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Spintronics
e Spin memory

e Half metal

e Magnetic Spin Semiconductor

e Spin Movement and Injection

oin Detection and Spin Transfer

nin-Based FET and Transistor

nin-Based Computing



* Spin valve

Current

Spin-Valve Head

DIRECTION OF Pinned Nonmagnetic
CURRENT FLOW E;":“E'“'iﬂ

DIRECTION OF
CURRENT FLOW
M

Current



Tammer, patte n.




Electrons: New DOF in
Condensed Matters

*1897: Thompson : Charge

*1921: Stern-Gelache : Spin (A beauty only for
Physicists, but still a sleeping beauty for the world)

1988 : Gruburger, Fert (Prince kiss the
Sleeping Beauty and wake her up to the world)
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Applicati ons: Spintronics




(1) Ordinary MR
oS Y. XB Lorentz Force

(2) Anisotropy MR
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(6) Polarized 2DEG
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(7) Ferromagnet/Superconductor
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Effective mass? Band? Interference?

Mean-free path? Spin-diffusion length?



Current Memory Hierarchy

CPU
register
Register (CsalgieM) ?él)el;ng)idy) Disk Memory
size: 200 Bytes 32KB/4MB 128MB/512MB 4GB/20GB
speed: 3ns 6ns 60ns 8 ms
$/MB: $1.5 $0.015-0.02 $0.0015

Larger, slower, cheaper




Holographic:
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Physical limat:
Magnetic : superparamagnetic : Thermal
Optic : Diffraction : wavelength

Semiconductor : optic, carrier number,
heat. etc

Shannon Limit: access, Transfer



Write Head

High-Moment
Yoke Materials

Interfacial
Read Head Nanolayers

Exchange
Biasing

Magnetic flux from
transition regions

Bit size

4um x 0.2um

Transition width

Granular ferromagneric alloys
offer reduced transition widths

Extracted from www-als.Ibl-gov/als/workshops/scidirecthtml/4Magnetic/magnetic.html









Spinvalve: Exchange Bias




Recent results of Spintronics in NTU

Spintronics Group

New Materails and TMR devices

Prof. JH Hsu, Prof. MT Lin, Prof.
JG Lin,

Nano patterned magnetic materials and
theoretical simulations

Prof. CR Chang, Prof. J. C. Wu Prof. YH Chang, Prof. CD Liang
Prof. SC Lee

DMS and functional devices




Experimental Procedure for
Co/NiMn Exchange Bias

* ¢-beam evaporation

capping layer

* NiMn growth T :
T>120°C U epitaxial (001)N1Mn

* No applied field

e post-annealing : 280 °C, 1000 Oe
 XRD & TEM : crystal structure

* VSM & MOKE : hysteresis loops
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Surface-induced Biquadratic COU.pling and the
Associated Modified Astroids

PHY SICAL REVIEW B, VOLUME o4, 004420

Exchange-bias-induced double-shifted magnetization curves in Co biaxial films

Chih-Huang Lai and Yung-Hung Wang
Department of Materials Science & Engineering, National Tsing Hua University, HyinChu, Taitwan

Ching-Ray Chang

Depariment of Physics, National Taiwan University, Taipei, Taiwan
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Temperature dependence of long I'ange €XChaIlg€ blaS

PHY SICAL REVIEW B 63 1004040 R} BRAPID COMMLI

PHYSICAL REVIEW B, VOLUME a3, 100404 R}

Thermally assisted oscillatory interlaver exchange bias coupling

Minn-Tsong Lin.™* C. H. Ho.! Ching-Ray Chang.,! and Y. D. Yao?
 Department of Phvsics, National Taiwan Universitv, 106 Taipei, Taiwan
“fastitite aof Phusics, Academia Sinica, 115 Taipei, Taiwan
(Received 22 December 20000 published 9@ February 2001 )
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Pinned layer

interface

Pinning layer

=== Highly-uncompensated-spin interface exists in bilayers.
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magnelism
and
magnelic
materials
Journal of Magnetism and Magnetic Materials 239 (2002) 132-134

www.elsevier.comdlocatejmmm

Magnetic tunneling junctions with an inserted ferromagnetic
metal spacer

Sui-Pin Chen*, Ching-Ray Chang

Department of Physice, National Taiwan University, Taipei, Taiwan

----i—- - - ﬂ!ﬂl:

