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Abstract

The Magneto-Optic Kerr Effect (MOKE) technique has been used to investigate the
magnetic properties of Ni thin films, with thickness t ranging from 9 to 163 nm, evaporated
onto several substrates (glass, Si (111), mica and Cu) with and without an evaporated Cu
underlayer. The MOKE observations were correlated with the surface morphology inferred
from Scanning Electron Microscope images and with the structural properties (grain size and
strain). Some interesting behaviors of the coercive field (with values in the 2 to 151 Oe
range), the squareness (between 0.1 and 0.91) and the saturation field (25 to 320 Oe) are
observed as a function of t, the substrate and the Cu underlayer. A thickness dependent stress-
induced anisotropy is found in these films. The differences between the present MOKE results
and the ones obtained from the Vibrating Sample magnetometer (VSM) are highlighted. The
former describe the surface magnetism of these systems, while the latter are attributed to the
whole volume of the sample.
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1. Introduction

A lot of important phenomena are observed in ferromagnetic thin films and
multilayers, including Ni films and Ni based multilayers; theses features are interesting for
both fundamental research and technological applications [1-5]. The physical properties of
thin films strongly depend on the method and the conditions of deposition, on the substrate,
and the film thickness. Several works have been reported on Ni films [6-12] and on the
Ni/Cu/substrates bilayers [13, 14]. Among the effect of Ni thickness on the physical
properties, one may cite (i) the transition from an out-of plane to an in-plane magnetization
easy axis, (i1) the effect of the lattice strain on the magnetic moment reduction and (iii) the
change from a fine grain structure to a column structure [15-18].

We have used the thermal evaporation to grow series of Ni thin films in the 9 to 163
nm thickness range, deposited on several substrates (glass, Si (111), mica and Cu) with and
without an evaporated Cu underlayer. The structural properties of these systems have been
published elsewhere [19].Also, we have studied some magnetic properties of these systems as
inferred from a Vibrating Sample Magnetometer (VSM) set-up [20].

In the present work, we used the Magneto-Optic Kerr Effect (MOKE) technique to
investigate the magnetic properties as a function of the substrates, the Ni thickness and a Cu
underlayer. The MOKE technique has been used for a long time as a means for the magnetic
characterization of materials [20-22]. The magneto-optical (MO) properties of Ni have been
studied by MOKE measurements [23, 24]. Here, in our investigation, we focused on the
effect of the substrates, the Ni thickness and the Cu underlayer on the magnetic properties of
Ni thin films, such as the coercive and saturation fields, the squarness and the magnetic
anisotropy of Ni/substrates films and Ni/Cu/substrates bilayer films. Also, we attempted to
correlate the structural and the magnetic properties of Ni and Ni/Cu films, through results

from Scanning Electron Microscopy (SEM) and X-ray diffraction experiments. The



deposition conditions and the characterization techniques are shown in section 2. In section 3,
we show the results pertaining to the magneto-optical (MOKE) hysteresis curves along with
the SEM images. We discuss the effect of thickness, grain size, Cu underlayer and substrates
on the magnetic parameters of the hysteresis curves. A summary and a conclusion are given in

section 4.

2. Experimental details

The Ni thin films were deposited onto glass, Si (111), mica and Cu substrates using
thermal evaporation method from a 99.995 % purified Ni powder. For the Ni/substrates, the
pressure was approximately 7.69 x 107 mbar before evaporation; it rises to 2.86 x 10 mbar
during the evaporation. For the Ni/Cu/substrates, the same purity for the powder (Cu) was
used to evaporate the Cu underlayer. The pressure ranges from 1.52 x 10 and 1.72 x 10
mbar before evaporation to 1.58 x 10™ and 1.74 x 10 mbar during the evaporation for the
deposition of the Ni and Cu films respectively. The Ni thickness t ranges from 9 to 163 nm
and 8 to 67 nm for the Ni/substrates and Ni/Cu/substrates systems, respectively. For the
Ni/Cu/substrates system, the Cu underlayer has two thicknesses, 90 nm (with t = 24 nm) and
52 nm (t = 8, 14 and 67 nm). Details on the preparation conditions and on the structural
properties of these systems have been reported elsewhere [19]. The surface morphology is
studied by means of a Scanning Electron Microscope (SEM). The magneto optical Kerr effect
(MOKE) technique has been used to describe the magnetic properties of these samples. Kerr
effect experiments were done to get the hysteresis curves, Kerr rotation 6k vs applied field H.
The measurements were done, at room temperature, in the longitudinal configuration with a

magnetic field H varying from - 0.5 to 0.5 kOe.

