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Abstract-The major and minor loops of RF sputtered 
CoCr films in the thickness range of 20 - 1000 nm and 
the concentration range of 19-24 at. % Cr were measured 
by Kerr tracer and VSM. Differences between bulk and 
surface magnetic data are most likely due to 
a thickness-dependent surface chemical composition. The 
maximum anomality of the minor loop coercivity, which 
depends strongly on the film thickness, appears to be 
larger at the surface than in the bulk. The anomalous 
coercivity of the minor loop which is related to a 
domain pattern change could be caused by repulsive 
forces between domain walls. 
It can be concluded that study of the minor loop 
coercivities is an interesting research tool for 
micromagnetic behavour. 

INTRODUCTION. 

Although much research has been done on CoCr as a 
material for perpendicular recording, up to now less 
attention has been paid to the minor loop behaviour. A 
still largely unknown magnetic reversal mechanism and 
the non-saturated character of the acting recording 
process justify this research. 
The minor loop behaviour of CoCr, first studied by Li 
and Lodder [11 , deviates strongly from the major loop 
behaviour. By studying the coercivity as a function of 
the magnitude and the direction of the applied field 
amplitude they concluded for their films, that in the 
low field range the magnetic reversal is mainly due to 
domain-wall motion while in the high field range the 
rotation reversal will be dominant. 
It was shown by Rupp et al. [21 that minor Kerr loops 
of CoCr can have a zero magnetization field Ho which is 
larger than the coercivity HcKerr of the major loop. 
They observed that the enhancement of the coercivity 
ratio (CRKerr = HO/HcKerr) depends on the magnitude of 
the applied field amplitude. Domain density studies by 
M.O. Kerr microscopy led to the conclusion that the 
enlargement of the coercivity by decreasing the field 
amplitude is related to an increase of the domain 
density. 
Although Rupp mentioned in his paper the anomalous 
coercivity of the minor loop as being the bascule 
effect, in NBel's original article [31, it was 
introduced as a tilting of the hysteresis curve. It is 
possible to consider the enhancement of the coercivity 
as a consequence of this tilting. The model introduced 
by NBel [31, which is based on negative interactions 
between the isolated magnetic elements of the 
ferromagnetic system, however does not easily explain 
an increase of the coercivity for minor loops. 
Bernards et al. [41 measured the CRvsn as a function of 
the applied field amplitude. Although for their films 
the measured values deviated from Rupp's (21 results, 
they observed a comparable relation. They concluded 
that the smaller slope (dM/dH) of the minor loop at the 
intersection of the minor and the major curve is in 
agreement with domain observations. (2,131 
Because the CR larger than one is directly related to a 
change of the domain pattern it is worthwile comparing 
Kerr and VSM minor-loop data. A difference between 
both measurements could be an indication for a 
deviation of the domain structure at the surface. 

Comparision of surface and bulk magnetic data has been 
performed by several other researchers. Triggered by 
Abe et al. [SI and Tsutsumi et al. [61, Smits et al. 
[7] measured the coercivity of RF sputtered films as a 
function of the thickness and observed the existence of 
a critical thickness for which the ratio HcKerr/HcVsn 
becomes smaller than one. Henunes et al. [El also 
studied the thickness dependency of this ratio and 
found the critical thickness depended on the sputter 
method. 
In the present paper we compare the minor loops 
measured by VSM and Kerr tracer of our RF sputtered 
films as a function of film thickness and composition. 

EXPERIMENTAL PROCEDURE. 

