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Improvement of Chemical Ordering and Magnetization 
Dynamics of Co-Fe-Al-Si Heusler Alloy Thin Films by 
Changing Adjacent Layers 

Chandrima Banerjee1, Li Ming Loong2, Semanti Pal1, Xuepeng Qiu2, Hyunsoo Yang2, and Anjan 
Barman1 

We demonstrate an improvement of chemical ordering and magnetic properties of Co2FeAl0.5Si0.5 (CFAS) Heusler alloy thin 

films, as well as have investigated the correlation between these two, to elucidate the influence of different capping-layers 

and under-layers. The structural characterization reveals a variation in the surface roughness, grain size as well as in the 

chemical ordering for different samples. The static magnetometry measurements demonstrate a variation in the magnetic 

anisotropy behavior. A detailed characterization of the magnetization dynamics was performed using Brillouin Light 

Scattering (BLS) technique and the magnetic parameters were extracted using analytical modelling of the spin wave 

spectra. The origin of magnetic anisotropy is foundto be correlated with the chemical order and the interfacial properties 

which can be effectively tailored by changing the adjacent layers. The Gilbert damping constants were extracted from the 

BLS peaks which also show a broad tunability with the chemical order. A Gilbert damping constant as low as about 0.002 

has been found. The observed effects can primarily be attributed to the different melting points of the under-layers and 

thermal expansion stress between the adjacent layers and CFAS thin films.

Introduction 

The development of magnetoelectronic devices [1-3] is becoming 

an immense practical need for contemporary magnetic information 

storage and processing technology. Inspired by this quest, the 

research on spintronics aims at the growth and integration of new 

materials with unique, specifically tailored magnetic properties. In 

this aspect, Heusler alloys (HA) are important primarily due to their 

high spin polarization, magnetic anisotropy and small intrinsic 

Gilbert damping [4] which make them ideal candidates to realize a 

low current density for current induced magnetization reversal [5] 

and a high spin polarized current source for giant and tunnel 

magnetoresistance devices [6-7] used in magnetoresistive random 

access memories(MRAM) and in microwave components for 

spintronic applications. The composition of full HA is X2YZ, where X 

and Y are transition metal elements and Z is a group III, IV, or V 

element. This composition has spurred interest because of the 

resulting electronic structure which shows an asymmetry in the spin 

split band structure [8]: while the majority spin band exhibits a 

metallic behavior, the minority electrons show a semiconducting  

 

behavior. Such half metallic band structure suppresses the spin flip 

processes and hence reduces the damping of magnetization 

precession. The electronic structure of HA compounds can further 

be tuned by alloying with a fourth element, which in turn modifies 

the structural and magnetic properties, providing a new way of 

designing materials with tailored characteristics. 

Interestingly, the magnetic and structural properties of HA 

compounds are strongly influenced by the crystalline structure and 

the degree of chemical order which depend on the substrate 

material, as well as other deposition conditions [9]. It is thus 

imperative to investigate and control the magnetization dynamics 

of HA films by varying different structural properties and deposition 

parameters. So far, extensive research has been carried out on 

Ni2MnSn [10], Co2FeSi [11-12], Co2MnSi [13-15], Co2FeAl [8-9, 16], 

and Co2CrAl [17] compounds where the magnetic properties have 

been studied by varying the film thickness, substrate material and 

deposition parameters including annealing temperature and target 

composition. Amongst them, the spin dynamics in cobalt based HA 

compounds are of special interest because of their high spin 

polarization at the Fermi level (therefore providing largetunneling 

magnetoresistance (TMR)), high Curie temperature and very low 

magnetic damping parameter. Besides the ternary compounds, Co 

based quaternary HA compounds are also important where the 

Fermi level is further tuned leading to higher spin polarization. 

Hitherto, the magnetization dynamics and its dependence on 

different structural properties has been studied for Co-Cr-Fe-Al [18-
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19], Co-Fe-Mn-Si [20-21] and Co-Fe-Al-Si [6, 22-23] HA compounds 

using time resolved magneto optical Kerr effect (TR-MOKE), 

ferromagnetic resonance (FMR) and Brillouin light scattering (BLS) 

techniques. 

