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Magnetoelasticity of Fe;_,Ga, thin films on amorphous substrates
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In this work, we study the magnetoelastic behavior of Fe;_,Ga, (0.11 < x < 0.19) thin films, grown on glass
and oxidized Si(100) amorphous substrates, that present an isotropic crystalline texture in the film plane. The
magnetoelastic coupling coefficients are obtained through the cantilever deflection technique. We find that the
magnetoelastic response is larger for samples grown on glass with respect to those grown on Si(100), and such
a response increases for larger Ga concentrations for both substrates used. Furthermore, the increasing substrate
temperature during growth does not appear to have a significant effect on magnetoelastic behavior of samples
grown on Si(100). From a model that takes into account the elastic grain interaction for isotropic systems, we are
able to describe the experimentally observed behavior. We find that the magnetoelastic response of the samples
grown on glass are well described by the Voigt model, while the samples on Si(100) present an intermediate

response between the Voigt and Reuss models.

DOI: 10.1103/PhysRevB.104.064403

I. INTRODUCTION

Magnetostriction is defined as the change in the shape or
the dimensions of a ferromagnetic material in response to
an applied external magnetic field due to the magnetization
reorientation. The phenomenon is quantified by the magne-
tostriction coefficient A that describes the length variation in
the direction of the applied field over the initial length. Mag-
netostrictive materials have been widely studied due to their
potential application in sensors, actuators, energy harvesters,
and spintronic devices [1-3]. In particular, Fe; (Gay alloys
(Fe-Ga) have attracted the attention of the scientific commu-
nity for its high magnetostriction, large ductility and low costs
with respect to alloys based on rare earths. The magnetostric-
tive properties of Fe-Ga have been shown to depend on the
Ga concentration [4-6], and the maximum magnetostriction
value ~400 ppm is observed at x ~ 0.19. Although numerous
theories have been proposed, the influence of the Ga and its
contribution to the enhanced magnetostriction is still a subject
under discussion [7-13].

For technological applications, it is necessary to grow the
samples as thin films [14-16], which are rigidly bonded to the
substrate and cannot deform freely when a magnetic field is
applied. In this situation, the magnetostrictive effect produces
a curvature in the film substrate system and for this reason it
is appropriated to describe this behavior as a function of the
magnetoelastic coupling (MEC) coefficients. As an example
of this relation, the magnetoelastic energy for cubic systems
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can be expressed by two MEC coefficients B; and B,, that
are related to the magnetostriction constants [17]: Ajpo =

—2_ B and A0 = —L 2, where ¢;; are the material elastic
3cn—cn 3 cus J
constants.

Many authors have shown that MEC in thin films differs
strongly from bulk materials [18-23]. This difference has
been explained by means of models that describe this change
in the MEC based on the competition between interface terms
or higher-order deformation [17,21,24,25]. Previous works
have reported measurements of MEC coefficients for Fe-Ga
thin films grown on monocrystalline and amorphous sub-
strates through indirect measurements that, due to the type
of technique, present a large margin of error [26-28]. In
Ref. [29], we have shown that the crystal grain structure
can be controlled by the substrate type. For monocrystalline
cubic substrates, the samples present a structural anisotropy
in the plane due to substrate symmetry, which implies the
existence of two independent MEC coefficients [12,13], while
on amorphous substrates [or monocrystalline wafers with a
native oxide, as on Si (100)], the samples present an isotropic
behavior in the plane that can be described with a single MEC
coefficient [19,24]. The single MEC coefficient for polycrys-
talline and isotropic films can be related to the B; and B,
coefficients of a cubic structure, assuming a certain in-plane
distribution for the orientation of individual crystallites [30].
A deeper knowledge of the behavior of the MEC coefficients
of magnetostrictive thin films could be used to tailor samples
with the desired magnetic properties.