3. Results and discussion



In Fig. 1, we show examples of the magneto-optic Kerr effect (MOKE) hysteresis
loops, for the same Ni thickness (t = 50 nm) and different substrates (glass, Si, mica and Cu)
(Fig. 1a). In Fig. 1b, we display the curves pertaining to the Ni/Cu/substrate system with t =
24 nm and tc,= 90 nm. Fig.1a is meant to show the effect of the substrate while by comparing
Fig.1b and Fig.1a, we observe the effect of the Cu underlayer.

The effect of the substrate on the hysteresis curves can be clearly seen by comparing
the four figures in Fig. 1a. One can see the differences in the curve shapes, the curve area and
the different parameters. For the shape for instance, the Ni/glass curve is square while that of
the Ni/Cu curve is a more hard-axis like one, this is due to a change in magnetic anisotropy as
will be discussed later on. For the area, Ni/glass has the smallest area compared to the other
curves; the area under the hysteresis curve is generally related to the energy needed for the
motion of the Bloch walls and the reorientation of the magnetic moments of the domains [25].
The magnetic parameters characterizing the curves such as the coercive field, the squarness
and the saturation field are also different for each case; theses values have been measured for
all samples and will be discussed in the following. One can also see the difference in the
curves with the Cu underlayer. Moreover, one should distinguish between the Cu as a
substrate which is a bulk material and the Cu underlayer which is an evaporated thin film on
top of the substrate; we will see that the effect on the Ni properties is quite different.

Furthermore, Kerr Effet being very sensitive to the film surface state, we are showing
in Fig. 2, examples of SEM surface images of some samples along with the hysteresis loops
of theses same samples. One can easily note that there are modifications in both the film
surface and the corresponding hysteresis curve; for instance, when the surface is uniform as in
Fig. 2.a, a square shaped curve is observed and for a less uniform surface, a change of the

curve shape is seen, the curves become broader (see Fig.2 b and c). Thus, we believe that at



least, part of the differences in the shape of the hysteresis curves may be due to the effect of

the surface morphology and the surface roughness of Ni films.

In the following we will discuss the coercive field, Hc, the squarness S and the

saturation field Hg. Recall that for each thickness, the four samples were prepared in the same
run, i.e. under the same conditions. Thus, for a given thickness, any changes in the magnetic
properties of the Ni thin film are due to the effect of the substrate in the Ni/substrate system
and to that of the substrate and the Cu underlayer for the Ni/Cu/substrate system. As a general

remark, we note that there are broad ranges of values for H¢, S and Hg, depending on the

substrate, the Ni thickness and the Cu underlayer. Indeed, H¢ values vary from 2 to 151 Oe,

the S values can be as low as 0.1 and as high as 0.91 and the saturation field values are found
in the 25 to 320 Oe range. Beyond the interesting physics concerning the origins of the values
and the behaviors of these magnetic parameters, these broad ranges of values can be quite
useful for technological applications, such as in magnetic and magneto-optical recordings; as
these large sets of values may allow one to tune the value of one of these magnetic parameters
to the required one for a given application by choosing the substrate, varying the thickness or

adding or not a Cu underlayer.

In Fig. 3, we show the variation of the coercive field, Hc, as a function of the Ni

thickness, t. For the Ni/substrates system (Fig. 3.a), Ni/glass and Ni/Si series have the same
behavior: the coercive field monotonically increases with increasing thickness, from about 2

to 54 Oe; for the Ni/glass samples, there is almost a linear increase. On the other hand, the
Hc vs t curves for Ni/mica and Ni/Cu go through a minimum at t = 50 nm; the Hc values at
this minimum are equal to 32 Oe and 19 Oe for the films deposited on mica and Cu

substrates, respectively. The Ni/glass samples are characterized by the lowest Hc values for



all thicknesses. For the thickest film (167 nm), the H¢ values are the same for Ni on glass, Si

and Cu, and slightly higher for Ni on mica.

