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History dependent domain structures in giant-magnetoresistive multilayers
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Resistance noise measurements of several types reveal the field history dependence of domain
structure in sputtered Co/Cu multilayers. We find many smaller domains as the field is decreased
from saturation towards zero, but as the field changes sign and is increased in the opposite direction
we observe a smaller number of larger domains. Cycling the field without changing its sign
preserves the smaller domains, strongly reducing the Barkhausen noise. Discrete fluctuations in
resistance due to individual domains yield domain size estimates. ©1995 American Institute of
Physics.
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Transition-metal-nonmagnetic multilayers exhibiting g
ant magnetoresistance~GMR! are currently of great interest
for various magnetic field sensor applications including ma
netic recording.1 The domain structure in these multilayers
important to a complete theoretical description of the GMR2

and is crucial to understanding the GMR kinetics. Seve
techniques have been used to look at domains and dom
walls in magnetic multilayers and sandwiches includin
scanning electron microscopy,3 Kerr microscopy,4 and a re-
cently developed magneto-optical indicator film technique5

However, determining the domain structure in multilayers
very difficult, in part because most techniques are surfa
sensitive. Domain images produced by transmission elect
microscopy~TEM! ~which requires extensive sample prepa
ration! have shown hysteretic domain structures in Co/C
multilayers.6

In this letter, we describe using resistance noise m
surements to estimate domain sizes in GMR materials and
study the field history dependence of the domain structu
The noise method can be used directly on GMR devic
allowing study of a large number of samples relative
quickly. The technique does not produce spatial images,
does reveal domain dynamics, and provides spatial inform
tion by comparison of samples with different geometries.

We studied sputtered Co/Cu multilayers~with various
numbers of bilayers! from two batches representing the firs
and second peaks in antiferromagnetic coupling between
layers. ~Somewhat different results on uncoupled sample
including Co/Ag, will be presented in a future article.! Table
I gives further details on the samples.

Each sample is photolithographically patterned into
bridge of four parallel legs in one of two different sizes:
mm by 30mm legs or 3mm by 256mm legs. A constant dc
current is applied to the sample and the resulting volta
noise across the bridge is amplified with commercial low
noise amplifiers, anti-alias filtered, and digitally sample
The resulting digital signal is either Fourier transformed a
squared to give the noise power spectrum~more fully de-
scribed in Ref. 7!, or is simply recorded for display and
inspection.

When an~in-plane! magnetic fieldH was applied, mea-
surements could be made either at fixedH ~quasiequilibrium!
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or whileH was being ramped~Barkhausen!. We have previ-
ously reported both Barkhausen noise8 and an increase in
equilibrium noise in regimes with largeudR/dHu.7 Every
domain in the sample which participates in the GMR and
which changes its magnetization in large enough steps wi
be observed at someH in the Barkhausen measurement. In
contrast, large domains with fixed or very slowly fluctuating
magnetization are not seen in the equilibrium noise.

Figure 1 shows a typical plot of equilibrium noise power
parametera~20 Hz! and resistivity versusH, with a( f )
[ fSR( f )N/R

2,9 whereSR( f )is the power spectral density of
fluctuations inR, andN is the total number of atoms in the
sample. The spectral slope@12d ln~a!/d ln~f!# ranged from
1.04 to 1.19. Two large peaks ina~H! occur for large
udR/dHu, with the larger peak always found whenuHu has
beenreducedfrom saturation.

Figure 2~a! shows time series corresponding to the top of
the large peak ina in Fig. 1 while Fig. 2~b! corresponds to
the top of the smallera peak. Discernible discrete steps are
often apparent in the equilibrium time series around the
smallera peak, but were not found in some 20 min of data
from the larger peak.

Figure 3 shows typical Barkhausen noise, which was
always largest asuHu was increasing. For H near the larger
peak ina~H! ~as uHu wasreduced!, only a small Barkhausen
peak appeared in the large samples, and none were evident

TABLE I. Sample specifications and estimates of the largest domain are
from Barkhausen data. Area is calculated making the assumption that
domain is one magnetic layer thick.

Sample
No. Description

Pattern area
~mm2!

Largest domain area
~mm2!

1 Co/Cu 393~10 Å/10 Å! 90 0.25
2 Co/Cu 393~10 Å/21 Å! 90 4.8
3 Co/Cu 393~10 Å/23 Å! 768 60
4 Co/Cu 393~10 Å/23 Å! 90 33
5 Co/Cu 23~10 Å/21 Å! 90 20
6 Co/Cu 33~10 Å/10 Å! 768 73
7 Co/Cu 103~10 Å/21 Å! 768 10
8 Co/Cu 303~10 Å/21 Å! 768 2
9 Co/Cu 403~10 Å/21 Å! 768 15
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the small samples. Individual steps such as those shown
most often visible in the smaller samples and are presuma
due to discrete reorientations of individual domains. Th
largest Barkhausen steps are nearly four times larger than
largest equilibrium steps seen in Fig. 2~b! from the same
sample.