Here, we report a comprehensive study of collective spin-wave 

excitations in CFAS compounds and their variation with different 

top (capping)-layers and under-layers. CFAS exhibits a high spin 

polarization (above 0.9) with the weakest temperature dependence 

among all known half-metals, and, therefore, may lead to the 

development of new families of spintronic devices with better 

performance. In earlier reports on CFAS compounds the spin 

polarization phenomena associated with TMR and giant 

magnetoresistance (GMR) effects [6, 22, 24] have been widely 

investigated. Further, the structural and magnetic properties were 

studied by varying the gas pressure [25], annealing temperature 

[23] and film thickness [4]. In this cases, Ag [22, 24], Cr [6], MgO [7, 

23] were taken as underlayer and Ru [6-7, 22-24] was used for top 

layer. However, the investigation of the magnetization dynamics 

and its dependence on the top and under-layers have not yet been 

addressed. Here, we have used atomic force microscopy (AFM), X-

ray diffraction (XRD), vibrating sample magnetometry (VSM), 

combined with Brillouin light scattering (BLS) spectroscopy, to 

perform a correlative analysis between structural and magnetic 

properties of CFAS thin films grown on MgO (001) substrates. The 

XRD results reveal a transition from B2 to A2 ordered phase for 

different samples. Systematic studies of static and dynamic 

magnetization also show significant changes in the magnetic 

properties including the spin wave mode frequencies and magnetic 

anisotropy. Moreover, the extracted damping parameter shows a 

broad tunability with varying chemical order. 

 

Experimental details 
Three sets of CFAS thin films (30 nm in thickness) were prepared on 

MgO (001) single crystal substrates using an ultra-high vacuum 

magnetron sputtering system with a base pressure lower than 10-8 

Torr. The substrates were cleaned first with acetone, then with 

Isopropyl alcohol and finally with deionized water in an ultrasonic 

bath before being loaded into the sputtering chamber. Next, the 

substrates were baked in situ at 600 ⁰C for 30 minutes and cooled 

to room temperature (RT). For one set of the samples, a 20 nm 

thick Ag layer was grown on the substrate at RT by DC sputtering 

under an Argon pressure of 3 mTorr. The Ag layer was then 

annealed at 300 ⁰C for 30 minutes and cooled to RT before the 

deposition of the CFAS layer. The applied potential and the duration 

for the deposition was 40 W and 3 mins 20 seconds respectively. 

The distance between substrate and sputtering 

target was 16 cm. The CFAS thin film was deposited subsequently 

from a stoichiometric Co–Fe–Al–Si (Co: 50.0%, Fe: 25.0%, Al: 12.5%, 

and Si: 12.5%) target. For CFAS, The applied potential and the 

duration for the deposition were 60 W and 40 minutes respectively. 

The samples were then annealed at 500 ⁰C for 30 minutes and 

cooled to RT before the deposition of the capping-layer. For the 

other two sets of samples, a 20 nm thick Cr buffer layer followed by 

a 20 nm thick Pt layer were deposited on the substrates at RT. The 

dc power and duration for Cr (Pt) layer deposition were 60 W and 

20 mins (7 minutes 30 seconds) respectively. The Cr/Pt under-layer 

was then annealed at 600 ⁰C for 30 minutes and cooled to RT 

before the deposition of the CFAS layer. The samples were then 

also annealed at 500 ⁰C for 30 minutes and cooled to RT before the 

deposition of the cap layers. We label these samples as S1 (with Ag 

under-layer), S2 and S3 (with Cr/Pt under-layer). Finally, a 2 nm 

thick MgO (rf power : 120 W; duration:10 minutes) layer was 

deposited to cap S1 and S3, while S2 was capped with a Ru layer (dc 

potential: 60 W ; duration of 30 seconds) of 4 nm thickness. 

