
Spin-related physics
in

integer quantum Hall system

Ming-Che Chang
Department of physics

Taiwan Normal University



Outline
Multi-component quantum Hall system

spin, layer, or valley (for Si) degrees of freedom

Spin: Quantum Hall ferro-magnet

Collection excitation and quasi-particle in QHFM
Spin wave, skyrmion

Layer: n=1 Bilayer system as a QH pseudo-FM
Collective excitation and quasi-particle in in QHpFM

Pseudo-spin wave, meron

Josephson-like effect in bilayer system

n=2 Three different quantum phases
Ferromagnet, canted antiferromagnet, and spin-singlet

The effect of in-plane magnetic field



Layout of a quantum Hall system



Landau levels

Strong magnetic field (> 1 T)

Low temperature (< 4 K)



Some important parameters

Typical length scale: magnetic length  ª 128 A at 4 T

Dielectric constant: 12.8     e2/el ª 100 K at 4 T

Material dep.

Effective mass: 0.068 me   hwc ª 80 K at 4 T

GaAs/AlGaAs  0.38 me (LH), 0.6 me (HH)

g factor:       -0.44, spin-orbit effect

  gmBB ª 1 K at 4 T

Landau level degeneracy: DLL = B×(sample area)/F0

Sample dep.

mobility (104 – 106 cm2/Vs), electron density (1011 /cm2)



Physics in the Lowest Landau Level (LLL): integer case
Filling factor n= 1

 T=0

T > Ez

plus e-e interaction

spontaneous ferromagnetic ordering

  single spin flip costs  S = (p/2)1/2 e2/el =125 K at 4 T

QHFM: an itinerant ferromagnet with quantized Hall resistances

The wave function is simply the m=1 Laughlin wave function

   the world’s best understood ferromagnet



Manybody effect on the “Zeeman splitting”

n≠ = 1:  g*mBB = gmBB + S, S = (p/2)1/2 e2/el

n≠ < 1:  g*mBB = gmBB + S× [n≠(g*)-nØ(g*)],

need to be solved self-consistently, Ando+Uemura 1974

  oscillatory behavior



Spin-related elementary excitations in QHFM

Spin wave

coherent superposition of e-h pairs

      

LLL projectionp lB2



  

 

 

= (p/2)1/2 e2/el



skyrmion – charged spin-texture excitation [Sondhi et al, 1993] –

different forms of spin texture in 2D:

easy plane, vortex easy axis, antiskyrmion / skyrmion

   



Formation of a skyrmion

g << 1: larger extent of distorted spins is better

 rapid depolarization by adding one skyrmion

g >> 1: only one spin is flipped

Noninteracting

Plus e-e interaction

Plus Zeeman energy



The skyrmion is charged

Spin texture determines charge density profile

Topological charge of spin texture

Qtop is the wrapping number of the S2(r)  S2(m) mapping

stable against smooth continuous distortion of m(r)

Electric charge Q = n e Qtop

= integer



Barrett et al, 1995.   Schmeller et al, 1995.

NMR magnetotransport



Maude et al, 1996

magnetotransport



Inter-Landau level excitations
Different ways to lift an electron from n=0 to n=1:

 n = 1 

magnetoplasma spin-flip

 n = 2

                   magetoplasma spin-flip  spin density

excitation

 (singlet exciton) (triplet exciton)

   



n = 1 [Kallin + Halperin, 1984]

        

Kohn’s theorem

(p/2)1/2 e2/el

MPMP

SF



n = 2

spin-polarization instability in a tilted magnetic field

[Giuliani + Quinn, 1985]

  n=1

                                          1st order transition

            hwC

  n=0                        gmBB    triplet exciton

paramagnetic    ferromagnetic phase transition



Daneshvar et al, 1997

  



Summary

n = 1 Quantum Hall ferromagnet

spin-related excitations

spin wave

Dn=0

Skyrmion, tunneling

magnetoplasma

Dn=1

spin flip

 n= 2 Quantum Hall paramagnet

Giuliani-Quinn instability, PM   FM transition

bilayer system (n = 2), FM/CAM/SYM phases

[Das Sarma et al, 1998]


