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Magnetic tunneling junctions
(MTJs) use the spin-transfer torque
(STT) effect, which has the
potential to make technologically
possible the fabrication of
nonvolatile STT-MRAM devices
combining low current requirements
and good scalability. In particular,
STT-MRAM has the advantage of
lower power consumption over
conventional MRAMs.

Motivation
The performance of MTJs is
severely limited by the barrier
inhomogeneities or pinhole
formation. Improvement of the
techniques to analyse MTJs quality
is the key problem when the high
requirements on device fabrication
have to be met.
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The growth of MgO films (1.0 - 100 nm) on thin hcp-Co(001) films was
investigated by scanning tunneling microscopy (STM) and reflection high
energy electron diffraction (RHEED). The Mo/Au/Co/MgO structures with
variable MgO thicknesses were grown on sapphire substrate by molecular
beam epitaxy (MBE). It is shown that the homogeneity of the tunneling
barrier improves with increasing MgO thickness but the strong differences
in electrical conductivity are observed for samples with MgO thickness less
than 4 nm. Highly-conductive structural defects result from compressive
strains at the Co/MgO interface and may be attributed to oxygen vacancies
in MgO crystal lattice.
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Despite the insulating nature of bulk MgO, the films of nanometric thicknesses are
conductive enough for performing STM measurements. Quasi-topography STM images
show large variations in vertical scale, which is 2 orders higher than AFM topography
for MgO thickness below 4 nm. The sets of STS curves taken along a line also indicate
the existence of 200 nm wide regions of differing conductance. The conductivity
of 10 nm thick MgO film is homogeneous i.e. the apparent height in STM is the same
as AFM topography.
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Conclusions

numerous hot-spots emerge as a consequence of the
compressive strains.
- The uniformity of tunneling barrier improves with
- Morphology and conductivity of MBE-grown
MgO tunneling barier on hcp-Co(001) surface were increasing MgO thickness.
- The regions (of the lateral size of about 200 nm)
investigated.
- Due to high lattice mismatch between the hcp-Co of high conductivity lead to decrease the tunnel
magnetoresistance in MgO junctions by formation
(001) and MgO(001) the strain is induced at the
interface and three-dimensional growth of tunneling of a conductive path in parallel with coherent
tunneling channels.
barrier is observed.
- The 10 nm thick MgO layer is insulating since
- AFM images show a decrease of the surface
the influence of defects is reduced.
roughness with increasing MgO layer thickness
- Further experimental work is needed aiming for
indicating the release of stresses.
- In the conductivity maps of thin (1 nm) MgO layer reduction of defects in the thin (<2 nm) MgO layers.

