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Magnetic Domain Structure and Imaging of Co—Pt
Multilayer Thin-Film Nanostructures

Stephen E. Russek and William E. Bailey

Abstract—Dots, with diameters of 100 nm and 220 nm, have
been fabricated from (Co.Pto snm)2s Mmultilayer structures,
where the Co thicknessz was varied from 0.2 nm to 0.45 nm.
The unpatterned films show perpendicular anisotropy with
perpendicular coercive fields of 20 kA/m to 100 kA/m. The
patterned structures show a transition from multidomain to single
domain behavior as the dot dimension is reduced from 220 nm to
100 nm. The remanent hysteresis loops of the 100 hm dots were
measured using magnetic force microscopy (MFM) and compared
to remanent hysteresis loops of the unpatterned films. MFM line

scans of the 100 nm dots were compared to calculations of the 0.015 — 0.4 nm Co
field gradients expected above uniformly magnetized dots. The e e - 0.3nm Co
calculations indicate that narrow features in the magnetic field 0010 oormco
gradients should be observed near the edges of the dots and that b —.--0.2 nm Co
these samples may be of use as a magnetic imaging resolution 0.005
standard. ”a
Index Terms—CoPt, magnetic imaging reference samples, 3z 0.000
MFM, patterned media. =
-0.005
I. INTRODUCTION 0.010 F===—= S A A—— 7
AGNETIC nanostructures, with  perpendicular Fo Ty ' \
anisotropy, may have applications for patterned  -0.015———F——"t" 5 700 200
media and solid state magnetic memory [1]-[3]. They are alsc (b) H  (kA/m)
appl

useful to test metrological tools to see if one can determine,
with adequate precision, the magnetic structure and switchi£§ L (@) MEM |  asd ted CoPt multil fim. The fiducial
. . . 1J. 1. a, Image or as-depositel 0} multilayer tmm. e fiaucial

m?ChamsmS '_n smgll, teChnO|09lca_|ly relevant systems. frdme can be seen as the region where the stripe domain widths decrease.

this paper we investigate the magnetic structure and switchi@gPerpendicular hysteresis loops for CoPt films with Co thicknesses varying

of small CoPt multilayer dots. The magnetic structure arfgtween 0.2-0.4 nm. Arrows point to small jumps in the magnetization
s . . . . indicating that the system may have regions of different perpendicular

switching is characterized by magnetic force MmicCrosCopyis,iropy.

(MFM). The MFM line scans are compared with numerical

calculations of the field gradients from uniformly magnetized _ ) _

dots. The numerical calculations indicate that there should B@fS Of dots with thicknesses of approximately 30 nm and

fine scale structure in the field gradients at the edge of the dofé/ying diameters. o .

The fine structure was not observed, either due to resolution’ "€ MFM images were taken in lift mode by measuring the

limits of the MFM or to nonideal magnetic structure in the dotghase shift of the cantilever vibration relative to the drive signal.
Commercial high coercivity tips were used. The film magneti-

zation measurements were made using an alternating gradient
) magnetometer.

T2 1 Pl (C0-Plos nm)25  multilayers, where the Co  The magnetic structure, as measured by MFM, and the
thicknesse was varied from 0.2 nm to 0.45 nm, were sputt&ferpendicular magnetization loops of the unpatterned films
deposited onto SiQcoated Si wafers. The wafers have a serig§e shown in Fig. 1. The films, in the demagnetized state,
magnetic structures after Iithographic processing, field Cydep%riodicity varies depending on whether the film is on Si®
or temperature cycles. The films were patterned using standgid Ay fiducial frame. Fig. 1(b) shows that the coercive field
e-beam lithography and ion beam etching techniques to fofjst increases as the Co layer thickness decreases but achieves

a maximum value of 111 kA/m for thickness near 0.25 nm.
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Fig.3. Remanent hysteresis curves of 100 nmy (60, Pt s nm )25 dots and
unpatterned film.
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Fig. 2. (a) MFM images of demagnetized 220 nm {G9nm Pl .5 um )25
dots, (b) MFM images of demagnetized 100 NM (@9 nm Pty s nm )25 dots.
The images a use a gray scale in which the black to white variation correspol
to a 3 phase shift.
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an abrupt switch to the stripe domain state followed by a sta
of gradual domain growth.