In this contribution we report the MEC coefficients in sput-
tered Fe-Ga thin films determined by the cantilever deflection
method [31]. We study sets of samples with different Ga

©2021 American Physical Society
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TABLE I. Detail of the sample sets studied. The error for the thickness is £5 nm and +0.5% at for RBS composition.

Sample Dep. params. Thickness RBS composition

T, °C) hom (nm) i xFim
FG17-G-RT 21 17 221 88.4 11.6
FG25-G-RT 21 25 218 83.9 16.1
FG30-G-RT 21 30 219 81.2 18.8
FG17-Si-RT 21 17 239 87.6 12.4
FG25-Si-RT 21 25 228 83.1 16.9
FG30-Si-RT 21 30 223 80.3 19.7
FG17-Si-250 250 17 217 87.7 12.3
FG25-Si-250 250 25 218 83.3 16.7
FG30-Si-250 250 30 219 80.6 194

concentrations, x, ranging from 0.11 to 0.19, grown onto glass
and Si(100) substrates, setting the substrate temperature dur-
ing growth at room temperature (RT) and 250 °C. The MEC
coefficient behavior is studied by a magnetoelastic energy
model based on the elastic average grain interaction approach.

II. EXPERIMENTAL

Fe-Ga thin films were grown by magnetron sputtering on
glass and naturally oxidized Si(100) substrates from 3.8-cm
diameter Fe-Ga alloy targets with nominal atomic compo-
sitions, x{‘g‘im =0.17, 0.25, and 0.30. No thermal treatments
were carried out on the Si(001) substrates prior to the sample
deposition. The thickness of the oxide layer on such sub-
strates was found to be ~ 2 nm, according to TEM studies
previously reported [32]. The deposition process was car-
ried out into a vacuum chamber where the substrate-target
distance was fixed to ~ 5 cm using the following deposi-
tion conditions: Base pressure <1.5 x 107® Torr, argon
pressure 2.7 mTorr, sputtering power 20 W, and deposition
rates of Ry 17 ~ 0.136 nm/s, Ryos ~ 0.144 nm/s, and Ry3 ~
0.156 nm/s, respectively. Three sets of three films each with
the Ga concentrations, x{‘g‘im, were grown. The first set of
samples was fabricated at RT on glass substrates, while the
second one was also grown at RT but on Si substrates. The
last set of samples was also fabricated on Si substrates using
a substrate temperature (Ts) of 250 °C during the deposition.
The samples were grown with nominal thicknesses of 200 nm
on ~100-150 pum thin substrates to facilitate flexing of the
film/substrate system for magnetoelastic curvature measure-
ments. The films studied in this work were labeled based on
the type and temperature of the substrate, in addition to the
nominal target Ga concentration, as summarized in Table 1.

The chemical composition of the samples was determined
by Rutherford backscattering (RBS) using a NEC 1.7 MeV
Tandem accelerator with a NEC RC43 high vacuum end sta-
tion attached, with 2 MeV He™ ions [33]. The film thickness
was also estimated by RBS measurements and confirmed by
measuring the step height in a profilometer. Composition val-
ues measured in the samples were consistently lower than the
nominal composition of the targets. This Ga loss during the
growth process has been previously reported [29,34,35] and
was attributed to the growth kinetics [29,36]. The composition
(xggm, xgi;m) and thickness values of the samples are also
summarized in Table I.

The structure and texture were characterized using a Pan-
alytical Empyrean diffractometer equipped with a Cu X-ray
tube (Ag,Cu =0.15418 nm) and an Eulerian cradle. The
crystal structure was determined using conventional Bragg-
Brentano 6-26 geometry, while the crystallographic texture
was studied from pole figures using the so-called Schulz
method [37].

The magnetometry study was performed by using a vibra-
tion sample magnetometer (VSM-Lakeshore 7404) with an
applied field H along several in-plane angles ¢y .

