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IloHsATHE 0 MarHeTH3MeE OT APEBHOCTH 10 HALIMX JHEMH.
MarHerusmM 1 HAY4YHO-TEXHUYECKHU MPOrpecc.
CoBpeMeHHOeE npeacTaBdeHre 0 ((U3UKe MATHUTHBIX
ABJICHUM.

A.b. I'panoBckui
kadeapa MarHeTusmMa (pu3n4eckoro (pakyJjabTeTa
MI'Y um. M.B. JlomoHocoBa
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"« PaspuTHE IIPEJICTABJICHUNU O MAarHETU3ME.

e MarsuTHbIE TTAPAMETPHI.
* EanHUNBI U3MEPEHUTI.
e OCHOBHBIE ITOHATHS (PU3UKH MArHUTHBIX SIBJICHUI.
e MaruuTHbEIE MaTCPHUAIIBI
e [Ipo0JieMBbI CBEPXIJIOTHOM MAarHMTHOM 3aIUCH
* CIMHTPOHHUKA
e MaruuTo()OTOHHKA
e HaHoMarseTusm
e MaruuToOnoaorusa 1 OMOMarHeTu3M
e 3aKJII0UCHHUEC

[1naH

“I swear to tell the truth, all the truth and
nothing but the truth”
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- DMarHeTHSM €CTh YHUBEPCAJIbHOE CBOMCTBO MATECPUH,
TaK KaK BCE BEIIECTBA B MPUPOIE COCTOSAT U3
3JEKTPOHOB, IIPOTOHOB U HEMTPOHOB, KOTOPBIE 00IaJAI0T
MAarHUTHBIM MOMEHTOM. Bce BeniecTBa MarHuTHbIE

['mobanbHOE MPOHUKHOBEHUE (PU3UKH MArHETU3MA B HAYKY U
TEXHUKY: T€HEePAINS DJICKTPOIHEPTUH, PAAUO U TeIe(hOHHAS CBA3b,
MAarHuTHAas MaMATh U BEIYUCIIUTEIIbHAS TEXHUKA, MATHUTOXUMUS,
MarHUTOOHOJIOTHS 1 OMOMArHETH3M, T€OMAarHeTU3M, MarHeTU3M B
KOCMOCE U T.JI.
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E| Havano: OTkyna nosBuiIOCh Ha3BaHUE !

Bepcus 1. JlpeBaue rpexu, npuMepHo 800 r 10 H.3. IO MPOBUHUIIMA
Ctpansl “Marnesust”

Jlykpeumu (1 Bek 110 H.3.)

“MHe ocTaeTcs CKa3aTh 10 KAKOMY 3aKOHY HMPUPOIbI

MokeT kene30 B ce0e MPUTATUBATH KaMEHb, KOTOPBII

['pekn “MarHUTHBIM® 30BYT IO HA3BAHHUIO MECTOPOKICHUS

MO0 HaxoauTCd OHO B MpEJeaax OTYM3HbI MAarHeTOB. ...”

Bepcus 2. B xkaure I'mas0epra (1600) co cepuikoit Ha Ilnunaus
ITacTyx mo nMeHr Marsec- ero nocox BOH3MJIMCh B MarHur.

M&FHGTI/IT, MaIrdHuTHasA KCJIC3HAA Py A4, MArHUTHBIN KECIC3HIK I
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X |@| AHumucmovl- y MarHUTHOT'O KEJIE3HIKA 00KECTBEHHOE
SR Hayaji0. MarauT o01agaeT QyIIoun.
danec, Anakcarop 460 r 1o H.3 Bi1oTh 10 X VII Beka

Mexanucmvi=aTOMUCTBI- J{lnoreH, MOua0oKI, JIleMOKpUT
B MaranTe €CcTh Biara, KOTopast IUTaeT CyXOCTh MarHura,
HEeBUAMMAas dYMaHaIusl.

llepsoe npakmuueckoe npumenenue — KOmMnac
Kurai 2367 — 1100 et no Hamieun 3pbl

JIn0o utansaHcKoe, win apadckoe nzooperenue Toabko B XIII Beke,
BBE3ECHHOE B KuTanu.

