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Hall effektus

Edwin Hall (1855-1938)
American Journal of Mathematics, vol 2 (1879)

On a New Action of the Magnet on Electric Currents.
L}
By E. H. Haww, Fellow of the Jokns Hopkins University.

SoMETIME during the last University year, while I was reading Max-
well’s Electricity and Magnetism in connection with Professor Rowland's
lectures, my attention was particularly attracted by the following passage in

Vol. II, p. 144:
:
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Hall effektus

Hall jelenség: Lorentz erg

L

Lorentz eré:

F=—elE+vxB]

Edwin Hall (1855-1938)
American Journal of Mathematics, vol 2 (1879)

On a New Action of the Magnet on Electric Currendts.
By E. H. Haww, Fellow of the Jo&m‘Hapﬁm University.

SoMETIME during the last University year, while I was reading Max-
well's Electricity and Magnetism in connection with Professor Rowland's

lectures, my attention was particularly attracted by the following passage in
Vol. II, p. 144:

“Jt must be carefully remembered, that the mechanical force which
urges a conduclor carrying a current across the lines of magnetic force, acts,
not on the electric current, but on the conductor which carries it. If the

Finding these two authorities at variance, I brought the question to Prof.
Rowland. He told me he doubted the truth of Maxwell’s statement and had
sometime before made a hasty experiment for the purpose of detecting, if

possible, some action of the magnet on the current itself, though without sue-

cess, Being very busy with other matters however, he had no immediate
intention of carrying the investigation further,

Prof. Rowland hipotézise
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Hall effektus

Hall jelenség: Lorentz erd

Lorentz eré:

F=—elE+vxB]

Edwin Hall (1855-1938)
American Journal of Mathematics, vol 2 (1879)

Hall-allando

But though conclusive, apparently, in respect to any change of resist-
ance, the above experiments are not sufficient to prove that a magnet cannot
affect an electric current. If electricity is assumed to be an incompressible
fluid, as some suspect it to be, we may conceive that the current of electricity
flowing in & wire cannot be forced into one side of the wire or made to flow
in any but a symmetrical manner. The magnet may fend to deflect the cur-
rent without being able to do so. It is evident, however, that in this case
there would exist a state of stress in the conductor, the electricity pressing,
as it were, toward one side of the wire. Reasoning thus, I thought it neces-
sary, in order to make a thorough investigation of the matter, to test for a
difference of potential between points on opposite sides of the conductor.

Edwin Hall elképzelése
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Prof. Rowland hipotézise
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Osszenyomhatatlan ,elektromossdg” - kvantummechanika

Shcrodinger egyenlet sikhullam 72K 2
energia (k)=
——Vy=¢cy w(r):ﬁe
Zm impulzus p=7Kk

A hulldmszdm lehetséges értékei
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Osszenyomhatatlan ,elektromossdg” - kvantummechanika

Shcrodinger egyenlet sikhullam 72K 2
energia e(k)=
hz 2 1 ikr 2m
——Vy =¢y w(r)zﬁe
Zm impulzus p=7Kk
Sok elektron - Pauli elv Alapallapot

E-=5-8el




Osszenyomhatatlan ,elektromossdg” - kvantummechanika

Shcrédinger egyenlet sikhullam h2Kk?
energia e(k) =
hz 2 1 ikr 2m
——Vy =¢y w(r)zﬁe
2m impulzus p=rk
Alapdllapot
. . < gF
Ugyanannyi elektron kisebb helyen:
sokkal nagyobb kinetikus energia
«— &y

Edwin Hall elképzelése
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Prof. Rowland hipotézise




Kvantum Hall effektus

0 F] ’ & &
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FIG. 14. Experimental curves for the Hall resistance Ry =p,,
and the resistivity p,, ~ R, of a heterostructure as a function of
the magnetic field at a fixed carrier density corresponding to a

gate voltage ¥V, =0 V. The temperature is about(® mK.,)

Klaus von Klitzing
Nobel-dij, 1985

T=8 mk

K. von Klitzing, Rev. Mod. Phys 58, 519 (1986)



Kvantum Hall effektus
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* Henry Augustus Rowland

) (1848-1901)
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FIG. 14. Experimental curves for the Hall resistance Ry —py, hipotézise
and the resistivity p,, ~ R, of a heterostructure as a function of

the magnetic field at a fixed carrier density corresponding to a
gate voltage ¥; =0 V. The temperature is about 8 mK.

K. von Klitzing, Rev. Mod. Phys 58, 519 (1986)



Kvantum Hall effektus

0 F] ’ & &
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FIG. 14. Experimental curves for the Hall resistance Ry = Py
and the resistivity p,, ~ R, of a heterostructure as a function of
the magnetic field at a fixed carrier density corresponding to a
gate voltage V; =0 V. The temperature is about 8 mK.

