Fast prototyping of nanoscale InSb devices

using focused ion beam lithography
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Introduction

InSb has low effective mass, high mobility, and strong spin-orbit
coupling, making it an ideal material for spintronics'. Recently there
have been numerous device schemes which have be proposed for
generating spin polarised currents for spin injection in quantum
technologies??*. At the heart of these schemes is the quantum
point contact (QPC) which require nanoscale lithography and gated
structures. As demonstrated in Fig. 1, QPCs consists of a source and
drain gate surrounding a narrow constriction of width comparable to
the de Broglie wavelength of an electron. In this constriction, the
two-dimensional electron gas (2DEG) created In the heterostructure
becomes one-dimensional and characteristic conductance quantization
Is observed®®, Here we present a complete fabrication toolkit which
employs focused ion beam (FIB) lithography as a flexible direct write
technique for rapid prototyping of QPCs from Hall bars.

Two approaches for fabricating QPCs have been explored. The first
involves defining QPCs using direct etch writing of InSb quantum
wells. A FIB assisted XeF, chemistry was used to form side gates with
air gaps. The second technique uses FIB assisted deposition to form
a siloxane gate dielectric, as well as direct write of metalization using
platinum to form split top gates. Compatibility of InSb with these
processes has been confirmed investigation of the electronic
properties using Shubnikov de Haas and quantum Hall.
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Figure 1. (a) A schematic showing the basic geometry of a QPC. (b) Initial
simulations of electron density in an InSb based QPC generated using the software
package ‘kwant.

Figure 2. The Xe plasma FIB used for the
various QPC fabrication techniques.
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Figure 3. Layer structure of the InSb Hall bars used to create QPCs (left) and SEM
image of a Hall bar device from above (right).

InSb Hall bars were used to investigate FIB lithography nanofabrication
of QPCs. Figure 3 shows the initial Hall bar devices and figure 4
demonstrates the two FIB lithography techniques used.
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\ Figure 4. (a) Schematic of FIB assisted t. (b) Schematic of FIB assisted material

deposition, adapted from [7].
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Figure 5. Schematics of the two ways used to define QPCs from Hall bars.

Results

A novel direct-write method for fabricating nanoscale features in InSb
using FIB lithography is in development. Previously in the literature,
various devices of this type have been reported in similar materials
but these were fabricated using methods such as wet and dry etching
which do not provide the flexibility and speed of the FIB. Due to its
strong Rashba and Dresselhaus spin-orbit interaction InSb is an ideal
candidate for semiconductor spintronics but it is notoriously difficult
to fabricate on the nanoscale. The SEM images and magnetotransport
measurements demonstrate a XeF, FIB assisted etch and Xe FIB
assisted siloxane deposition show promise as rapid prototyping
fabrication techniques in InSb and similar materials.
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Figure 6. SEM images of initial FIB etching tests. (a) Xe FIB milling of bulk InSb
without additional GIS chemistry. (b) XeF, FIB assisted etch of bulk InSb.

(c) Optimised XeF, etching of a trench in InSb/InAISb Hall bar. (d) Demonstration of
XeF, milling used to create raised ridges as narrow as 200nm.
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Magnetotransport measurements were obtained before and after FIB
exposure at 5K. Eectron mobillities calculated using magnetotransport
data collected before and after both siloxane deposition and 'thinning' of
Hall bars can be seen in the table.
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Figure 7. Magnetotransport measurements before (top) and after (bottom) FIB
exposure for XeF, FIB assisted etching (left) and Xe FIB assisted deposition of siloxane.,

(right)

Conclusion

XeF, FIB assisted etching and
Xe plasma FIB assisted
deposition are viable methods
for rapid prototyping of
nanoscale devices in InSb.

Acknowledgements

This project is supported by the University of Surrey Doctoral
College and the National Productivity Investment Fund.

[4]L. Rokhinson, L. Pfeiffer and K. West, "Detection of spin polarization in quantum point contacts”, Journal of Physics: Condensed Matter, vol. 20, no. 16, p. 164212, 2008. Available:

10.1088/0953-8984/20/16/164212 [Accessed 4 July 2019].

[5]M. Nowak and B. Szafran, "Spin current source based on a quantum point contact with local spin-orbit interaction”, Applied Physics Letters, vol. 103, no. 20, p. 202404, 2013. Available:
10.1063/1.4830372 [Accessed 4 July 2019].

[6]P. Debray et al,, "All-electric quantum point contact spin-polarizer”, Nature Nanotechnology, vol. 4, no. 11, pp. 759-764, 2009. Available: 101038/nnano.2009.240 [Accessed 4 July 2019].
[7] K. Murakami and M. Takali, "Nano electron source fabricated by beam-induced deposition and its unique feature", Microelectronic Engineering, vol. 132, pp. 74-82, 2015. Available:
10.1016/).mee.2014.10.004 [Accessed 1 June 2019].

101103/revmodphys.76.323 [Accessed 4 July 2019].

[2]N. Bhandari, P. Das, M. Cahay, R. Newrock and S. Herbert, "Observation of a 0.5 conductance plateau in asymmetrically biased GaAs quantum point contact”,
Applied Physics Letters, vol. 101, no. 10, p. 102401, 2012.

[3]F. Qu et al, "Quantized Conductance and Large g-Factor Anisotropy in InSb Quantum Point Contacts”, Nano Letters, vol. 16, no. 12, pp. 7509-7513, 2016. Available:
101021/acs.nanolett.6b03297 [Accessed 4 July 2019].

& p 4'.?‘\' < ) : - -
b fe Bibliography

Email: d.shearer@surrey.ac.uk



