0.5 um step).
The results of these intensity measurements are shown in
Fig. 2(b). Six main peaks can be seen at the positions
where the pairs are located. The separation between two
intensity maxima is 11-12 um, which is the same as the
distance between the nanowire pairs. The peak is partly
split into two peaks for the nanowire pair with a
separation of 2 pm. From this measurement it is clear that
the focused beam is small enough to detect the signal
from a single pair only.

3. Results and Discussion

Fig. 3 shows the hysteresis loops of the two pairs of
nanowires having separations s =2 pm and s = 0.07 pm.
Both loops show a very sharp double switching behavior.
Since the switching field of the nanowire increases as the
width of the wire decreases, the smaller of the two
switching fields is the switching field of the 800-nm wire
(Hy,800) While the larger is the switching field of the 400-
nm wire (H sw40())-

Since the focused beam covers a single nanowire pair,
the hysteresis loop represents the sum of the orientations
of the two magnetizations in a pair. Assume that both
wires are saturated by a sufficiently large negative field
(D). As long as the positive applied field (H,,,,) is smaller
than H,,g9, the two magnetizations will remain parallel to
each other. As H,,, increases, the magnetization of the
800-nm wire switches at Hy,sp9, causing the two magneti-
zations to be in antiparallel alignment (2). As H,, is
increased further and becomes larger than H,,,, the the
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Fig. 3. Magnetic hysteresis loops of two nanowire pairs with
the magnetic field applied parallel to the wire axis. The sepa-
ration in each pair of wires is shown. (Arrows indicate the
direction of the magnetization in each wire.)



Journal of Magnetics, Vol. 14, No. 1, March 2009

magnetization of the 400-nm wire is reversed, and the
two magnetizations are once again in parallel alignment
(®). During the negative field sweep, the same thing
occurs.

Comparing the two hysteresis loops, we can see that
H,p00 (284 Oe) for the pair with 0.07-um separation
increases much more than Hj, (158 Oe) for the pair
with 2-um separation, while H,,sy decreases slightly less
for the the pair with 0.07-pm separation than for the pair
with 2-pum separation (116 Oe — 101 Oe). The variation
of the switching field can be observed when the separa-
tion is smaller than 0.5 pm.

The switching field variation can be understood in
terms of the magnetostatic field from each wire. In the
case of the magnetostatic field from the parallel magneti-
zation state (D) there is a residual field from the 400 nm
wire that points along the same direction as the applied
field. Therefore H,,g9 is smaller than it would be without
the presence of this magnetostatic field. In the case of the
antiparalle] magnetization state ((2)) there is magneto-
static field from the 800-nm wire that points in a direction
opposite to H,, at the position of the 400-nm wire. In
order to reverse the magnetization of the 400-nm wire,
H,,, must overcome this extra field. Therefore H, is
larger than it would be without the magnetostatic field.
Since magnetostatic fields are stronger at small separa-
tion, the effect of the magnetostatic field is stronger for s
=0.07 um than for s =2 um. At a given separation, the
strength of the magnetostatic field is proportional to the
magnetic moment within the wire, which implies that the
magnetostatic field from an 800-nm wire is stronger than
that from a 400-nm wire. Therefore the effect of the inter-
action becomes more prominent in Hy,4p than in H,sg.

4. Conclusion

We have measured the magnetic hysteresis loops of
NigoFe,y nanowire pairs by using highly sensitive longi-
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tudinal MOKE. We observed a strong magnetostatic
interaction between two magnetic nanowires with a
separation s = 0.07 um, and this magnetostatic interaction
was reflected in the increased switching field of the
400-nm wire. This can be explained by the existence of
the magnetostatic field from the 800-nm wire. We did
not observe changes in the switching field for separa-
tions s > 0.5 um.
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