We used the cantilever deflection method to measure the
MEC coefficients. In this technique, a sample with a large
length-to-width ratio (= 3) is mounted as a cantilever, i.e.,
it is fixed at one edge and the other is left free to allow
the deflection of the cantilever [see Fig. 1(a)]. A laser beam
is split into two beams that hit the sample at two positions
(separated by millimeters), along its longest direction. The
reflected beams reach two photodiodes (called fixed and free)
that serve as position-sensitive detectors. The magnetostric-
tive effect is generated by applying an external magnetic field,
Hext ~ 0.3 T, large enough to saturate the magnetization of
the sample along the Hy direction. For this experiment we
apply H.y in two perpendicular directions H, and H, that
induce a change in the curvature of the crystal as shown in
Fig. 1(b). This causes a displacement of the reflected beams
in the photodiodes, which results in a change in the measured
voltage signal. To convert the voltage change into a position
change of the reflected beams, it is necessary to calibrate the
photodetectors. We carried out this calibration by moving the
detectors horizontally by 10 um using a micrometer screw.
Thus, we correlated this known shift with the induced voltage
change. Calibration factors were (0.61 + 0.04) mV/m and
(0.58 £+ 0.04) mV/m for the fixed and the free detectors,
respectively. Finally, the sample bending is quantified by the
output signal changes of the detectors. Through these data and
the consideration of the experimental geometry, the curvature
change of the cantilever, Ak, can be calculated considering
the following expression [18,38,39]:

_ Afree - Aﬁxed

Ak = , ey

215p0thD
where Agee and Agxeq are the signal changes of the free
and fixed detectors for two perpendicular magnetization di-
rections, /g is the distance between the two laser spots at the
sample surface, and Ipp is the distance between the sample and
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FIG. 1. (a) Experimental of the cantilever deflection method; /pp is the distance between the sample and the photodetector and g, is the
distance between the two laser spots at the cantilever sample. (b) Scheme of the cantilever sample in the unstressed state (H = 0) and the
stressed state (H = H.,) with the deflection of the beam. H,,, is applied in two perpendicular directions H,, and H,.

the photodetector. The curvature change Ak is proportional to
the MEC coefficient B [13,23,40]:

Y,d2
B= "5
6(1 4 vy)dr

where Y is the substrate Young’s modulus, d; and dp are
the thicknesses of the substrate and film, respectively, and the
v, 1s the substrate Poisson’s ratio.

Ak, 2)

III. RESULTS
A. Structural

Figure 2 shows the diffractograms of sputtered Fe-Ga thin
films deposited under different conditions. The XRD patterns
were measured at x = 30° from the sample normal in order
to avoid overlapping peaks coming from the monocrystalline
Si substrate. For all samples, three diffraction peaks can be
distinguished at 260 ~ 44.2°,62.4°, and 82.1° corresponding
to the (110), (200), and (211) reflections of the A, Fe-Ga
disordered phase. Also, we can observe a small diffraction
peak at 26 ~ 54.8° in the samples grown on Si substrates
with measured composition xgi:lm ~ 0.19 for all temperatures
(FG30-Si-RT and FG30-Si-250 samples), which according to
several authors is attributed to the (222) reflection of the DO3
ordered phase. The metastable phase diagrams of bulk-Fe-Ga
suggest that the samples showing this additional peak are in
the zone of coexistence of phases A,+DO3, according to the
range of composition and temperatures covered.

The diffractograms were refined by a simple full pattern
Rietveld-type refinement model that has been developed to
extract accurate lattice parameters, a, from a single XRD
measurement of a textured multiphase sample [29]. We have
found that a values increase slightly with the Ga concentration
for A, Fe-Ga samples. This behavior has been extensively
reported in the literature [41—44] and is attributed to the incor-
poration of Ga atoms into Fe lattice, due to the atomic radius
of Ga (0.181 A) being slightly greater than Fe (0.172 A) [41].

The crystallographic texture of the samples was obtained
for the (110), (200), and (211) reflections. From the experi-
mental pole figures, the recalculated pole figures (RPF) and

the orientation distribution function (ODF) were determined
using the MTEX code [45].

