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A Ew L EH Spin polarization measurements of Heusler alloys by the point contact
Andreev reflection method
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The tunneling magnetoresistance (TMR) of magnetic tunneling junctions (MT]Js) and giant magneto-resistance
(GMR) of spin valves strongly depend on electron spin polarization (P) of ferromagnetic electrodes. TMR of an MT] is
given by the Julliere's formula, MR = 2P,P,/(1-P,P,), where P, and P, are the spin polarizations of the two ferromagnetic
electrodes. If P, = P, = 1 then the MR = oo . Thus for achieving large MR we need ferromagnetic materials with large
spin polarization. Half-metallic ferromagnets are predicted to posses 100% spin polarization. Hence search and
processing of half-metal ferromagnets (HMF) has become a very active research subject in the field of spintronics. Half
metals are the materials with 100% single spin density of states (100% spin polarization) near the Fermi level having a
band gap in the minority (or majority) spin density of states. In order to search for a material with large spin
polarization, measurement of spin polarization itself has become a very important issue, as well as the first aim of this
thesis.

For this purpose we have set up a system for measuring the spin polarization by the point contact Andreev reflection
(PCAR) technique. We have developed a user friendly multiple parameter fitting program for extracting the spin
polarization through cumulative iterations. The second aim was to engineer materials to realize very high spin
polarization P = 1.0. Though there were several ternary Heusler alloys theoretically predicted to posses 100% spin
polarization, experimentally it hasn't been realized yet. The first cause that was thought for the low spin polarization is
the site disorder. In this context we have studied the disorder effect on spin polarization by growing the Co,MnSi and
Co,MnGe thin films with various disorders A2, B2 and L2, at various substrate temperatures. We found amorphous A2
Co,MnSi has a spin polarization of 0.52, interestingly this alloy, in amorphous state has superparamagnetism and spin
polarization of 0.52.

We have studied various types of ternary and quaternary full Heusler alloys to search for a material with high spin
polarization. Co-based bulk alloys such as Co,MnAl, Co,MnSn, Co,MnSb, Co,MnGa, CoMnSb, and CoMnSn alloys have
high T, > 800C and high magnetization > 4uB. Out of these alloys Co,MnAl and Co,MnSn has P = 0.57 and P = 0.60
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spin polarization respectively, Co,MnSn has relatively high spin polarization in the point contact Andreev reflection
(PCAR) regime when compared to most of the ternary full Heusler alloys. The possible reasons that were thought for
the low spin polarization compared to the ideal value of 1.0 were the position of the Fermi level close to the conduction
band and the presence of antisite disorders. Prevention of antisite disorders completely is a sifficult task whereas
shifting the position of the Fermi level by doping or aloying would be an easy task. Hence we tried to alloy Al with
Co,MnSn and prepared Co,MnAl,;5n,; alloy. Interestingly this alloy was in a two phase atate L2,+B2 which has shown
a spin polarization of P = 0.63 which is a high spin polarization value even in the presence of disorder. Furthermore, in
order to see the effect of quaternary alloying or the effect of doping, we have chosen Fe as the dopent for the Mn site in
Co,MnSn system. Bulk Co,MnFeSn was prepared by arc melting and very high spin polarization of P = 0.65 was
achieved which is the present highest value measured by PCAR in Heusler alloys. Hence we have shown experimentally
that quaternary alloying dose effect the magnetization as well as the spin polarization for the Heusler alloys. And we
have demonstrated that, PCAR can detect the change in spin polarizaiton with quaternary alloying and it is very good

techhique for searching a material with 100% spin polarization.
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