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Magnetic tunnel junctions (MTJs) exhibit tunneling magnetoresistance (TMR) effects, which are applied for 

HDD reading head, memory, sensors, etc. Current standard materials are FeCoB and MgO, whereas various 

materials are being explored for advanced technology of MTJ devices [1-4]. One of the demands is new 

barrier material exhibiting both large TMR and low resistance [3,4], and a good candidate would be cubic 

wide-bandgap oxide semiconductors crystallizing on (001) planes of magnetic films [3-5]. In this study, we 

explore metastable cubic nitride widegap semiconductor c-GaN (001) with a bandgap of approximately 3 

eV as a tunnel barrier for out-of-plane magnetized MTJs. 

The MTJ stacks were deposited on single crystal MgO(100) substrate using an ultrahigh-vacuum magnetron 

sputtering system with a base pressure below 510-7 Pa. The stacking structures was 

substrate/Cr(40)/MnGa(50)/Mg(0.4)/CoMnFe(1.2)/Mg(0.4)/MgO(0.6)/GaN(1)/MgO(0.6)/CoFeB(1.2)/Ta(3

)/Ru(5) (thickness is in nm). We also prepared a similar stack with a single 2.0-nm-thick MgO barrier instead 

of MgO/GaN/MgO for comparison, as already reported elsewhere [6]. The MTJ device fabrication was 

performed using standard optical lithography with Ar ion 

etching. The MTJs were annealed in a vacuum furnace with 

different annealing temperatures (Ta). Transport measurements 

were carried out using the standard four-probe method at 300K. 

 

Figure 1 shows hysteresis loops for the TMR effect in p-MTJ, 

which were measured after the annealing at Ta =300C. We 

observed perpendicular magnetization for the top CoFeB layer, 

indicating that large perpendicular magnetic anisotropy is 

maintained even in the presence of the GaN layer. The maximum 

TMR ratio of ~47% and ~110% were observed with and without 

the GaN layer, respectively. We also observed that the resistance 

area product (RPA) of 8.2103 µm2 and 1.3104 µm2 of p-

MTJ at Ta =300C with and without GaN layer, respectively, 

possibly due to a reduced barrier height. In the presentation, we 

will discuss more details with a comparison of the data obtained 

in-plane magnetized MTJs with GaN layers having different 

thicknesses 
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Fig. 1 TMR hysteresis loops in p-MTJ as the 

function of magnetic field for (a) with and 

(b) without GaN barrier at Ta = 300C. 
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