Therefore, the stacking structure of S1, S2 and S3 are the following: 

S1: Sub MgO / Ag (20 nm) / CFAS (30 nm) / MgO (2 nm), S2: Sub 

MgO / Cr (20 nm) / Pt (20 nm) / CFAS (30 nm) / Ru (4 nm), S3: Sub 

MgO/Cr (20 nm) /Pt (20 nm) /CFAS (30 nm) /MgO (2nm). The 

materials for the substrate and underlayers were chosen based on 

their lattice-matching with CFAS, while the thicknesses were so 

chosen so that the values should be suitable to allow for proper 

formation of the layers, taking into account aspects such as stress 

relaxation. MgO was chosen as one of the capping layers because in 

a real MTJ device, the layer above the CFAS layer would be MgO. 

Hence, it is reasonable to simulate the device structure as 

realistically as possible. The MgO thickness was also chosen to 

simulate its actual thickness in an MTJ. However, MgO is susceptible 

to degradation by moisture. Hence, a well-established protective 

cap layer, Ru, was also used for one of the samples. A schematic 

illustration of the film stacks is shown in Fig. 1a, where the samples 

S1 and S3 have the same capping-layer, whereas S2 and S3 have 

similar under-layer.  

The surface morphology and structural properties were 

characterized using AFM and XRD methods. The static magnetic 

properties were investigated using VSM at room temperature. BLS 

spectroscopy in the backscattered geometry was employed to study 

the magnetization dynamics. Here, a laser beam from a diode 

pumped, frequency doubled Nd : YVO4 laser with a wavelength of λ 

= 532 nm is incident on the magnetic sample and inelastically 

scattered from the spin waves. During this interaction, magnons are 

created or annihilated following the conservation of energy and 

momentum. The frequencies of the scattered light are then 

analyzed using a Sandercock-type six-pass tandem Fabry-Perot 

interferometer (FPI) [26]. The different wave vectors of spin waves 

can be selected by changing the angle of incidence of the beam, 

owing to the relation �∥ = 2������, where �∥ and ��are the wave 

vectors of the spin wave and the incident beam, respectively, and θ 

is the angle of incidence. The external magnetic field H was applied 

in the so-called magnetostatic surface wave geometry, wherein H is 

applied in the plane of the sample and is perpendicular to the plane 

of light incidence (i.e.,� ⊥ �∥). 
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Figure 1: (a) Schematics of layer stacks for the samples S1, S2 and S3. The thicknesses of individual layers are indicated in the parentheses. 

(b) AFM image for S1 and (c) XRD patterns for all samples. 

 

Results and discussions 
The AFM image for S1 is shown in Fig. 1b. The measured root mean 

square (RMS) roughness was approximately 2 nm for S2 and S3. 

However, S1 had significantly higher roughness of about 29 nm. 

Also, AFM revealed the presence of raised whorls on the surface of 

S1 with diameters of 5 – 10 μm. The whorls may have formed due 

to the diffusion of Ag from the under-layer to the top of the film 

stack after enabling the formation of a desirable crystal structure in 

the magnetic thin film [27]. The XRD data for the CFAS sample 

series are shown in Fig.2. The peaks of CFAS are presented by 

arrows. In addition to that, several other peaks corresponding to 

MgO, Ag, Pt, Cr, CrPt, Ru are observed. The XRD pattern of sample 

S1 contains CFAS (002) as well as CFAS (004) peaks, indicating (001)-

oriented growth on the MgO surface. The presence of the CFAS 

(002) peak indicates an ordered B2 structure. In contrast, for S2 and 

S3, the CFAS (420) peak is observed, which corresponds to the 

disordered A2 phase. We notice here that sample S2 also exhibits 

the (002) peak but with a very low intensity. Hence, we can state 

that the ratio I002/I004 of the integrated intensities of the (002) and 

(004) peaks decreases from S1 to S3, signaling a decrease in the 

degree of chemical order from the ordered B2 phase towards the 

disordered A2 phase. Note here, that the CFAS (004) reflection in S2 

is shifted as compared to that of S1. This can be attributed to the 

growth of CFAS layer over the respective underlayers. Basically, The 

lattice mismatch between Ag and CFAS (in S1) results in out-of-

plane contraction, while the lattice mismatch between Pt and CFAS 

(in S2) results in out-of-plane expansion. This may result in the shift 

in the XRD pattern.  

