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TopologicalStatesof Matter

Nature 538 (2016) 18

New states of Matter:

Nat. Mater. 16 (2017) 1062



Topological States: Quantum Hall Effect

K. v. Klitzing et al., PRL 45 (1980) 494.

M. Büttiker, PRB 38 (1988) 9375.
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Why InSb?

InSbHeterostructures:

ÅNarrow bandgap (0.23 eV)                mid-infrared 
optoelectronic devices. 

ÅHigh bulk electron mobility (7.7 x 104 cm2/(Vs)), 
small effective mass (0.018 me)                  high-
speed and low-power electronic devices.

ÅStrong spin-orbit interaction, large Landég-
factor (~ 50)                 spintronicsand 
topological quantum computing.



Why 2D InSb?

Problem:

ÅNanowire morphology limits device design flexibility.

Solution:

ÅEpitaxial growth of InSbin the form of 2D-layers.

Challenges:

ÅLarge lattice mismatch with common semiconductor substrates.

Solution: 

Å2D InSbnanoflagson nanowire stem (efficient strain relaxation).



2D InSbnanoflags(NFs)

Nano Lett. 16 (2016) 825

Nano Lett. 16 (2016) 834

Adv. Mater. 31 (2019) 1808181



Chemical Beam Epitaxy (CBE)

CBE system at NEST lab
Riber Compact-21 CBE for the growth of III-V NWs

Ultra High Vacuum 

(UHV) growth chamber 

(base pressure:

10-9 Torr)

Schematic of CBE 

Metal-organic precursors
Group III : TMIn , TEGa, TMAl

Group V  : TBAs, TBP, TDMASb, 

TMSb

n-doping : TBSe

Advantages of CBE system
Direct control of fluxes

Monolayer thickness control

Abrupt interfaces

Good control of composition and doping profiles
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Alignmentof InPNWsfor growth of InSbNFs

I. Vermaet al., ACS AppliedNano Materials4 (2021) 5825.

InPNW grownon InP(111)B



Growthof InSbnanoflags

I. Vermaet al., ACS AppliedNano Materials4 (2021) 5825.



Growthof InSbnanoflags

InSbnanoflags:
Length2.8 ˃ m
Width 470 nm
Thickness105 nm

I. Vermaet al., ACS AppliedNano Materials4 (2021) 5825.

Defect-free InSb
zinc blende 
lattice



SEM of InSbNF Hall-bar device

L = 1.5 ˃m
W = 325 nm
d = 100 nm

10 nm Ti/190 nm Au
Substrate: Si/SiO2

I. Vermaet al., ACS AppliedNano Materials4 (2021) 5825.



InSbElectron Mobility

Hall mobility: 29500 cm2/Vs @ 4.2 K
At n = 8.5 x 1011 cm-2

Meanfree path‗ͯυππnm

I. Vermaet al., ACS AppliedNano Materials4 (2021) 5825.

Field-effect mobility 28000 cm2/Vs
Nanoflagsare n-type



Nb/Ti-InSb Nanoflag-based JJs
2 ɛm 10 nm Ti/150 nm Nb

Substrate: Si/SiO2

L = 200 nm
W = 700 nm
d = 100 nm

SEM

S. Salimianet al., Appl. Phys. Lett. 119, 214004 (2021).

Ballistic regime! Mean free path ‗ > length L of the junction, ‗ ὒ.



Nb/Ti-InSb Nanoflag-based JJs
2 ɛm 10 nm Ti/150 nm Nb

Substrate: Si/SiO2

L = 200 nm
W = 700 nm
d = 100 nm

Tc = 8.44 K
ɲ = 1.76kBTc = 1.28 meVSEM

Ballistic regime! Mean free path ‗ > length L of the junction, ‗ ὒ.

S. Salimianet al., Appl. Phys. Lett. 119, 214004 (2021).



V-I shows supercurrent

T = 250 mK

S. Salimianet al., Appl. Phys. Lett. 119, 214004 (2021).



FraunhoferPattern

S. Salimianet al., Appl. Phys. Lett. 119, 214004 (2021).



FraunhoferPattern Small offset of 6 mT
(residual magnetization in cryostat)

S. Salimianet al., Appl. Phys. Lett. 119, 214004 (2021).



FraunhoferPattern

Why no sides lobes in the Fraunhoferpattern?
Å Even-oddeffect? (de Vries et al., Phys. Rev. Res. 1 (2019) 032031)
Å Narrow junction? (Cuevas& Bergeret, Phys. Rev. Lett. 99 (2007) 217002)

S. Salimianet al., Appl. Phys. Lett. 119, 214004 (2021).