In previous works we showed how the ODF is calculated
by using MTEX [29,34]. The RPF results for two representative
samples: FG17-G-RT and FG17-Si-250 samples are shown in
Figs. 3(a) and 3(b), respectively. We observed that all samples
grown onto glass substrates do not present any preferential
texture, that is, the crystallites in the films are randomly dis-
tributed.

This result is characterized by the little differences be-
tween maxima and minima of intensities in RPFs, as shown
in Fig. 3(a) for FG17-G-RT. On the contrary, samples grown
onto Si(100) substrates show two weak fiberlike textures,
where the (113) and (111) are oriented normally to the film
plane, as shown in Fig. 3(b) for FG17-Si-250. This analysis
also indicates that samples with fiberlike texture present an
in-plane isotropic behavior similar to the samples with a ran-
dom distribution. The portion weight results suggest that the
texture in both Si samples studied is similar.

B. Magnetic structure

Figure 4 shows the hysteresis loops for three representa-
tive samples (FG17-G-RT, FG17-Si-RT, and FG17-Si-250),
in which H was applied at several in-plane substrate direc-
tions ¢y . The saturation magnetization decreases from 1500
to 1100 kA/m as xgi‘,im increases. This behavior has been
observed for all the studied samples and was attributed to
a reduced average magnetic moment per Fe atom when the
Fe content decreases [43,44] (see Table I). Also, we can ob-
serve that the type of substrate and the deposition temperature
do not present a significant influence on the magnetization
value [43].

The coercive field, uoH,. (where pg is the vacuum per-
meability, 1o = 47 x 1077 Vs/Am), ranges from 1.43 to
5.14 mT and the normalized remanent magnetization M, /M;
from 0.84 to 0.93. We observed that samples grown onto glass
substrates present a small uniaxial anisotropy, probably re-
lated to spatial inhomogeneities during the sputtering process.
This result is characterized by the small difference between
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FIG. 2. XRD patterns for (a) Fe-Ga on glass, (b) Fe-Ga on Si RT, and (c) Fe-Ga on Si 250 °C. The red, green, and blue lines for each case
correspond to samples at x = 0.11, 0.16 and 0.19, respectively. Diffractograms were measured at x = 30° from the sample normal.

M, /M and poH, along several field directions as shown
Fig. 4(a) for FG17 — G — RT. Samples grown onto Si(100)
substrates evidence the presence of a uniaxial anisotropy as

(110)

Max: 1.2
Min: 0.81
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FIG. 3. Representation of RPFs for (a) FG17-G-RT and
(b) FG17-Si-250 samples, obtained from the ODF. The color bar
corresponds to the maximum and minimum intensity presented for
each sample.

shown in Fig. 4(b) for FG17-Si-RT. For these samples, the
easy axis is along the [100]g; direction, indicated by the fact
that M, /M and uoH, values are higher for this direction. The
hard axis is along the [010]g; direction, and it is characterized
by a lower remanent magnetization and a smaller coercive
field. It is interesting to note that, although the native Si
oxide is amorphous, the anisotropy Fe-Ga axis aligns along
one of the (100) crystallographic Si axes; this behavior was
already observed for us in previous studies [29,35]. Finally,
we have observed that the samples become more isotropic
when we increase the sample temperature during the growth
process, which is reflected by the fact that M, /M and puoH, do
not present significant variations along the different in-plane
directions, as shown in Fig. 4(c) for FG17-Si-250.

C. Magnetostriction

Figure 5 shows the experimental data obtained for the
curvature change Ak through a cycle in which the magnetic
field is applied 25 s along the length, then 25 s along the width,
and finally, another 25 s along the length for the FG17-Si-250
sample. Similarly, cantilever deflection measurements were
carried out for each of the studied sample sets and the obtained
Ak values are summarized in Table II.