For the effect of Cu underlayer, i.e., the Ni/Cu/substrates system, see Fig. 3.b. We note
that in the Ni/Cu/mica series, there is a linear increase of the coercive field with increasing Ni
thickness. While for the other substrates, we observe a minimum value at t = 24 nm; it should
be noted that this particular sample has a Cu thickness equal to 90 nm, different from the
other bilayers where the Cu thickness is 52 nm. Thus, this low value might be due to the
relatively higher Cu underlayer thickness; a similar behavior was observed by C. A. F. Vaz et
al. [26], where they found that Hc decreases with increasing Cu thickness. Note also that for
the smallest thickness (08 nm), the bilayers (Ni/Cu) deposited on glass, Si (111) and mica
have almost the same coercive field value (2 Oe), i.e. the coercive field is independent of the
substrate; also for this thinner film and at least for Ni/Cu/glass and Ni/Cu/Si, the coercive

field remains low and the same (2 Oe) as the ones measured in Ni/glass and Ni/Si, i.e, for the
thinner film, Hc is low, independent of the substrate and is not affected by the Cu underlayer .
On the other hand, for the thickest sample (t = 67 nm), Ni/Cu/Si is characterized by a much
higher Hc value (1510e¢) compared to the other samples which have closer values (about 70

Oe).

For the sake of comparison with reported Ni thin film H¢ values, we can cite few

works in this matter. The coercive field values found here for the Ni/substrate system are

comparable to those reported in refs. [27] and [28], but are lower than those reported in ref.
[29]. The variation of Hc with thickness of the Ni/Cu/Si is similar to the one observed by H.
Hwang and al. [30]; also in this same system, the H¢ values are similar to those found by G.

Gubbiotti and al.[31], but larger than those measured by B. Schirmer and al. [32]. For



comparable thickness, A. Sharma et al. [33] found a coercive field of 130 Oe for Ni (40

nm)/Si sample; this value is higher than the one we found (13 Oe for Ni (42 nm)/Si).

For the origins of the Hc values and behaviors, the following remarks can be made. As

for the variation of H¢ with t and the fact that H¢ is quite high for thicker films, we believe
the reason may arise from magnetic anisotropy; we will come back to this point when

addressing the magnetic anisotropy later on. To get more insights on the origins of H¢ values,
we have studied the variation of H¢ with the grain size. For the Ni films deposited onto glass
and Si (111) substrates, the coercive field Hc values increase with the increase of the average
grain size D. In Table 1, we show examples of such a variation of Hc with D. For the
Ni/mica, the Hc vs D curve has a minimum, but there is a general increase of Hc with D;
while no clear variation of Hc with D is seen for Ni/Cu. For the Ni/Cu/substrate system,
beyond a grain size value of about 6 to 8 nm, H¢ increases with grain size for all substrates.
For Ni/Cu/glass and excluding the sample with the larger Cu thickness (90nm), Hc increases
with increasing average grain size. For the low D values and for Ni/Cu/Si (111), we note a
monotonous decrease of Hc with D (see Table 1), then an increase for the high D value; no
clear variation is noticed for the other substrates in the low D values, but H¢ increases for
higher D. From this kind of variation of H¢ vs D, one may conclude the following. First, one

can rule out the pinning of domain walls at the grain boundaries as responsible for the Hc
behavior; indeed, if pinning at the grain boundaries were the origin of the coercive field
values, Hc would decrease with increasing D. We observe the inverse behavior, thus pinning
at the grain boundaries is not the dominant factor in the values of the coercive field in our

case. Second, this kind of variation, i.e the increase of Hc with D, was observed in many



materials; for instance, M. Mebarki et al.[34] found this variation in Fe/glass thin film for low
D values; this behavior is well described by some models such as in the Hoffmann’s
theory[35]. Finally as mentioned above about the SEM images, where different magnetic
behaviors are correlated with different surface morphologies, the surface state (the rugosity,
the size, shape and distribution of the grains) may play an important role in the high values of

Hc measured in some samples, it may lead to a lot of pinning sites [29] which constitute a

barrier for the motion of the magnetic domain walls, increasing thus the coercive field.
Therefore, in our study, we believe that the main origins of the coercive field behavior are the
magnetic anisotropy, the grain size effect and the surface morphology which depend on the

substrate, the Ni thickness and the Cu underlayer.