B mro00M ciiydae kommac Obu1 u3BecteH B EBporie ¢ XII Beka

Ll
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& Eﬁ| 2 Jlo I'mns0epTa (1o XVI Beka) eTMHUYHBIC HOIBITKU
e AKCIICPUMEHTAJILHOI'O UCJIEI0BAHUSI

YuabaMm I'miabbept poauics B 1544 r (mocine Konepauka u 110
["anunes),YMep oT uyMsl B 1603 r. beL1 1€M10-MEUKOM KOPOJIEBBI
Enunzasertsl u npe3ugenToM Koponepckoro Meaummackoro OO01ecTna.
[Incan kaury De Magnete 17 ner, Bbinuia B cBeT B 1600 r. CoOpait Bce
AKCIEPUMEHTAIbHBIC JaHHBIE U MIEPBBIA YCTAHOBWII, YTO 3€MJISi— MArHUT
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['anc Xpuctuan Dpcren onyoankoBa 21 anpens 1820 r
[:] CTaThIO0 -JJEKTPUYECKUN TOK BIHSECT HA TMOJBECIICHHYO
10 OJIM30CTH UTITY !

Y ﬂiﬂ

buo,CaBap, Aparo, Amriep, [lyankape, Jlarutac, @penens, Oypbe —
OpaHIiy3cKasa akaJeMusl HayK

Aparo gonoxuna 11 centaopst 1820 r. BeiOpan B AkageMuIo B
Bo3pacte 23 net. B 1806 r reoae3ndeckas cbeMka oeperos Mcmanmu,
[Ipu3HaH MIIIHOHOM, IBITAJICSA Ha JIOAKE J00paThCca B Mapcelb,
3aXBaycH, TIOpbMa U OnykaaHusd 1Mo CeBepHoul Adpuke, BEpHYJICS

B [Tapmxk B 1809 r , COXpaHUB BCE€ NOKYMEHTHI

Ammep 4yepes 7 THEU Mociae JoKIaaa Aparo BeICTYIIMI C THIIOTE30M-
IIpuuuHa (heppoMarHeTU3Ma — BHYTPEHHHE MOJIEKYVJISIPHbIE TOKH
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M. @apadeu (1791-1867): nua- u mapaMardeTusM,
[:] MAarHUTOOIITHKA, OH BBEJ B Jicka0Ope 1845 r TepMuH
“MarHUTHOE I0JIE”

zi |ﬁ

Jlowc. Maxceenn (1831-1879) !! — BonHBHI,
10JI51, UICTOUYHMKH.

Omkpvimue 31eKmpona:

JI>x. CTOHM IIPEAIIONI0KHUI JUCKPETHOCTSD 3apsija B 1874 r

1 aan B 1891 r UM DTOU YacTHIIE

K. Ilepen B 1895 1 cka3ai, 4TO B KATOAHBIX JIy4ax JICTAT
OTPHUIIATEIbHO 3aps)KEHHBIC YaCTUIIbI, TOMCOH OIpeAeInI e/m

B 1900 r Ha MexxayHapogHoMm pu3ndeckoM KoHrpecce B [lapuxke
OBLIO IIPOBO3IJIAIICHO CYIIECTBOBAHUE DJICKTPOHA
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4 Ej OTpedeHue OT KJIaCUYECKON (PU3UKHU
L Wy ,_"1D

Teopema bopa-Ban Jlesen: 11pu 100011 KOHEYHOM TEMIEpaType 1
IIPpH TF000M KOHEYHOM BJIEKTPHUYECKOM WJIM MarHUTHOM MOJIE
MCTUHHAA HAMAarHUYEHHOCTb CUCTEMBI 3JIEKTPOHOB B TEILIOBOM
PABHOBECUM paBHA HYIJIO.

bop — 1911, Ban Jlesen — 1919, Ban ®mnek — 1932 (moBopoTHas Bexa)

Marneton bopa — 1911 (mazBan B 1920)

CnuH snexktpoHa — 1925 ( N'ayacmut n Y iaeHoek)
OOmennsble cuiibl — 1927 (Jlupak, ®peHkens, I'eiizenoepr)
[IlecTont ConbBeeBckuil koHrpecc B 1930 r ObL1 OCBSIIEH

neaukoM Maraetu3my B 1930 r. (Mm Bcem He Ob110 11 30 J1€7T)
I

HoOeneBckue nmpemuu 1o MmarHetu3my: Heenb,
Ban ®aex-Aunapecon-Mortr, Knmarenep, (Kanuna, Jlangay),
®ept-I proHOepr
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& Eﬁ] .~ OCHOBHBIE XapaKTCPHUCTUKH
‘“*‘i ._‘_.__-.;'r.

