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Activities in our Lab.
(1) Nanomagnetism
» Field-induced DW motion (Science 1999, PRL2008)
» Magnetic vortex core (Science 2000)
» Current-induced DW motion (PLR2004, N.Mat.2011)
» Current-induced magnetic vortex core switching
(PRL2006,2008, N.Mat.2007)
» Electirc field control of magnetism (N.Mat.2011)
» GMR in pure Si (Nature 2009)

(2) Mesoscopic physics (Shot noise measurements)

» Experimental cofirmation of fluctuation thorem (PRL2010)
» Shot noise in Kondo system (PRL2011)

» Shot noise in MTJ (APL2010, 2011) 3
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Vortex core, Science (2000)

Current-induced DW motion,
PhysRev.Lett.(2004) 4



Magnetic Transmission X-ray Microscope
@ ALS in BerKeley with Peter Fischer
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Magnetic domains in Permalloy disks

2001 @Berkeley



Magnetic domains 1n a S0nm PY dots

+0.5A
+0.3A
0A
-0.3A
-0.5A




Vortex core observation by MTXM

P. Fischer, M.-Y. Im, S. Kasai, K. Yamada, T. Ono, A. Thiaville PRB 83 212402 (2011)

150 nm thick 100 nm thick 50 thick




Resonance of vortex core by AC current
-Micromagnetic simulation including spin transfer term-
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Experimental proof:
Resistance measurements, Kasai et al., PRL 97, 107204 (2006). 9
X-ray microscope, Kasai et al., PRL101, 237203 (2008).



Real-space imaging of
current-induced resonant motion of vortex core
by Magnetic Transmission X-ray Microscope
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Time-resolved imaging of
current-induced resonant motion of vortex core
by Magnetic Transmission X-ray Microscope

Time-resolved image Movie
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Radius of steady orbital, a(f), (nm)

Fitting by analytical model
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Determination of spin polarization
though spin-transfer torquel

P determined from CPP-GMR measurements: P=0.7 12
J. Bass, W. P. Jr. Pratt, J. Magn. Magn. Mater. 200, 274 (1999)



Current-induced domain wall motion
(Action-reaction between electron & local moment)

Domain wall Berger(1984)
—_— /v T \ <« Static domain wall

Current
G—
o o Q Spin rotates
- T'\ 4:—9- anti-clockwise.
Action-reaction!
Ladiabatic spin torque

—_ N T\ <+— Local magnetic moment
should rotates clockwise.

DW motion by electric current without magnetic figeld!!



Experimental evidences

N. Vernieret al., M. Klaui & R. Allenspach et al.,
Europhys. Lett. 65 (2004) 526. Phys. Rev. Lett. 95 (2005) 526.

Initial state

M. Yamanouchiet al.,
Nature, 428 (2004) 539.

e

A. Yamaguchi et al., Phys. Rev. Lett., 92 (2004) 077205.
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Race-track memory Demo.
Writing, Shifting, Readin ng

pphed Physics Express 3 (2010) 073004.
Shift operation (3DWS5s)
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DW-MRAM proposed by NEC

Low
resistance

High
resistance

M@> a

Reading: TMR effect
Writing: Current-induced DW motion

e

Independent circuits for reading and writing

e

Fast operation
Replace SRAM

NEDO Spintronics nonvolatile devices project (2007-2011)



CIDW-MRAM Array Demo (NEC)
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Current-induced DW motion
Co/Ni nanowire with perpendicular magnetization
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1. DW injection by local magnetic field.

2. Current pulse application (15ns).

3. Hall measurement.

4. Continue process 2&3 until the total pulse =
duration reaches 1.5 ps. S e ®

5. Continue process 1-4 20 times for each current
density.
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Jinh & Hyep V.S, Wire width
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Why J., minimum for specific width?

20
Koyama et al., Nature Materials 10 (2011)194.



Why minimum Jc for specific dimension?
Bloch DW Neel DW

For current-driven DW motion,
Spin torgue has to overcome the barrier of Neel walll

— Energy
>

Spin torque has to overcome the barrier of Bloch wall!

B 21

Resulting in Jy, minimum




DW structure v.s. wire width
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Check DW structure !
-> DW resistance measurements
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Observation of CIDWM by PEEM (@SPring8
NS A, FESA. KESA. BlllISA. MaSA. KAINSA
N. Ohshima et al., J. Phys.: Condens. Matter 23 (2011) 382202.
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