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Fig. 1. TMR ratio variations of MTJ with the ternary-oxide barrier as

a function of Zr/Ti and Zr/Nb ratio in the as-deposited and annealed
state. Samples were annealed at 250°C for 10 min.
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Fig. 2. Resistance variations of MTJ with the ternary-oxide barrier as
a function of Zr/Ti and Zr/Nb ratio in the as-deposited and annealed
state. Samples were annealed at 250°C for 10 min.
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Fig. 3. RMS surface roughness of Al as a function of Zr/Ti and Zr/Nb
ratio. Samples are in the as-deposited (before oxidation and after
oxidation) and annealed state (after oxidation).
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Fig. 4. TEM micrographs and SAD patterns of as-deposited ternary alloy films. (a) 7.98 at% Zr+2.1 at% Nb, (b) 5.32 at% Zr+5.2 at% Nb,
(c) 1.9 at% Zr+7.62 at% Nb, (d) 7.81 at% Zr+2.11 at% Ti, (¢) 5.12 at% Zr+5.3 at% Ti, and (f) 1.12 at% Zr+8.55 at% Ti.
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Fig. 5. Bias-voltage (V;) changes of the MTJ of Zr and Ti, Zr and
Nb proportion in the ternary-oxide barrier in the as-deposited and
annealed state. Samples were annealed at 250°C for 10 min.
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Magnetoresistance and Structural Properties of the Magnetic Tunnel Junction
with Ternary Oxide Barrier
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We studied the microstructural evolution of ZrTM-Al (TM=NDb and Ti) alloy films, MR and electrical properties of the MTJ with
ZrTM-AIQ barrier as a function of Zt/TM ratio. We observed that the ternary-oxide barrier reduced the TMR ratio due mainly to the
structural defects such as the surface roughness. The change in TMR ratio and ¥}, with Zt/TM ratio exactly corresponds to the
systematic changes in the microstructural variation. Although the MTJ with ternary oxide reduced the TMR and the electrical
stabilities, the junction resistances decreased as the Ti and Nb concentration increased due to the band-gap reduction caused by the
formation of extra bands.
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