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We experimentally investigate thickness (t)-dependent evolution of structural and magnetic properties in
Co2 Fe0.4 Mn0.6 Si (CFMS) thin films and correlate them with ultrafast demagnetization time (τd ) and relaxation
time (τ1 ) as well as the Gilbert damping coefficient (α). Structural ordering and magnetic parameters, including
α, exhibit a nonmonotonic variation with increasing t. A remarkably low value of α of 0.009 is obtained for
the CFMS film with t = 20 nm without any buffer layers, which helps to avoid possible diffusion of the buffer
layer into CFMS. Highest saturation magnetization, lowest coercivity, and the α value imply CFMS film with
t = 20 nm is most suitable for integrated spintronics devices, viz. low-current switched spin transfer torque, and
magnetic tunnel junction with a high tunnel magnetoresistance ratio at room temperature. Despite the presence
of strain, a lower degree of chemical ordering in the low-t regime, and increased defect density in the high-t
regime, we obtained a reasonably low value of damping. In addition to the intrinsic fourfold magnetocrystalline
anisotropy, an induced uniaxial anisotropy is found, which also varies nonmonotonically with t. Finally, unique
band structure controlled demagnetization and fast relaxation in half-metallic CFMS is correlated to α.

I. INTRODUCTION

Cobalt (Co)-based full Heusler alloys show great potential for applications in spintronics [1]. Due to their high
spin polarization, they are extensively being used in tunnel
magnetoresistance (TMR) [2] devices to enhance the magnetoresistance ratio. On the other hand, having low magnetic
damping is a very important criterion for achieving low current
density in spin transfer torque switching devices [3] as well
as longer propagation of magnons suitable for magnonic
devices [4]. Being a low-damping material [2,5,6], Co-based
Heusler alloys are suitable materials for various spintronic and
magnonic devices. Recent investigation [7] shows high-power
(∼0.3 μW) spin torque nano-oscillators (STNOs) with very
low switching current (∼5.6 mA) and high Q factor (∼1120)
can be developed using half-metallic Heusler alloys. A number
of studies have been made on the evolution of structural and
magnetic properties with varying chemical composition [2,8,9]
and annealing temperature [10–12] in the pursuit of achieving
high spin polarization in Co2 MnSi full Heusler alloy systems.
To date, Co2 Fe0.4 Mn0.6 Si (CFMS) is known to have a very high
Curie temperature of about 1000 K with high spin polarization
leading to a high TMR ratio of 75% in comparison with
Co2 FeSi (46%) and Co2 MnSi (67%) [2]. However, full exploitation of CFMS Heusler alloys in spintronic and magnonic
devices requires thorough investigation of their structural
properties and their correlation with static and dynamic magnetic properties, including magnetic anisotropy fields, ultrafast
demagnetization, relaxation, and damping behavior. Variation
of the Gilbert damping parameter in CFMS thin films has been
studied as a function of postdeposition annealing temperature
of the thin film and its chemical composition [8,9]. However,
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structural quality as well as static and dynamic magnetic properties can change significantly with film thickness in thin films,
and this should be addressed thoroughly in CFMS thin films for
the development of various spintronic and magnonic devices.
Many of the previous measurements of magnetization dynamics for estimating the Gilbert damping coefficient (α) have been performed using ferromagnetic resonance (FMR) [2,9,12–16] and Brillouin light scattering
(BLS) [4,8,17] techniques which are indirect measurements
of magnetic damping. Time-resolved measurement gives a
direct measure of the damping coefficient from the exponential
decay profile of precessional oscillation and only a few studies
have been reported on the time-resolved magnetization dynamics of Co2 MnSi [5], Co2 MnAl [6], Co2 Cr0.6 Fe0.4 Al [18],
Co2 FeAl [19], Co2 Fex Mn1–x Al [20], and Mn-Co-Ga [21]
Heusler alloy thin films. However, to gain in-depth insight
more work needs to be done on the time-resolved magnetization dynamics of CFMS thin films. The time-resolved magnetization dynamics can also give important information about
ultrafast demagnetization [22] and subsequent relaxation processes. Apart from the above static and dynamic magnetization
behaviors, an induced uniaxial anisotropy in Heusler alloy thin
film is found in some previous studies [10,23,24] but the origin
of this anisotropy remains an open question. The existing literature concerns the study of CFMS thin films deposited on some
buffer layers [2,9,13] to eliminate the lattice mismatch with the
substrate and thereby make an improvement in the crystal quality. However, possible diffusion of buffer layer material into
CFMS may significantly change the structure of the sample,
which may adversely affect the magnetic properties [13].
Taking the above issues into consideration, here we have
studied the influence of variation of film thickness (t) on crystalline structure along with chemical ordering and magnetic
properties of CFMS thin films deposited on a MgO (100)