We have further estimated the crystal domain size according to 

the Debye-Scherrer equation, given by, 






cos

9.0
  

where τ is the mean size of the ordered (crystalline) domains, λ is 
the X-ray wavelength, β is the line broadening at half the 
maximum intensity (FWHM) and θ is the Bragg angle. The obtained 
values are........for S1, S2 and S3 respectively. 

 

The magnetometry measurements on the CFAS films were 

performed using VSM at room temperature. Figure 2a shows 

magnetization versus applied magnetic field curves for magnetic 

fields applied in the plane of the films along the [100] and [110] 

crystallographic orientations. The properties and the shape of the 

reversal curves allow us to make qualitative conclusions on the 

magnetic behavior of the samples. Here the hysteresis curves 

change from a nearly coherent reversal for S1 to a multistage 

reversal for S2 and S3. This variation (which is independent of the 

field orientation) can be due to the change of the domain wall 

structure in the CFAS thin films, induced by different interface 

roughness at different capping and under-layers. The interface 

roughness gives rise to domain wall pinning, which is different for 

different adjacent layers. Moreover, for S1, a distinct fourfold 

symmetry is observed as the magnetic field is applied in different 

directions within the plane of the film, as apparent from the 

variation of normalized remanent magnetizations (Mr/Ms), with the 

easy and hard axes lying parallel to the [110] and [100] axes, 

respectively. On the other hand, the reversal curves for S2 and S3 

show a uniaxial anisotropy. We attribute this to two possible 

reasons: (i) the different degrees of chemical ordering in those  
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Figure 2: XRD patterns for all samples. 

 

 

samples and (ii) the tensile stress formed due to the lattice 

mismatching of the film with the adjacent layers along with the 

growth morphology. The average magnetization at saturation for all 

samples has been found to be Ms = 530 emu/cc. The Ms value is 

lower than the typical value of approximately 1000 emu/cc [28], 

which can be attributed to the formation of magnetic dead layer 

during the multiple annealing and cooling steps. To calculate MS, 

the magnetization was divided by the volume of the magnetic thin 

film, where the volume of the thin film was taken as the product of 

the area and the nominal thickness of the measured thin film. 

Hence, the nominal thickness over-estimated the thickness of the 

magnetic thin film due to the dead layer, resulting in an under-

estimation of the Ms. 

 
Figure 2: Magnetic hysteresis loops of S1 (upper panel) and S3 

(lower panel), measured for magnetic field applied parallel to the 

film surface, at various angles with respect to the edges of the MgO 

substrate ([100] and [010]). The results for S3 are also 

representative of S2. (b) Typical BLS spectra of all samples taken for 

q|| = 0 at H = 2 kOe. The arrows indicate the peak frequencies of 

PSSW modes. The measurement geometry is shown in the inset. 

In order to capture the complete magnetization dynamics as well as 
to obtain the magnetic parameters, we have further studied 
thermally excited magnons by BLS spectroscopy. In a continuous 
film, various modes are expected to propagate with wave vectors in 
the plane of the film. Schematically, for the direction of 
magnetization aligned perpendicular to the in-plane wave vector 
q||, two types of spin-wave modes are observed: (i) surface spin 
waves for in-plane propagation, the so-called Damon–Eshbach 
mode (DE mode), which consists of a dipolar-dominated wave and 