N Cu CI'CM(I ayccoBa)
B- MarHuTHas MHAYKIMA, Tecna (Tn), I'aycc (I'c) 1 Ta=10*TIc
T—f— HAIPA’KEHHOCTh MATHUTHOI'O MOJIS A/M Opcren(D) 1 2=80A/m
TI;- MATHUTHBIN MOTOK BoO Mkc
T/I: HAMATHUY€HHOCTH Tn I'c
Il- MATHUTHAsI IPOHULIAEMOCTD ['a/m Oe3pazMepHas

B, = 4m 107 I'n/m - MarHWTHAS IPOHUIIAEMOCTh Bakyyma-B-CH

B = H +4aM= pH; (CTCM) B = py(H +M) D
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. - Maenemuzm amomos nopodicoaemcsi
Ny D |. ChMHOBBIM MarHHTHBIM MOMEHTOM 3JIEKTPOHOB
2. OpOHTANBHBIM ABIKEHHEM= OPOUTAIBHBII MAarHUTHBIH
MOMEHT
3. MarsuTHEIM MOMEHTOM S1Apa , KOTOPBIA CO3/1a€TCS
CIIMHOBLIMM MOMEHTAMHU IIPOTOHOB U HEHTPOHOB

B 3aBUCMMOCTH KaK 3TH MOMEHTHI B3aMOJICHCTBYIOT MEXKAY COOOM

1 CKJIAJIBIBAIOTCS WUJIN KOMIICHCUPYIOTCS B IIPUIIOKEHHOM MOCTOSHHOM
MarHUTHOM IIOJIE

u>>1 dgeppoMarHeTuku u Apyrue CHJIbHO MATHUTHBIE BelleCTBA
n>1 mapamarneTruxku

n<1 guamMarHeTuku

n =0 uaeajbHbIe TMAMATHETHKH = I0JI€ HE MIPOHUKAET
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Motivation

e “The nation that controls
magnetism will control the
universe”’

— Dick Tracy - 1935 Dick Tracy by

Dick Locher and Michael Killian

ST b beldla Services

All materials are magnetic!!!

L



Levitating
strawberry

drop of water (coloured in green)

Niyjmegen high magnetic field laboratory
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lagnetic Materials: World Market
iy ~ Distribution

Soft
8.8 billion Euros

Semihard
15.5 billion Euros

Steels
27%

Soft Ferrites
5%

Soft Alloys

Hexaferri
exaferrites 2%,

11%

Magnetic Memory
300 billion Euros

Metallic
Magnets

: Hard '
: 7.3 billion Euros
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Application of NdFeB magnets in the Chinese
domestic market 2008 (%)

[Y— MRl Magnetisers Other

seperators
E%

Wirelasz I-"'
electric tools
b%

Mabile phones
B%
DVD & CD
storage
9%

Source. CREIC

% 1% %
CD pickups
5% .

Audio
applications

24%

Electric vehicles

16%
Buttons

14%

Roskill

Approschable. independent. Experl.

104MT

1 wind turbine- 250 kg NdFeB

13

10
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D Other

B HEVEV

B Wind Turbine

1990

1995 2000 2003

2010

2015

2020

2025

2030
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b ey Magnetic sensors
N = 1 E

1. Operating at room temperature

2. High sensitivity (10® Oe for medicine)

3. High spatial resolution (1-10 nm for magnetic heads)
4. Low dimensions

5. Low cost ($ 0.3 for autocar industry)

Magnetic Sensors are used for speed, rotational speed, linear
position, linear angle and position measurement in automotive,
industrial and consumer applications.