The squarness S is defined as the ratio of the remnant Kerr rotation Ogr to the
saturation Kerr rotation Oksg, i.e. S = Ogr/Oks. In general, the squareness gives information on
the remnant state of a magnetic material which is important in fundamental research and also
useful in technological applications. The squareness value may be associated to the
mechanisms of the magnetization reversal. A small S value may indicate a magnetization
rotation; on the other hand, high S values may be associated with domain wall nucleation and
motion [33, 36, 37].

For to the Ni/substrates system, the squarness values are shown in Fig.4.a. We found a
whole range of S values, from as low as 0.1 to as high as 0.91. The highest S values are
observed for a Ni thickness of about 42 to 50 nm in Ni/glass (0.91), Ni/Si (0.91), Ni/mica
(0.89) and Ni/Cu (0.87). Note for comparison that for polycrystalline bulk Ni material, S is
equal to 0.866 [38]. In the low thickness range, we note an increase of S for Ni/glass and
Ni/Si when t increases from 9 nm to 42 nm (for Si) and to 50nm (glass). Beyond this
thickness (50 nm), a monotonous decrease of S is seen for all substrates. For the thickest film,

the highest squareness is noted in the Ni/mica sample (S = 0.67), while the lowest S value (S
8



= 0.45) is observed in Ni/Cu and Ni/Si. The latter one (S = 0.45) is comparable to that found
by K. Zhang and al. [38] for Ni/Si films. A. Sharma et al. [33] found a value of S equal to
0.82 for Ni (40 nm)/Si; this value is slightly lower than the one we found (S = 0.91) for Ni(42
nm)/Si.

For the Ni/Cu/substrate system, see Fig. 4. b. For the thinner film (8-9 nm), we note
that the Cu underlayer induced a decrease of S for the Ni/glass sample but did not affect the S
value of the Ni/Si one, even though these two samples were prepared in the same run,
compare Fig. 4a and 4b; the decrease in Ni/Cu/glass is quite large (from 0.72 for Ni/glass to
0.1 for Ni/Cu/glass). The variation of S with the Ni thickness does depend on the substrate.
For Ni/Cu/glass, S increases in a monotonous manner with t from 0.1 att=9 nm to 0.77 at t
= 67 nm. The opposite is seen for Ni/Cu/Cu where S gradually decreases with increasing
thickness. For the other substrates (Si and mica), S increases with t up to t = 24 nm (and tc, =
90nm), then slightly decreases when t is increased further. For the largest thickness (t = 67
nm), S is about the same for Ni/Cu on Si, mica and Cu and slightly higher for Ni/Cu on glass.

We also looked at the variation of S with grain size D. For the Ni/substrate system, in
the low D values, S increases with increasing D up to D = 5.5 £ 0.2 nm and then drops for
higher D values, see Table 1 for Ni/glass and Ni/Si; this is true also for Ni/Cu but not for
Ni/mica, where S decreases with D. For the Ni/Cu/substrates system, a monotonous increase
of S with D is seen in Ni/Cu/glass. The opposite occurs for Ni/Cu/Cu where S decreases with
increasing D. While no clear variation is seen for the Si and mica substrates.

For the Ni/substrate system, the variation of the saturation field Hg with Ni film
thickness t is shown in Fig. 5a. We can see that regardless of the substrate, the saturation
magnetic field monotonously increases with increasing thickness t. The saturation field values
for Ni/Cu thin films are the largest for all thicknesses, while those corresponding to the

Ni/mica are the lowest. For comparison with other work in the same conditions, we may cite



that A. Sharma et al.[33] found a saturation field of 230 Oe for Ni (40 nm)/Si; this value is

higher than our result (98 Oe) for Ni(42 nm)/Si.