is characterized by its exponential decay across the film thickness 
leading to its non-reciprocity, and (ii) the bulk spin waves which are 
excitations of the whole magnetic system (often called standing 
spin-waves (SSW)) and are exchange-dominated modes with a 
frequency strongly depending on the film thickness. Figure 2b 
shows the BLS spectra (normalized to the reference beam intensity) 
for all the samples taken for zero wave-vector (angle of incidence θ 
= 0°), which corresponds to the Kittel mode. A bias magnetic field 
(H) of 2000 Oe was applied in the plane of the sample and the 
scanning range was chosen as 75 GHz by fixing the mirror spacing of 
FPI as 2 mm. The geometry of the experiment is shown in the inset 
of Fig. 2b. The significance of the Kittel mode lies in the fact that the 
spin wave spectra are solely dominated by the magnetic 
parameters and dispersion of the individual mode does not come 
into play. The applied field of 2000 Oe is large enough to saturate 
the sample magnetization within the plane of the sample as evident 
from Fig. 3a. As shown in Fig 3b, two peaks corresponding to 
spinwave modes can be observed both in the Stokes and anti-
Stokes regimes for all samples. The lower and higher frequency 
peaks correspond to the Kittel mode and perpendicular standing 
spin wave (PSSW), respectively, as shown by the evolution of their 
mode frequencies with respect to the in-plane wavevector and 
applied magnetic field, which will be discussed later. A quick 
inspection of the spin wave spectra for all three samples shows a 
significant change in the frequency of the PSSW mode for different 
samples. This can be understood as a variation in the internal 
magnetic field profile, caused by the variation in interface effects of 
different top-layers and under-layers. As noticed above, this 
tendency was found in the VSM results as well, where a variation in 
the switching behavior was observed. On the other hand, the 
frequencies of the Kittel mode are nearly the same for all samples, 
in support of the similar Ms values found for all samples from VSM 
measurements. Nevertheless, the small difference is caused by the 
variation in anisotropy fields, as shown in Fig. 4. 

 

 
Figure 4: (a) Evolution of the frequencies (symbols) of the Kittel 

mode (F1) and PSSW mode (F2) with respect to the bias magnetic 

field. (b) Dependence of F1 on the azimuthal angle of the applied 

bias magnetic field. The solid lines correspond to fits to Eq. (1) and 

(2) for F1 and F2, respectively. 

The typical dependences of mode frequencies at q|| = 0 for varying 

the bias field as well as in-plane azimuthal angle are shown in Figs. 

4a and b, respectively. The frequency of the Kittel mode, in the 

presence of magnetic anisotropy, is given by Eq. (1): 
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where γ, H, MS, φ, K2, and K4 are the gyromagnetic ratio, applied 

magnetic field, saturation magnetization, angle between applied 

bias field and the [100] direction, and the uniaxial and fourfold 

anisotropy constants, respectively. The gyromagnetic ratio is 

connected to the magneto-mechanical ratio g by � =
���

ħ
 where 

��is the Bohr magneton and ħ is the reduced Planck’s constant. On 

the other hand, the frequency for the PSSW mode (F2) is given by: 

 

 

 

Here, the wavevector is perpendicular to the surface of the film and 

defined by 

�� =
��

�
      (3) 

where d is the thickness of the film and n = 1, 2, 3…., denoting one 

or more nodes along the perpendicular axis. The spin wave spectra 

were also recorded as a function of in-plane wave vector at a 

magnetic field of 2 kOe (Fig. 5). In this case, the frequency of the 

lower frequency mode F1 exhibits pronounced dispersion (DE mode 

in this case) and is given by: 

 

 
 

 

 
Figure 5: Measured spinwave frequencies (symbols) as a function of 

in-plane wavevector at a magnetic field of 2 kOe. The solid lines are 

calculated frequencies. 

The higher frequency mode F2 follows Eq. (2) and is dispersionless, 

as expected. By simultaneously fitting all data to the respective 

equations presented above, the gyromagnetic factor (�), the 

exchange stiffness constant (Aex) and the anisotropy fields are 

extracted and are presented in Table I. Note that each of the fitted 

parameters is determined rather independently from a particular 

experimental dependence or feature, making the fit reliable and 

providing results with a relatively small error (~10%). While the 

fitted value of � and exchange constant Aex are the same for all 

samples, the angular behavior of the mode frequencies is governed 

by a fourfold anisotropy for S1 and a uniaxial anisotropy 

superposed on a fourfold anisotropy for S2 and S3, in agreement 

with the VSM results. The presence of the fourfold anisotropy for all 

samples indicates that this is directly correlated with the crystal 

structure. As a result, the anisotropy increases for improved crystal 

structure and vice versa. On the other hand, the uniaxial anisotropy 

constants in S2 and S3 presumably stemmed from film structure in 

the vicinity of the interfaces, as reported previously for CFAS and 

Co2FeAl [4, 9] thin films. There are many possible origins of such 

magnetic anisotropy, including the formation of an interface alloy, 

formation of anisotropic interfacial bonds and anisotropic strain 

relaxation.  
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TableI: Material parameters obtained for different samples. 

