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Correlation of switching volume with magnetic properties, microstructure,
and media noise in CoCr(Pt)Ta thin films
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The technique of “field sweep-rate dependence of coercivity” together with the beltarves,
transmission electron microscopy, and media noise measurement have been employed to reveal the
correlation among the magnetic switching volume, physical grain size, intergrain interaction, and
noise properties. The switching volume for both CoCrTa and CoCrPtTa films was found-tbshe

nm in diameter, and weakly dependent on grain size and coercivity for the systems studied. In films
with physical grain size larger than the switching volume, strong intergrain interaction and high
media noise is observed. In films with the physical grain size close to the switching volume, smaller
interactions and lower media noise is found. It is argued that a change of the grain size results in a
change in the nature of the magnetic interactions. 1997 American Institute of Physics.
[S0021-897€07)20708-3

I. INTRODUCTION 5x10~ ' Torr. The magnetic alloy, underlayer and sputtering
[process were varied to make films with similar magnetic

Previous studies have suggested that the magnetic fil ies but diff L he fi S
rain size and switching volume are important quantities for.prOpertIeS ut different grain sizes. The film coercnhty'ls
9 in the range 1.8 to 2.4 kOe and the remanence-thickness

media performance and thermal stability in high density re- roductM.. 5 is in the range 0.8—1.0 memu/&nThe phvsi-
cording medid~3 For low noise performance a small grain P ' ge . : phy

N - - .. cal grain size was examined by transmission electron micro-
size is preferred. For sufficient thermal stability of the writ- oo :
. . LT o X scope (TEM) and the switching volume was determined
ten information, estimations of minimum ratids,V/kgT

have been madbwhereK,, kg, T, andV are the uniaxial from the field sweep-rate dependenceHyf and time decay

. of the magnetization nea.. The intergrain interactions
anisotropy constant, the Boltzmann constant, the tempera- . . : : .

. . were investigated with théM technique using an alternating
ture, and the grain volume, respectively. For a better under-

standing of the magnetization reversal process and correlzg—radient force magnetometéAGFM). The signal-to-media
9 9 P noise ratio(SNR) was measured at 130 kfci using a magneto

fuon be.tween.the re versal process anq m'edla hoise, it IqusistancséMR) head over an integrated bandwidth of 5-155
instructive to investigate the switchir(@ctivatior) volumes Kici

and the physical grain sizes. It is known that these do not

match for most materials, which is not fully understood at

present. It is expected, however, that medium noise shoultll- RESULTS AND DISCUSSION

be related to the volume of the grains and/or the switching |1 nas earlier been shows that the coercivityH,, as a

volume, since both quantities contain information on the possnction of field sweep-rate under thermal switching can be
sible spatial resolution for recordings on these films. expressed as

H.=C+ (kg T/MV*)In(dH/dt), 1)

whereC is a constant independent of field sweep-ratél{
CoCir(PY)Ta alloy thin films were dc magnetron sputtered dt) and dH/dt is measured in Oe/s. Therefore, the experi-
on a 95 mm AI/NiP light textured substrate using a staticmental curve of ‘H vs In(dH/dt)” should be a straight line
production type sputtering machine with a base pressure afith a slope,

Il. EXPERIMENT
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FIG. 1. Coercivity as a function of magnetic field sweep-rate for samples
1-5 listed in Table I.

S=kgT/MgV*, 2
i.e., the switching volume is
V* = kBT/M SS. (3)

Equation(1) was derived assuming a single energy bar-
rier and no interactions between grains. A recent stihs
shown that, itkgT/M ¢S is multiplied by a corrector factan
close to unity, Eq(3) is also valid for the case involving
intergrain interaction, uniformly distributed energy barriers
when the applied field is not aligned with the easy axis of
grains.