For the Ni/Cu/substrate system, the saturation field vs Ni thickness is shown in Fig.
5b. Here also, we observe an overall increase of Hg with thickness for all substrates; the Cu
underlayer did not affect this Hg behavior with t. However, there is a monotonous increase
(an almost linear increase with t) for Ni/Cu on Cu and mica substrates, while for Ni/Cu on
glass and Si substrates; there is a thickness range (14 to 24 nm) where Hg seems to remain
constant before increasing again. For the thinner samples (8 nm), Ni/Cu deposited on glass, Si
and mica have the same Hg values. For the thicker samples (67 nm), the Hg values for Ni/Cu

on Si, mica and Cu substrates are the same and the value corresponding to Ni/Cu/glass is
somewhat higher. We can see that the saturation field strongly depends on the substrates, the

Ni thickness and the Cu underlayer. We have also studied the variation of the saturation field

Hg with grain size D. For the Ni/glass, Ni/Si and Ni/mica samples, we observe a monotonous
increase of Hg with D, see Table 1 for Ni/glass and Ni/Si, as examples. On the other hand, for

Ni films deposited on Cu substrate, Hg has a monotonous decrease with increasing D. For the

effect of Cu underlayer, we observed an overall increase in the saturation field with the

increase of D for the Ni/Cu/glass (see Table 1) and Ni/Cu/Cu. However, for Ni/Cu on Si and
mica, we observed a decrease of Hg with D in the low D values (up to D = 7 nm) then Hg

increases with D as D is further increased.

It is worth noting that the saturation field values are generally associated with the
magnetic anisotropy. For a given direction, a low (high) saturation field value may indicate
that this direction is an easy (hard) direction for the magnetization. In our case, the saturation

field values are much lower in the thinner films than in the thicker ones (see Fig. 5). We may

10



infer that a magnetic anisotropy exists; it is strong in thinner films and diminishes as the film

thickness increases; it makes the plane direction a much easier one in thinner films than in
thicker ones. We conclude this from the Hg behavior and also from the shape of the hysteresis
curves; the thinner films curves are characterized by a square, easy direction-like curves with

low Hg and H¢, while as the Ni thickness increases, the hysteresis curves become more and

more hard direction-like curves with high Hg and H¢ values. In order to investigate the origin

of this magnetic anisotropy, we made a correlation between the structural and magnetic
properties. In these samples, we found that the strain € values in thinner films are relatively
higher than those measured for thicker ones; thinner films are subjected to a higher stress, as
the thickness increases, the stress decreases, i.e. the stress is relieved. Thus higher stress

values are associated with lower saturation field values; see Table 1, compare the magnitude

of the strain and the Hg values for Ni/glass and Ni/Si, with and without Cu underlayer. We

may conclude from this correlation between ¢ and Hg that the origin of the magnetic

anisotropy is the stress. Thus, a stress-induced magnetic anisotropy is present in these Ni
films; it is stronger in thinner films than in thicker ones. It is detected for Ni on all substrates;
however the magnitude of this anisotropy is different from one substrate to the other. In fact

magneto-elastic effects have been reported to exist in Ni films under some conditions [39].

Finally, it is interesting to compare the present results obtained by the MOKE
technique with the ones measured on these systems by means of the Vibrating Sample
Magnetometer (VSM) method [20]. We noticed, indeed that the characteristics of the MOKE
hystersis curves are different from the VSM ones. This is expected; the effect was seen in
several ferromagnetic materials and was reported by a lot of researchers [40]. One of the main
reasons for the differences is the fact that the MOKE technique, based on the interaction of

light with the sample, concerns only the surface or a small region near the surface (the
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penetration depth of the light); thus the parameters derived from the MOKE method describe
the surface magnetism of the sample. On the other hand, the parameters obtained from VSM
are average values over the whole volume of the sample. In our case, we can cite few of the

main differences between the results. (i) Starting from the last point we discussed, i.e. the
saturation field Hg values and the magnetic anisotropy, we found that the Hg values measured
from VSM are between 280 Oe and 2400 Oe for the Ni/substrate system and from 520 to
about 3200 Oe for the Ni/Cu/substrate; these values are much higher than the Hg values we

derived here from MOKE which range from 25 to a maximum of 320 Oe for both systems. It
follows that the strength of the magnetic anisotropy over the entire sample volume is more
important than that acting on the magnetization on the surface of the sample. (ii)) Moreover,

for the saturation field and magnetic anisotropy, with the MOKE investigation, we found that
there is an overall increase of the Hg values as t increases, for all substrates and for both
systems (compare the Hg values at t = 8 nm and t = 163 nm in Fig. 5a and the values att =9
nm and t = 67 nm in Fig. 5b). When using the VSM, we noticed that again the monotonous
increase of Hg with t is seen in the Ni/substrates for all substrates. However for the

