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Quantum Spin Hall Effect in Hg/Te

Day, Physics Today, January 2008
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Coupled Electron-Hole Double Quantum Well
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InAs/GaSb as a QSH Insulator

Liu et al, PRL 100, 236601 (2008)
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Band-Gap Engineering

gate
e contacts

Wafer
A B C

GaSb 8 nm 5nm 8nm
InNAs  15nm 12.5nm 8nm
AE =
Al - 1000A E1-H1
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N+ Substrate
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Experimental details

Wafer A: 150A InAs and 80A GaSb
composite QW- inverted regime :

E.-E~-33meV
Hall bar

— Sample a: 10 um by 20um

— Sample b: 0.5 um by 1.5um
Frontgate — Ti/Al or Ti/Au on SiN
Backgate — n+GaAs substrate
Transport

T=20mK, B=18 Tesla, NHMFL
T=0.3K, B= 4/2 Tesla, Rice
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FR¥Tuning Through Mini Gap in Meso Samples

129k ? (Wafer A 1.5 by 0.5um Hall bar)
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Temperature dependence

Knez et al, Phys. Rev. B 81, 201301(R) (2010)
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Gap energy ~ 40 K

Bulk conductivity g, > e%h (for wafer A)
Band-gap engineering of g,



Understanding Residual Conductivity

Naveh & Laikhtman,
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Band-Gap Engineering of g,

NSezEO
Oon = = A~

1. Less inverted
2. Narrow QWs
3. Higher mobility

WaferA Ey, ~-33 meV, o (bulk) > 12 e?/h
Wafer B Ey,~-18 meV, o (bulk) << 10 e?/h
WaferB Ey, ~ 0 meV, o (bulk) << 0.5 e?/h

o (bulk) ~ 10 e?/h is a “magic” number
Edge modes de-couple from bulk transport



Helical edge modes in four probe
geometry

e For phase coherent samples J ‘ ‘ ‘

Landauer-Buttiker formula

1 4
gives conductance value:
G 4e°
14,23 h
 Longer samples can be 2
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Transport in the Mini-gap
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Size of the gap can be
estimated from the width of
the peak in front gate bias:

A =4 meV, while
E=16meV

Resistance peak value agrees
well with what is expected for
bulk transport
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Scaling Evidence for The Edge Modes e
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Robustness of Edge Quantization
vs Bulk Conduct.
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“*Anomalous” Magnetic Field Dependence

All 300 mK
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Magneto-conductance of QSH
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Opens a Number of Exciting Experiments

1. Edge states extend all the way to the material edge
(E; pinned above E. for InAs) . =

2. Good interface with superconductors due to low
Schottky barrier --- SC Hybrids

Examples

Andreev Reflection wmajorana Cleavage STM/STS

Bound State
(MBS)

Non-Equilibrium
Josephson Effect Front Gate

Through Helical -
Edge State / | I_
Normal SC arxiv: 1108.3870




Majorana Fermions in SC/InAs/S
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Andreev Reflection (Single N-S)

Normal SC

the interface. The electrical current through a single S-N
interface can be calculated using the Blonder-Tinkham-

Klapwijk (BTK) model:??

‘ = Ne /[f(E+sV}—f(E)] 1+ A(E)— B(E)dE

h
oy
where N is the number of modes in the normal conduc-
tor, f (F) is the equilibrium Fermi distibution function,
V' is the voltage drop at the interface, and A (F) and
B (FE) are probabilities for Andreev and normal reflec-
tion (NR) of the electron at the interface. In the case of




Andreev Reflection of QSH Edges

G=4¢e’/h
S QSH S A(BE)=1 vV<4l/e

N QSH N A(E)~A%4E? V>>4/e

G=2¢e*/h

0
N -e

1= [ ev) - s+ A®) - Bl ae




I(uA)

1.Can we make Nb/InAs Junction - Test /

2.Can we make Nb/InAs-GaSb Junction - New
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Andreev Reflection in 3 Regimes
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Andreev Reflection in Nb/(InAs-GaSh)/Nb

Knez, Du, Sullivan  ArXiv:1106.5819 (2011)
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Perfect Andreev Reflection
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Excess Current Suppressed by Magnetic Fields
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Temperature dependence
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Challenges
1. Geometry: SNS difficult to analyze
2. Supercurrent

3. Interface quality



Example: STM/STS
Nb/InAs-GaSb Junction on cleaved edge
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SUMMARY

. We confirmed existence of hybridization gap in inverted
InAs/GaSh.

. Length and width dependence of transport coefficients In
In inverted InAs/GaSb QWSs suggests existence of helical
edge modes

. Edge and Bulk interaction shows critical behavior

. Edge modes show only weak dependence on magnetic
fields

. Preliminary data for InAs/GaSh —SC Andreev reflection
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