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MHaoyunpoBaHHOE TOKOM HakonsieHne cnuHoB (Spin Hall Effect)
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An eleetrical current in a semiconductor induces spin orientation in a thin layer near the surface of
the sample due to spin-orbit effects in scattering of electrons, A weak magnetic field parallel to the
current destroys this orientation.
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SﬂeKTpMHeCKMVI TOK NPMBOAOUT K HAKOIMJ1IEHNO Ha rpaHnuax npoTuBOMNOJI0XKHO HaripaBJ1IEHHbLIX CMTMHOB



NHayumMpoBaHHOE TOKOM HaKomMMeHne CrHOB B LIMMNHOPUYECKOM
NPOBOAHUKE

Tok

CnunHbl “HamMaTbIBalOTCA  BOKPYT NMIMHUN TOKa



Ewe 6bonee paHHAAa nctopus

« 1879 O3OddekT Xonna
P, =Ry, B

« 1881 AHOManbHbI addekT Xonna B FM.

p. =RyB +R, f4nx M

R, ,>R, Edwin Hall

O6bsacHeHue (SOI!):
J. Smit (1951); R. Karplus, J.M. Luttinger (1954)



Odbdekt MarHyca n MoTToBCckoe paccesiHue

dppekm MazsHyca
3aKpy4YEHHbIN TEHHUCHBIN MAY OTKIOHSETCA OT NPAMON TPaekTOpUK HanpaBo U Haneeo, B

3aBNCNMOCTHU OT HalpaBJiIEHUA BpaLLEHUA (BI'IepBbIe 3aMe4eHo HbPOTOHOM)

CxemaTuyeckas unnicTpauma 3aBucsLLen OT CNMHa acCUMMeTpPuUU B
paccesiHun aNeKTPOHOB

LR ° o

Kocoe (skew) paccesHue nnm adpdekt Motta (1929) Neville Mott



CnegcTeunst CNMHOBOM aCUMMETPUKN: aHOManbHbIN 3ddrekT Xonna

j=epEXP

® o

CnnH-NoNspn3oBaHHbIE 3NEKTPOHbI

R. Karplus and J.M. Luttinger (1954)

- intrinsic mechanism

Joaquin Mazdak Luttinger



CnencTBusi CMMHOBOM aCUMMETPUN: TeHepupoBaHMe CMMHOBOIO TOKa

ObakoHoB u lNepernb B 19711 NOHANN, 4TO B pesynbrate acCMMMETPUM paccesHUg,

Bbi3biBaemoun SOI, byaet npouncxoanTb Apend CNnH-NONAPU30BaAHHbLIX 3NTIEKTPOHOB B
NPOTUBOMNOMOXHbIX HanpaBfieHNsx

OH nponcxoauTt n3-3a 4vrneHa
J = epE,H

[epenb, AbskoHoB (1971)
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MeHnHrpan, 1976 | Unpolarized electrons



A dekt Xonna (HE) and cnuHoBbin adpdekt Xonna (SHE)

Hall voltage spin current
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CnuHoBbIE U 3apPA0O0BblE TOKA

z q,, - Z KOMIIOHEHTa CIIMHOB
X TEKYLIUX B HAIPABJICHUU X

B obmiem ciydae: g,

[IycTh B HapaBIEHUU X PACHPOCTPAHSAETCS TOK 3apANOB ¢, (IEKTPUUYECKUN TOK j = — g/e )

B Ttakom cny4ae - uucmo
CIIMHOBBIN TOK ¢,

3apsAI0BBIMA TOK paBeH HYIO: ¢=0

v

Take Kak U TOK 3apsiJIoB, CIIMHOBBIM TOK U3MEHAET 3HAK [IPA UHBEPCUU MIPOCTPAHCTBA
B npoTHBONON0KHOCTH TOKY 3apsAA0B, CIUHOBBIM TOK HE nM3MeHsAeT 3HaK P UHBEPCUU
BPEMEHU