substrate without any buffer layer. Our investigation reveals
that a nonmonotonous variation in crystalline structure with
t has a direct influence on the magnitude of α and magnetic
anisotropy present in the sample, obtained from time-domain
magnetization precession. Further, we show the presence of
uniaxial anisotropy in the whole thickness regime, contrary to
an earlier report [25]. Finally, we qualitatively correlate the
demagnetization time (τd ) and the fast relaxation time (τ1 )
to the observed value of α in view of the three-temperature
model [26,27].
II. EXPERIMENTAL DETAILS

The Co2 Fe0.4 Mn0.6 Si thin films were deposited epitaxially
on a single crystalline MgO (001) substrate using
ultrahigh-vacuum magnetron sputtering at a base pressure
below 1 × 10−7 Pa. A 2-nm-thick protective layer of aluminum
(Al) was deposited at room temperature on top of the CFMS
films to prevent oxidation and deterioration of the film with
time and during exposure to a high-power femtosecond laser
during the time-resolved measurements. During the deposition
process, the substrate was kept at room temperature. In situ
postdeposition annealing was performed after deposition of
CFMS at 500 ◦ C for 1 h in order to improve the crystalline
structure quality and to promote the chemical ordering. The
thicknesses of the films were chosen to be 10 nm (S10), 20 nm
(S20), and 30 nm (S30). In situ reflection high-energy electron
diffraction (RHEED) patterns from the films were taken to
investigate the surface quality during deposition of the films.
Those RHEED patterns showed clear improvement in the
crystallinity of the thin films after high-temperature annealing.

Ex situ x-ray diffraction (XRD) patterns were obtained using
Cu K-alpha source in θ -2θ geometry. Magnetic hysteresis
loops at room temperature were measured using a vibrating
sample magnetometer (VSM) with in-plane applied magnetic
field orientations along the [110] and [100] directions. The
ultrafast magnetization dynamics of the samples was measured
by using an all-optical time-resolved magneto-optical Kerr
effect (TR-MOKE) microscope [28]. The second harmonic
(λ = 400 nm, pulse width = 100 fs) of a mode-locked
Ti-sapphire laser (Tsunami, Spectra Physics) was used to pump
the samples, whereas the time-delayed fundamental laser
beam (λ = 800 nm, pulse width = 80 fs) was used to probe the
magnetization dynamics by measuring the magneto-optical
Kerr rotation as a function of the time delay between the pump
and probe beams. The time-resolved reflectivities for all three
samples were measured simultaneously and no breakthrough
of reflectivity data in Kerr rotation was observed. Both the
pump and probe beams were made collinear and were focused
by using a microscope objective to spot sizes of about 1 µm
and 800 nm, respectively, on the sample surface. A variable
bias magnetic field was applied at a small angle (∼5◦ –10◦ )
to the sample surface, the in-plane component of which
was defined as H . Further, the azimuthal angle (ϕ) of the
in-plane H was varied during the measurement by rotating
the sample using a high-precision rotary stage while keeping
the microscope objective and the magnetic field constant.
III. RESULTS AND DISCUSSIONS