Ni/Cu/substrate, the increase of Hg with t is followed for the glass and mica substrates, but for

Ni/Cu/Si and Ni/Cu/Cu, we see the opposite, Hg decreases with increasing t. This means that

not only the magnitude of the magnetic anisotropy is different in the volume (VSM) and in

the surface (MOKE) but also the easy axes in both cases are different. For the MOKE
technique, the fact that Hg increases for the thicker films means that the plane becomes a
relatively harder direction compared to the thinner films and this applies for all substrates. On
the other hand, from VSM, the decrease of Hg for the thicker films, for the Si and mica

substrates, means that the plane in these films is becoming a relatively easier direction for the

magnetization. Thus once again, the volume of the sample may consist of regions (including

12



the surface) with different anisotropies; the VSM gives an average value and a resultant easy
axis for the whole volume, while with MOKE we may determine the easy axis and the
strength of the anisotropy for the surface. (iii) The coercive field values derived from MOKE
are lower than those obtained from the VSM for most samples, see Table 2 for some samples

given as examples. This is somewhat logical, since as pointed before, part of the H¢ values

may arise from magnetic anisotropy and we noted that the anisotropy in the volume is
different from that at the surface. (iv) Finally, we measured different squareness values (see
Table 2) from the two techniques. In most samples, the S values from VSM are lower than
the ones from MOKE. Depending on the interest of a researcher, one or the other method may
be appropriate. For researchers interested in magneto-optical applications or surface effects,

the present MOKE results might be useful and meaningful.

4. Conclusion

The Magneto-Optic Kerr Effect (MOKE) technique is used to probe the surface
magnetism of a series of Ni thin films, with thickness t in the nanometer range, evaporated
onto glass, Si (111), mica and Cu substrates, and also a second series with a Cu underlayer

and the same substrates, i.e Ni/Cu/substrates. We found that the values and the behaviors of

the coercive field Hc, the squareness S and the saturation field Hg strongly depend on the
substrate, the Ni thickness and the Cu underlayer. For the Ni/glass and Ni/Si series, Hc

monotonically increases with increasing t; while for Ni/mica and Ni/Cu, the Hc¢ vs t curves
go through a minimum value at t = 50 nm. The Ni/glass samples are characterized by the
lowest Hc values. We believe that the main origins of the Hc values and behaviors are the
magnetic anisotropy, the grain size effect and the surface morphology. For the latter, different

magnetic behaviors are correlated with different surface morphologies as inferred from SEM

images. The highest S values (0.87 - 0.91) are observed for t around 50 nm. For the thinnest
13



film (8-9 nm), Cu underlayer induced a large decrease of S for the Ni/glass sample (from 0.72

for Ni/glass to 0.1 for Ni/Cu/glass), but did not affect the S value of the Ni/Si one. The

saturation field Hg monotonously increases with increasing t, regardless of the substrate; the

Cu underlayer did not affect this Hg behavior with t. From the correlation of the Hg and the

stress values, we may infer that a stress-induced magnetic anisotropy is present in these Ni
films; it is stronger in thinner films than in thicker ones. Finally, we pointed out the
differences between the MOKE results discussed here and the ones derived from VSM. Such
a comparison allows one to distinguish the surface magnetism described by the MOKE from
the properties of the whole volume associated with the VSM measurements. Among the
differences, we found that the magnetic anisotropy for the volume is more important than that

at the surface.
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Table and Figure captions

Table. 1. Strain € , average grain size D, coercive field Hc, squareness S and saturation field

Hs for Ni thin films evaporated on glass and Si substrates with and without Cu underlayer.

Table. 2. Comparison between the MOKE and the VSM results, for Ni/substrates and
Ni/Cu/substrates (substrates as indicated); t : the Ni thickness, Hc¢ : the coercive field, S :

the squareness and Hg : the saturation field.

