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ABSTRACT

Magnetron sputtered CoCr layers with various thicknesses,
coercivities and other magnetic properties have been studied by
a digital enhanced magneto—optical Kerr microscope. The slope
(7Y at [aM/dHIv=p is determined rom  the perpendicular
hysteresis loop. Together with K1 these values have been used
for calculation of the characteristic stripe damain properties.
The observed domain densities have been compared with the
calculated densities based on a continuous or particular
behaviour of Colr. The relation between typical fields (like
the mucleation field and surface coercivity), the observed
domain  configuration and the shoulder of the hysteresis loop
are given.

On the basis of the damain structure (fram stripe to cluster—
like) we conclude that the samples can be classified in low,
medium and high coercive layers.

INTRODUCTION
The last few years an enormous avalanche of data about the

structural properties and magnetic behaviour of deposited CoCr
layers has been presented in literature. All these layers

exhibit a more or less columar morphology with the hep c-axis

perpendicular to the surface. A very important question to be
answered 1is the nature of the magnetization reversal process
and the damains. Based on microstructural properties two basic
types of magnetic behaviour are propdsed namely the damain wall
motion model (in the so-called continucus layer) and the
rotation model of the particle structure. In the first model
that is often found in several ferramgnetic layers, there
will Dbe an exchange interaction across the colum boundaries.
Damain wall motion can then occur at every crystal (column)
size or layer thickness.
The particle model is, in principle, based on the absence of
exchange forces between the columns. This leads, as a function
of the crystal size, to single damrin particles which can
reverse their magnetization by one of the rotation mechanisms
or by damain wall motion as a multidomain particle does. In the
case ©Of the particle model the reversal behaviour could be
influenced by the magneto-static interaction.
Both models are discussed in literature and supported by direct
and indirect measurement methods. The latter are carried out by
measuring the shearing of the perpendicular (easy-) hysteresis
loop [1], determining Ho and Hy as a function of the
applied field [2-5], calculating Rh from torque curves [3,6]
and domain studies by neutron depolarisation [7]. These
references support the different modes of rotation [2-6] and
donain wall motion [1,7].
Two direct cbservational methods which are extensively used at
the moment are photon and electron techniques. The magneto
optic method equipped with a digital image-processing system
[8], having a resolution of about 2@ nm, provides information
about the surface magnetic properties by recording the domain
structure. A ‘much higher spatial resclution can be obtained
with Lorentz microscopy. Using this method a direct relation
between mi.crostructural and chemical aspects and the magnetic
structure can be obtained. A disadvantage of this method is
that in general relatively thick CoCr layers have to be thinned
to an acceptazble thickness and this could change the magnetic
structure. At the mament there is little experimental
information available on the relation between damains and
microstructure in CoCr. Preliminary experiments [9] obtained
from layers with a thickness of 118 nm have shown a continuous
transition between wall movements and magnetization reversals
that only take place inside the colums. Nevertheless this
thickness is normally not used for recording media (about 5¢2
). Also by Lorentz microscopy it is reported that the domain
width is assumed to correlate with the columar size [14].
The present paper describes some experiments on the relation

between observing doamins with the digital enhanced Kerr
microscope [11] and the perpendicular hysteresis loop.

RETATION BETWEEN HYSTERESIS LOOP AND DCOMAINS

In general, the easy axis loop of ferromagnetic thin layers
having a uniaxial anisotropy shows a rectangular shape
(excluding demagnetizing fields) and esxhibits irreversible
changes. If the magnetization is uniform and the switching
mechanism takes place by coherent rotation, then
He = Hc. In most materials domain  walls are nucleated
(at a field Hy) and M can be reversed by wall motion
(Hp<Hk). Domain  wall coercivity ({Hoy) is - caused by
the interaction of the wall with imperfections. In
polycrystalline materials (like CoCr) the boundaries are the
most  important centre for this. The experimental perpendicular
hysteresis loop for CoCr has an anomalous shearing which is
different from that expected in the first place fram the
demagnetizing field. The sheared loop shows that the average
magnetization can have every value between positive and
negative Mg. This is impossible for a single domain £ilm
with pure ccherent rotation.