XRD patterns from the conventional θ -2θ geometry (outof-plane) measurements for CFMS thin films with three
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FIG. 1. (a) XRD θ -2θ patterns for the CFMS films with varying thickness and (b) variation of normalized (400) peak intensity and integrated
intensity ratio IA (200)/IA (400) with t. (c) RHEED images for all the samples showing variation in diffraction spot along both MgO [100] and
MgO [110] directions. (d) Cross-sectional TEM images at lower resolution and (e) magnified higher resolution for S10; (f) lower resolution;
(g) magnified higher resolution for S20.

different values of t are shown in Fig. 1(a). Detailed investigation of the diffraction patterns reveals the presence of
CFMS (200) and CFMS (400) peaks with comparatively lower
intensities than the most intense MgO (200) peak arising from
the substrate. In the phase diagram of CFMS, there exist three
phases: the L21 phase showing perfect chemical ordering, the
B2 phase where the Co atoms occupy the regular sites with Fe
or Mn and Si located randomly, and the A2 phase of totally
disordered structure. An earlier report by Gabor et al. [10]
shows that as (200) is a superlattice peak of the B2 or L21
phase, the presence of a (200) superlattice peak suggests that
the chemically ordered B2 phase and/or L21 phase is formed
in all cases. The integrated intensity ratio of (200) and (400)
diffraction peaks, S = IA (200)/IA (400), provides the atomic
site ordering or crystallinity of Co in CFMS, whereas the
intensity of the (400) peak represents the overall crystalline
structure of the Heusler alloy, irrespective of its chemical
phase. This order parameter S along with normalized (400)
intensity (Inorm ) exhibits a large increment for S20 as compared
to S10, as shown in Fig. 1(b), which indicates improved Co
atomic site ordering for S20. However, for S30, S shows a
slight decrement suggesting a reduction in Co atomic site
ordering in S30 as opposed to S20. It suggests that even if the
overall crystalline structure improves significantly in S30, the
chemical ordering in this sample degrades slightly. The lattice
constant does not vary much with t as can be seen clearly
from the unchanged 2θ position of the (400) peak. However,
the value of the full width at half maximum (FWHM) of the
(400) peak decreases with the increase in t of the CFMS layer
which implies that the degree of crystal orientation improves
by a large amount in S20 as compared to S10, whereas no
further significant improvement is observed in S30 from S20.
Misorientation in the crystal axis in S10 might be due to the
strain developed as a result of lattice mismatch between MgO
and CFMS.
As mentioned above, the appearance of a (200) superlattice
peak originates from the formation of a chemically ordered
B2 phase or L21 phase. Thus it is difficult to quantitatively
determine the amounts of B2 phase and L21 phase from the
out-of-plane XRD pattern. Apart from the present samples,
we also carried out the in-plane XRD measurement for
thicker CFMS thin films, which were prepared using the same
preparation method as the present samples. That thick CFMS
showed the clear (111) superlattice peak in the in-plane XRD
patterns, implying that the L21 phase may exist also for the
present CFMS films. It is noted that even the chemically
ordered B2 phase possesses the high spin polarization.
Figure 1(c) shows the in situ RHEED patterns of all
the CFMS samples along the MgO [100] and MgO [110]
directions. The definite reflected spots in the RHEED patterns
in all cases ensure the well-defined epitaxial growth of CFMS
over MgO with the crystal orientation of MgO (001)||CFMS
(001), MgO [100]||CFMS [110]. Elongated reflection spots
along the vertical direction of the RHEED patterns are called
the streak lines, which provide significant information about
the surface quality of the thin film [29]. The presence of streak
lines with a slight variation in intensity signifies good surface
quality in all three present samples. Intense and clear streak
lines in S20 confirm coherent scattering of the electrons over
a large reciprocal space resulting from high-quality surface