The films were prepared in a Leybold Heraeus 2400 
sputter apparatus. The films were RF-sputtered from an 
alloyed CoCr 81/19 at. % target under the following 
optimized conditions determined for the same apparatus 
by Lodder and Wielinga [91 (VRF =-1.6 kV PAr = 0.4 Pa). 
In order to check the influence of the Cr concentration 
on the observed effects we also sputtered from 79/21 
and 77/23 at. % alloyed targets. 
The compositions and the thickness of the films were 
checked with X-ray fluorescence. The at. % Cr of the 
films sputtered with the 81/19, 79/21 and 77/23 targets 
amounted respectively 19.5. 20.5 and 23.8. 
In order to study the homogenity of our films the 
compositions of several samples were determined by AES 
depth profiling. We found the cobalt concentration to 
decrease near the surface. This surface inhomogenity 
extends to larger depth for the thicker films. 
Rocking-curve measurements and 29 scans were performed 
to determine the orientations of the films. For all our 
films 8950 lies in the range of 2.5 to 4 degrees. In 
the 28 scans no other textures were observed. 
The films were magnetically characterized by measuring 
the perpendicular and in-plane hysteresis curves by VSM 
and the perpendicular hysteresis curve by Kerr tracer. 
For all samples minor loops were determined by both 
met hods. 
The surface hysteresis curves were determined by a 
Kerr tracer [lo] which used HeNe laser light This means 
our surface is limited to the upper 15 nm of the films. 
The accuracy of the M.O. system was better than 
0.4 E-3 degree (relative error in the major loop of 
sample #1 is smaller than 0.1 X I .  
The starting conditions for measuring the minor loops 
were the same for both methods. After measuring the 
saturated hysteresis curve, the field was lowered to 
the new field amplitude (=Ha). Before measuring the 
minor loop the field was changed three times between 
the values Ha and -Ha. 
In order to get an idea of the influence of the 
magnetic history on the coercivities measured, an 
additonal experiment was performed for sample #15. 
After saturating the film (900 kA/m) and lowering the 
field we determined the coercivity of the minor curve 
as a function of the number of field changes. These 
measurements were only performed by Kerr tracer. 

EXPERIMENTAL RESULTS 

The most important results are summarized in table 1. 
For films thicker than 80 nm the VSM coercivity 
decreases as a function of the film thickness which is 
in agreement with the data of Wielinga et al. [111 Manuscript received September 5, 1989. 
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Table 1: Film propertles. 

46 79 90 
80 102 88 

110 96 67 
157 88 40 
297 65 9 
611 46 10 
982 40 8 
24 15 
80 98 80 

146 83 41 
272 73 36 
670 42 13 

54 86 
312 55 
620 37 1 1  

e ,  
degree 

0. 163 
0.163 
0. 163 
0. 149 
0.123 
0.121 
0. 117 
0.097 
0. 131 
0. 113 

0.111 
0.098 
0.076 
0.073 

average 
properties 

at.% Cr : 19.5 
MS ( k A / m i :  440 
AGs0 : 3-4 

at.% Cr : 20.5 
t& lkA/m): 371 
Aes0 : 3.3 

at.% Cr : 23.8 
k ( k A / n ) :  240 
AB,, : 3 . 5  

Comparing the coercivity measured by VSM and that 
'measured by Kerr tracer we find the critical thickness 
of the 19.5 at. %Cr films to be 70 nm (see fig.1). This 
is in agreement with the results of others. [7,81 
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In figure 2 the maximum Kerr rotation with respect to 
the maximum Kerr rotation of sample #1 is plotted as a 
function of the thickness of the film. Although the 
change in €Js/€Js(#l) and the change in HcKerr/HcVSH take 
place for about the same thickness, the decrease of the 
latter parameter seems to be more gradual. 
The results of the minor loop measurements of the 
19.5 at. % thickness series are given in figures 3 and 
4. The CR is plotted versus the amplitude of the 
applied field for different thicknesses. It is obvious 
that the data obtained by both methods are not the 
same. The maximum anomalous coercivity measured by VSM 
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f ig .  I :  HCK.X~/HCVSW as a function of the film 
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VSM coercivity ratio as a function of the 
amplitude of the applied field for different film 
thicknesses (19.5 at. % Cr). 
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f i g  4: Kerr coercivity ratio as a function of the 
amplitude of the applied field for different film 
thicknesses (19.5 at. % Cr). 

