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for the discovery of Giant Magnetoresistance

Albert Fert (1938-)

Université Paris-Sud; Peter Grinberg (1939-)
Unité Mixte de Physique Forschungszentrum Julich
CNRS/THALES Julich, Germany

Orsay, France
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[1] In conventional magnetic
disk recording [top],if the area
of each horizontally stored bit is Giant magnetoresistive
too small, thermal effects cause
the grains of material to lose
magnetization quickly.

Fujitsu found that adding
an underlayer to reinforce the
magnetization of the bits allows
the bit domains to be narrower
[bottom]. Also, still greater bit
densities are possible if the
material is magnetized vertically
[bottom, again]. Eventually, Fu-

Jitsu thinks, this could boost den-
sity eight times to 50 Gb/cmz.
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COMERFORD | MAGNETIC STORAGE: THE MEDIUM THAT WOULDN'T DIE a7
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Albert Fert
« Education

1957-1962 - Ecole Normale Supérieure (Paris %/

(EREEIMEER) - Maitrise de
Mathématigues, Maitrise de Physique.

1963 - Université de Paris : These de 3eme cycle,
Title: " NMR of hydrogen absorbed by palladium ",
Supervisor : P. Averbuch, Preparation at Institut
d'Electronique Fondamentale (Orsay) and
Laboratoire de Spectrometrie Physique
(Grenoble).

e 1970 — Université Paris-Sud ( E&E+—K%¥)
Doctorat es Sciences Physiques, Title: " Transport
properties of nickel et iron ", Supervisor : |. A.
Campbell, Preparation at Laboratoire de Physique
des Solides (Orsay).




e Main Positions

1962-1964
(1964-1965 :
1964-1976

Albert Fert

Assistant at Université de Grenoble
military service)
Maitre Assistant at Université Paris-

Sud (Orsay)
1976 to now: Professor of Physms at Universite

Paris-Sud (

e 1970-1995:
Laboratoire

SRS+ — RFEWHEZHER)

_eader of aresearch group at

(Université

de Physique des Solides
Paris-Sud, Orsay)

1995 to now: Scientific Directbr at Unité Mixte
de Physique CNRS-Thales (Orsay).



Albert Fert

 Research
Experimental (and theoretical) research In
condensed matter physics (metals, magnetism,
magnetic nanostructures, spin electronics).

* Discovery of Glant Magnetoresistance in 1988.
Many contributions to the development of spin
electronics.

* Publications : about 270 (one of them, with >
3000 citations, iIs inthe " Top Ten " of the ten
most cited Physical Review. Letters articles
since the creation of PRL in1953)



Albert Fert

1994 F K EEMBFESM AT RIE
PrRiZ,

19944 : Magnetism Award awarded by
International Union for Pure and
Applied Physics

1997 IR EX M 4 I8 1 = 51 42 BY Hewlett-
PackardBr ;M 4IE e A2 .

2003 EEERBFHRHLEH,
20074 %k Japan Prize
2007EFEWolf Prize

2007 EFK1F1E /R,
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Peter Grinberg

« Academic Degrees:

1966 Diploma in Physics, Technische
Universitat Darmstadt GXMpEIERF T KZ) |

Germany

1969 Ph. D in Physics, Technische Universitat

Darmstadt GE#R

IS HF

(b oR2E) |, Germany

1984 Habilitation, Universitat zu Koln, Germany



Peter Grinberg

Professional Career:

1969-1972 Postdoctoral fellow at Carleton
University, Ottawa Canada

1972 Research scientist, |FF-
Forschungszentrum Julich Germany (£HF#|F

B 5 H o [ 4 1) URHE 5 BT )
1984 Habilitation and lecturer, Universitat zu
Koln, Germany

1984-1985 Visiting scientist, Argonne National
Laboratories, U.S.A.