structure, the best among all three samples presented here. The
diffusive background intensity suggests that S10 includes the
large epitaxial strain, which gives rise to the poor crystallinity
of CFMS.
Crystalline ordering or crystallinity in Heusler alloys
plays a consequential role in controlling the static and
dynamic magnetic properties. To understand the microstructural crystallinity of the studied samples, we investigated
bright-field cross-sectional transmission electron microscope
(TEM) images for samples S10 and S20 in both low and
high magnification, high-resolution scale. These images are
presented in Figs. 1(d)–1(g). The lower-magnification images
for both samples show a flat surface and continuous film
structure. The sharp CFMS/Al interface in both samples rules
out any possible interdiffusion between CFMS and Al layers.
The high-resolution and high-magnification images reveal
well-defined crystallinity along the thickness and confirm the
epitaxial growth over MgO (100). In the high-resolution image
for S10, the presence of lattice mismatch induced strain is
clearly observed.
Magnetic hysteresis loops of the samples have been measured using VSM at room temperature. Figures 2(a)–2(c) show
the variation in magnetization (M) with the in-plane magnetic
field H applied along the [110] and [100] crystallographic
orientations of the CFMS films. The sharp and nearly square
hysteresis loops with very high or nearly full remanence
suggest that the [110] axis is the easy axis whereas much lower
remanence values for the [100] direction suggest [100] as the
hard axis of the CFMS thin films. The values of saturation
magnetization (Ms ) and Hc at room temperature extracted
from the hysteresis loops are 850, 898, and 884 emu/cm3 and
10, 8, and 14 Oe for S10, S20, and S30, respectively. Here
the values of Ms are significantly less than the bulk Ms value
(1050 emu/cm3 ) reported for CFMS [25]. The increment of Hc
in S30 as compared to S20 can probably be associated with the
decreased crystallinity and an increase in defect density [10].
Noticeably, the hysteresis loop for S10 exhibits a two-step
reversal process. A recent report [30] suggests that mechanism
behind this type of two-step reversal process in Heusler alloy
is the presence of uniaxial anisotropy.
The experimental results of time-resolved magneto-optical
Kerr rotation (θk ) for the S20 sample is shown in Fig. 2(d). The
time-resolved data can be divided into three distinct temporal
regimes, namely, (I) ultrafast demagnetization within hundreds
of femtoseconds (fs), and (II) a fast relaxation within ∼few
picoseconds (ps), followed by (III) a slow relaxation within
a few hundreds of ps along with an oscillatory Kerr rotation
signal corresponding to precession of magnetization. The fast
(τ1 ) and slow (τ2 ) relaxation times are extracted by fitting the
postdemagnetization data with a biexponential decay function.
Subsequently, by subtracting this biexponential decay function
from the time-resolved Kerr rotation data the precessional
oscillation is separated out. The power spectrum in frequency
domain is extracted by performing fast Fourier transform
(FFT) on the precessional magnetization data. Figure 2(e)
shows the background subtracted Kerr rotation data and
Fig. 2(f) shows the corresponding FFT power spectrum for
the sample S20 at a bias field of H = 1.05 kOe.
Here we first discuss the precessional dynamics in region
III, while the ultrafast demagnetization (region I) and fast
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FIG. 2. M-H curves of CFMS films deposited on MgO (100) for (a) S10, (b) S20, and (c) S30, with applied magnetic field along the [100]
and [110] directions. (d) Typical Kerr rotation data in millidegree (m deg) obtained from TR-MOKE corresponding to change in magnetization
(black solid line is biexponential background). (e) Kerr rotation oscillation for magnetization precession [solid line is fitting with Eq. (3)].
(f) Power distribution of oscillation in frequency domain.

relaxation (region II) phenomena will be discussed subsequently. All three samples show a single-frequency oscillation
corresponding to uniform precession of magnetization and the
precession frequencies show clear variation with the strength
of the bias magnetic field as shown in Fig. 3(a). The uniform
precessional dynamics is analyzed using macrospin modeling
of the Landau-Lifshitz-Gilbert (LLG) equation [31] given by
the following equation.


