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High density submicron magnetoresistive random access memory (invited) J. Appl.
Phys. Vol.85 No.8 1999 4 15 TEHRANI S CHEN E DURLAM M DEHERRERA M  SLAUGHTER

JM SHI'J KERSZYKOWSKI G American Institute of Physics 5824
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High density submicron magnetoresistive random access memory (invited)

Fig. 6. schematic
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Magnetic tunneling applied to memory (invited) J. Appl. Phys. Vol.81 No.8
Pt.2A 1997 4 15 DAUGHTON J M American Institute of Physics 3760 FIG.
3. Schematic diagram of an experimental SDT device processed by photolithography.

Magnetic tunneling applied to memory (invited) J. Appl. Phys. Vol.81 No.8 Pt.2A
1997 4 15 DAUGHTON J M American Institute of Physics 3758-3763
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Submicron spin valve magnetoresistive random access memory cell Journal of Applied
Physics Vol.81 No.8 1997 4 15 CHEN E'Y TEHRANI S ZHU T DURLAM M GORONKIN H
American Institute of Physics 3992 Fig.1l Cross-section drawing memory device.

Submicron spin valve magnetoresistive random access memory cell Journal of Applied
Physics Vol.81 No.8 1997 4 15 CHEN E'Y TEHRANI' S ZHU T DURLAM M GORONKIN H
American Institute of Physics 3992 3994
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Exchange-biased magnetic tunnel junctions and application to nonvolatile magnetic
random access memory (invited) J. Appl. Phys. Vol.85 No.8 1999 4 15 S.S.Parkin
K.P.Roche M.G.Samant P.M.Rice R.B.Beyers R.E.Scheuerlein E.J.O"Sullivan S.L.Brown
J.Bucchigano D.W.Abraham LuYu M.Rooks P.L.Trouilloud R.A.Wanner W.J.Gallagher  American
Institute of Physics 5832 FIG. 6. Cross section transmission electron micrograph
of an MTJ test site chiplet showing (a) a series of four neighboring MTJs and (b) a single MTJ
cell illustrating the deposition of the MTJ on a SiO, layer above a word line. The cartoon
describe the cross section.
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Integration of spin valves and GaAs diodes in magnetoresistive random access memory
cells. J. Appl. Phys. Vol.85 No.8 1999 4 15 BOEVE H DAS J BRUYNSERAEDE C
DE BOECK J BORGHS G American Institute of Physics 4779 FIG. 1. Cross-sectional
schematic of the diode/spin-valve memory cell.

Integration of spin valves and GaAs diodes in magnetoresistive random access memory cells.
J. Appl. Phys. Vol.85 No.8 1999 4 15 BOEVE H DAS J BRUYNSERAEDE C DE BOECK
J BORGHS G American Institute of Physics 4779-4781
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Vertical integration of a spin dependent tunnel junction with an amorphous Si diode
Appl. Phys. Lett. Vol.74 No.25 1999 6 21 SOUSA R C FREITAS P P CHU V CONDE
JP American Institute of Physics 3894 Fig.1 Cross-section view of the tunnel
junction-diode integrated device.

Vertical integration of a spin dependent tunnel junction with an amorphous Si diode
Appl. Phys. Lett. Vol.74 No.25 1999 6 21 SOUSA R C FREITAS P P CHU V CONDE
JP American Institute of Physics 3893 3895
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Buried word line planarization and roughness control for tunnel junction magnetic
random access memory switching. J. Appl. Phys. Vol.87 No.9 2000 5 1 SOUSARC
SOARESV SILVAF BERNARDOJ FREITASPP American Institute of Physics 6382 FIG.1
Cross section of the device.