A multidamain structure, for instance, can explain this slope
by variation of the damain width. The damain walls have a great
influence on the magnetization process and consequently the
shearing of the easy loop can be described by [12].

If the medium has a particulate behaviour then the average
magnetization is the sum of all particle magnetizations. Such
particles can be switched by rotation (single domain) or by
damain wall motion in a particle without stable domains. Again
the loop shearing (and the Hg) will be changed by the type
of particle character.

The relation between the film thickness and the slope (T) of
the easy loop was first measured by Wielinga et al.[1l] for RF
sputtered CoCr layers. Comparison of measured and calculated
data of this initial perpendicular susceptibility led to the
conclusion that there is a good agreement with the domain wall
model [1]. This result is supported by Schmidt [14] who also
concludes the characteristic behaviour of a continuous medium
o basis of Kerr microscope cbservation.

Another important feature of the perpendicular loop of CoCr is
the presence of the typical "shoulder" which directly
corresponds  with bubbles and/or stripe domains. The explicit
existence of such a shoulder depends on the magnetic properties
and consequently the preparation conditions. Starting from
saturation one of the characteristic fields is the nucleation
field (H,) where reversed domains (bubbles?) are nucleated
and another typical parameter is the field where the reversed
dxrain starts to grow (Hg,). Hp depends on the amount
and nature of the nucleation centres and consequently on the
microstructural aspects. Again the loop shearing will also be
influenced by the wall coercivity which strongly depends on the
pimming centre density. If, for instance, the damains and
crystals both have the same order of magnitude then the domain
growth 1is hindered by crystal boudaries and the domain
structure will be poor. This is mostly the case in layers with
a high He.

Films where damins vary in shape and size will have a
different demagnetizing energy to those with pure stripe
domains. This results in a different shearing of the easy loop.
Beside the layer thickness the initial susceptablllty also
depends also on the material parameter (= g, / #o MS ).

For pure stripe damain structures the dcxram period {Po) and
other typical parameters can be calculated by minimizing the
total energy per unit volume of the damain media, given by the
sum of the demagnetizing energy and the wall energy and can be
calculated fram [12]. The damain wall energy and coercivity
will be influenced by the layer thickness, surface roudhness,
stress and inhomogeneities. For RF  sputtered CoCr films
(15 and 19 at® Cr) the relation between T and Po is given in
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[1] by applying (12,13].
EXPERTMENTAL PROCEDURE

The CoCr layers used are RF magnetron sputtered (3" target) on
Si substrates with a background pressure of 1.5*%10~7 pbar
and Par = 6*16~2 npar. The sputter power (and consequently
the rate) is varied from 250-550 watt by varying the sputter
voltage from 15¢0-258 volt. The film composition (21 at% ¢r) and
thickness were determined by XRF. The magnetic parameters
Mg, Heys T) are measured by VSM, torque magnetcmeter
(K1), M.0. Kerr hysteresis loop tracer [17]  (surface
coercivity Heg) and the - digitally erhanced Kerr microscope
{dorain structure).

DIGITALLY ENHANCED KERR MICROSCOPE

The specimens are observed with the microscope described in
[8]. The maximm applied field during observation depends -on
the substrate thickness and can reach 8038 XA/m. This
perpendicular field is generated by a tipped pole which is
located under the specimen. Domain cbservation in CoCr- layers,
using the polar Kerr effect, is very difficult because the
surface is microscopically rough. Image processing is therefore
an indispensable technique to suppress .the non-magnetic
ackground structure. Moreover, all samples are covered with a
1/4 N\ evaporated ZnS layer in order to intensify the optical
properties. In general the procedure was as follows: First the
film is campletely saturated and a reference image is stored.
Then, by lowering the field, the image on the monitor is a
subtraction of the actual fram the reference image. Further,
the quality of the resulting images can be optimized, before
taking a  photograph, by varying several parameters, i.e. the
mean nurber of images used to form the reference image.