d m̂
d m̂

= −γ (m̂ × Heff ) + α m̂ ×
.
(1)
dt
dt
Under small-angle approximation, the frequency (f ) vs
bias magnetic field (H ) can be expressed by the Kittel formula
given by


γ
2K2
4K4
f =
H+
cos 2φ −
cos 4φ
2π
MS
MS
1/2

2K2
K4
(3 + cos 4φ)
cos2 φ −
,
× H + 4π MS +
MS
MS
(2)
where γ is the gyromagnetic ratio, K2 is the uniaxial magnetic
anisotropy constant, K4 is the fourfold or cubic magnetic
anisotropy constant, and ϕ is the angle between H and the
easy axis of the sample. The magnetomechanical constant g
is related to γ by γ = gμB where μB is the Bohr magneton
and  is the reduced Planck’s constant. Evolution of Kittel

mode frequency with H , which is shown in Fig. 3(a) for all
three samples, is fitted with the Kittel formula for the uniform
spin-wave mode with ϕ = 0◦ . Ms and g values for all the
samples are extracted from the fitted curves. Obtained values
of Ms and g from the fitting are 850, 898, and 884 emu/cm3 and
2.28, 2.28, and 2.29 for S10, S20, and and S30, respectively.
The Ms values obtained from the Kittel fit are in good
agreement with those obtained from the VSM measurements.
In our case, excitation of the uniform spin wave is mainly
observed in all the samples. Recent in-depth studies [32–34]
of spin-wave excitation using tightly focused laser pulses in
similar geometries have revealed the possibilities of excitation of nonuniform (perpendicular standing spin wave and
propagating spin wave) spin waves, which may affect uniform
precessional magnetization dynamics and magnetic damping.
However, the perpendicular standing spin-wave (PSSW) mode
with lowest possible frequency (n = 1) formed in these CFMS
thin films will have much higher frequencies than the uniform
mode frequencies observed in our experiment. This ensures
a negligible possibility of interaction between uniform and
PSSW modes in our samples. Even in a 30-nm-thick sample,
where the n = 1 PSSW mode will have the nearest frequency
to uniform mode frequency, only a small fraction of the
PSSW (n = 1) mode would be probed due to the small skin
depth of the laser beam in the metallic films. Time-resolved
magnetization dynamics in our case has been measured with
pump and probe beams overlapped within an area <1 μm2
for all samples, which ensures probing the uniformly excited
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FIG. 3. (a) Variation in precession frequency f as a function of
applied bias magnetic field H for all three samples. (b) Variation in
f with in-plane magnetic field orientation [symbols are experimental
data and solid line is fitting with Eq. (2)].

