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Table I. Optical lithography process conditions for the
fabrication of MRAM cells.

Spin Coating : Negative PR (~1 pm) deposition

Soft Baking : 95°C, 30 min.

U.V. exposure & Developing

Hard Baking : 115°C, 30 min.

Etching : HNO;

Stripping
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Fig. 1. Schematic diagram of spin valve MRAM cells
fabricated in this work.
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Fig. 2. Schematic diagram of measurement configuration of
the patterned MRAM cells.
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Fig. 3. Typical (a) M-H and R-H curves of NiFe(60 A Y
Co(5 A)Cu(60 A)Co(30 A) spin valve sheet films and (b)
switching characteristics of the patterned MRAM celis.
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Fig. 4. Schematic diagram of the patterned cell alignment
with respect to the easy axis of magnetocrystalline uniaxial
anisotropy.
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Fig. 5. Variation of switching threshold of soft NiFe(60 A )/
Co(5 A) layer consisting of spin valve MRAM cells with
respect to 6.
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Fig. 6. Switching characteristics of soft NiFe(60 A }/Co(5 A )
layer consisting of 5 X 50 um? spin valve MRAM cells with
respect to 6.
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Fig. 7. Schematic illustration of shape and magnetocrystalline
anisotropy energies of the spin valve MRAM cells with
respect 1o a. (a) 9=0 degree, (b) 8= 90 degree.
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NiFe(60 A )/Co(5 A)Cu(60 A )/Co(30 A) spin valve thin films were patterned into magnetoresistive random access
memory (MRAM) cells by a conventional optical lithography process and their output and switching properties were
characterized with respect to the cell size and geometry. When | mA of constant sense current was applied to the cells, a few
or a few tens of MV of output voltage was measured within about 30 Oe of external magnetic field, which is an adequate
output property for the commercializing of competitive MRAM devices. In order to resolve the problem of increase in the
switching thresholds of magnetic layers with the downsizing of MRAM cells, a new approach using the controlled shape
anisotropy was suggested and interpreted by a simple calculation of anisotropy energies of magnetic layers consisting of the
cells. This concept gave a reduced switching threshold in NiFe(60 A)/Co(S A ) layer consisting of the patterned cells from
about 15 Oe to 5 Oe and it was thought that this concept would be much helpful for the realization of competitive MRAM

devices.