Buried word line planarization and roughness control for tunnel junction magnetic random
access memory switching. J. Appl. Phys. Vol.87 No.9 2000 5 1 SOUSAR C SOARES
V' SILVA F BERNARDO J FREITAS P P American Institute of Physics 6382 6384
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Ultrahigh density vertical magnetoresistive random access memory (invited) J. Appl.
Phys. Vol.87 No.9 2000 5 1 ZHU J-G ZHENG Y PRINZ G A American Institute of
Physics 6672 FI1G.11. Calculated switching fields of NiFe filmelements with different
end shape. All the elements have the same size of 0.22><0.1 1 2, counting tip-to-tip, and
a thickness of 20

Ultrahigh density vertical magnetoresistive random access memory (invited) J. Appl.
Phys. Vol.87 No.9 2000 5 1 ZHU J-G ZHENG Y PRINZ G A American Institute of
Physics 6668-6673
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One possible chip layout

Ultrahigh density vertical magnetoresistive random access memory (invited) J. Appl.
Phys. Vol.87 No.9 2000 5 1 ZHU J-G ZHENG Y PRINZ G A American Institute of
Physics 6669 FIG. 3. A memory cell structure and the planar view of memory array
with the paired word lines.
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Ultrahigh density vertical magnetoresistive random access memory (invited) J. Appl.
Phys. Vol.87 No.9 2000 5 1 ZHU J-G ZHENG Y PRINZ G A American Institute of
Physics 6669 FI1G. 14. Design of a ring shaped MTJ memory element with word line and
bit line.

Ultrahigh density vertical magnetoresistive random access memory (invited) J. Appl.
Phys. Vol.87 No.9 2000 5 1 ZHU J-G ZHENG Y PRINZ G A American Institute of
Physics 6668-6673
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Technology Status and Potential for High Speed Nonvolatile Magnetoresistive RAM.
Vol.116 2000 11 17  TEHRANI S DURLAMM NAJI P SLAUGHTER
J ENGEL B RIZZO N DEHERRERA M JANESKY J CALDER J 20
Fig2 MTJ material stack and hysteresis curves showing parallel and anti-parallel states
for a 0.6*1.5m? bit. When the layers are parallel, as on the right, the bit is in the low
resistance state. When the layers are anti-parallel, as on the left, the bit is in the high
resistance state.
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Technology Status and Potential for High Speed Nonvolatile Magnetoresistive RAM.
Vol.116 2000 11 17  TEHRANI S DURLAMM NAJI P SLAUGHTER
J ENGEL B RIZZO N DEHERRERA M JANESKY J CALDER J 20
Fig3 MRAM cross-point architecture with bits between orthogonal conductors and each cell
defined by one MTJ and one transistor. Top lines, in contact with the top electrode of the bits,
provide hard-axis field, while bottom lines are isolated and provide easy-axis field. Turning
on a transistor provides a current path so that the corresponding bit state can be sensed.

Technology Status and Potential for High Speed Nonvolatile Magnetoresistive RAM.
Vol.116 2000 11 17 TEHRANI'S DURLAMM NAJI P SLAUGHTER
J ENGEL B RIZZO N DEHERRERA M JANESKY J CALDER J 19
24
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Technology Status and Potential for High Speed Nonvolatile Magnetoresistive RAM
Vol.116th 2000 11 17 TEHRANI S DURLAM M NAJI P
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23 Fig.10 Architecture of Magnetic Tunnel Junction integration with CMOS

Technology Status and Potential for High Speed Nonvolatile Magnetoresistive RAM
Vol.116th 2000 11 17 TEHRANI' S DURLAMM NAJI P SLAUGHTER
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High Speed, Radiation Hard MRAM Buffer Proceedings of the Non-Volatile Memory
Technology Symposium2002 2002 11 6 R. Sinclair R. Beech IEEE 3 Figure
1. Schematic illustration of the SSDT memory cell. The magnetic sandwich, below the tunnel

barrier, is the storage element, and is written with in-plane current. Vertical conduction,
through the tunnel barrier, is used for readout.
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High Speed, Radiation Hard MRAM Buffer Proceedings of the Non-Volatile Memory Technology
Symposium 2002 2002 11 6 R. Sinclair R. Beech IEEE 1-6
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Low Power 256K MRAM Design Proceedings of the Non-Volatile Memory Technology
Symposium 2002 2002 11 6 R. Beech R. Sinclair IEEE 2 Fig.2 Write mode
of a popular SDT cell design. The bit at the cross-point of the digit line and bit line is
written by the fields that they generate.