) o o Fig 2. The effective spin polavization of the Fe-F-I region in
Fig 1. Schematic diagram for an Fi-F-1-F; tunneling june- an Fe F-1-F- junction versus the thickness ¢ of the ferromag-
Lo nebic spacer.
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Journal of Magnetism and Magnetic Materials 209 (2000) 61 -64

Enhancement of tunneling magnetoresistance through a
magnetic barrier

Ching-Ray Chang®, Sui-Pin Chen

Department of Phyvics, National Taiwan Universily, Taipei, Taiwan, ROC

M or FM

Fig. 1. Schematic diagram for an FM-MI-M-FM tunneling
junction. The molecular feld b, is along their spin quantization
axis and the angle between z and 2" is o




JOURNAL OF APPLIED PHYSICS VOLUME 90, NUMBER 12 15 DECEMBER 2001

Magnetoresistance of spin-dependent tunnel junctions
with composite electrodes

C. H. Ho and Minn-Tsong Lin®!
Department of Physics, National Taiwan University, 106 Taipei, Taiwan

Y.D. Yao and S. F. Lee
Institute of Physics, Academin Sinica, 115 Taipei, Taiwan

C. C. Liao, F. K. Chen, and J. J. Kai
Department of Engineering and System Science, National Tving-Hua University, 300 Hyinchu, Taiwan

FIG, 5. Normalized TR of SDT junctions as functions of the additional
FM (Co and CoFel interlayer thickness, The normmalized TR is defined as
the ratio of the ThRE mtio for SDT junctions to that for a junction without
the additional FM interlayer (Co/Al0, /MiFei. The inset shows the field
mange of the antiparallel magnetization state. & p . which is defined as the
switching field difference between the top and the bottom electrodes. as a
function of the additicnal FM interlayer.




Features of half-metallic magnetite

iy
2)
3)
4)
S)
6)
7)
8)

Ferrite

Conventional magnetic recording medium material
Structure :

Electrical:

Magnetic:

Surface states:

Spin Polarization:

Electronic Band structures:
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MR values as a function of metal content at R.T.

MR (%)
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PHYSICAL REVIEW B VOLUME 47, NUMBER 14

Dynamics of micromagnetic measurements

Ivo Klik, Ching-Ray Chang, and Huei-Li Huang
Department of Physics, National Taiwan University, Taipei, Taiwan, Republic of China
{Received 23 October 1992)
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FIG. 1. The reduced coercivity b, =B_.(f,#) /By (solid lines)
and the reduced field b, =B, (f,#)/By (dashed lines) at which
the susceptibility ¥[f,@#|b, —1] has a maximum. The curves
correspond to the sweep rates =10 Hz (X ), 10* Hz { #), 10¢
Hz (A), 10° Hz (©), and 10* Hz ({).

reduced peak susceptibility
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FIG. 5. The same peak values of reduced susceptibility as
shown in Fig. 4, but plotted vs the reduced temperature . The
solid line denotes equilibrium susceptibility y(,0) at zero field.
The tail section of the f=10°- and 10*-Hz curves could not be
caleulated with sufficient accuracy.
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Temperature dependence of switching field distribution

Jiang-Ching Lin

Materialy Research Laboraiory, Induwsirial Technology Researcl Instisute, Chuteng, Hsinchu, 30075 Taiwan,
Republic of China

