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Thermally stable exchange-biased magnetic tunnel junctions over 400 Applied

Physics Letters Vol.81 No.25 2002 12 16  Nozomu Matsukawa AkihiroOdagawa Yasunari

Sugita Yoshio Kawashima Yasunori Morinaga Mitsuo Satomi Masayoshi Hiramoto Jun Kuwata

American Institute of Physics 4784 Fig.1 A contour map of TMR vs Pt content and

annealing temperature. Small squares indicate measurement points of TMR. The contour lines are
linearly interpolated from these points. The lines for 30% and 40% are emphasized with bold
lines. With 0.1-0.2 ratio of Pt, TMR retains over 40% around 400 and 30% around 420
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Letters Vol.81 No0.25 2002 12 16  Nozomu Matsukawa AkihiroOdagawa Yasunari Sugita
Yoshio Kawashima Yasunori Morinaga Mitsuo Satomi Masayoshi Hiramoto Jun Kuwata American
Institute of Physics 4784 4786
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MRAM  TMR
HO1L27/10,447 G11C11/15,112  HO1L43/08@D; HO1L43/08@M

FeCo
1994 MR
1 MR
Julliere 1975 Fe/Ge/Co T<4.2 14
1
1993 80NiFe/Al,0,/Co
1994 50FeCo/Al,0,/Co MR 30 4.2 18 300

1
MR ratic due to spin polarized mnneling in ferromagnet/ insulator /ferromagnel junclions
Year Junction MR (%) Author
421K 300 K
1975 Fe/Ge/Co 14 M. Julliere [3]
1982 Wi,/ NiCNi 0501L5K) S. Mackawa et al_[4]
Ni/NiQ/Co . 25
Ni/Ni0 /Fe 1.0(25K)
1987 Ni /M0 Co 0.96 Y. Suezawa et al. [5]
1990 Fe—C/A1,0, /Fe—Ru 1.0 R. Nakatani et al. [13]
1991 Gd /G40, /Fe 56 1. Nowak et al. [7)
Fe,/GdO., /Fe 1.7
1991 Ni/Al,0,/Co 0.5 Y. Suezawa et al. [6]
1993 BONiFe /A1,0, /Co 50 2.7 T. Yaoi et al. [8,9,10]
1994 BINiFe /Mg0 /Ca 0.2 T.5. Plaskett et al. [14]
1994 Fe/Al,04/Fe 30 18 T. Miyazaki et al. [11]
1994 50FeCo/ Ad, 0, /Co 1.2 3.5 N. Tezuka et al. [12]
Fe/AlL0,/Co 85 3.3

Spin polarized tunneling in ferromagnet/insulator/ferromagnet junctions [Journal
of Magnetism and Magnetic Materials 151] 1995 12 1 T.Miyazaki N.Tezuka Elsevier
Science B.V. 404 Table 1 ratio due to spin polarized in ferromagnetic/insulator/
ferromagnetic junctions.

Spin polarized tunneling in ferromagnet/insulator/ferromagnet junctions [Journal of
Magnetism and Magnetic Materials 151] 1995 12 1 T.Miyazaki N.Tezuka Elsevier
Science B.V. 403 410
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Large tunneling magnetoresistance enhancement by thermal anneal Applied Physics
Letters Vol.73 No.22 1998 11 30 R. C. Sousa J. J. Sun V. Soares P. P. Freitas
A. Kling M. F. Da Silva J. C. Soares American Institute of Physics 3289 Fig.1
Tunneling magnetoresistance vs field for an as-deposited spin tunnel junction, and for the same
junction after consecutive anneals up to 230 . In the inset, the four-probe measuring scheme
is illustrated using an optical microscope picture of the junction.