the cubic crystal structure of CFMS and it is the dominant
anisotropy energy in the studied thin films. In addition, an
induced uniaxial anisotropy is found in both the S10 and S30
samples but it is negligible in S20. The uniaxial anisotropy
is much stronger in S30 (K2 = –1.42 × 104 erg/cm3 ) than in
the S10 (K2 = –0.7 × 104 erg/cm3 ) sample. Earlier reports
[35–37] discussed many possible origins for this induced
uniaxial anisotropy: anisotropic strain relaxation, anisotropic
formation of chemical bonds, miscut in the substrate, interfacial roughness due to large lattice mismatch, interfacial
alloy formation, and surface morphology. In our case, there
is a large lattice mismatch between the MgO substrate and
CFMS layer (the lattice constants of CFMS and MgO are
aCFMS = 0.565 nm and aMgO = 0.454 nm, respectively) which
will induce
the tensile strain in the CFMS layer because
√
aCFMS / 2 < aMgO . In the lower-t regime, a strain develops
across the thickness of the film resulting in additional uniaxial
anisotropic energy. With increasing t, the strain relaxes,
resulting in negligible uniaxial anisotropy in S20. However,
with further increase in t the reduced crystallinity in addition
to preferential orientation of defects may be related with an
induced uniaxial anisotropy. A previous study [10] reported
that as the degree of chemical ordering improves the fourfold
magnetocrystalline anisotropy increases with a nonmonotonic
variation in uniaxial anisotropy.
The unique electronic band structures of Heusler alloy
materials make them interesting and promising for potential
applications in spintronics. To this end, we investigated the
ultrafast demagnetization (τd ) and subsequent fast relaxation
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region. Assuming that some propagating spin waves may have
been generated, which we could not detect because of the
absence of spatial separation between pump and probe beams,
they would carry out some energy from the excitation area and
enhance the damping. However, observation of small values
of damping in the CFMS films rules out this possibility. In
addition, generation of propagating spin waves in our case will
affect all the samples in the same manner, without affecting
the relative changes in the dynamic parameters.
In order to understand the distribution of anisotropy energy
in the CFMS films, precessional frequency was measured at
a fixed value of H applied along different directions making
an azimuthal angle (ϕ) with the easy axis of the samples.
Figure 3(b) shows the variation in frequency with ϕ for
H = 1.6 kOe, which ensures a saturated magnetization state
for all samples. The detailed investigation of the variation in
frequency with ϕ exhibits a significant change in anisotropy
energy as well as symmetry of the easy axis. All the samples exhibit clear fourfold rotational anisotropy, i.e., cubic anisotropy,
with the easy axis along the [110] direction. However, the
value of anisotropy energy changes with t. The value of the
cubic anisotropy energy constant is maximum for the sample
S20 (K4 = –2.56 × 104 erg/cm3 ), which slightly reduces in
S10 (K4 = –2.50 × 104 erg/cm3 ) but reduces significantly in
the S30 (K4 = –2.09 × 104 erg/cm3 ) sample. This anisotropy
is found to be magnetocrystalline in nature originating from
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FIG. 4. (a) Ultrafast demagnetization curves for three different
samples. Inset shows the ultrafast demagnetization curves for S20
measured under different pump fluences (solid lines are least-squares
exponential fitting to data points). (b) Variation of τ1 and τd with t.
The inset shows variation in τ1 with applied pump fluence.

(τ1 ) of magnetization to understand the correlation between the
electronic band structure and the other magnetic properties.
Energy transfer rates between different degrees of freedom,
viz. spin, electron, and lattice, are responsible for fast relaxation within a few ps time scale. Figure 4(a) shows the
time-resolved Kerr rotation data for the first few ps, revealing
the ultrafast demagnetization and fast relaxation for CFMS
films with varying t, while the inset shows the same for sample
S20 at different pump fluence values. Figure 4(b) shows that
S20 exhibits a greater τd value than S10 and S30, which in
turn indicates less minority spin density of states restricting
the demagnetization channels via scattering. Also, the τ1 , as
shown in Fig. 4(b), increases drastically as t is varied from
10 to 20 nm followed by saturation. It is worth noting that
for a fixed t of CFMS film no change in τ1 with pump
fluence is observed, as shown in the inset of Fig. 4(b). It
is already reported that the minority spin density at Fermi
level n↓ is related with |VSO |2 , where VSO is the spin-orbit
coupling (SOC) strength [38]. The drastic reduction in τ1 for
t = 10 nm might be attributed to stronger SOC strength due
to increased minority spin density of states at Fermi level
(DF ) as a result of suppression of the ideal half-metallic
feature.
Figure 5(a) shows the biexponential background subtracted
time-resolved Kerr rotation data corresponding to magnetization precession measured for CFMS films with varying t at
a bias magnetic field H = 1.6 kOe. The damping coefficient
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(α) is determined by fitting the sinusoidal oscillation in Kerr
rotation with a general sine wave equation superimposed on
an exponential damping term, which is given by
M(t) = M(0)e−t /τ sin (ωt − ϕ),