Toyota uses 86 types of magnetic sensors

Flux-gate, Hall effect, magnetoresistance, GMI, NMR, magneto-optics,
multiferroics etc
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i

Compass, HVAC position, Trunk | door lock

Throttle, EGR sunroof, wipers switches, electric
valve position windows

Cam/crankshaft position,
engine speed

Throttle by wire

ngine oil and
brake fluid
level

Wheel speed
sensing, TPMS, fuel

Brushless DC ht?
level, seat position,

motors, Accelerator
. belt presence
cooling fan, pedal position i
coolant level Current sensors for HEV battery
Starter / Alternator, Transmission management, wing mirror
stop/start systems gear position, position, steering wheel angle,

speed torque
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Fabrication ot Glass coated microwires

Co, Ni, Fe and Curich compositions

metal }

~ Glass coating i
glidS’S HINE Molten alloy

I!J.It'::'l'! ll'ill:an-'l?m-'r:

YO i S e
y .r'_:'--'”".‘: 'I';"’.':L;J *if-urr.'l:r !-jt_}“_“‘_f,j!,'_j

HF Tnductor ,hes seativg e 119 sty

Lowain- Lyyr an {uy i 10 In L Biiin)

Fabrication —
UPV/EHU,
AmoTec
(Moldova),

Water jet TAMAG, Spai

Receiving bobbins
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L,i E:ﬁg Novel, multifunctional and smart magnetic materials

Heusler alloys

Multiferroics

Magnetic fluids and composites

Magnetic polymers

Metamaterials

Superconductive materials

Diluted magnetic semiconductors and oxides

-
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;;%_@%/Iagnetlc Information Storage

+ Density: 20 Gb/in2
+ Speed: 200 Mb/s
+ Size: f2.5" x 2
+ Capacity: 50 Gb

+ Density: 2 kb/in?2

+ Speed: 70 kb/s . f

+ Size: f24” x 50 z 0l -

+ Capacity: 5 Mb BE P ﬁ.zf
52 vl A
=5 1 7~
= 011 . .

2010 E i 2005 I
100 Gb/in? availability vear I
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Magnetic Recording

Magneric flux from
X ransition n:g'mns

Bit size
4pm > 0.2pum Near the
Superparamagnetic
Transition width Limit 11

=200 A

Granular ferromagneric alloys
ofter reduced transicion widths

Colt Cr. B, la

Computer disks consist of granular magnetic materials like CoPtCr with
admixtures of boron or tantalum in order to minimize the transition width
between the magnetic domains. In the disk material, the grains are believed
to be coated by a non magnetic shell that reduces the magnetic coupling;
between the grains. A small transition width is required in order to achieve a
high magnetic-flux density in the direction perpendicular to the disk surface,
as shown. The flux from the spinning disk is sensed by the spin-valve
magnetic read head. [Figure: ]. Stéhr, IBM Research Center.]
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. smPresent and Future ot Hard-Disks

10000 ¢ —— e — . IBM has
E I vanced Storage Roa map{l/x \ demonstrated a
1000 | o o] 1| GMR heac.l with an
. . 'lTechnqugg,r.'H::nlagraph',:ll.' areal denSIty
= - , R eqe
3 100 L-—Superparamagnetic Effect v —1 | capability greater
o 3 35.3 Gbitsfin2 o than 35.3 billion
- L. 20.3 Ghitslin2o Py . .
2 10 tsli !B bits per square inch,
2 3 5 Gbits/in2 Demg,  #o * d 1 b . .
2 - 3 Gbits/in2 Demog AP CEE and 1abot —
= . 1 Gbit/in2 Demo ‘._.n* e, demonstr [ &
T ¥ 2 N oK RPH :
- 3 g .- | ed Head/S i
- ou T et Hoad Suspensin beyond
o -: ::.‘f:' . Mﬁﬁgfi::p Loa:l;Unlﬂad. Glass Suﬂhﬁ::::as have bee
: = . e D;S:cgamis' ;' k 8 38 mabrr indicating that
g‘ 0.01 r . | Smgll'gmll;wnFaﬂ?r oar-:lww IIS ® | ® mlr e . future disk dereS
: 85 90 95 2000 05 10 15| could exhibit
=mm— = Availability Year capacities at least
===7= ED GROCHOWSKI at ALMADEN] (WO (1MES lﬂlghfff
. . . . ft gdlgrlp{. .
Disk drives will continue to be enhanced through the use o |CFC

actuators, fluid bearing spindle motors and even split or multiple actug
Also, new data storage techniques, as holographic storage are on hor
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tacking Superparamagnetism