Large tunneling magnetoresistance enhancement by thermal anneal Applied Physics Letters
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Vol.73 No.22 1998 11 30 R.C. Sousa J.J. Sun V. Soares P. P. Freitas A. Kling
M. F. Da Silva J. C. Soares American Institute of Physics 3288 3290
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Vol .25 No.4-1
2001 471 Fig.1l Schematic
cross-section of a spin-valve-type junction Permalloy / Co-Fe/ AI-0/ Co-Fe/ Ir-Mn is the main
spin-valve-type junction. Under-layers are necessary in order obtain (111) Ir-Mn preferred
orientation and to reduce the sheet resistance. Two free layers are necessary in order to obtain
a high spin polarization (Co-Fe) and to reduce the coercive force (Py).
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SUNIFeCo 1250A LD (5 CoF e 70 VR ¥V CoF e TV FeMni 1 25) 1998 Tomdra el al [§)
glaen TaF0NIFe IB0WALD, =11 VC0Fel 400 R 70K Ta(30) 1998 Sousa et al [9]
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Fig.6 Switching field as a function of width for Cci,Fe/Ru/CosFe AyAF elements with k=1.
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MRAM  TMR NiFe
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Large magnetoresistance effect in 82Ni-Fe/Al-Al,0,/Co magnetic tunneling junction

J. Magnetism and Magnetic Materials Vol.98 No.1 1991 7 1 MIYAZAKI T YAOI T

ISHIO S Elsevier Science B.V. L8 Fig.1l Resistance as a function of the magnetic
field for the 82Ni-Fe/Al- Al,0;/Co junction. Small dots are the resistance measured by

alternating the magnetic field up to #2100 Oe. The small open circles are the resistance measured
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in fields between 50 Oe after the sample is magnetically saturated along longitudinal direction
of the Co layer by fields of +100 Oe(a) and —100 Oe(b).

A/

Junction - AR/R (%)

42K T'K RT
82Ni-Fe/Al-Al,O, /Co 35 217
[present work]
Fe-C/Al-Al,0, /Fe-Ru [6] 1.0
Ni/Al-ALLO, /Co [3) 0.07
Mi—Mi0Co (2] 0.96
MNi-Mi0Co [1] 2.5

Ni-NiO/Ni [1]

0.5(1.5 K)

Large magnetoresistance effect in 82Ni-Fe/Al- Al,0,/Co magnetic tunneling junction
J. Magnetism and Magnetic Materials Vol.98 No.1 1991 7 1 MIYAZAKI T YAOL T
ISHIO S Elsevier Science B.V. L8 Table.1 Summarized results of the value of A

R/R for magnetic tunneling junctions and those reported previously.

Large magnetoresistance effect in 82Ni-Fe/Al- AlL,0,/Co magnetic tunneling junction J.
Magnetism and Magnetic Materials Vol.98 No.1 1991 7 1 MIYAZAKI T YAOI T ISHIO
S Elsevier Science B.V. L7 L9
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Al,05/Co tunneling junction. (B) is the magnification for 1-V character of (4),(5),(6) in (A).

Vol.16 No.2 1992 4 1
303 308
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Fig.2 SEM image of the junction (junction area 5x5pam?) and schematic cross section.
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Fig.3 Magnetoresistance curves of junctions with areas of 35x35pam?(a,b) and 4x4pam? (c).
The inset of Fig.3 (a),(b) show the corresponding magnetic hysteresis loops calculated for
(a) J=0 erg/cm®, Kul=1.1x103erg/cm®, Ku2=3.6x104erg/cm® and (b) J=-0.03erg/cm®,
Kul=1.1x103erg/cm®, Ku2=2.2x104 rg/cm®. M1=880emu/cm® and M2=1400 emu/cm*® were used in both
cases.

