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Introduction - Quantum Hall Effect

2-D Electron System
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Composite Boson Model

Composite Boson=0ne Electron+0Odd Number Flux Quanta

Girvin and MacDonald Phys. Rev. Lett. 58, 1252(1987)

EXChange Ezawa et al. Phys. Rev. 46, 7765(1992).
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Phase . Quantum Hall State is incompressible (100K)
Exp{in(1+m)} m=1

AnAg=h An=0, Ag=00,

no coherence, no superconductivity
Bilayer System

An Ady=h

Density Difference An,#0
Phase Difference Ag,# o0
Macro Coherence arise

Wen and Zee Phys. Rev. Lett. 69, 1811(1992)
Ezawa and lwazaki, Phys. Rev. B 48, 15189(1993)



Activation Energy (K)

Experiments of v=1 bilayer QHE
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Bilayer v =1 Quantum Hall Effect
- In-plane Field Effect -

ag(0) = Ag g (0) exp(—d”tan” 6 /4(7)
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Phase Transition for In-plane Field
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Exact Diagonalization

Theory 8 Electron, d/l1=2
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4. Experimental System

Dilution Refrigerator

® L owest Temperature 6 mK
®Cooling Power (@100 mK) 400 W
®Highest Magnetic Field 15T

®Electrical Transport

®Rotation of Sample
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Sample Sample Parameter
Front Gate T1/Au _
' | SiGaAs| L Layer Distance d = 23.1 nm
""" St-5-doping = IC & | Tunneling Energy Agag =11 K

$20nm _431nm GaAs—— . _ T
—?:—i——zomn Gals (AlossGagg7As) | Mobility (@ ny = 1.0 x 10 cm™2)

r

A 777 1.0 x 108 cm2 /Vs
AlAs/GaAs |
Si-GaAs T Vb g
B B, =B, cos#
Back Gate n+-GaAs tot 1 tot

A B By =Bysing

2o
BY Sample




Magneto and Hall Resistance
Field Dependence
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Color-scale Plots of Magnetoresistance
as a Function of Magnetic Field and Electron Density
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Phase Boundaries

Definition of Boundaries
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Phase Diagram

In-plane Field and Electron Density Space
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Soliton Phase
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Two-axis Goniometer In Mixer of Dilution Refrigerator
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Anisotropic Conductance

n=0.55x1011cm2, 6 =53.5° ,T=0.32K
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Temperature Dependence of Anisotropy
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In-plane Field Dependence of Anisotropy
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Density Difference Dependence of
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Total Density and In-plane Field Dependence

Activation Energy
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Magnetoresistance
as a Function of Density Imbalance Parameter
and Total Density
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Phase Diagram

Theory and Experiment
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Exact Diagonalization Calculation of Ground State Energy

Exact Diagonalization
8 Electron, d/I=2
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Summary

*Magnetoresistance Peak (Soliton Phase) in Bilayer v=1
Quantum Hall State

Phase diagram of Bilayer v=1 Quantum Hall State in B, —n,
space

*Anisotropic Magnetotransport to angle between B yand |
— Soliton Lattice Phase or Charge Imbalanced Phase
Soliton Phase is unstable when the density imbalance is large

*Charge imbalance exist or not?