From Ax we are able to calculate the B value for all
the studied samples by using Eq. (2). The dr values were
measured by RBS and those of d; by using a micrometer.
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FIG. 4. M vs H loops for (a) Fe-Ga on glass, (b) Fe-Ga on Si RT, and (c) Fe-Ga on Si 250 °C, measured at different in-plane angles.

Y,’s were measured by the vibrating reed method [46,47] and
the v, coefficients were extracted from Ref. [48]. All the
parameters involved in the MEC coefficient calculations are
shown in Table IIT and the values of B for the studied samples
are presented in Table II.

Figure 6 shows the B values as a function of the xggm
measured through the cantilever deflection method for the
three sets of samples. The B values range from —3 to
—9 MJ/m?, depending on the Ga concentration, substrate
type, and substrate temperature during growth. The fact that
B’s are negative indicates that the magnetoelastic energy is
reduced when the films are subjected to a tensile stress, as we

have previously reported in Ref. [34], and this implies a pos-
itive magnetostriction. The B values found are in agreement
with those reported by several authors [26-28].

Both sets of samples, on glass and Si, present the same
main tendency; B has similar values for the two lower x5Im
(~0.12 and ~0.16) and decreases for xgi;m ~ 0.19. The sam-
ples grown on glass show systematically lower B values than
those grown on Si, indicating a larger magnetoelastic response
for the samples on glass. In the next section we will discuss
this behavior. On the other hand, the Fe-Ga/Si(100) samples
present a similar behavior when grown at RT and 250 °C.
Only for xg, ~ 0.19, the sample grown at 250 °C presents

TABLE II. Magnetic parameters of Fe-Ga samples. We also present the Ax values used to estimate B. In the table, the associated errors

are M, (£ 100), Ak (£ 0.2), and B (& 0.5).

Sample X X M Ak B
T, (°C) Xigr (kA/m) (1/km) (MJ/m?)

FG17-G-RT 21 17 1500 —4.6 -5.9
FG25-G-RT 21 25 1300 —54 -7.0
FG30-G-RT 21 30 1200 —5.6 -93
FG17-Si-RT 21 17 1500 —2.8 —-2.9
FG25-Si-RT 21 25 1300 -3.0 -3.2
FG30-Si-RT 21 30 1200 —4.9 —53
FG17-Si-250 250 17 1400 —34 —3.6
FG25-Si-250 250 25 1200 —-32 —3.7
FG30-Si-250 250 30 1100 —6.3 —-6.9
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TABLE III. Film and substrate parameters used in Eq. (2) for studied samples. In the table, the associated errors are Y; (£ 0.5), d, (+ 10),

and dp (£5).
Sample Substrate parameters
YY (Gpa) Vs ds (um) dF (nm)

FG17-G-RT 76.4 0.22 164 221
FG25-G-RT 76.4 0.22 165 218
FG30-G-RT 76.4 0.22 186 219
FG17-Si-RT 130.0 0.28 121 238
FG25-Si-RT 130.0 0.28 120 228
FG30-Si-RT 130.0 0.28 119 222
FG17-Si-250 130.0 0.28 116 217
FG25-Si-250 130.0 0.28 122 218
FG30-Si-250 130.0 0.28 119 219

a lower B value with respect to the sample fabricated at RT.
The overall result observed on Si samples is expected if we
take into account that the crystalline texture is similar for the
two sets of samples grown on Si, as we show in Sec. IIT A.

IV. DISCUSSION

In order to gain a deeper understanding of the magne-
toelastic behavior, we analyze the role played by the elastic
properties in the magnetoelasticity. In particular, it is im-
portant to consider the averaging mechanism of crystallites
in polycrystals, since the effective stiffness and compliance
tensors are related, for instance, to the residual stresses in
the samples [34] and also to the magnetoelasticity [49,50]. In
the general case of an in-plane isotropic film with a fiberlike
structure along the growth direction (the samples grown on Si
in this work), the magnetoelastic-free energy can be derived

3.5 +————1——————— . .
—0O— FG17_Si_250 ]