Modifying magnetic
properties of the
media is a front up
approach to delaying
superparamagnetism,
. d'm' o . Heads and increasing Ku the
- Increase media coercivity (increases [ 4. Reduce BAR (Bit aspect ratio) | €Nergy barrier to
to compensate for a reduced V) 20 w3 4 )
K, VKT magnetic reversal per
T =T . . e grain volume is an
Involves new magnetic materials v P e .
' effective means of

Superparamagnetism

super2000vi.cdr

5. Perpendicular recording

2. Exchange coupled media (effectively increases  SiRgiil J4 “:IJ,:M o -
V for stability, while maintaining SIN, Mré ) avses @ accomplishing this.
e~ ok cizznn B, ozzzr... | NeW magnetic
i s i I B g 8 [‘/Iﬁ"]'. i g/r-« materials and films
Jad ek R AL R A S o :
are being investigated
See Doerner et. al. IEEE Intermag . . -
Conf. Proceedings, Toronto, April 2000 Rfedél.l_l:es dfgqta?nllyzlng_qulqence and applled to fu rther
. of adjacent bit fields, minimizes
3. Patterned media transition parameter. Involves new delay the
head configuration, return path .
soft underlayer, NiFe in media. Su pel’p ) netic
==== | phenomenon resulting

====7= | in good media
stabilit

http://www.storage.ibm.com/technolo/grochows/g17.htm



Production Year
Fig. 7: Magnetic Recording Areal Density vs. vear of product
infroduction, showing the evolution of sensor technologies. The
infroduction of the GMR spin valve in 1997 is the first commercially
successful use of spintronics.
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Tunnel microscope
manipulation

1 byte =8 bit=96 atoms
Nowaday -10% atoms

12 atoms of Fe — artificial antiferomagnet

The smallest magnetic memory cell
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| = Electronics, Micro- and Nanoelectronics ~~  Charge of Electron

i~

SPINTRONICS= SPIN+TRANSPORT+ELECTRONICS
(1992) —
Spintronics Charge + Spin of Electron

Spin control and manipulation

Quantum Computers | D
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Anisotropic magnetoresistance Thomson

AR/R (%)
A

pu(B) —pu(B) 0
Bij = pu(8) p.(B) 0 EE = -I—-—i—“ ~ Pl ;
) 0 0 plB P §M T 3PL

E = pi(B)i+[py(B) - p(B)G-J) - &+ pu(B)d x J),
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wE— i

v I S NPT SIS A

u :':I GMR - glant magnetoresmtance g 12%' s N i il
. s i f b

b A Fert and P. Gruinberg (1987) AR e |

3 u—ﬂ—wﬂ@——ﬁ !

[. 1 :::m-ul M (e) !

= zgi | \ ColRh 1

2.5 [
ﬂR R.E_RFI 'ﬂl Ift é"-"—" "—--'---J-.
V] 10 20 30

—— - Spacer Loyer Thicknass (A)

R R Figure 4. The cecillation of exchange coupling between Co layers
F' acroes different spacer layers determined by the magnetic field
required to reach 80% of the saturation magnetic moment. Mote
the pericd of oscillation of the coupling from fermromagnetic
{low saturation field) to antiferromagnetic (high saturation field) is
similar at about 1 mm for all the elements presented. This wee part
of an extensive study of many different ferromagnetic and spacer
layers by Parkin [17]. (Reprinted with permission from figure 2
of [17]. Copyright 1991, American Physical Society.)

ARIR[H:O]

{Fa 30K Cr 18 K1y

Fe 30 BrCri2dly

[Fe 30 &Eradl,

u
Li
.'\-c-f-n

® i
Magratic Teeld [KG]
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electron spin T
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electron spin |
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& :
O _+| Y .