Low Power 256K MRAM Design Proceedings of the Non-Volatile Memory Technology Symposium
2002 2002 11 6 R. Beech R. Sinclair IEEE 1-6
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Fig.6 Read mode

of the SSDT cell. Depending on the drive and select circuitry, the write transistor may be ‘OFF

or ‘ON' — to ground the sandwich layer.

Low Power 256K MRAM Design Proceedings of the Non-Volatile Memory Technology Symposium
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Low Power 256K MRAM Design Proceedings of the Non-Volatile Memory Technology
Symposium 2002 2002 11 6 R. Beech R. Sinclair IEEE 3 Fig.5 SSDT cell
during write mode. Write current passes through the sandwich layer of the cell when the
transistor is on.

Low Power 256K MRAM Design Proceedings of the Non-Volatile Memory Technology Symposium
2002 2002 11 6 R. Beech R. Sinclair IEEE 1-6
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A 0.18pum 4Mb Toggling MRAM Tech Dig Int Electron Devices Meet Vol.2003 2003
12 8 DURLAM M ADDIE D AKERMAN J BUTCHER B BROWN P CHAN J DEHERRERA M ENGEL B
N FEIL B Grynkewich G Janesky J Johnson M Kyler K Molla J Martin J Nagel K Ren J
RizzoN.D Rodriguez T SavtchenkolL SalterJ SlaughterJ.M SmithK SunJ.J LienM Papworth
K Shah P Qin W Williams R Wise L Tehrani S IEEE 996 figure 3. Schematic
cross-section of 4Mb MRAM device showing architecture of 4Mb array core. Program path , (dashed
arrows) is physically separated from sense path (solid arrows) to reduce parasitic delays on
programming lines. Program lines employ permeable cladding to provide magnetic field boost and
to reduce programming currents.

A 0.18pam 4Mb Toggling MRAM Tech Dig Int Electron Devices Meet Vol.2003 2003
12 8 DURLAM M ADDIE D AKERMAN J BUTCHER B BROWN P CHAN J DEHERRERA M ENGEL B N
FEIL B Grynkewich G Janesky J Johnson M Kyler K MollaJ MartinJ Nagel K RenJ Rizzo
N.D Rodriguez T Savtchenko L Salter J Slaughter J.M Smith K Sun J.J Lien M Papworth
K Shah P Qin W Williams R Wise L Tehrani S IEEE 995-997
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Design of Curie point written magnetoresistance random access memory cells J. Appl.
Phys. Vol.93 No.10 2003 5 15 DAUGHTON JM POHM AV American Institute of Physics
7306 FIG. 3. MRAM cell using Néel temperature writing.

Design of Curie point written magnetoresistance random access memory cells J. Appl. Phys.
Vol.93 No.10 2003 5 15 DAUGHTON J M POHM A V American Institute of Physics
7304-7306
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Design and Process Integration for High-Density, High-Speed, and Low-Power 6F* Cross
Point MRAM Cell 2004 IEEE International Electron Devices Meeting 2004 12 13
Y. Asao T. Kajiyama Y. Fukuzumi M. Amano H. Aikawa T. Ueda T. Kishi S. lkegawa K. Tsuchida
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Y. lwata A. Nitayama K. Shimura Y. Kato S. Miura N. Ishiwata H. Hada S. Tahara H. Yoda

IEEE 23.2-3 Fig.1l Cell layouts, circuit schematics, and sectional schematic of
1T-1MTJ, the conventional CP, and the new CP cells, respectively. The sizes of the conventional
CP cell and the new CP cell are one fifth of that of 1T+1MTJ cell. A large sneak current flows
across the entire array of the conventional CP cell. On the other hand, small sneak current
flows only in the selected BL and the other three BLs, which share the same bottom electrode.

Design and Process Integration for High-Density, High-Speed, and Low-Power 6F Cross Point
MRAM Cell 2004 1EEE International Electron Devices Meeting 2004 12 13 Y. Asao
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