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Spintronics

New field in electronics
to utilize

Charge & Spin

High speed, High density, Low power consumption, etc.
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Two-current model
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Normally - off computer OOFEIRARITT

RA
(nbn-volatile)

MRAM
(non-volatile)

Cache
10 ns

100 ns

[
%) in RA
2 Main RAM
LL

OS, application

/ HDD(RIBF:N) \
Conventional PC Normally-off P

SRAM & DRAM are volatile
SCIBERIFDIZ(C, Normally-On 29

Storage/ DD (non-volatile)
|
CSS, application, data
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Normally - off computer OOFEIRARITT

RA
(nbn-volatile)

MRAM
(non-volatile)

Cache
10 ns

100 ns

[
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2 Main RAM
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OS, application
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Conventional PC Normally-off P

SRAM & DRAM are volatile
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Storage/ DD (non-volatile)
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NiFe, w = 240nm, t = 10nm
Phys. Rev. Lett., 92 (2004) 077205.
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NECIRZE D EEEmEkE)-MRAM

S. Fukami et al., 52nd Conference on MMM Abstracts FE-06 (2007).

High
resistance

Low
resistance

UL

e L: TMR®IE

L
%é i7_\.3$2 WE EE,/JIL%EEJ

MASZ CZDO0HIEEE

SRENE
SRAME E # 2

NEDO Spintronics nonvolatile devices project
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Magnetic Racetrack Memory proposed by IBM

A novel three-dimensional spintronic
storage class memory

Magnetic nanowires: information stored
In the domain walls

-Capacity of a hard disk drive

-Reliability and performance of solid state memory
(DRAM, FLASH, SRAM...)

(Samsung) = TDK} »* (Toshiba)

Courtesy of Stuart Parkin (IBM)
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Modified LLG eq. with spin—-transfer term
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LENBRERORKAND

Modified LLG eq. with spin—-transfer term
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Microwave oscillations of a nanomagnet driven
by a spin-polarized current
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Mutual phase-locking of microwave spin torque nano-oscillators
S. Kaka et al., Nature 437 (2005) 389.
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Spin-torque diode effect in magnetic tunnel junctions
A. A. Tulapurkar et al., Nature 438 (2005) 339.
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M. Johnson and R.H. Silsbee,
Phys. Rev. Lett. 55 (1985) 1790.
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F.J. Jedema et al, Nature, 410 (2001) 345.
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Y. K. Kato et al., Science 306 (2004) 1910
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