Fig. 1. The longitudinal Kerr hysteresis loops for (a) Ni/glass, Ni/Si, Ni/Cu and Ni/mica with
t = 50 nm (effect of the substrat); (b) Ni/Cu/glass, Ni/Cu/Si, Ni/Cu/Cu and Ni/Cu/mica with t

=24 nm and tc,= 90 nm (effect of the Cu underlayer and susbtrate).

Fig. 2. Examples of SEM surface images and the corresponding hysteresis loops for (a) Ni

(42 nm)/Si (111), (b) Ni (14 nm)/Cu (52 nm)/Si (111) and (c) Ni (67 nm)/Cu(52 nm)/Si (111).

Fig. 3. Coercive field Hc vs Ni thickness for (a) Ni films on glass, Si, mica and Cu substrates

and (b) Ni/Cu/Substrates with substrates as indicated.

Fig. 4. Squareness S vs Ni thickness for (a) Ni films on glass, Si, mica and Cu substrates and

(b) Ni/Cu/Substrates with substrates as indicated.

Fig. 5. Saturation field Hs vs Ni thickness for (a) Ni films on glass, Si, mica and Cu

substrates and (b) Ni/Cu/Substrates with substrates as indicated.
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Ni/substrates

Ni / Cu/ substrates

substrate | € (%) D Hce S Hs € (%) D He S Hs
(nm) | (Oe) (Oe) (nm) | (Oe) (Oe)
077 | 4.4 2 0.72 50 -1.72 | 5.6 02 0.1 32
-0.66 | 4.9 13 0.86 75 -0.66 | 6.6 57 048 | 115
glass -0.22 | 53 15 091 | 100 -0.22 8 10 0.50 | 110
-0.34 | 13.7 54 0.51 | 130 -0.34 | 14.1 77 0.77 | 320
0.55 5 2 0.63 62 -0.77 | 5.6 41 0.75 85
0.20 55 13 0.91 98 -034 | 6.2 18 0.81 75
Si(111) | 0.02 6.8 26 0.85 | 112 -1.05 | 6.6 01 0.60 25
-0.05 15 55 045 | 162 -0.05 13 151 0.65 | 220
Table. 1

Table. 1. Strain € , average grain size D, coercive field Hc, squareness S and saturation field

Hg for Ni thin films evaporated on glass and Si substrates with and without Cu underlayer.
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MOKE VSM
Substrate t Hce S Hs Hce S Hs
(nm) | (Oe) (Oe) (Oe) (Oe)
Si 9 2 0.63 | 62 3.6 0.46 780
Ni/substrate glass 163 | 54 | 0.51 | 130 138 0.26 2250
Si 163 55 | 045 | 160 153 0.23 2400
Mica 163 | 65 | 0.67 | 120 115 0.36 1480
glass 8 2 0.10 | 32 5.7 0.22 1500
glass 67 77 | 0.77 | 320 230 0.48 2500
Ni/Cu/Substrate Cu 67 65 | 0.63 | 225 57 0.67 1270
Mica 67 77 | 0.64 | 220 168 0.46 1480
Table. 2

Table. 2. Comparison between the MOKE and the VSM results, for Ni/substrates and
Ni/Cu/substrates (substrates as indicated); t : the Ni thickness, Hc¢ : the coercive field, S :

the squareness and Hs : the saturation field.
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Fig. 1. The longitudinal Kerr hysteresis loops for (a) Ni/glass, Ni/Si, Ni/Cu and Ni/mica with
t = 50 nm (effect of the substrat); (b) Ni/Cu/glass, Ni/Cu/Si, Ni/Cu/Cu and Ni/Cu/mica with t

=24 nm and tc,= 90 nm (effect of the Cu underlayer and substrate).
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Fig. 2. Examples of SEM surface images and the corresponding hysteresis loops for (a) Ni

(42 nm)/Si (111), (b) Ni (14 nm)/Cu (52 nm)/Si (111) and (¢) Ni (67 nm)/Cu(52 nm)/Si (111).
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Fig. 3. Coercive field Hc vs Ni thickness for (a) Ni films on glass, Si, mica and Cu substrates

and (b) Ni/Cu/Substrates with substrates as indicated.
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(b) Ni/Cu/Substrates with substrates as indicated.
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