1998 Visiting professor, IMR, Tohoku
University, Sendai, Japan

1988 Visiting professor, JRCAT, Tsukuba
Research Center, Japan




Peter Grlinberg

 Major Publications:

« 1.G. Binasch, P. Grunberg, F. Saurenbach,
and W. Zinn “Enhanced magnetoresistance in
layered magnetic structures with
antiferromagnetic interlayer exchange”,
Physical Review B 39, 4828-4830 (1989)

« 2.P. Grunberg, R. Schreiber, Y. Pang, M.B.
Brodsky and H. Sowers “Layered Magnetic
Structures: Evidence for Antiferromagnetic
Coupling of Fe Layers across Cr Interlayers”,
Physical Review Letters 57, 2442-2445 (1986)
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International Union for Pure and
Applied Physics
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20074 %k Japan Prize
2007 3K Wolf Prize

20074 Fk1E DN/RI,




VOLUME 57, NUMBER 19 PHYSICAL REVIEW LETTERS 10 NOVEMBER 1986

Layered Magnetic Structures: Evidence for Antiferromagnetic Coupling
of Fe Layers across Cr Interlayers

P. Griinberg, R. Schreiber, and Y. Pang™
Kernforschungsonlage Jilick, 170 Jalich, Wesr Germrany
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Layered Magnetic Structures: Evidence for Antiferromagnetic Coupling
of Fe Layers across Cr Interlayers

P. Griinberg, R. Schreiber, and Y. Pang™
Kernforschungsonlage Jilick, 170 Jalich, Wesr Germrany
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Giant Magnetoresistance of (001) Fe/(001) Cr Magnetic Saperlattices

M. M. Baibich,""" J, M. Broto, A Fert, F. Nguyen Van Dau, and F. Petroff
Laboratoire de Physigue des Solides, Unfversite Paris-Sud. F-91405 Orsay, Fronce

P. Eitenne, G, Creuzet, A. Friederich, and J. Chazelas

Laoboratotre Central de Revherches, Thomron CSF, 8P, 10, F-00 300 Oriay, Frame
(Heceived 24 Augusi 19HK)

We have studied the magnetoresistamcs of (001 ) Fe/(O01 1 Cr superlatiioss prepared by molecular-
heam cpilazy. A hige magnetoresistance is found in superlattices with thin Cr layers: For example,
with re, =% A, at T=4.2 K, the resistivity is lowered by nlmosi a factor of 2 in & magnetic Geld of 2 T.
We akcribe this gham magnetloreststance 1o spin-dependent lransmission of the conductian electrans be-
tween Fe |layers through Cr layers.
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PHYSICAL REVIEW B VOLUME 15, NUMBER 7 | MARCH 1989

Enhanced magnetoresistance in layered magnetic structures
with antiferromagnetic interlayer exchange

3, Binagch, P, Grinberg, F. Saorenbach, and W, Zinn
Inatitui fur Festkarperforschung, Kerfoerchurgranfage Jilich Gomb N, Postfach 1911, D-5170 Jidich, Wext Germany
(Received 31 May 1988; revised manuscript recedved 17 Decomber 1988)

FIdE, 1. Ferromoagnstes double layer with antfparalilcl afign-—
Fre==nt ol dhe meaagnciiiEsrions. Ao i icslos] s thee plass ol &n-
c#domaes of The dassr Hghy Doo phes odbscrvabicmn ol Iegkhl scattcrime
T =En wemecs Al hyslaercshs carvyes i RMMOFE IE.
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PHYSICAL REVIEW B VOLUME 19, NUMBER 7 | MARCH 1988

Enhanced magnetoresistance im layered magnetic structures
with antiferromagnetic interlayer exchange

(i}, Binasch, P, Grinberg, F. Saurenbach, and W, Zinn
Imatiiut fur Fesikarperforsciueng, Keraforschungranloge SJulich Gormob B, Poatfach 1013, D51 70 Julich, Wesr Germany
(Recsived 31 May 1988; revised manwseripl received 12 Decomber 1988)
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Crystal Field in Dysprosium Garnets (4 #84 B £k

S1K) P. Grunberg, S. Hifner, E. Orlich, and J.
Schmitt, Phys. Rev. 184, 285 (1969)