EXPERIMENTAL RESULTS

The most relevant properties cbtained fram VSM and torgque
measurements are given in Table 1.

M h Hev Pmr D Domain densities I:l/cmz']xlﬂ6
Sample [kA?m] [nm] [(xA/m]{{nm]{{nm]{Nm Nb Nh Nr Nn

1 402 520 8 660 76 9 90 6664 1728 3082
2 384 700 28 ? 92 - - 4547 1044 1875
3 423 700 18 730 92 46 95 4547 1100 1975
4 419 1230 8 912 (136 23 51 2281 543 966
5 426 1436 49 ? 132 - - 2209 467 839
6 415 13006 24 968 }136 32 44 2281 492 875
7 441 760 19 799 |199 54 95 - | 3849 974 1742
8 441 790 20 -~ 102 - - 3708 882 1578
9 437 788 60 - 192 - - 3702 665 1199

18 425 1311 52 I 136 - - 2081 396 785
11 426 659 32 703 88 51 | 188 4970 19909 1964
12 413 1229 46 850 {136 |137 83 2081 427 768
13 434 7909 68 - 92 - - 4547 791 1429
Table 1 .

The slope (T) of the perpendicular hysteresis loop varies fram
1.19-1.50 and the first order anisotropy constant K; has an
average value of 15%104 J/m3 for the present = samples.
With these data the characteristic stripe damain parameters
have been calculated from [13,14]. For each sample we have
determined Po, material length (A), Bloch wall energy (0 ).
exchange constant (A) and Bloch wall thickness (1). w
We found that the measured T has a great influence on these
calculated. values. The exchange constant and consequently  the
dumain wall thickness, calculated with this method, show a wide
range of values. Acceptable values for these parameters were
nly found for a few samples showing stripe damins.

" All specimens were observed with the Kerr microscope and it was
only. fram samples 8-1¢ and 13 that no domain structure could be
registered. Based on ouxr experience this is mainly due to the
surface roughness.

Typical examples of the observed damain structures are given in
figures 1 ‘and 2 together with the perpendicular hysteresis
lcops. for samples 4 and 12 respectively. Both have different
magnetic properties (see table 1). Sample 4 having a very low
Hoy shows a typical bubble loop (shoulder). If the field is
decreased, starting from saturation, the round domains (about
5 nm) will grow into "stripe” domains. In remanence the field
is reversed and increasing it causes the stripes to finally
reak up into round domains.

This type of hysteresis locp is also found for samples with
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higher coercivities (samples 1-4, 6,7 and 11).

Also in table 1 different properties obtained from domain
cbservation are given together with same other characteristic
values like the domain period (Pmr) and damain densities per
an? (N) both in remanent state.

HIKA/——>

1§0 320 480 6407“

Fig.l. Damain configuration in rela-—
tion: to the perpendicular
hysteresis loop for low H,
(sample 4).

HkA/m—
60 350 480 sdo

Fig.2. Damain configuration in rela—
tion to the perpendicular
hysteresis loop for high H,
(sample 12).

Using TEM surface replicas we measured the crystal- (colum)
diameter (D) for another series of magnetron sputtered samples.
Applying these values to the present samples, .it. can be
calculated that the domain width at remanence {(dmr) is about
4D. For comparison of the theoretical and observed domain
densities we utilize the continuous and particle behaviour.
First we determine the measured density . (Nm) from the
photographs by counting the number of damains and dividing by
the area. Secondly we use a simple bubble lattice geometry and
calculate. Nb = (2.5 dmr)™2. Finally three different colum
distribution functions are used to - translate the "physical
structure” into a "domain structure” with the particle
behaviour as starting point. B Two are based on the crystal
distribution function which was determined fram a TEM-replica
(surface) micrograph of a 95¢ nm thick layer [15].