Spin up -
channel Low Resistance High Resisiance
F Rr R1

¥ R Ri
1 1

Epin down
channal Parallel
[
RP_H'T--F!-.I-

Figure E. A schematic representation of GRE vuzing a simple
registor network model. In the left picture, the spin-up chamme] iz the
majority spin channel in both the femromagnetic layers, experiencing
a low resistance (R 1) throughout the sructure. In the fght-hand
picture the spin-up channel is the majority spin channel (8 1) in the
first magnetic layer bat the mincricy-spin channel (& ) in the
second magnetic layer and vice wversa for the gpin-down chanmel.
Meither spin channel iz of low resistance throughout the stucture
amed the owverall resistance stabe of the stmicture iz high. GME ocours
when the relative cnentotion of the magnetic layers iz switched,

uaually by the application of o magnetic field.



CIP geometry
Current)

Low resistance state  High resistance state
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Cap A'}

FeMn 79A
NiFe 40A
Cu 22A
NiFe 62A
Underlayer
Sl substrate

© I B)

— ' — |
- ! —>

ey (10 ey

t1

L]
L B S e B S e 3

-]

]

20 400 S0 8OO

Fig. 3: A) The Spin Valve Structure consisting
of a ferromagnefic layer whose magnetization
is pinned through exchange anisofropy with
an antiferromagnet, a second ferromagnetic
laver with low anisotropy whose magnefization
rotates in the presence of a magnetic field and
a conducing spacer between them that permiits
carriers to flow easily between layers without
significant scartering, B) The magnetization
{a) and in-plane resistance (b) of an early spin
valve structure vi, magnefic field.



‘Eﬁ Eﬁ| » TMR- Tunnel magnetoresistance

-

Top M

1/

Tunné barner

Bottom FM —
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Substrate

CoFeB/MgO/CoFeB

Jullier, Fe/GeO/Co 1975
Maekawa 1982, Parkin
1995 -2005

Al-O TMR up to 70%

- (2004)
- MgO TMR up to 600%
' (2008)

Granular metal-insulator
alloys
Co-Al-O TMR up to 20%
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i -+ All metal-based Spin-valves related read-out heads were
“‘i |E:aﬂ[ commercialized in 1997 — a low resistance (several Ohm) and
= a small GMR ratio

In-plane magnetized MTJs exhibit >500% at room temperature
with a much larger resistance (kOhm) !!! (MRAM and more
suitable for integration with CMOS industry)

Disadvantages: Low thermal stability and large critical current
for current-induced magnetization switching

MTIJs with perpendicular magnetic anisotropy(PMA)-pMTJ
1. GdFeCo and TbFeCo, 2. Co(Fe)-Pt, 3. Co/(Pd,Pt) multilayers

4. CoFeB-MgO (se review in Spin -March 2012)
|
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| i
W L
L =
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-

Fermmagmnc ¥

electrodes

#ﬂ"

Low eedisance staqe

Tumel
~ barriers

@

] I o
High resistance stae

(a) Conventional MRAM Cell
Current I (b) STT-RAM Cell

Write 'l'-'l Line
Wiite Current: L., 1/ Volume L, ~ Volume

Fig. 1. Comparison of memory cell archifecture between conventional field
switching MRAM (a) and spin-transfer torque MRAM (STT-MRAM) (b).
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' B

:l*’

I:

Jo=Jy =, (2)
. lfﬂgnm'c
- electrode
puie spln current spin '*urrﬂnt with
electnc curment
Nonmagnetic material

Fig. I: A basic device structure for the study of spin current,

Future: From charge current to pure spin current

Fig. 6: Schemaric illustration of {a) direct and {b) inverse spin-
Hall effects in a nonmagnetic material. J, and J, are the charge
and spin currents, respectively.