Electronic Raman Spectra: Crystal Field in
Terbium Aluminum Garnet and Europium
Gallium Garnet D. Boal, P. Grunberg, and J. A.
Koningstein, Phys. Rev. B 7, 4757 (1973)

Phonons in GdS—Raman scattering of an fcc

metal (&) G. Guntherodt, P. Griinberg, E
Anastassakis, M. Cardona, H Hackfort, and W.
Zinn, Phys. Rev B 16, 3504 (1977)

Light Scattering from Bulk and Surface Spin
Waves in EuO P. Griinberg and F. Metawe, Phys.
Rev. Lett. 39, 1561 (1977)
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PHYBICAL REVIEW

VOLUME 184, NUMBER 2

i0 AUGUET 194D

Crystal Field in Dysprosium Garnets®
I, Gattwmess, 5, Hiresmat, E, Ouwscr, axp ], Sonorr
Tnusthut fior Techeeizke Pleysih, Techoisehe Haehsohule, Darmatodi, Germiany

(Received 11 Novemher [068)

The crystal-eld g mhpdﬂ:larmmmmmun;#hmpwmnmmﬂm

alisminem gumet bave been determined from absorption and emission spectra, In

the ¢ factors

of some crystal-fiek] levels hive boen debermingd from Zeeman-sifeci nmu .i.lll.lmtﬂmflrmtll
Mmmtdulirhtuﬂulmudﬂ[mﬁumhﬂtmpnﬁqﬂuuhﬂmnlmhmu.
Ihﬁi]ﬂumﬂlmin;pprqnimhrlhtﬂgqmtqruth:mﬂﬂumdﬂuﬂm of the

ulTerial J stades by the crystal feld were taken into nocoust. The agreement

m.]tl
and cnleulathors b very satidastory, and of the ganme qeality a8 for mmmww

perimental results had to be fitted.
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Stokes—anti-Stokes asymmetry in Brillouin
scattering from magnons in thin ferromagnetic
films (H € )R. E. Camley, P. Griinberg, and C.
M. Mayr, Phys. Rev. B 26, 2609 (1982)

Magnetostatic spin-wave modes of a
ferromagnetic multilayer P. Grinberg and K.
Mika, Phys. Rev. B 27, 2955 (1983)

Brillouin light scattering study of magnon
branch crossover in thin iron films P. Kabos, W.
D. Wilber, C. E. Patton, and P. Grunberg, Phys
Rev. B 29, 6396 (1984)

Dipolar spin-wave modes of a ferromagnetic
multilayer with alternating directions of
magnetization K. Mika and P. Griinberg, Phys.
Rev. B 31, 4465 (1985)
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VOLUME 57, NUMBER 19 PHYSICAL REVIEW LETTERS 10 MOVEMBER 1986

Layered Magnetic Structures: Evidence for Antiferromagnetic Coupling
of Fe Layers across Cr Interlayers

P. Griinberg, R. Schreiber, and Y. Pang™
Kernforschungsanlage Jilich, 3/70 Jolich, West Gervrany

and

M. B, Brodsky and H. Sowers

Argoane National Laboraiory, Argoane, [Hinols 0438
(Reocived 10 June 1986)

RAFID COMMUSICATIONS

PHYSICAL REVIEW B VOLUME 39, NUMBER 7 | MARCH 1989

Enhanced magnetoresistance in layered magnetic structures
with antiferromagnetic interlayer exchange

(3, Binasch, P, Grinberg, F. Saurenbach, and W, Zinn
Inetitut fir Festkarperforschung, Kernforrchungsanlage Jilich Gom b M., Postfoch 1913 D:5170 Jilich, Wext Germany

(Received 31 May [988: revised manuscripd received 17 December 1988
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Two-Current Conduction in Nickel , A. Fert and 1.
A. Campbell, Phys. Rev. Lett. 21, 1190 (1968)

