Introduction to Magnetism
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J > 0 (in case of wave functions being orthgonalized )
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: Ferromagnetism
Exchange interaction

(6-2) In order to improve the HL wave function;
Model Hamiltonian for Strongly Correlated Electrons Systems =
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Lo If Uy—U,;>>|t]is valid for Mott insulator, show that the eigen
energy is given as the follow;
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Electronic Structure of Manganese oxides
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Hund’s Coupling J,, > CEF splitting 10Dq

When J is negative due to the overlap of wave functions among
nearest neighbor atomic sites, Spins are anti-parallel. On the
other hand, if the wave function is orthogonalized, J is always
positive and hence ferromagnetism is realized

Proof:
2
Jam = I?-u. {ﬁ:'Pl:-(r!J%m?'lf”]P'tt rduds

1/ris expanded in a Fourier series as

i_l 41_!2 k-in—ry
rLg-'F’gk’e‘ "

J = =2St+J' =J (because of S=0)

+] .
Jomy = :r ?%!%—'(’ﬂmtrﬂr“'”dn

x !p_l"(ralp‘,(rﬂs"""*dr: >0

DrsEBEIbhE. Lihis Tl ERICETHS.




Strong coupling of spin and

Hund’s coupling

Conduction
electrons

#

charge degrees of freedom J
L4

i Localized

spins

— O

-

Mn®*

b
i

I
Mn*

When carriers doped, metallic state is stabilized

Resistivity
500 ; . ,
- La,_ Sr.MnQ, : 10 I
. Pl | PM ;
4001 Ty i T . r
_ o TR _g p }\
= 300 =
= . B T\
= t = !—
200 - i 3 i E : o
=LA Ferromagnetic EvF b \v-;
E F —— ]

Metal

0 0.1 0.2 0.3 04 05
Antiferromagnetic
Insulator

i 13 13 Tttt
Sonamadul

]
\§
COOOOo00

5 i
] 100 200 300 400

Temperafu re (K)

(Nd,Sm), 551, sMnO;

S etasiabviee
asbisdvieb

CMR effectl
Colossal . =}
Magneto  }
Resistance £
‘Magnetization ‘g
‘EHEK 125K‘ 135K
Resistance 32
T
&

Magnetic Field Control of Magnetic and Transport

Properties in Pr, ,Ca,MnO,

Competition between Ferromagnetic
Metallic and charge ordered
insulating phases

-
Conduction <T> - .
electron eg orbits

1 Hund’s rule

local spins 7L % tzg orbits I\_/Iagnetic
field

Conductivity controlled by
Magnetic filed — local spins
— mobile electrons

-

i

Lissidassadad

Magnetization ||;'Mu wilke)
- W

10

1’

Resistivity [{1em)

-
2
o b
PETE T ITTe [PTrTe [ETr ERT IETT [TTTT [yere ee [

e B Rl Baie mais Rl bl BEL R m

;

1 2 3 a4 5 6
Magnctic Ficld [=<10" O]

=]
=]




Resistance
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Electric-field control of ferromagnetism
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Figure 1 Field-effect control of the hole-induced ferromagnetism in magnetic f o = et ﬁl % «
semiconductor (In,Mn)As field-effect fransistors. Shown are the cross-sections of a metal- 081 s L D-:mp"'at“'e ‘K: "
insulator—semiconductor structure under gate biases V. This contrals the hole ‘ ' B (M ‘ ‘
concentration |nl the magr?encl semiconductor channel (filed mrclels).l Negan\lre I increases R I S
hole concentration, I'ESJHIHQ in enhancement of the ferromagnenc interaction among magnetization of the magnetic semiconductor layer. Ry is used to measure the small
: : . : : magnetization of the channel. Shown are R, as a function of field perpendicular to the
magnenc Mn I{H’?S. whereas DDSIINE VGI hﬂl'.:‘. an UDDDS“E effect. The armow SChEI’T]aIJCH“Y layer at temperatures 7 = 5-50 K of sample Aat VV; = 0V. Clear hysteresis observed at
shows the magnitude of the Mn magnetization. The InAs/(Al,Ga)Sb/AlSb structure under the T = 20K is evidence of ferromagnetism. Inset, the temperature dependence of the
(|ﬂ MH)AS |ﬂ‘y’8f serves as a buffer rela)(ing the lattice mismatch between the structure and remanence of B (solid circles), showing that the ferromagnetic transition temperature

. . . T is above 20 K. Open circles indicate the channel sheet resistance Ry at zero field,
the GaAs substrate to produce a smooth surface on which the magnetic layer is grown. which shows moderate negative T-dependence.
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Figure 3 Ry versus field curves under three different gate biases. Application of V;, = 0,
+125 and =125V results in qualitatively different field dependence of Ay, measured at
22.5K (sample B). When holes are partially depleted from the channel (V, = +125V), a
paramagnetic response is observed (blue dash-dotted line), whereas a clear hysteresis at
low fields (<<0.7 mT) appears as holes are accumulated in the channel (V; = — 125V,
red dashed line). Two Ayg curves measured at V/; = 0V before and after application of
+125V (black solid line and green dotted line, respectively) are virually identical. Inset,
the same curves shown at higher magnetic fields.
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Figure 4 Temperature dependence of spontaneous Hall resistance Rﬁau under three
different gate biases. Rj, proportional to the spontaneous magnetization M indicates
=+1K modulation of T; upon application of VV; = =+ 125V (sample A). T is the
temperature at which Hﬁa" (and hence Ms) goes to zero. Data at VV; = 0V before and
after application of =125V are shown by squares and down triangles, respectively. In
order fo minimize the effect of domain rotation and magnetic anisotropy, B‘ﬁeu is
determined by extrapolation of Ry from moderate fields (0.1-0.7T) to 0 using Arrott,
plots (Al versus B/Ryy plots shown in insef).

Magnetism on Report (deal line: 11/11)

Read the reference;

H. Ohno, D. Chiba, F. Matsukura, T. Omiya, E. Abe, T. Dietl, Y. Ohno,

and K. Ohtani, “Electric-field control of ferromagnetism”,

Nature 408, 944 (2000).

1. Describe the origin of ferromagnetism in Mn-doped semiconductors.

2. Consider why the decrease (increase) of the hole concentration by the
application of electric field results in a reduction (an increase) of hole-
mediated ferromagnetic exchange interaction among localized Mn spins.




