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Abstract 
Discovery of the phenomenon of spin transfer torque (STT) by Berger and Slonczewski in 

1996 triggered the researchers globally to investigate the physics of magnetization 

switching by current, instead of magnetic field, for identifying the suitable materials to be 

used in developing spin transfer torque based magnetic random access memories (STT-

MRAMs) and high frequency spin torque oscillators. In this regard, materials having low 

damping constant are very much desirable to reduce the critical current density required 

for magnetization switching for effectively reducing the power consumption. The other 

important phenomena for spintronic application is the Spin Hall Effect (SHE), in which the 

usual charge current induces a spin current (transverse to the charge current) without 

requiring magnetic field. SHE has close proximity with the Anomalous Hall Effect (AHE), 

as both the phenomenon have same type of origin, i.e., spin orbit interaction (SOI). SHE is 

critical to realize new kind of device functionalities not demonstrated hitherto. The Heusler 

alloys are the most prospective class of candidate materials for developing such new multi-

functional spintronics devices owing to their high Curie temperature and high spin-

polarization at room temperature. In the present thesis, cobalt based Heusler alloy 

compounds, e.g., Co2FeAl (CFA), Co2FeSi (CFS), and Co2Cr0.6Fe0.4Al (CCFA) were 

chosen so as to gain an insight into the structure-property relationship by optimizing their 

thin-film sputter-growth conditions vis-à-vis their static and dynamic magnetic response. 

These materials have several advantages over the other ferromagnets (such as NiFe, 

CoFeB, etc) such as low coercivity, large perpendicular magnetic anisotropy, high spin-

polarization, and low damping constant. The Heusler alloys are, however, prone to the 

presence of atomic disorders, which change their electronic structure and hence affect their 

spin-polarization and magnetic properties. For the integration of these Heusler alloy 

compounds as ferromagnetic electrodes in prospective spintronic devices, the 
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understanding and precise control of magnetic properties, such as saturation magnetization, 

magnetic anisotropy and damping parameter are of paramount importance. The primary 

focus of the present thesis was to investigate in detail the effect of substrate temperature 

(Ts) on structural, electronic transport, static- and dynamic-magnetic properties and 

magneto-transport properties of CFA, CFS and CCFA Heusler alloy thin films. Using 

vibrating sample magnetometry (VSM), magneto-optical Kerr effect (MOKE), and 

ferromagnetic resonance (FMR) as probe techniques, a correlation between the structural, 

static and dynamic magnetic properties were established. The analysis of the saturation 

magnetization and damping constant established that the optimum growth temperature for 

achieving the best quality thin film sample was 500°C for CFA and 250°C for CFS. The 

lowest value of the damping constant was found to be 0.0050 ± 0.0003 and 0.0032 ± 0.0002 

for CFA and CFS thin films, respectively. In addition, the azimuthal angle dependence of 

the in-plane magnetization behavior was also probed using FMR and MOKE 

measurements to investigate the effect of growth temperature on the in-plane magnetic 

anisotropy in these films. A correlation between the growth temperature and nature of 

magnetic anisotropy was established. The effect of thickness variation on static and 

dynamic magnetic properties of CFS thin films was also studied. The saturation 

magnetization (Ms) of the CFS films was found to sharply increase in the lower thickness 

regime till ~20 nm, followed by a constant value at higher thickness. A sharp decrease in 

coercivity with the increase in thickness also accompanied the changes in Ms in the lower 

thickness regime. Interestingly, a substantial drop in damping constant value from 0.0102 

± 0.0002 to 0.0059 ± 0.0001 was observed with increase in thickness from 10 nm to 60 

nm. For CCFA Heusler alloy thin films, the optimum growth temperature was found to be 

600°C. It was found that the improvement in structural ordering is accompanied with the 

systematic increase in resistivity ratio ρ(300)/ρ(20 K) and also with the change in sign of 
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temperature coefficient of resistivity from negative to positive at Ts = 500 °C. In addition, 

a resistivity minimum was observed at low temperature in the films deposited at Ts > 400 

°C. The resistivity behavior at low temperature was governed by e-e scattering (T2 

dependence), one-magnon scattering (T3 dependence), and weak localization effects (T1/2). 

The AHE studies revealed the presence of side-jump scattering mechanism in Hall 

resistivity. Nearly, temperature independent Hall sensitivity behavior was observed for 

these samples in a moderate field range from 0 to 0.3 T, which shows the suitability of the 

material for developing low field Hall sensors. Effect of Ts on electrical transport properties 

and AHE were also investigated for the CFS thin films. A significant change in electrical 

transport mechanism from weak localization effect to metallic type behavior was observed 

with the increase in Ts from RT to 300°C. From the scaling of the anomalous Hall resistivity 

data, acquired at various temperatures below room temperature, the intrinsic contribution 

to the anomalous Hall resistivity was found to be 15.6 Ω-1cm-1 in case of the sample grown 

at 400°C. Consistently similar values (~17.1 Ω-1cm-1) of the intrinsic contribution were 

obtained for CFS thin films having different thicknesses.  
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