The in-plane hysteresis measurements (not shown) exhi
open loops with a nonzero value of the remanent magnetizatis
typically M, /M, = 0.1. The deviation of the in-plane magneti-
zation loops from ideal hard axis loops indicates that the syste X position (nm)
is more complicated than one in which there is a uniform per-
pendicular anisotropy. The structure seen in the in-plane loops; 4. MFM line scan across a 100 nm dot. The broken lines indicate the
as well as the fine scale structure seen in the perpendicdiBysical extentof the dot.
loops, near 0 and-30 kA/m, indicate the system may be a
composite of two or more coupled systems with different pegince the perpendicular demagnetizing field, which assists in
pendicular anisotropies. The saturation field measured from tii reversal process, is less for the dots then it is for the film.
in-plane hysteresis loops can be used to estimate the perpentlig= change in the perpendicular demagnetizing factdv; z,
ular anisotropy. For these samples, the perpendicular anisotrgpyng from a bulk film to a 100 nm dot IAN,, = 0.149,
energy varies from.0 x 10°J/M? t0 3.0 x 10°.J/m?. which corresponds to a decrease in the demagnetizing field in

Fig. 2 shows the MFM images of 220 nm and 100 nm pathe dots of 212 kA/m. The change in demagnetizing field is
terned dots in a demagnetized state. MFM clearly shows mubughly the same size as the observed increase in the coercivity,
tidomain structure in the 220 nm dots whereas no fine structupproximately 150 kA/m.
is seen in the 100 nm dots. The 100 nm dots seem to be singl&he shape of the remanent hysteresis curve for the bulk film
domain within the resolution of the MFM. Fine structure ant quite different. The reversal in the bulk film is determined
nonuniform magnetization on length scales below the resolutipy a rapid transition to a stripe domain state and a region of
of the MFM are likely, given the complexity of the multilayerdomain wall growth. The reversal process in the dots will be
system. quite different since the size scale of the dots is below the natural

The remanent hysteresis loop of the 100 nm dots was melamain size. The broad shape of the remanent reversal curve for
sured by analyzing the MFM images of a set of 100 dots aftdére dots is likely due to distribution in the dot sizes and shapes.
application of a perpendicular field opposite to the initial mag- A line scan of the MFM image taken across a 100 nm dot is
netization direction of the dots. The dot magnetization is definatiown in Fig. 4. A dip in the signal is seen at the device edges.
as the normalized difference in the number of black and whiténe physical extent of the dot is also marked in the figure, and
dots. The remanent hysteresis curves for the 100 nm dots anditlieseen that the edge of the dot occurs where the signal, in the
unpatterned film are shown in Fig. 3. The switching field for theentral peak, is approximately zero. The line scan was taken in
dots is considerably larger than that for the film. This is expectdit mode at 20 nm above the measured topography.

MFM phase shift (deg)
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field values are for a fixed distance above the substrate, not a
fixed distance above the topography, as in the MFM line scan.
However, given the variation in the MFM tip height relative to
the substrate, we still expect to see smaller features than what is
observed.

The results indicate that either the MFM resolution is not
sufficient or that the magnetic structure in the dot is not ideal.
The resolution of our MFM is typically measured by imaging
a virgin demagnetized region of fine grain magnetic recording
media. The resolution is determined as the spatial frequency, in
the Fourier transform of the image, at which the magnetic signal
drops below the noise level. This method yields a resolution of
40 nm to 50 nm for our current setup. This resolution is consis-
tent with the minimum observed feature in the MFM line scans
of the CoPt dots. New MFM methods and tips are being devel-
oped which promise to have a resolution of 20 nm or less [7],
[8], and it should soon be possible to determine whether this
discrepancy is due to limited resolution or complex magnetic
structure in the CoPt dot.

In conclusion, we have fabricated small, perpendicu-
larly magnetized CoPt dots, and observed a transition from
multi-domain behavior to single domain behavior as the dot
diameter is reduced from 220 nm to 100 nm. Dots with dimen-
sions of 100 nm are chemically and magnetically stable and
should have features in the field gradients on size scales which
are at the current resolution of MFM. These nanostructures
provide a useful system to test current MFM technologies and
may form a good system for future magnetic imaging reference
samples.
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