I. Klik
Department of Physics, Mafioicl Tabivas Usiversiry, Taipel, Tatwan, Republic af China

C. J. Chen

Materials Research Labaratory, Tndustvial Technology Reseavch Institute, Chutung, Hsinchu, 30015 Taiwan,
Republic of China

Ching-Ray Chang
Department of Physics, Natfenal Teiwar University, Taipel Taiwan, Republic of China
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FIG. 1. Co-yFey0; powder: Experimental dependence of the peak switch-

ing field distribution valoe yy., . coercivity &, and saturated magnetic me- ) )
ment f, on temperature T. Units and markings: ¥, (arbitrary seale, full FIG. 3. Ba-ferrite platelets. Units and markings same as in Fig, 1 but with
ling), H, (200 Oe, long dash), and 7, (arhitrary scale, short dash). The lines H, (10° Oc), Three samples as in Big. 1.

merely guide the eye. Three samples from the same production batch, dis-

tinguished by the symbols (O}, (+), and (A).




PHYSICAL REVIEW B VOLUME 54, NUMBER 17 | NOVEMBER 1996-1

Oscillatory switching under a rapidly varying magnetic field

Ching-Rav Chang
Department of Physics, National Taiwan Universityv, Taipei, Taiwan, Republic of China

Jyh-Shinn Yang
Division of General Education, National Taiwan Ocean University, Keelung, Taiwan, Republic of China
(Received 4 March 1996)

The dynamic response of magnetization under a rapidly varving applied field was analyzed using the
Landauv-Lifshitz equation. The computed angular dependence of the lower bound of the dvnamic switching
field is found to be less than the static limit and, moreover, it is asymmetric with respect to 45° deflection of
the applied field. Oscillatory switching occurs between the dynamic and static thresholds. The width of the
reversal bands depends on the damping rate and rise time of the field. [S0163-1829(06)105641-X]
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Time-resolved Faraday rotation

T =5K-300K

N
Vary pump-probe
I

delay




o AN

Fig. 2 Magnetization response to coincident orthogonal

pulse fields. The overlap of Hy(f) (6.30¢ and 15ns) and
Fig. 1 Experimental data for 3D Hy(f) (VOe and 360ps), shown in (b) is a parameter in (a).
trajectory and projections of  (¢) Montage for the 2.2ns overlap (0. Ins steps) and vector
precessional magnetic switching.  image of last frame.




Ballistic Spin Transport across
Ferromagnet/InAs(2DEG) Multi-junction Structures

y- Ny




Rashba Spin Splitting

The effective magnetic field B felt by a moving charge under

an electric field:

the Rashba parameter _\

unit vector of
surface electric field

H, :(\x[gxk]-uE

Pauli matrices in vector form

J

wave vector




Rashba Spin Splitting
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Three types of semiconductors: (A) a magnetic semiconductor, in which
a periodic array of magnetic element 1s present; (B) a diluted magnetic
semiconductor, an alloy between nonmagnetic semiconductor and
magnetic element; and (C) a nonmagnetic semiconductor, which contains
no magnetic ions. (From Ohno, Science 281, 951 (1998).)
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Applications of Spintronics

*Conventional MR—EXxisting

*Sensor and Reading Head—Existing
*Spin transistor—New

*‘MRAM—New

Magnetic logic device, quantum computer ==

New



Areal Density, Mbits/sq.in.

Areal Density of Magnetic HDD
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APPLIED MAGNETICS {(Monthly Chart)
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High density
of
DRAM

High speed of
SRAM

Non-volatility
of Low cost

memory

Radiation Non destructive
Hard read-out

1 High speed, low power, non-volatility, large density, and no moving parts






= Growth Stage

FM/ /FM
GMR :read head, sensors, MRAM

- Developing Stage
FM/ [FM
TMR : MRAM, read head, sensor

-» Fundamental Stage

=M/ /FM
spin-polarized FET, Hall effect MRAM

=» Quickening Stage
FM/
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