The coercivityH, as a function of the field sweep-rate
for samples 1-5 is shown in Fig. 1. All data points can be
fitted to a series of straight lines. This implies that fiel
sweep-rate dependencehdf as given by Eq(1), is valid for
our CoC(PH)Ta film samples. The switching volumas*

calculated by Eq(3) are listed in Table I. Assuming a cylin-  pysical grain size, is weakly dependent on underlayer varia-
drical shape of the magnetic grain with a heighequal to  {ion and film preparation process, but is dependent on the

d FIG. 2. TEM bright field images of the five samples studied. From top to
bottom: samples 1, 2, 3, 4, and 5.

the magnetic film thickness, the diamet#r of the switching alloys and film thickness for the films we studied.

volumeV* is
d* = (4V*/7t)'”,

(4)

The TEM bright field images in Fig. 2 were used to
estimate the physical grain sidethese data are also listed in
Table I. Even though the switching volumes were found to

) . .
and the calculation ofl” for these five samples has been o \ery similar, the physical volumes are quite different. De-

performed. All the samples have quite similar switching vol-

pending on alloys, underlayer, and film preparation process,

ume of~15 nm in diameter as summarized in Table |. It wasyhe samples have grain diameters ranging from 15 to 50 nm.
noticed that the switching volume is not dependent on filmr.o indicates that the physical grain size has no apparent

TABLE I. Grain and switching volume dimensiondM curve max, and

noise power for film systems studied.

d d* V* Nm

No. Sample (hm  (nm () M (a.u)
1 Cr/CoCrPtTa 50 14 39 +0.29 249
2 Cr/Cr/CoCrPtTa 40 15 41 +0.24 149
3 Cr/CrVICoCrPtTa 30 14 39 +0.21 122
4 Cr/CoCrTaalloy 1) 20 13 3.3 +0.10 90
5  Cr/CoCrT4alloy 2) 15 11 2.3 -0.16 75
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correlation with the switching volume. To investigate the
intergrain interactionsgM curve measurements have been
performed and the results for samples 1-5 are presented in
Fig. 3. Samples 1, 2, and 3 exhibit larger positdM values

and steeper slopes at the intersection with the field axis com-
pared with samples 4 and 5. The lowé# values are found

for the sample in which the grain volume is close to the
switching volume. Here the positive sign implies that the
exchange interaction is the dominant interaction between the
magnetic grains, and the slope qualitatively estimates the de-
gree of exchange interaction. When #ié curve values are

Gao et al. 3929
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inhomogeneous, most likely initiated at defect locations. The
volume which is associated with the initial magnetization
reversal is smaller than the grain size. On the other hand, the
grains are too small to support a domain structure and they
will switch entirely. Since the grain size determines the
noise, these films are expected to be noisy.

In addition to that, the interpretation is affected by the
magnetic interaction. Since the magnetic interactions have an
influence on the magnetization reversal process, they will
affect the switching volume as well. Experimentally, it is
found, however, that decreasing the grain size did not change
the switching volume significantly. On the other hand, the
oM curvesdo change, meaning that the change of grain size

0 1 2 3 4 5
H, (kOe) controls the nature of the interactions in our films. One may
A speculate that making grain volume and switching volume
FIG. 3. DeltaM curves for samples 1-5 listed in Table I. the same is a good medium design.
IV. SUMMARY

negative, the contribution of exchange coupling to the over- In a series of Co@PY)Ta thin films for high density

all magnetic interactions is less pronounced and magnetanagnetic recording, a variation of grain size has been shown

static interactions dominate. to yield various degrees of magnetic interaction, while the
Media noise characteristics of these samples were meawitching volumes remain reasonably constant. Generally,

sured at 130 kfci with a MR head; the data are summarizethe switching volume has been found to be smaller or equal

in Table I. The samples which have large grain size comto the grain size and films with physical grain size closer to

pared with the switching volume, e.g., samples 1, 2, and 3the switching volume exhibit lower medium noise. It is con-

show a largedM maximum value, as well as larger slopes cluded that changing the grain size essentially changed the

of the M curve near the remanent coercivity, as shown innature of the magnetic interactions and therefore media noise

Fig. 3, and larger noise. If the grain volume and switchingcharacteristics.

volumes are similar(samples 4 and)5smaller SM maxi-

mum values and lower noise are observed. ACKNOWLEDGMENTS
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