Temperature Dependence of the Electrical
Resistivity of Dilute Ferromagnetic Alloys , D. L.
Mills, A. Fert, and |. A. Campbell, Phys. Rev. B 4,
196(1971)

Left-Right Asymmetry in the Scattering of
Electrons by Magnetic Impurities, and a Hall
Effect , A. Fert and O. Jaoul, Phys. Rev. Lett. 28,
303 (1972)

Electron Scattering by the Electronic Quadrupole
Moment of Rare-Earth Impurities , A. Friederich
and A. Fert, Phys. Rev. Lett. 33, 1214 (1974)

Skew scattering by rare-earth impurities in silver,
gold, and aluminum , A. Fert and A. Friederich,
Phys. Rev. B 13, 397 (1976)
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TWO-CURRENT CONDUCTION IN NICKEL

A. Fert and 1. A. Campbell
Physigue des Solides = Faoulie des Scienpas, Orsay, Franoe

(Received & July TO6H)

Measurements on the low-temperature elocivical reaslativity af dilute nickel-based ul-
loys glve stromg evidence thal spie-t and spin-+ elecirons girry curreni in parallel,
providing lmportant implications for the Interpretation of transport properties of pure

as well as alloy [erromagnels,
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Magnetotransport properties of noble metals
containing rare-earth impurities. I. Quadrupole
scattering by rare-earth impurities in gold , A.
Fert, R. Asomoza, D. H. Sanchez, D. Spanjaard,
and A. Friederich, Phys. Rev. B 16 5040 (1977)

Magnetotransport properties of noble metals
containing rare-earth impurities. Il. Theory , A.
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Giamt Magnetoresistance of (001) Fe/(001) Cr Magnetic Superlattices

M. N. Baibich,'"' J. M. Broto, A_ Fert, F. Mguyen Van Dau, and F, Petroff
Laboratoire de Physique des Solides, Universitd Pariy-Sud. F-9]405 Orsay, Frone

P, Eitenne, G. Creuzet, A. Friederich, and J. Chazelas

Lobermiotre Central de Recherches, Thomeon C3F, 8.F, 10, F-01490] Oraay. France
{Recuived 24 Augusi 198K}

We have sludsed the magnetoresistance of (001 Fef(D01ICr superlatiboss prepared by mobecular-
bedm epilaxy. A hiige magnetoresistance i found in superlaitices with thin Cr layers: For example,
with re, =% A, at T=4.2 K, the resistivity i lowered by almost & factor of 1 it 4 magoetic Geld of 2 T.
We ascribe this geant magneloreststance 1o spin-Bependent lransmission of the conductian electrons be-
twesn Fe |ayers through Cr layers.
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VoLUME 64, NUMBER 19

PHYSICAL REVIEW LETTERS

TMay 1990

Oscillations in Exchange Coupling and Magnetoresistance in Metallic Superlattice Structures:
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FIG. 3. (u) Transverse saturation magnetoresstance (45
K) and (b) sataration Geld 1300 K) ve Ru layer thickness for
structures of the form SillLIVO00 A) Ru/120 A) Colry,
Ruls/(50 AJRu deposited st temperatures of &, 40°C; 0,
135°C; =, 200°C,

Co/Ru, Co/Cr, and Fe/Cr

S 5 P Parkin, M. More, and K. P. Roche

[8M Almoden Research Cemier, 550 Marry Rood, San Jose, California 930 20-600
(Receved 27 November 193%)
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FIG. 4. (a) Transverse wturation magnetaresivtance (4.3
K} and (b) saturation field (45 KD va Cr layer thickness for
three series of strustured of the form Si(111/(100 A} Cr/[(20
A} Felte, Crlul(50 A) Cr, deposited at temperatures of 28
4°CIN=100: 0,128 *C (N=20).
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PHYSICAL REVIEW B YOLUME 43, NUMBER | 1 JANLUIARY 199

Giant magnetoresistance in sofi ferromagnetic multilavers

B. Dieny,* V. S, Speriosu, S. S. P. Parkin, B. A, Gurney, D, R. Wilhodt, and D, Mauri’
(BM Reswarch Divizion, Almeden Retearch Center, 650 Marry Road, San Jose, Califormia @357 20-6009
(Received 25 July 199 revissd manuscript received 21 September 19900