Sample g 

M
s 

(emu/cc) 

A 

(µerg/cm) 

H
K2

(Oe) 

(2K2/MS) 

H
K4

(Oe) 

(K4/MS) 

Gilbert damping 

(α) 

S1 2.25 883 2.5 0 29.5 0.002 

S2 2.25 883 2.5 45 2 0.003 

S3 2.25 854 2.5 19 4 0.006 

 

 
Figure 6: Linewidth of the q|| = 0 mode as a function of the mode 

frequency for different samples. Inset shows typical anti-Stokes 

peaks for all three samples, taken for �∥= 0 at H = 1500 Oe. 

 

We now turn to the dependence of the Gilbert damping 

constant (α) for different samples. In any process involving 

magnetization dynamics, the Gilbert damping constant is one key 

indicator to optimize writing speeds and reduce power 

consumption. The analysis of the variation of the linewidth (ΔH) 

versus the frequency (f) of the q|| = 0 modeallows for quantifying α 

for different samples, using the following Eq. (5)[25]: 

 

∆�(�) =
4���

√3�
+ ∆�� 

 

This linewidth is caused by two mechanisms: the intrinsic damping 

of the magnetization and extrinsic contributions (such as 

inhomogeneities, surface defects, two magnon scattering, mosacity, 

etc.) given by the first and second terms, respectively, in the above 

equation. In Fig.6, the measured linewidth of the �∥= 0 mode is 

plotted as a function of the mode frequency for all three CFAS films.  

 

 

To obtain this, the frequency swept magnon linewidths (Δf) were 

extracted by fitting the BLS peaks with the Lorentzian function. 

Subsequently, this is converted to field swept linewidth following 

the method described in Ref. [29]. It is worth mentioning here that 

the linewidth data are not deconvoluted to remove the 

contribution for instrumental broadening, because the instrumental 

broadening will be uniformly present in all the BLS signals and thus 

it will not change our interpretation. The α values, as extracted 

from the slopes of the linear fitting of each data set in Fig. 5 are 

0.002, 0.003 and 0.006 for S1, S2 and S3, respectively, showing a 

pronounced tunability. The α value obtained for S1 is comparable to 

that found in earlier works on Co based HA samples, with optimized 

annealing temperature, HA layer thickness and chemical 

composition [4-5, 9]. However, our study is unique in a sense that 

we have achieved a broad tunability in α without tampering any 

parameter of the CFAS layer. This tunability is attributed to the 

variation in the structural order (which is dependent on the 

adjacent layers) and shows great spintronics application potential. 

Furthermore, a qualitative comparison of the typical anti-Stokes 

peaks for all three samples, taken for �∥= 0 at H = 1500 Oe, is 

presented in the inset of Fig. 5. This reveals an increase in the peak 

linewidth from S1 to S3, reminiscent of the presence of interface 

defects in S2 and S3, as mentioned before. 

The above results suggest that different capping-layers and under-

layers result in significantly different effects on the surface 

morphology, crystal structure, magnetic anisotropy and Gilbert 

damping parameter. The different morphology can be attributed to 

different surface energy and melting point of the under-layers. 

Surface energy and melting point are important factors that 

influence various surface phenomena including faceting, 

roughening, crystal growth, and surface segregation during 

annealing. Such as in the case of S1, the surface forms granular 

islands, while S2 and S3 maintain continuous, smooth surfaces. This 

is due to the low melting point (961 °C) of Ag which leads to a lower 

ordering temperature. On the other hand, the high melting point of 

Pt (1768 °C) and Cr (1907 °C) and high surface energy allow S2 and 

S3 to stay continuous. Besides that, the thermal expansion stress 

(5) 
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arising from the different coefficients of thermal expansion of 

different layers can also play a role for the chemical ordering of 

CFAS films, which, together with the previous reason, eventually 

determines the magnetic properties. Overall, suitable under-layer 

and capping-layer are essential to use CFAS films in various 

magnetic devices because they can affect the morphology, 

microstructure, and magnetic properties of the films greatly. 