K. von Klitzing, Rev. Mod. Phys 58, 519 (1986)
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Kvantum Hall effektus M. Biittiker, PRB 38, 9375 (1988)
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N. B. Zhitenev et al. Nature 404, 473 (2000)




Paul Dirac
1928

relativisztikus kvantummechanika
/NS S k".l

& Sooam )
fakn 4

AT |

Nobel-dij 1933

electric 4
current J

Elektron spin

spin Hall effektus kisérleti kimutatasa, 200




Spin Hall effektus

Borddcs Sandor, BME

spin Hall effektus
spin dllapot szerint kétféle elektron, t} :
eltérd terjedés a kristdlyban
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Y.K. Kato et al, Scienceexpress 11 Nov.(2004)
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Borddcs Sdandor, BME

Spin Hall effektus
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Anomalis Hall effektus Csontos Miklés, BME

Mdgneses minta
spin Hall effektus o egyforma spin betoles:
spin dllapot szerint kétféle elektron, t} : ereszhiranyu reszuliseg merneto
eltéré terjedés a kristdlyban
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Elektromos térrel kontrollalt magnesséq

1. a mdgneses csatoldst a lyukak kozvetitik “pait

Insulator
2. a lyukak szdma FET szerkezetben R |
valtoztathato InAs
(AL GajSb
AISH
\s substrate
——
Sample B 22.5K
- - -;'—_--FF'_-—"——I )
’ Elektromosan vezérelt
mdgneses memoria
Kontroll  -- kapufesziiltség

Detektdlds -- anomadlis Hall
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H. Ohno et a/, Nature 408, 944(2000) D. Chiba et al., Science 301, 943 (2003)



Spintronika - Nobel dij 2007 non-volatile

A.Fert, P. Griinberg 1000-szer gyorsabb iras,
mint a flash memory-ban
MRAM adatok elérése 1/10000
(Magnetic Random Acces Memory) resze. '“'"h* i“{_"l'lp?::’:" |
ense path electrically isolated from program pa

e Write Line2 D\
bit line QJ* e

Magnetic Tunnel Junction

Top
Electrode
j sense

Bottom
Electrode

ON for
sensing,

OFF for
’ programming

word line

A ,bit line” aramszintje alacsonyabb, mint ami
szabad réteg mdgnesezettségének atforditdasahoz
sziikséges kivéve, ha a ,word line"-ra kapcsolt
aram tere




Spin fogatonyomaték

S —
Current direction

Electron flow *

direction

-

*

Magneses aram !l

Pt 30 nm

Cudnm
CoFeB 2 nm
MgO ~ 1 nm
CoFeB 8 nm
Ta 10 nm
Cu 80 nm

Yousa et al, Nature Materials 3, 868 (2004)
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Andrejev spektroszkopia — az elektronok spin polarizdcidjanak mérése

Normal elektron — Cooper par konverzio
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Andrejev spektroszkopia — az elektronok spin polarizdcidjanak mérése
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Andrejev reflexio

A.F. Andrejev:
JETP 19 1228 (1964)
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Spin-polarizaciéo (In,Mn)Sb madgneses félvezetdben
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| 1 1 .carrier mediated magnetic coupling”
1 M. Csontos et al, Nature Materials 4, 447 (2005)
| 1 | M. Csontos et al., Phys. Rev. Lett. 95, 227203 (2005)

A. Geresdi et a/, Nano Letters (2008)
G. Mihdly et al., Phys. Rev. Lett, March (2008)



Magneses mikroszkopia
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asszikus gondolatment alapjan megértettnek hitt
jelenség (pl. Hall effektus) igazi magyardzata mdr
kvantumfizikai szemléletet feltételez.

Az alacsony hémérsékleteken tapasztalt meglepd
jelenségek (szupravezetés, kvantum Hall effektus)
megértése sokszor egyszertbb, mint a megszokott
tulajdonsagok korrekt leirdsa.

Az Ujonnan megfigyelt spin-fliggé jelenségek (pl. az
anomdlis Hall-effektus mdgneses félvezetskben), igen
gyorsan a spintronikai eszkozok mitkodési elvévé vdlnak.

Az Andrejev kisérletek felfedik az aram ,magnességét”.
Ez a mennyiség meghatdrozé a nanoméretii mdgneses
memoridk irdsandl - spin-forgatonyomaték.

http://dept.phy.bme.hu/egzotikus.pdf
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Idealis vezetés

Shcrodinger egyenlet sikhullam 72K 2
energia e(k)=
hz 2 1 ikr 2m
——Vy =¢cy w(r)zﬁe
2m impulzus p =7k
Aram j=nev & 4
, yo P _Tk_10¢
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Ideadlis vezetés

Shcrodinger egyenlet sikhullam 72K 2
energia e(k) =
hz ) 1 ikr 2m
——Vy =¢cy w(r)zﬁe
2m impulzus p =7k
Aram j=nev )
p 7k 1 o¢ 5
2 =—=——=——" 2 1
Sebesseg v m m hok > ]= “v 0=
h 12.9kQ
Elektronok  _ 2(lji(£j
slir(isége L)% \2x) )




Idealis vezetés

Shcrédinger egyenlet

2
_h_v2w = sy
2m

sikhullam hlk?>
energia e(k)=——
(r) 1 eikl‘ 2m
Y\r)=—r=
4 impulzus p=rk

[y
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o oo

T

Conductance [2e2%/h]
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2
2e S G, = 1
12.9kQ)

A vezetési csatorndk szdma lépésekben
{ vatozik a keresztmetszet novelésével