We show that the im-plane magnelaresistance al sandwiches of umronpled [erromognetic

(MissFein, NisCom, NI} layers separsted by ulirathin nonmagnetic metallic (Cu, Ag, Au) layers
= sirongly increased when the magnetizations of the two ferromagnefic layers are oligned nnirpar-
alled, Usimg NiFe layers, we report a relative change of resletance of 5.0% m 10 Oe ai room lem-
pernture.  The comparison hetween different ferromagnetic materials (alloys or pure elements)
leads us Lo emphaniee the role of bulk rather than Interfacial spin-depandent scattering in these
structures, in cantrast to Fe/Cr multilayers.
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VOLUME 66, NUMBER 16

PHYSICAL REVIEW LETTERS

21 APRIL 199]

Oscillatory Magnetic Exchange Coupling through Thin Copper Layers

5. 5 P. Parkin, R. Bhadra, and K. P. Roche

IBM Rezearch Division Almoden Research Center, 850 Harry Road, San Jose, Califurmia 951 206004

{Received 24 Seprensher 1990)

Confirmidng theotetieal predicttons more Than 15 yeirs old, we show that Co slabs wre indireclly e
changed coupled vid thin Cu layers with o coupling that alernates back and forth between antiferro-
mugnetic ond ferromagnetse. Four oscillations are phserved with o period of =10 A Mareover, the uns
tilerromagnetically coupled Ca/Cu superfattices exhibit extraordinanly large saturntion mmgnetoresis-
tomces at 10 K of more thon 65%

Fifi, 3. Dependence ol satwrodion Lronsyerss sy e bees s -
fance mn CTwo spocer laper thickmess For o family of eeloded
superinttios siructures of the lorm SiFe(45% A/ [Cofi AN
Aan additionol Co loyver wos deposited on cpch flm
sirecture such that ihe eappermensd Ca laycod was =535 A phichk,
The musmber ol bilayers i e saporiatiees. &, i 16 For dcoe
helow 55 A& (@) amd B For foe. obove 55 A e, Yalues of
A RS are highly reprodwoible, withim == 2= 59 of ARSS, @5 =vi-
demoed by multiple sample poinds al fc, ™25, 38, #0, and 42 A,

Culice M.
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VOLUME 67, NUMBER 25 PHYSICAL REVIEW LETTERS 16 DECEMBER 1991

Systematic Variation of the Strength and Oscillation Period of Indirect Magnetic
Exchange Coupling through the 3d, 44, and 54 Transition Metals

5.5, P Parkin

IBM Research Dicirion, Almaden Research Center, 650 Harry Road, San Jase, Califoria 951 20-6099
(Received 26 April 1991)
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YoLumE 71, NUMBER 10 PHYSICAL REVIEW LETTERS b SEPFTEMBER 1993

Origin of Enhanced Magnetoresistance of Magnetic Multilayers:
Spin-Dependent Scattering from Magnetic Interface States

5.8 P Parkin

[BM Rezearch Division. Almaden Research Confer, 830 Harry Road, San Jase, California 95120
(Recelved 16 Jume 1992)

The arigin of glant magnetoresistance exhibited by ferromagnetic/nonmagnetic multidayered struc-
tires 18 examined by inserting thin bayers of o second [erromugnetic material ai the interfaces in
ferromagnetic/nanmagnetic/Terromagnetic sandwiches. [ is generally abserved, for many differeat com-
bimntsans of metals, that the magnetoresstance depends exponentially on the thickmess of the interface
Ewyer, with & charnciesietic lengih, £ & is extremely short and is typically just =015 t0 3 L ot room Lem-
perature. Al lower temperilunes ¢ becomes even shorier, The glani magneivresistance effecl is thus
clearly shown to be delermined by the character of the ferromagnetic/nonmagntic mierlaces.
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