[lepBoe HabnoaeHne SHE (j ~ curl P ) npu obny4vyeHnu
LIMPKYSIAPHO-MOSIAPU30BaHHBIM CBETOM

Proposal: N.S. Averkiev and M.I. Dyakonov, Sov. Phys. Semicond. 17,393 (1983)

Experiment: A.A. Bakun, B.P. Zakharchenya, A.A. Rogachev, M.N. Tkachuk, and V.G.
Fleisher, Sov. Phys. JETP Lett. 40, 1293 (1984)
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[lepBoe HabntoaeHne SHE n3 adpdekta Keppa
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Kerr rotation (urad)

Y K. Kato, R.C. Myers, A.C. Gossard, and D.D. Awschalom, Science 306, 1910 (2004)
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Habnogenne SHE u3 apdekTa Keppa

Experiment
PeBepc nonspusauyum

npn NSMEHEHNN
HanpaelieHNnA TOKa

2D ra3 ObIpoK B reTepocTpyKkType

AlGaAs/GaAs
(onTndeckaa perucrtpauus)
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POLARTZATION (%)
'_I.
=

[MpoTnBononoxHas
nonsipu3auyus CrNMHOB Ha
NPOTMBOMNOSTOXKHbBIX Kpasix

obpasua

L5056 1.510 1.515 1520
PHOTON ENERGY (meWV )

J. Wunderlich, B. Kaestner, J. Sinova, and T. Jungwirth, PRL, 94, 047204 (2005)



First observations of the Spin Hall effect

Experiment
Polarization reversal

when the current
direction is changed

Two-dimensional gas of holes in
AlGaAs/GaAs heterostructure
(optical registration)
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Polarization at opposite
edges of the sample

L5056 1.510 1.515 1520
PHOTON ENERGY (meWV )

J. Wunderlich, B. Kaestner, J. Sinova, and T. Jungwirth, PRL, 94, 047204 (2005)



Science (2004)

CONDENSED MATTER PHYSICS

Spin Current Sighting Ends 35-Year Hunt

The electron’s charge gets all the glory: It 1s,
after all, responsible for the plethora of elec-
tronic gizmos that surround us. But the par-
ticle’s magnetic behavior—a property
known as spin—has also been tantalizing
scientists for decades. Thirty-five years ago,
for example, Russian theornsts suggested
that impurity atoms in a semiconductor
might interact with electrons’ spins to redi-
rect currents flowing through it. A related

for more than a century. But despite decades
of work, the spin-based Hall effect had never
been spotted—until now.

In a paper published online this week by
Science (www.scliencemag.org/cgl/content/
abstract/1 105514 ), researchers led by David
Awschalom, a physicist at the University of
California, Santa Barbara (UCSB), report
the first experimental sighting of the spin
Hall effect. “It is as beautiful as it 15 a



be3auccMnaTtUBHLIN TPAHCNOPT CMIMHOB

Toward dissipationless spin transport in semiconductors
by B. A. Bernevig and S. Zhang

Spintronics, Volume 50, Number 1, 2006

Spin-based electronics promises a radical alternative to charge-based electronics, namely the
possibility of logic operations with much lower power consumption than equivalent charge-based
logic operations. In this paper we review the potential means of dissipationless spin transport in

semiconductors.

1) ALL spin currents, independently of their microscopic mechanism, are dissipationless
(spin current does not change sign under time inversion)

2) The existence of dissipationless spin currents does not mean that we can save energy
(dissipation is elsewhere: in the charge current that induces the spin current)

The normal Hall current is dissipationless too!

Does it mean that we should try to reduce energy consumption
by building computers utilizing Hall currents??



US patent 7037807

US Patent 7037807 - Electric field induced spin-polarized current

Inventor(s):

 Murakami Shuichi
* Nagaosa Naoto
e Zhang Shoucheng
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