Spin Hall Effect
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L e Introduction
4 |@ Cd, Mn, Se, Hg, Mn Te

Low Temperature AIBVI-Mn | before1987
GaAs:Mn (Tc=173 K)

Furdyna DMS

7 avadskii Room Temperature
Nava SR Si-Mn (>400K) | 2004
agaev

Ohno TiO, 5:Co (600-800 K) | 2001
Dietl DMO 710: . . B

nO:TM, SnO,:TM, CeO,:TM etc, TM=Mn, Co, Fe
Matsumoto
Coey . . ' Si , HfO, 2004
Dubroca d® magnetism=quasiferromagnetism TiO,, ZnO, In,0,
Kaminski&
Sarma EM in nanostructures  Nanoparticles CeO,, Al,O;, ZnO,

In,O,, and| 200K,

above room temperature, which could be used for a second generation of spin electronics,

There is an ongoing quest for ferromagnetic semiconductors with a Curie temperature we
as well as a search for transparent ferromagnets which can add an optoelectronic dimens:
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gi ﬁ:ﬁg In'trinsic Eerromagnetism
" High Curie Temperature
High spin-polarization
Semiconducting properties
Transparent for light

Homogeneity

Questions:

1. Intrinsic or Extrinsic? (parasitic phases and ferromagnetic clusters)

2. Which ions bear magnetic moment?

3. Type of exchange? (carrier-mediated, superexchange, percolation
etc)

4. Does a TM doping play key role?

Si:Mn and TiO,_;:Co | D
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I. Newton

1643 1727
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yes, |
iscovered
nday effect!

1845

Michael Faraday ‘ D
(1791-1867)
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Fig. I Opiic fibers made of glass make up the cirewdatory system of our communication sociery. There is enonzgh fber to encirele the
globe more tham 25,000 fimes. (Mstranon Airt Histe & RIAS.)
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Electronics, Micro- and Nanoelectronics — Charge of Electron
-

Tl L Spintronics — Charge + Spin of Electron

Magnetophotonics = Spintronics at microwave, infrared and optical
frequencies —— Charge+Spin of Electron+ Photon

e Manipulating light with a magnetic field

e Manipulating charge and magnetization with a light

Photons do not couple directly to magnetic field or

magnetization, but its interaction with magnetic materials
depends on

*Charge of electrons

*Spin of electrons

*Photon frequency

Interaction between charge and spin
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“i |E:ag[:l Linear Magneto-optics

e Surface sensitive (10-30 nm for metals)

e MO micromagnetometer (0.5 mkm spatial resolution, 4-400K)

* Vector-MOKE

e Domain Observation and Magnetization Reversal

MO spectroscopy — (composition, structure, electronic band
structure)

e Determination of spin polarization

 Ultraftast Spin Dynamics and Domain Wall Motion (1 femtosec)
e Cheap

Nonlinear Magneto-optics

*One-layer sensitive ‘ |
e[nterfaces and Structural Transformation : D
*Expensive
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Catching up with Mother Nature. ..
E}i ri Just a 4 billion year head start. .

Biro et al, Phys. Rev. E,
(2003)

Parker et al, Nature (2001)

L
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What can you do with a photonic crystal?

Trap Light
A single defect in a photonic crystals acts like a resonant cavity
with a defect level in the band gap.

Right turns with photons
Photonic crystals prevent photons in the band gap from propagating in the material.
If we create a line defect in the structure, it will act like a waveguide.

O 0o a0 a0 o co00000
oo daddDOoODOOdad0dD

Negative index of refraction - Flat lens : ;:::;;gﬁ:;jﬁ

- A
Booaa00
grccaaane

bhoawooe
o A

(12 ) R
hitp:#fab-initio mit edu/phetona/bendz. himl
and much more...

Parimi ef al., 2003, Nature 426 404
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/ e nanobox
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2D nanodisc - nancroll °

Figure 1.1 The classification of metal containing nanoparticles by the shape.
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Magnetism in Medicine and Biology

- -

Magnetic therapy for healing has been around for centuries. Many
ancient civilizations, such as the Greeks, Hebrews, Indians, Chinese and
Egyptians, used magnets for medical purposes. It's only been recently
that using magnets has come back into medical use. No one exactly
knows how the magnets promote healing, but it's theorized that magnets
attract metal elements in the body, such as iron in blood, to increase
blood circulation and therefore instigate healing.

Knowledge 1n this field 1s comparatively poor, even in the case of
physicists.

