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ABSTRACT 

The spin-dependent tunnel magnetoresistance (TMR) effect realized by application of 

external magnetic field in the magnetic multilayer devices called MTJs (ferromagnetic (FM) 

layers separated by thin insulating layer) revolutionized the data storage industry. The MR 

effect in these devices is found to be much higher reaching several 100% as compared to 

anisotropy magnetoresistance (AMR) effect of 1-2% observed in single FM thin films and 

giant magneto resistance (GMR) effect of ~5-65% observed in FM layers separated by non 

magnetic metal layer. The interfaces in these MTJs are crucial for device functionality and 

they are expected to be sensitive to growth process. The MgO interface with the top FM 

electrode is expected to be quite different from its interface with the bottom electrode, since 

the bottom FM layer is exposed to reactive environment prevailing during the growth of MgO 

on it whereas the top FM layer is free from such effects. The extent to which the MgO growth 

conditions affect the structural and magnetic aspects of the already grown FM layer and in 

turn the performance of MTJ, depends on its growth process and its kinetics. The thesis work 

is aimed to gain closer insight into both the interfaces in CoFeB/MgO/CoFeB system by 

employing various growth processes and process-parameters for fabricating MgO and its 

influence on magnetic character of CoFeB. Ultrathin films of CoFeB, CoFeB/MgO, 

MgO/CoFeB, CoFeB/MgO/CoFeB and IrMn/CoFeB are deposited using ion-beam sputtering 

technique. Magnetic and structural properties of these ultrathin films are characterized using 

MOKE, XRR, HRTEM, SIMS and FMR.  

The presence of uniaxial magnetic anisotropy (UMA) in amorphous Si/SiO2/CoFeB 

thin films is investigated in 5, 7.5, 10, 12.5, 15, 35 and 75 nm CoFeB. A significant amount 

of in-plane UMA of ~ 103 J/m3 is observed in these amorphous films in sharp contrast to 

anisotropy being observed normally in crystalline material. Observation of such strong UMA 

in our samples is interesting in view of (a) absence of any inducing filed during the growth of 
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the films and (b) growth is on SiO2, the native oxide of Si substrate, which is much weaker in 

inducing the UMA due to the low spin-orbit coupling value of Si and O elements. 

Interestingly multi-jump switching in magnetization loop, similar to that observed in epitaxial 

Fe, Fe3Pt ultra thin films, was observed in our amorphous CoFeB in thickness range of 10-

12.5 nm. This kind of multi-jump switching is expected when the film possesses competing 

unaxial and cubic anisotropies. This kind of multi-jump behavior is observed for the first time 

in amorphous CoFeB and crystallization of the amorphous films seems to affect the in-plane 

UMA and multi-jump switching.  

Using detailed analysis of XRR we were able to see the effect of MgO growth process 

(post oxidation of ultrathin Mg layer to MgO, reactive growth of MgO by ion-beam 

sputtering of Mg in the presence of (i) oxygen gas environment and (ii) oxygen ion assist 

beam) and process parameters (oxygen ion energy varied from 20 to 50 eV, growth 

temperature of MgO varied from 75 to 250 ºC) on already grown CoFeB layer. The resulting 

interface between already grown CoFeB and MgO is found to be sensitive to the growth 

process and process parameters. Depending on oxidation-method employed for MgO growth 

the interface width in Si/CoFeB/MgO bilayers varies between 0.51 to 0.20 nm. Energy of 

assist ions (≤ 50 eV) plays a key role compared to the growth temperature in determining the 

sharpness of the interface. Also the bottom grown CoFeB in Si/CoFeB/MgO exhibited 

systematic increase in coercivity (HC) to 40-60 Oe (from ~6 Oe in Si/MgO/CoFeB) revealing 

the nature and effect of growth kinetics of MgO on it. 

The effect of interface resulting from the above mentioned MgO growth processes 

and process parameters on HC, UMA and magnetization reversal behavior of CoFeB is 

explored in Si/MgO(~2-3nm)/CoFeB(~6-8nm) and Si/CoFeB(~6)/MgO(~3) bilayers. Our 

study demonstrates a strong correlation between the process/parameter employed for MgO 

growth, resulting interface with adjacent CoFeB and the magnetic behavior of the bilayers. 
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There is a significant increase of in-plane UMA of amorphous CoFeB nano-layer when it is 

deposited on top of an ultrathin MgO layer. The decreased oxygen ion energy during the 

growth of MgO layer causes lower interface-width between MgO and top CoFeB layer 

resulting in an increase in UMA and decrease in HC of the CoFeB. Depending on the 

interface-width the hard-axis magnetization reversal in these bilayers is either completely 

dominated by coherent rotation (for low interface width) or by mixed mechanisms of 

magnetization rotation and domain wall motion. Unlike in Si/MgO/CoFeB the CoFeB in 

Si/CoFeB(~6)/MgO(~3) shows significant increase in HC and loss of in-plane UMA possibly 

due to microstructural changes induced by energetic species bombarding the CoFeB layer 

during the growth of MgO on its top. The origin of enhanced UMA in case of 

Si/MgO/CoFeB bilayers is interfacial in nature and correlates to the interface-width and its 

sharpness.  

We also fabricated tri-layrer structures of CoFeB/MgO/CoFeB capped with Ta. The 

analysis of specular XRR measurements revealed that the interfaces are sharper in structures 

with MgO(I) and MgO(R). Whereas the structures with MgO(PO) have very high interface- 

widths. Cross section HRTEM study on two samples Si/SiO2/CoFeB(8)/MgO(PO&I)(4)/ 

CoFeB(8)/Ta(5) confirmed the XRR findings. The SIMS measurements of elemental 

distribution revealed that the Fe distribution across the layer is uniform, whereas the Co and 

B are found to be distributed non-uniformly. While in reactive and ion assisted growth of 

MgO the B content in bottom CoFeB is found to be lower than that in the top CoFeB 

indicating that the presence of oxygen or direct exposure of CoFeB to oxygen gas or ions 

causes the reduction in the B content, in case of MgO(PO) the B content in the bottom 

CoFeB is almost equal to the top one. Irrespective of the process employed for MgO growth 

the B is found to accumulate more at the interfaces away from the MgO compared to those 

near it. The microwave frequency dependence of FMR line-width revealed that MgO(PO) 
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results higher Gilbert damping constant (α) compared to MgO(I) and MgO(R) indicating the 

possibility of tuning the α by proper choice of process for MgO growth. 

We also explored the effect of magnetic annealing in Si/IrMn(12, 18 and 

24)/CoFeB(9), Si/IrMn(18)/CoFeB(6, 9 and 15) bilayers near crystallization temperature (425 

ºC) of CoFeB. While irrespective of the value of tAF or tFM the HC of the exchange coupled 

FM layer decreases with the increase in annealing temperature, the hysteresis loops however 

shift by ≈ + 10 Oe whenever the HC drops in the 10-15 Oe range. This is in contrast to the 

commonly observed increase in HC whenever exchange bias or loop shift occurs. The results 

seems to suggest that optimum dilution of the AF/FM interface by thermally diffused Mn-

spins is necessary in inducing the effective coupling between the AF domains and diluted FM 

appropriate to shifted M-H loop inspite of the reduced HC. It is further seen that the annealing 

temperature required for the optimum dilution of the FM interface critically depends on the 

thickness of the FM layers. 

In conclusion, bottom CoFeB layer behaves much differently than top CoFeB layer in 

terms of its interfacial character and magnetic behavior, the bottom one being modified by 

MgO growth process depending on the selection of oxidation process and its parameters. 
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