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INTRODUCTION

Indium antimonide (InSb)

» Energy band gap E, = 0.17 eV at 300K

> Low effective carrier mass

Energy gap vs. lattice constant
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» High electron mobility 2 =
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» Detection exotic bound states at the superconductot/semiconductor . N S
. T . lattice constant [A ~
interface (Activity in the framework of European project SuperTOP). - ==
» General applications: terahertz radiation source, infrared detectors, Large lattice constant
. . . . High lattice mismatch
including FLIR systems, thermal imaging cameras. Integration possible: Nanostructures
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GROWTH APPROACH I: AU ASSISTED CBE O
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STEP 1 STEP 2 STEP 3
Drop-cast 30 nm Au colloids Growth on InAs NWs Growth on InSb nanostructures
InSb Nanowires InSb Nanoflags InSb Nanocubes
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InSb Nanostructure

UV

InAs NW

MORPHOLOGICAL CONTROL BY TUNNING GROWTH
PARAMETERS Inset scale: 100 nm

I. Verma, V. Zannier, F. Rossi, D. Ercolani, F. Beltram and L. Sorba, Morphology control of single-crystal InSb nanostructures by tuning the growth parameters.
Nanotechnology 31 384002 (2020)
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INSB NFS ON INAS STEM

InSb growth without sample rotation
Elogantion toward In beam
Top view
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Four Probe measurements
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InSb dimensions:
Length= (1.3 £0.1) um Width= (282 +86) nm Thickness= (104 +17) nm

Transport Measurements at 4.2 K

Hall measurement: There’s intermixing of longitudinal and hall
voltage due to small dimension of InSb flags. Hence an
appropriate value of mobility could not be extracted.

Solution:- Size up!
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Perfect ZB crystal structure free from any stacking faults or
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twinning defects. 24 N 7777/ — : ,
Both NFs have a major (10-1) and (-101) flat facet, bordered 4 | S— r,-v,ﬁ,i ===
by 6 sides, parallel to 3 pairs of directions: [-10-1], ! ' | 1 ? |
[-1-2-1] and [-1-1-1] , aligned with the growth axis. 0 Keilcdicte v T -y T v v
140 145 150 155 160 165
Existence of 145° and 160° aperture angle NF is explained by Angle (degree)

intrinsic InSb lattice rotation.

I. Verma, V. Zannier, F. Rossi, D. Ercolani, F. Beltram and L. Sorba, Morphology control of single-crystal InSb nanostructures by tuning the growth parameters.
Nanotechnology 31 384002 (2020)
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I. Verma, V. Zannier, F. Rossi, D. Ercolani, F. Beltram and L. Sorba, Morphology control of single-crystal InSb nanostructures by tuning the growth parameters.
Nanotechnology 31 384002 (2020)
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INSB NANOFLAKES O

Bigger InSb flakes on thin untapered InAs NWs stems are not achieavable!
The InAs stem bend and/or is etched 9 orientation lost, 3D InSb growth

45° -tllted view

grown on InP (111)B are
strongly tapered

Dyip 40 nm (Au colloids of 30 nm)
Dpottom 150 NmM

L: 3000 nm
W: 500 nm
T: 100 nm

InP NW with InSb NF

InAs NW with InSb NF
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I(A)

n- type characteristics of InSb NFs
under BG modulation

Hall effect vs BG bias
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B(T) InSb flake dimension
Rsp(RT, VBG=0 V) = 11 KQ
Rsp(4K, VBG=50 V) = 2.5 KQ
Mg = 25000 cm?/ V.s
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GROWTH APPROACH II: EBL PATTERENED AU- O
ASSISTED VLS

FUTURE PLANS

» Growth optimization in order to
o achieve merging InSb NFs.
Before growth =

» To fabricate the device and perform
hall measurements on as grown

InSb NFs.

After growth

Merging InSb NF on InP NWs

Introduction Growth Approach I Transport measurements Growth Approach II Future plan 9



Thank you for your attention



Supporting Slides



CHEMICAL BEAM EPITAXY (CBE)
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» UHV (10 mbar) » Epitaxial growth of nanostructures » Metal organic gaseous precutrsors
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NANOWIRE TO NANOCUBES

Temperature (°C)
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TMIn= 0.6 Torr

TlnAs

385°C
(*10°)

i+l Tine

Ramping 45’ 30 (mlﬂ)
to InAs NW InSh
growth T growth growth
0.6/1.5 0.6/2.3

By changing the InSb temperature AT
AT=-30°C NW = NC AT=-40°C
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MORPHOLOGICAL CONTROL BY ROTATION

Width

Asymmetry triggered by
stopping rotation

Thickness

With Rotation Without Rotation
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OPTIMIZING InSb TEMPERATURE

AT= -30°C AT= -20°C AT= -10°C

AT= -20°C is a good

compromise
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OPTIMIZING InSb TEMPERATURE

]XN

T
()]

T
FS

T
w

T
]

T
-

T
o

T
-30

AT= -30°C AT=-20°C

AT= -20°C is a good

compromise

AT(°C)

-10

(Unw/wiu) ssauxIy L ‘YIpIAA

Introduction

Motivation Growth Technique Growth Approach I Growth Approach I1

Future plan



MORPHOLOGICAL CONTROL BY Sb FLUX

Temperature (°C)
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INSB NANOFLAKES ON INAS NW STEMS

Temperature (°C)
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TBAs = 1.5 Torr
TMIn= 0.6 Torr

TInAs
385°C /) N1 AT=-20°C
@109 /| o
| 1
| | :
| I !
| | !
. : >
a3+ Time(min)
Ramping 45’ 30° 30°
to InAs NW InSb NF InSb NF
0.6/1.5 0.6/2.3 0.6/2.3>2.6 Width= (282.35 + 86.48) nm
Thickness= (103.81 + 17.18) nm
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There is a mixing of the Vyy and V4, components due to the reduced size of the NF, and hence correct value of
electron carrier and mobility cannot be determined.

SOLUTION: S1ZE Up!!
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