Conclusions 

In this work, we show that the chemical composition, static 

magnetic properties and magnetization dynamics of the 

sputtered CFAS thin films can be effectively controlled by 

changing the capping-layer and under-layer. The AFM and XRD 

results present a lowering in roughness, as well as in the 

degree of chemical ordering (from B2 to A2), as the sample is 

changed from S1 to S3 by varying the capping-layer and under-

layer. The magnetometry measurements obtained for 

different field orientations reveal the presence of fourfold 

anisotropy for S1, but a uniaxial anisotropy for S2 and S3. BLS 

spectroscopy has been used to investigate the thermal spin 

waves in these films. The spin wave modes were identified as 

DE mode and PSSW modes from the analysis of angular, field 

and wave-vector dependent measurements, and the relevant 

magnetic parameters were extracted. The origin of the 

fourfold anisotropy is ascribed to the structural ordering and 

the uniaxial anisotropy is attributed to the interfacial defects. 

The Gilbert damping coefficient is also obtained from the �∥= 0 

mode in the BLS spectra and is found to increase with the 

decrease in chemical ordering. The lowest damping coefficient 

obtained for S1 was 0.002. The observed structural and 

magnetic properties can be well explained in terms of the 

melting point of the under-layers and thermal expansion stress 

at the interfaces. Finally, our findings will be useful for 

selecting proper adjacent layers of CFAS thin films for various 

spintronic and magnonic applications. 

Acknowledgements 

We acknowledge the financial support from the Department of 

Science and Technology, Government of India (Grant no. 

SR/NM/NS-09/2011(G)), S. N. Bose National Centre for Basic 

Sciences, India (Grant no. SNB/AB/12-13/96), and the National 

Research Foundation, Prime Minister’s Office, Singapore under 

its Competitive Research Programme (CRP Award No. NRF-

CRP12-2013-01).H.Y. is a member of the Singapore Spintronics 

Consortium (SG-SPIN). CB and SP would like to acknowledge 

Dr.Jaivardhan Sinha for fruitful discussions. C.B. thanks CSIR for 

senior research fellowship. 

References 

1 A. Khitun, M. Bao, and K. L. Wang, J. Phys. D: Appl. Phys., 
2010, 43, 264005. 

2 P. S. A. Kumar, and J. C. Lodder, J. Phys. D: Appl. Phys., 2000, 
33, 2911. 

3 S. Tehrani, E. Chen, M. Durlam, M. DeHerrera, J. M. 
Slaughter, J. Shi, and G. Kerszykowski, J. Appl. Phys., 1999, 
85, 8. 

4 M. Belmeguenai, H. Tuzcuoglu, M. S. Gabor, T. P. Jr., C. 
Tiusan, F. Zighem, S. M. Cherif, and P. Moch, J. Appl. Phys., 
2014, 115, 043918. 

5 L. M. Loong, P. Deorani, X. Qiu, and H. Yang, Appl. Phys. Lett., 
2015, 107, 022405. 

6 R. Shan, H. Sukegawa, W. H. Wang, M. Kodzuka, T. 
Furubayashi, T. Ohkubo, S. Mitani, K. Inomata, and K. Hono, 
Phys. Rev. Lett., 2009, 102, 246601. 

7 H. Sukegawa, W. Wang, R. Shan, T. Nakatani, K. Inomata, and 
K. Hono, Phys. Rev. B, 2009, 79, 184418. 

8 S. Mizukami, D. Watanabe, M. Oogane, Y. Ando, Y. Miura, M. 
Shirai, and T. Miyazaki, J. Appl. Phys., 2009, 105, 07D306. 

9 [9]. M. Belmeguenai, H. Tuzcuoglu, M. S. Gabor, T. P. Jr., C. 
Tiusan, D. Berling, F. Zighem, T. Chauveau, S. M. Ch´erif, and 
P. Moch, Phys. Rev. B, 2013, 87, 184431. 