3.0 4 9@%@ e -

2.5 i

— M
= = <31 |
— \
< J
1.0 .
0.5 .
0.0 @W ST SR -
T T T v T T T T T T T T T T T
0 10 20 30 40 50 60 70
Time (s)

FIG. 5. Film curvature as a function of time of a typical cycle in
which the magnetic field is applied 25 s in each direction for sam-
ple FG17-Si-250 measured at RT. M subscripts, width and length,
indicate the magnetization direction.

from the expression for a tetragonal system [13]:
Er[ri; = Btle‘(snaf + 8220[%) + Btzet(&‘]la% + 8220[%)
+ Bf'ezza3 + 4B (e300103 + £2300003)
+ 4B (e1p0102), 3)

where o, o, and a3 are the direction cosines related to the
magnetic moment orientation; ¢; represents the strain along
the i direction; and ¢;; is the shear strain associated to ij
directions. B and B5' are the MEC coefficients related to
the in-plane normal strains; B§' is the normal strain in the
perpendicular direction. Finally, B§' (B) represents the shear
strain perpendicular (parallel) to the sample plane. By setting
B = Bt = Bf® we constrain the system to have a magne-
toelastic isotropic behavior in the film plane as expected for a
fiberlike system. For our study, oz = 0, because the external
magnetic field is applied in the film plane, then the terms
related to o3 can be discarded in Eq. (3). Moreover, to evaluate
B, our experiment takes into account only the strain along the
applied magnetic field direction (set along x or y axes at a
time)[ 18]; this means that the surviving terms are those related
purely with «; or «,. Thus, Eq. (3) can be expressed for our
fiberlike samples and measurement geometry as:

EX = B®(e10f + e003), 4)

where B corresponds to the MEC coefficient obtained ex-
perimentally via Eq. (2).

Now we proceed to derive a simple model for an isotropic
system. This is the case of our samples on glass that will be
correctly modeled because no texture was detected. However,
we are also able to describe the Fe-Ga/Si samples with this
simple isotropic model by taking into account that the mi-
crostructure of these samples presents a weak fiberlike texture
as mentioned in Sec. IIT A.

For an isotropic system, it is possible to show that the
magnetoelastic behavior can be modeled with an only MEC
coefficient. Kittel in Ref. [51] derives this from the magnetoe-
lastic energy of a cubic crystal, namely,

cub cub 2 2 2
Eml:: = Blu (8110!1 + &0y + 8330(3)
cub
+2B5" (spa10n + e300z + e3103001).  (5)

By considering BS"™ = BS'™® = B°_ it is possible to show that
A100 = A1 = A, This fact assures that the same change in
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length is obtained along any crystal direction [51], what is
required in an isotropic system. Under these assumptions, A"*°
and B"° are related in the following way:

2 Biso

iso _ _ =~
AT = 3 Ciso _ ciso ’
11 12

(6)

where ¢, ¢ are the elastic constants for the isotropic case
that presents two independent elastic constants [52]. Taking
into account that our isotropic polycrystal Fe-Ga samples are
composed for cubic crystallites randomly arranged, we are

able to use the following relation [53]:

4 2 3
AP = A0 = 20000 + S A1, @)
5 5
where Ajpo and A are the magnetostrictive constants for a
single crystal that are directly related to the MEC and elastic
constants through the following expressions [51]:

2 B,
Ao = —5————, (8)
3ci—cn2
1B,
Al = Tem 9

where c;1, c12, and c44 are the independent elastic constants
for a single crystal with cubic symmetry.