Although hemoglobin, the blood protein that carries oxygen, is weakly
diamagnetic and 1s repulsed by magnetic fields, the magnets used in
magnetic therapy are many orders of magnitude too weak to have any

measurable effect on blood flow.
| -
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The magnetic therapy business is so large that over 120 million
people all around the world are using some type of magnetic
therapy product. Magnets can be worn in many different styles,
The most popular styles are forms of jewelry, like bra
watches, necklaces, anklets, and rings.
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Magnetic separation, drug delivery, hyperthermia treatments
E:ig 4 and magnetic resonance imaging (MRI) contrast enhancement.

O o Taggi.ng 1S ma.d.e pqssible through
O | femove | | o chemical modification of the
magnet 20 o Supematant | -~ o surface of the magnetic
nanoparticles, usually by coating

with biocompatible molecules such
ﬂUidlﬂDW ﬂUidlﬂUW as dextran, polyvinylalcohol (PVA )
oy < and phosopholipids—all of which
[% % remove . | ! ;5 have been used on iron oxide
nanoparticles

magnetic |

¥-| / magnetic field
O

Yo

@)
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Drug Delivery
[ __h'_-q. . g E:Eggl?ﬁum Blood Yessal
— — s
TiEsLE=
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The objectives are two-fold: (1) to reduce the amount of systemic distribution of the
cytotoxic drug, thus reducing the associated side-effects; and (i1) to reduce the dosage
required by more efficient, localized targeting of the drug. In magnetically targeted
therapy, a cytotoxic drug is attached to a biocompatible magnetic nanoparticle carrier.
These drug/carrier complexes—usually in the form of a biocompatible ferrofluid—are
injected into the patient via the circulatory system. When the particles have entered the
bloodstream, external, high-gradient magnetic fields are used to concentrate the
complex at a specific target site within the body
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hermal Therapy for Cancer

100
< .

10-1 F : : Established cancer treatment
g ) 42 deg.C Surgical operation, Chemotherapy etc.
Z 100k - Risk of scar
= Radiology 123, ° Harmful side-effect )
Z 10-3 F pp.163 (1977).

p 43.5 deg.C Advan.tages:
AURS e Less side-effect
. Hdeg € 42.5 deg.C . Less invasive

10- 1 1 1 [l 1 .

0 100 200 300 400 500 « Combined treatment

Time [min]
- - ITTHETR ETR T ATATIR ||||i | I|||||||||||
. ~ - g5 8 37 ) m

Father of Medicine: Hippocrates (460 - 377 BC)
Those diseases which medicines do not cure, iron cures;

those which iron cannot cure, fire cures; =
and those which fire cannot cure, are to be reckoned wholly
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j Magnetic nanoparticles for biomedical

applications
MFe,O, (M : Fe, Ni, Co etc.)

+ Induce to tumor through blood vessel

¢ Magnetic guidance & isolation

& Self-heating in ac magnetic field

— Medical application —

Cells

DNA DNA length
MRI contrast agents | aomic width Proteins  Bacterium |

elements : . Viruses
; : g &
Bio-screening g 3 W \

Drug delivery system | oinm 1nm 10nm 100nm 1 um 10 4m 100 #m 1mm

Hvoperthermia Nanoparticles
yp —_—




| Magnetism Department, Faculty of Physics, MSU

Rl contrast agent: Resovist®
Schering AG, Germany

Superparamagnetic y-Fe,O; (10 nm) ~ secondly 57 nm

Carboxydextran-coated superparamagnetic iron oxide (SPI10).

The only magnetic nanoparticle approved for use in vivo.

Uptake by Kupffer cells in the liver
shortens both T1 and T2 relaxation
times.

MRI images agar dispersed with magnetic nanoparticles  S—
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. Pharmaceuticals Medical Devices

for hyperthermia in pharmacy law

« < O Nagoya U
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e, .
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NS | Nagoya U 1 1l Tohoku U
L F :
— Liposome
100 nm
Magnetic Nanoparticles i i 1
: MgFeéO4. '
+—>
100 um = 0.1 mm LaSrMnCuO eselE U

Magnetic Micro-patrticles

Yokohama NU
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Resonant Circuit
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“IN THE THEORY THERE IS NO DIFFERENCE
BETWEEN PRACTICE AND THEORY.
BUT IN PRACTICE THERE IS.”

Conference on Symbolic Logic

THANK YOU!!! [:E