10 J. Dubowika, I. Goscianska, K. Z. H. Glowinski, A. Ehresmannc, 
G. Kakazeid, and S. A. Bunyaevd, Acta. Phys. Pol. A, 2012, 
121, 1121. 

11 O. Gaier, J. Hamrle, S. Trudel, B. Hillebrands, H. Schneider, 
and G. Jakob, J. Phys. D: Appl. Phys., 2009, 42, 232001 
(2009). 

12 D. Steil, O. Schmitt, R. Fetzer, T. Kubota, H. Naganuma, M. 
Oogane, Y. Ando, A. K. Suszka, O. Idigoras, G. Wolf, B. 
Hillebrands, A. Berger, M. Aeschlimann, and M. Cinchetti, 
New J. Phys., 2014, 16, 063068. 

13 H. B. Huang, X.Q.Ma, C. P. Zhao, Z. H. Liu, and L. Q. Chen, J. 
Magn. Magn. Mater., 2015, 373, 10. 

14 H. B. Huang, X. Q. Ma, Z. H. Liu, and L. Q. Chen, J. Alloys 
Compd., 2041, 597, 230. 

15 Y. Liu, L. R. Shelford, V. V. Kruglyak, R. J. Hicken, Y. Sakuraba, 
M. Oogane, and Y. Ando, Phys. Rev. B, 2010, 81, 094402. 

16 M. S. Gabor, T. P. Jr., C. Tiusan, M. Hehn, and T. Petrisor, 
Phys. Rev. B, 2011, 84, 134413. 

17 E. Șașıoğlu, L. M. Sandratskii, P. Bruno, and I. Galanakis, Phys. 
Rev. B, 2015, 72, 184415. 

18 J.-P. Wustenberg, D. Steil, S. Alebrand, T. Roth, M. 
Aeschlimann, and M. Cinchetti, Phys. Status Solidi B, 2011, 
248, 10. 

19 O. Gaier, J. Hamrle, S. Trudel, A. C. Parra, B. Hillebrands, E. 
Arbelo, C. Herbort, and M. Jourdan, J. Phys. D: Appl. Phys., 
2009, 42, 084004. 

20 T. Seki, H. Yako, T. Yamamoto, T. Kubota, Y. Sakuraba, M. 
Ueda, and K. Takanashi, J. Phys. D: Appl. Phys., 2015, 48, 
164010. 

21 T. Sebastian, Y. Kawada, B. Obry, T. Brächer, P. Pirro, D. A. 
Bozhko, A. A. Serga, H. Naganuma, M. Oogane, Y. Ando, and 
B. Hillebrands, J. Phys. D: Appl. Phys., 2015, 48, 164015. 

22 T. Furubayashi, K. Kodama, H. Sukegawa, Y. K. Takahashi, K. 
Inomata, and K. Hono, Appl. Phys. Lett., 2008, 93, 122507. 

23 W. Wang, H. Sukegawa, R. Shan, T. Furubayashi, and K. 
Inomata, Appl. Phys. Lett., 2008, 92, 221912. 

24 T. M. Nakatani, T. Furubayashi, S. Kasai, H. Sukegawa, Y. K. 
Takahashi, S. Mitani, and K. Hono, Appl. Phys. Lett., 2010, 96, 
212501. 

25 L. Jin, H. Zhang, X. Tang, F. Bai, and Z. Zhong, IEEE Trans. 
Magn., 2014, 50, 1. 

26 B. Hillebrands, Rev. Sci. Instrum., 1999, 70, 3. 
27 E. Yang, D. E. Laughlin, and J.-G. Zhu, IEEE Trans. Magn., 

2010,46, 2446. 
28 H. Sukegawa, S. Kasai, T. Furubayashi, S. Mitani, and K. 

Inomata, Appl. Phys. Lett., 2010,96, 042508. 
29 S. S. Kalarickal, P. Krivosik, M. Wu, C. E. Patton, M. L. 

Schneider, P. Kabos, T. J. Silva, and J. P. Nibarger, J. Appl. 
Phys., 2006, 99, 093909. 


