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Appl. Phys. Lett Vol.70 No.19 1997 5 12 LUY ALTMAN R A MARLEY A RISHTON S
A TROUILLOUD P L XIAO G GALLAGHER W J PARKIN S S P American Institute of Physics
2611 FIG. 1. Schematic drawing showing MTJ device structure: (a) cross-sectional view,

and (b) top view of typical device geometry.
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Shape-anisotropy-control led magnetoresistive response in magnetic tunnel junctions
Appl. Phys. Lett Vol.70 No.19 1997 5 12 LUY ALTMAN R A MARLEY A RISHTON S

A TROUILLOUD P L XIAO G GALLAGHER W J PARKIN S S P American Institute of Physics
2611 FIG. 3. (@) Junction resistance versus magnetic field for series A devices, which
have the same nominal junction area but different shapes. The first number in the label is the
dimension of the junction top electrode along the hard axis in 4, while the second number
is the dimension along the easy axis. (b) Junction resistance versus magnetic field for series
B devices, with different areas but the nominal 1-5 aspect ratio for the junction top electrode.
The unusually large MR in the largest junction 28 X 140 (Ju 2) is due to a nonuniform current

distribution effect as discussed in Ref. 8.
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2612 FIG. 4. (a) Coercive force H, and effective coupling field H.¢s as a function of
the nominal junction aspect ratio for series A devices. The error bar indicates the variation
of these quantities with multiple cycles of the magnetic field. (b) Hc and H. s as a function
of the junction area for series B devices, which all have a 1-5 nominal aspect ratio.
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Magnetization

Magnetic States and Magnetization Processes of Ni-Fe/Hf Annular Dots as Candidates
of Non-Volatile Memory Cells. Jpn. J. Appl. Phys. Vol.41 No.12 2002 12 15 Ryoichi
Nakatani Noritsugu Takahashi Tetsuo Yoshida Masahiro Yamamoto

7361 Fig.3. Magnetic state of the circular annular dot and the circular dot. (a) MFM
image of the circular annular dots, (b) magnetic configuration of the circular annular dots,
(c) MFM image of the circular dots, (d) magnetic configuration of the circular dots. Before
the measurement, the field of 5kOe was applied to the dots along the horizontal direction in
the figures, and it was removed.
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Magnetic States and Magnetization Processes of Ni-Fe/Hf Annular Dots as Candidates
of Non-Volatile Memory Cells. Jpn. J. Appl. Phys. Vol.41 No.12 2002 12 15 Ryoichi
Nakatani Noritsugu Takahashi Tetsuo Yoshida Masahiro Yamamoto

7361 Fig.4. Magnetic configuration at various applied field and magnetization curve
obtained by the LLG computation in the circular annular dot. The arrows indicate the
magnetizations of every five cells of the top surfaces in the dots. The field is applied along
the horizontal direction in the figure.

Magnetic States and Magnetization Processes of Ni-Fe/Hf Annular Dots as Candidates of
Non-Volatile Memory Cells. Jpn. J. Appl. Phys. Vol.41 No.12 2002 12 15 Ryoichi
Nakatani Noritsugu Takahashi Tetsuo Yoshida Masahiro Yamamoto
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Increased efficiency and accuracy in micromagnetic calculations of switching

asteroids J. Appl. Phys. Vol.93 No.10 2003 5 15 M. R. Scheinfein A. S. Arott

American Institute of Physics 6802 Fig.1 Superoctagon with dimensions

L=200nm,W=100nm, xt=88nm, yt=44nm, xb=44nm,yb=22nm,and exponent n=2.7 for the quadrants of the

superovals in each corner. The dark squares represent the cubic grid cells 2nm on each side.

The shape is a trapezoidal distortion of an ellipse. The cells on either side of the outline
of the shape are used to take into account the actual boundaries.
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Increased efficiency and accuracy in micromagnetic calculations of switching
asteroids J. Appl. Phys. Vol.93 No.10 2003 5 15 M. R. Scheinfein A. S. Arott
American Institute of Physics 6804 Fig.5 The switching diagram for the
superoctagon with a C state (black arrows) in low field (<30 0e) and an S state (white arrows)
in high fields (>35 0e) as shown in the inset. The large squares are calculated from internal
energies measured for the indicated Hy, in Hx up to 10 Oe greater than the indicated Hx. The
small dots, including those inside the large squares were calculated from internal energy in
Hy=60 Oe, clearly showing the predictive properties of the present analysis. The curve through
the points in the S state is a fit to Eq.(2), showing the similarity in response between S-state
switching and uniform rotation, which it is not.

Increased efficiency and accuracy in micromagnetic calculations of switching asteroids
J. Appl. Phys. Vol.93 No.10 2003 5 15 M. R. Scheinfein A. S. Arott American
Institute of Physics 6802-6804
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Improvement of robustness against write disturbance by novel cell design for high
density MRAM 2004 1EEE International Electron Devices Meeting 2004 12 13 T. Kai
M. Yoshikawa M. Nakayama Y. Fukuzumi T.Nagase E. Kitagawa T. Ueda T.Kishi S. Ikegawa
Y. Asao K. Tsuchida H.Yoda N. Ishiwata H.Hada S. Tahara IEEE 23.5-3 Fig.5
Switching mechanism of our proposed MTJ cell and(a) schematic drawing of cell layout using our
proposed cell. (b) No selected state (state of (a) in Fig. 4, remanent state). (c) Half-selected
state (state of (b) in Fig. 4, magnetization configuration in reverse field without hard bias
field). (d) Selected state (state of (¢) in Fig. 4, magnetization configuration in reverse field
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with hard bias field).
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Improvement of robustness against write disturbance by novel cell design for high density
MRAM 2004 IEEE International Electron Devices Meeting 2004 12 13  T. Kai M. Yoshikawa
M. Nakayama Y. Fukuzumi T. Nagase E. Kitagawa T. Ueda T. Kishi S. lkegawa Y. Asao K.
Tsuchida H. Yoda N. Ishiwata H. Hada S. Tahara  IEEE 23.5-3  Fig.3 Calculated astroid
curves of our proposed MTJcell (solid line) and conventional MTJ cell with tapered ends (broken
line
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Improvement of robustness against write disturbance by novel cell design for high
density MRAM 2004 IEEE International Electron Devices Meeting 2004 12 13 T. Kai
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M. Yoshikawa M. Nakayama Y. Fukuzumi T. Nagase E. Kitagawa T. Ueda T.Kishi S. Ikegawa
Y. Asao K. Tsuchida H. Yoda N. Ishiwata H. Hada S. Tahara IEEE 23.5-3 Fig.8
Measured astroid curves of our proposed MTJ cell(solidline) and conventional MTJ cell with
tapered ends (dottedline).

Improvement of robustness against write disturbance by novel cell design for high density
MRAM 2004 IEEE International Electron Devices Meeting 2004 12 13 T. Kai M. Yoshikawa
M. Nakayama Y. Fukuzumi T. Nagase E. Kitagawa T. Ueda T. Kishi S. lkegawa Y. Asao
K. Tsuchida H. Yoda N. Ishiwata H. Hada S. Tahara IEEE 23.5-1-23.1-4
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nonmagnetic/ ferromagnetic trilayer. The schematic illustration indicates the magnetization
state of the top and bottom magnetic layers in a zero field
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Fig.2 Switching field as a function of the exchange
field across a non-magnetic spacer.
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magnetization of the bottom magnetic layers.
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