The random distribution function (Nr) is determined after
randomly adjusting an up or down magnetization to the colums.
The intersection length of the domain structure can be measured
fram this. Maximization of the number of pairs of neighbouring
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olumns with opposite signs gives the so-called natural
distribution (Nn). Both distribution functions have been used
for all thicknesses of our samples and are given per n?,
Finally a simple hexagonal model of uniform grain size
(roneyconb_shaped) was  introduced by Schmidt [14] by using
Mh = 2/3/3 D2,

Ve calculated (for the particulate mode!) the damain densities
for the three models which are also given in table 1. It can be
clearly seen that the experimental densities are much smaller
than these values.

In table 2 same characteristic fields are listed together with
a qualitative judgement of the hysteresis loop and the damain
behaviour. Fram a series of photographs as a function of the
applied field the Hp (determined by extrapolation) and
Ho, are derived. The Hgg is measured with the M.0 Kerr
hysteresis tracer and Hy = 2Kj/fg Mg.

We have classified our samples in 3 groups on the basis of the
oserved damain structures (see table 2). First the long stripe
damain material (samples 1,3,4) having a very pronounced
shoulder at low coercivity (8-16 ka/m), of which an example is
shown in Fig. 1. The second group having a medium coercivity
(24-32 xA/m), short-stripe domains and a small shoulder
(samples 6 and 11}. Finally the high coercivity (> 48 XA/m)
group without the typical shoulder showing a more cluster-like
&amain structure {see Fig. 2). At least in the latter case the
Gefinition of Hg, is questicnable. To explain the different
domain behaviours the ratios of characteristic fields are
given.

Samplel Hn Hew |Hew [ Hes | Hes | Hev [shoulder| stripe
[kA/m3{[xA/m]{Bk | Hew] Bn | Hew domains|
1 328 260 .53 | .82} .82 .83 ++ ++
3 352 272 .53 | .04 .93 .07 + ++
4 352 312 |.58 ¢} .92 | .02, .43 ++ 4+
7 364 236 .44 | .@3| .02 .04 ++ +
6 432 256 .4371 .13 .89 .19 + -+
11 368 212 -39 | .15 .12 .94 + -+
5 4928 320 .54 .13 .18 .13 - -
12 395 208 .33 .23} .151] .23 - ot

Table 2
DISCUSSION AND CONCLUSIONS

It is not possible to fully understand the damain behaviour and
reversal mechanism of the CoCr layers on the basis of our
prelimary experiment. The parameter dependency and the
complicated relation with the theory allow only understanding
of particular samplés. A general explanation is not possible at
present. When relating the measured results with the known
theory [13] we have to realize that the following assumptions
have been made. The influence of the coercivity and the wall
wolure is neglected and the wall energy is taken independent of
the film thickness. This is not the case for our samples.
Nevertheless after comparing the measured and calculated data
for the damain densities (using both models) we conclude that
the wall motion model can explain our results. The domain wall
theory and the measured results are only in agreement for same
of the samples namely 4 and 7 which both show the typical
shoulder and stripe domain configuration.

On the basis of cur cbservations we divided our sanples into 3
groups of low, medium and high coercivities which correlate
with the appearance of the typical shoulder and the stripe
domain behaviour. This is supported by the ratios of the
characteristic fields. For instance small values for
Hog/H, show a more pronounced stripe domain character.
If this factor more increases a more cluster-like structure
appears. Our cbservations are in agreement with the results of
schmidt [14] who measured samples which were made by variocus
deposition methods having different magnetizations.

We have also found a relation between the coercivity and the
micleation density. For the 3 classified groups this relation
is roughly 2:5:14. '

High coercivity films (> 40 kA/m) are more suitable for
perpendicular recording and the cluster~like damains reserble
more the "chain of  colums" type proposed on the basis of
reutron depolarization [7].

Magnetic reversal in the colums has to be studied with
advanced electron microscopical observation methods. Together
with neutron depolarization [16], surface coercivity studies
[17] and more detailed cbservations with Kerr microscopy this
rtoblem may be tackled in the near future.
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