increases as a function of the thickness. The field 
amplitude at maximal CR shifts to smaller values for 
thicker films. 
As can be seen from fig. 4 the effect measured by Kerr 
tracer is much larger. A maximum as function of the 
film thickness appears to exist. At present, the small 
number of films prevented us from checking the 
existence of such a maximum for the 20.5 and the 23.8 
at. % Cr films. 

f ig .  2: €Js/€k(#l) as a function of the thickness 
for different concentrations. 
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The results of the aditional experiments to study the 
influence of the magnetic history on the coercivity are 
presented in table 2. The measurements were performed 
on sample #15 (IkKerr = 11 KA/m) 

Ha I HOKerr(3)I HOKerr(6) I HOKerr(m) 
120 1 24 I 24 I 24 kA/m 
240 

Ha is the amplitude of the maximum minor loop field. 
HOKerr(n) is the coercivity of the nth minor loop after 
coming from saturation. 

21 27 27 I 

DISCUSS1 ONS . 

The observed change of the 0s and HcKerr/HcVSH as a 
function of the thickness is probably due to the change 
of chemical composition at the surface as measured by 
AES. Decrease of the CO concentration will lead to a 
change in magnitude or orientation of the magnetization 
and as a consequence of B s .  A smaller anisotroDy energy 
at the surface will influence the coercivity measured 
by Kerr tracer. Phenomena of the initial sputtering 
process are probably the cause of the thickness 
dependence of the surface chemical composition. During 
sputtering the temperature increases by about 200 
degrees with a time constant of 900 seconds. Varying 
the sputtering methods will show another temperature 
dependence and as a consequence another thickness is 
anticipated for which the surface magnetic parameters 
will deviate from the bulk magnetic data. This is 
confirmed by the results of Hemmes [El who also 
performed Kerr measurements on magnetron sputtered 
CoCr. 
In recent years much research has been done on domain 
patterns in CoCr. Simsova et al. [121 studied them as a 
function of the applied field by SEM colloid methods 
and found hysteresis effects. Schmidt et al. [131 
carried out domain observations on CoCr by using a Kerr 
microscope and found the domain density versus applied 
field as shown in fig. 5. Lowering the field starting 
from saturation, the domain density will start to 
increase at the nucleation field (NI. until after 
stripe-out ( S )  no measurable change of the domain 
pattern will take place. Ascending and descending 
curves are the same for low fields 

minor loop 
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major loop 
--t 
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f ig .5:  Domain density as a function of the applied 
field after Schmidt [131. N = nucleation field, S = 
stripe-out field, C = collapse field, B = bubble 
field. 

forces between the domain walls as suggested by Kaczer 
[ 141 can be responsible for this irreversible 
character, calculations have to be performed to uncover 
the most important driving forces in this process. 
The higher domain densities of the minor loops will 
exert their influence on the coercivity by means of the 
above-mentioned repulsive forces. Walls start feeling 
each others presence if the distance between them is 
less than 6 times their thickness [141. Deviation of 
the anisotropy energy at the surface with respect to 
the bulk value will result in a change of the wall 
energy and wall thickness closer to the surface. More 
research will have to be performed to explain the 
observed results in more detail. 
Figure 5 suggests that by lowering the field from 
saturation to zero followed by measuring a minor loop 
with a field amplitude smaller than S will result in a 
domain density for the minor loop which is equal to 
that of the saturated curve. No enhancement of the 
coercivity should be measured. For Ha larger than S 
fig. 5 also suggests the coercivity to be independent 
of the number of times the minor loop is measured. 
Observing table 2 we can conclude that film #15 does 
not behave like this. We expect that for small fields 
in major as well in minor loops, a hysteresis in the 
domain density will occur Direct domain pattern 
observations could provide information about the 
character of the irreversible domain density 
susceptability at low fields. 

CONCLUSIONS. 

The study of the minor loops of thin magnetic layers is 
not only interesting for (recording) applications but 
can possibly also provide usable information for 
explaining the magnetic reversal mechanism in these 
materials. 
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Increasing the field will not cause contraction but 
constriction of the stripe domains. This causes the 
minor loop to have a higher domain density compared 
with the saturated hysteresis curve. Although repulsive 