NiFe/ Al,0,/Co Vol.21 No.4-2
1997 4 1 533 536
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Yogar MName Junciion AF MR Temp. Red

[ LY
1975 M. Julliore (INSA) FelGe/Co 163 42 (8
1882 S, Maskawa (IBM) NiMIO'Ca 2 42 (@
1987 Y. Suezawa (¥ ML) HIMNIQCo 1 a0 (10)
1991 R. Makatani (Hitachi) Fo-ClAlyDgFe-Ru 1 800 (1)
1991 T, Miyazaki (Tohokul)  MI-Fo/AlaOs/Co 27 300 (12)
1852 J. Nowak (P.A5.) Fo/GdChFa 8 42 (9
19584 T.S. Plaskott (NESC)  NiFeMgQiCo 02 300 (14)
1885 T.Miyazaki (Tohokull)  Fa/AlyOgfFe ®ooa0 (1)
1885 J. 5. Moodara (MIT) CoFelAla0y/Co 134 300 (15)
1008 R. 8. Basch (NEI) NiFeColAl04/CoFs 4 300 (16)
1886 C. L Plaf (U. Cal) FeHIO o/ Co 3 3| (N
1997 M. Sato (Fujitsu) ColhlpOgy/CoMiFe AF 10 300 (B)
1897 W.J. Gallagher IBM]  NiFe/Al04/Co AF 22 300 (18)
1997 M. Sato (Fujitsu) CalAlp0g/CoNiFe AF 24 300 (M
1996 H. Tsuge (NEC) Faféla0y/CoFe 12 300 (19)
1998 J. J. Sun (INESC) GCaFalAly04/CoFe AF 24 300 (20)

NiFe/AINCo 1.6 200
1998 R. C. Sousa (INESC) NiFa/CoFaldiaOq/CoFe AF 36 300 {21)
1998 M.Sharma(Stanf.U)  MiFe/TayOgNiFe 14 300 (22)
1999 8 S.P.Parkin (IBM)  GoFelRlgOg/CoFe AF 33 300 (2
1899 R. A Lukassew (U, Mich) CoBMNMi 25 300 (23)
1999 5. Cardoso (INESC) NIFaiCoFaltlOs/CoFe AF 40 200 (3)
1999 H, Wikuchi (Fujiteu) MiFa/CoFaitlsO4/CoFe AF 42 300 (3)
1989 J. Sugawara (Sony) NiFe/CoFalAlOg/CoFa AF 40 300 (5}

TMR Vol. 112 1999 11 26
12 Table 1 History of
ferromagnetic tunnel junction.
TMR Vol.112 1999 11 26
11 18
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Fig.3 Typical MR-H curves of spin-valve films patterned at 5*5pm with a free layer of
(ANiFe(8),(B) NiFe(5)/Ru(0.7)/ NiFe(3),(B) NiFe(3)/Ru(0.7)/ NiFe(5) and (C) NiFe(4)/Ta(3)/
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70% TMR at Room Temperature for SDT Sandwich Junctions With CoFeB as Free and Reference
Layers IEEE Transactions on Magnetics Vol.40 No.04 2004 7 1 DexinWang Cathy
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11 Fig.7 TMR for a magnetic tunneling
junction with a CCFA(0.4) electrode measured at (2)RT and (b)5K.
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Inverse Tunnel Magnetoresistance in Co/SrTi0,/La, ,Sr, ;Mn0;: New Ideas on Spin-Polarized
Tunneling Physical Review Letters Vol.82 No.21 1999 5 24 J. M. De Teresa A.
Barthelemy A. Fert J.P. Contour R. Lyonnet F. Montaigne P. Seneor A.Vaures  The American
Physical Society 4289 Fig.1 (@) Resistance versus applied magnetic field for a 10

jam Co/STO/LSMO junction at 5 K (sample 1). The applied bias is 0.4 V. The resistance is
minimum in the AP configuration, which we call an inverse TMR. (b) Magnetization versus field
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curve measured on the same sample at 20 K.

Inverse Tunnel Magnetoresistance in Co/SrTi03/La0.7Sr0.3Mn03: New Ideas on Spin-Polarized
Tunneling Physical Review Letters Vol.82 No.21 1999 5 24 J. M. De Teresa A.
Barthelemy A. Fert J. P. Contour R. Lyonnet F. Montaigne P. Seneor A. Vaures The American
Physical Society 4288 4291
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