The resistance step sizes seen in both equilibrium tim
series and Barkhausen noise can be used to get a sim
estimate of domain volumes (VD)

VD>VSdR/DR, ~1!

whereVS is the sample volume,dR is the step inR, andDR
is the total GMR change inR. This estimate yields a mini-
mumVD because thedR step ordinarily comes from a region
making less than a full GMR change in its resistivity. Table
shows suchVD estimates, reported in the form of the domai
areas which would correspond to domains one magne
layer thick for the largest individual step observed in eac
sample.VD shows little or no dependence on the number
bilayers, from 2 to 40 bilayers, indicating that the large rela
tive domain reorientations do not occur coherently ov
many layer boundaries. This is in agreement with the obs

FIG. 1. The dimensionless noise parametera~20 Hz! and resistivity as a
function of field for sample 2~Co/Cu 10 Å/21 Å339 layers!.

FIG. 2. Equilibrium time series~d V/V vs t! for sample 2 taken at~a! 686
Oe ~corresponding to the top of the large peak in Fig. 1 and~b! 2774 Oe
~corresponding to the top of the smaller peak in Fig. 1!.
Appl. Phys. Lett., Vol. 67, No. 13, 25 September 1995
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vation of stacks only 2–4 layers thick in a 14-layer sample.6

Given the large areas, the domain sizes must be partly lim
ited by the 3mm pattern width.

The data shown so far involve cyclingH from saturation
through zero and out toward the opposite saturation. Figure
4~a! showsa versusH when cycling between zero and satu-
ration without changing the sign ofH. The increasing-H peak
is larger than when sweeping from the opposite sign. The
Barkhausen noise is nearly eliminated, as shown in compar
ing Fig. 4~b! with Fig. 3, taken with a full cycle on the same
sample. The single-sign sweep produces noise more like tha
found on reduction from saturation than like that found on
sweeping throughH50.

The field history dependence of the Barkhausen noise in
these antiferromagnetically coupled multilayers indicates the

FIG. 3. Barkhausen noise,dV/V as a function of a constantly swept field, in
sample 4~Co/Cu 10 Å/23 Å339 layers!.

FIG. 4. ~a! a as a function ofH for sample 7~Co/Cu 10 Å/21 Å310 layers!.
The solid line is data taken starting from about 1500 Oe and stepping all the
way to21500 Oe while the solid squares are data points taken starting a
1500 Oe going down to zero and then going back up to 1500 Oe.~b!
Barkhausen data identical to Fig. 3~same sample, 4! except theH sweep is
reversed near zero.
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field history dependence of the domain structure. Larger
main rearrangements produce more Barkhausen noise
smaller ones. Therefore, the consistent strong asymmet
the Barkhausen effect shows that there are more large
main motions whenH has passed through zero than whe
single sign ofH has been maintained after saturation.

A change of the distribution of domain sizes will al
affect the equilibrium noise. The spectral slope.1 indicates
that there are more domains a bit too slow, i.e., too la
than there are ones a bit fast~i.e., too small! to show up in
the equilibrium noise near 20 Hz. A shift of the size dis
bution toward larger~slower! domains would then reduce th
number within our frequency window. Thus, we would e
pect that afterH sweeps through zero,a~20 Hz! would be
reduced and it would be easier to pick out discrete s
~which are obscured when the number of fluctuators
creases!. The reduction ofa was observed in all samples, a
the increased detectability of steps was found in the
small sample for which it was checked.

Thus both the Barkhausen noise, which probes the la
domains, and the equilibrium noise, which probes an in
mediate range of domain sizes, show that the domain
distribution in all the tested antiferromagnetically coup
samples is shifted toward larger sizes afterH sweeps through
zero. A similar result has been obtained via TEM imag6

An explanation of this history dependence of the domain
distribution may lie in the predicted production of metasta
parallel layered Neel domain wall configurations on reduc
H from saturation.10
1940 Appl. Phys. Lett., Vol. 67, No. 13, 25 September 1995
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In conclusion, we have studied the hysteresis of the do
main structure in Co/Cu multilayers using a simple technique
suitable for any small magnetoresistive element. The sub
stantial Barkhausen noise allows us to observe individua
domains and estimate their~rather large! sizes. Comparison
of different sample geometries shows that the lateral coher
ence extends over microns, while there is little coherence i
GMR changes between layers. The Barkhausen noise can
nearly eliminated by cycling with only one sign ofH.
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