By replacing the expression for A% given in Eq. (7) in
Eq. (6), we arrive at the following expression for Bi*°:

iso (2 Bl
Bo=(-—"L 4
Scii—cn2

In that way we are able to express B'*° as a function of the
MEC coefficients and the elastic constants of the cubic Fe-Ga
single crystal and the ones corresponding to the polycrystal
assumed as isotropic. Usually, the stiffness components in
isotropic systems are expressed as a function of k and p,
which are related to ¢ and ¢'% in the following way [52]:

3 BZ iso iso
E@)(ﬁi —dy). 10

. 4
ar=k+ §M’ (11)
iso 2
cy =k— gu (12)
Then, we can rewrite Eq. (10) as:
. 4 B 3B
Biso — (_—1 + __2>M (13)
Scii—ci2 Scus

The relation between p and the elastic constants of the
cubic single crystal depends on how the crystallites interact
among them. In the literature, we can find different grain
interaction models (with different degrees of complexity) that
deal with the strain-stress states of the crystallite that compose
the samples [54-57], and generally they have to be solved
numerically. The simplest approaches are the Voigt [58] and
Reuss [59] models. The Voigt-type averaging assumes that the
crystallites are equally strained, while for Reuss the stresses
are assumed to be constant along the sample [60-63]. These
two models are the physical limits of the elastic behavior of
crystals; however, the actual behavior is generally an inter-
mediate state of those given for the Voigt- and Reuss-type

-8 ® FG-G-RT
1 FG-Si-RT
-9 A FG-Si-250
1 | — Voigt
=10 | === Reuss
- T T T T T T T T T T T T T T T T T T
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FIG. 6. B as a function of the x5!™ measured by the cantilever
deflection method and limit values determined by the Reuss and
Voigt models.

grain interaction. In the Voigt and Reuss limits, @ presents
the following expressions [64]:

5G; - G,
reuss — AN~ - o~ 14
Prewss = 55776, (14)
(2G1 +3Gy)
Mvoigt = % (15)

where G| = %(c” —cy2) and G, = c44. Using these values
for 4 in Eq. (13), we calculate B in the Voigt and Reuss
limits. The calculated values are shown in Fig. 6. The elastic
constants (cy1, c1o and c44) and MEC coefficients (B and
B;) corresponding to the Fe-Ga single crystal at different
concentrations studied (x5™ ~ 0.11, 0.16, 0.19) were taken
from Refs. [65] and [12], respectively. We can observe that
the experimental B values for the samples grown on Si are
within the range delimited by the Voigt and Reuss models. It is
important to note that as the samples on Si show a weak fiber-
like texture, then small deviations of the B values with respect
to those calculated with our isotropic model can be found.
For textured samples, more complex models were developed
[54-56] in order to take into account the anisotropy due to the
textures. On the other hand, for the samples grown on glass, B
displays values compatible with a Voigt-type elastic behavior,
indicating that the grain interaction occurs at constant strain
for all crystallites. Although both substrates are amorphous,
the results suggest that the film/substrate interaction plays
an important role in the determination of the crystallographic
and, therefore, in the magnetoelastic behavior. In order to un-
derstand the effect of such an interaction, we think that further
studies on this topic should be focused on the joint treatment
of the elastic properties of the films and substrates, with the
goal to understand the mechanical behavior, particularly at the
substrate/film interface.

V. CONCLUSIONS

In this work, the MEC coefficients of sputtered Fe; ,Gay
thin films have been determined in order to study the
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magnetoelastic response of samples grown on different sub-
strates. Texture measurements reveal that all samples are
isotropic in the film plane, allowing to describe the magne-
toelasticity with a single MEC coefficient in such a plane.

The results show that the samples on glass present a
larger magnetoelastic response with respect to those grown on
Si(100). Focusing on the role played by the elastic properties,
we propose a model based on the grain interaction model for
isotropic systems, i.e., Voigt and Reuss limits. We have found
that the samples grown on glass show a strong Voigt-type be-
havior while those on Si(100) show an intermediate behavior
of the two models. Although both substrates are amorphous,
the different values obtained for Si and glass suggest that the
mechanical film/substrate interaction plays an important role
in the magnetoelastic properties.

This work also shows that a deeper understanding of how
the MEC coefficients depend on the crystallographic textures
and also the film/substrate interaction could provide a new
tool for manipulating the magnetoelastic properties in materi-
als with potential use in straintronic devices.
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