where τ =
with f being the precessional frequency
and ϕ being the initial phase of oscillation. From the fit, we
obtained values of α to be 0.013, 0.009, and 0.016, respectively,
for samples S10, S20, and S30. Subsequently, α shows a
nonmonotonic variation with t, showing a minimum for
t = 20 nm [Fig. 5(b)]. The variation in precessional frequency
with t shows a similar trend (not shown). The lowest value of α
observed in our samples is larger than a recently reported value
(∼0.004) [13] for CFMS thin films deposited on MgO with Ta
and Cr buffer layers. However, the presence of a buffer layer
may cause substantial diffusion of the buffer layer atoms in the
CFMS layer, hindering the determination of intrinsic damping
in this system. The top cover layer Al is also known to be
a highly diffusing element. However, in our case the CFMS
layer is deposited over MgO followed by in situ annealing
at 500 ◦ C. Subsequently, Al is deposited on the top at room
temperature, which excludes the possibility of any significant
diffusion of Al inside CFMS. Further, TEM investigations
reveal no interdiffusion in between the CFMS and Al layers.
It is worth noting that we have achieved a reasonably low
damping of 0.009 despite the absence of any buffer layer
in our system. Remarkably, α is found to be independent
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of precession frequency for all thickness values as shown in
Fig. 5(c), confirming its intrinsic nature.
Figure 5(d) shows a nonmonotonic variation of Ms and
Hc with varying t. While Ms shows the maximum value, Hc
shows the minimum value at t = 20 nm. In order to understand
the variation of Ms with t we first consider the surface
effect, which must increase as t decreases from 30 to 10 nm.
Theoretical investigation by Kallmayer [39] et al. shows
that the surface magnetic moments (particularly Co) start to
decrease for t < 20 nm, whereas the bulk magnetic moments
remain unaltered with the variation in t. Consequently, in
our CFMS film with t = 10 nm the contribution from the
surface magnetic moment may decrease significantly, leading
towards a significant reduction in Ms value. With increasing
t of the CFMS layer, surface effects as well as lattice
mismatch induced strain reduce. Consequently, Ms increases
significantly for t = 20 nm. However, Ms decreases slightly
for S30 (t = 30 nm). This is probably due to increased misfit
dislocations or defects or atomic site disorder in this sample
as a result of relaxation of lattice mismatch between the MgO
(100) substrate and the CFMS layer [10,40] which is further
confirmed by the observation of an increased coercive field.
We now try to understand the variation of damping
coefficient α with t. The independence of α on precession
frequency already confirms that it is primarily intrinsic in
nature. In the case of the Heusler alloy, α strongly depends on
the degree of chemical ordering as well as on the magnitude
of atomic site ordering (crystallinity). The observed variation
in α with t [Fig. 5(b)] is correlated with the variation of
Ms and Hc with t; the higher the value of Ms , the lower
the Hc and α. Higher Ms and lower Hc indicate better
formation of the L21 or B2 ordered phase, which leads to
the highly spin-polarized Heusler alloy. In S10 (t = 10 nm)
the degradation of crystallinity as well as the degree of
chemical ordering as obtained from the XRD pattern cause
the faster relaxation process after demagnetization and an
enhancement in α. However, with the increase in t the
degree of chemical ordering and the crystallinity both are
improved significantly, and this causes a sharp decrease in
α for S20 (t = 20 nm). According to this scenario, α should
have further reduced in S30 (t = 30 nm). However, as the t
increases beyond 20 nm, the crystallinity decreases slightly
along with the possible introduction of defect density due to
strain relaxation [10,40], causing an additional enhancement
in α in S30. The large value of α, in S10 in accordance with
high DF for a low degree of chemical ordering of the Heusler
alloy, is suggested from an inversely proportional relationship

between the fast relaxation and Gilbert damping coefficient. A
previous theoretical investigation by Liu et al. [38] showed that
for half-metallic systems, DF decreases with better chemical
ordering which will lead to the ideal 100% spin polarization.
Being proportional to DF , spin-orbit coupling strength also
decreases in the highly ordered Heusler alloy, which supports
our experimental findings.
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