Bismuth chalcogenides have been well studied for both excellent thermoelectric properties [1], and
topologically protected surface states [2]. These surface states are most relevant when the ratio of surface
conductivity to bulk conductivity is high. This is due to the high surface area-to-volume ratio. Therefore,
bismuth chalcogenide nanostructures are of particular interest [3]. In addition, theoretical investigations
suggest that specific geometries of nanostructures can improve the properties of these materials, e.g.
perforating structures of Bi,Se; can exhibit improved thermoelectric properties [4, 5]; Bi,Se; wires can be
used as efficient connections in integrated circuits [6]; heterostructures of bismuth chalcogenide and
superconductor may allow the control of Majorana fermions and other topological phenomena, potentially
supporting the development of quantum computing [7, &, 9]. Changing the thickness of nanostructures may
also allow to control the electronic transport properties [10, 11]. However, implementing these ideas is
challenging because most growth methods do not produce nanostructures of controlled sizes and shapes
in the same process. This limits the ability to build devices to exact specifications and also limits the future
scalability of devices. One way to overcome these problems is to use structurization methods to fabricate
nanostructures with precise shapes and sizes. There are many such etching processes. One that allows the
achieving of object sizes below 10 nm is focused ion beam (FIB) cutting of the material, using a beam of
accelerated charged atoms to selectively remove material from the sample.

The doctoral thesis focused on the use of milling by means of a focused beam of Ga+ ions, as well as the
use of an innovative approach using Xe+ ions. FIB milling uses Ga+ ions to mill the target material and can
be used for both shape forming [12, 13] and defect introduction [12, 14]. FIB has shown the potential
application in producing devices based on bismuth chalcogenides that retain their surface states [15, 16].
However, the results of electron transport studies at low temperatures indicated that the crystal structure
of Bi,Se; nanowires was partially changed by FIB [15]. Although these results do not encourage the use of
FIB as a method of fabricating nano-devices, they do not fully take into account possible changes in the
structure of the material. Therefore, in order to better understand the effect of FIB modifications on the
atomic and electronic structure of bismuth chalcogenides, in this PhD thesis, independent research
methods were used to analyze changes in the material under the influence of high-energy ion milling. The
work combines device fabrication methods (such as photolithography, electron beam lithography, and FIB),
analytical methods (scanning electron microscopy, transmission electron microscopy, X-ray absorption
spectroscopy, and electron transport measurements at ultra-low temperatures), as well as a theoretical
approach based on density functional theory.

1 G. L. Sun, L. L. Li, X. Y. Qin, D. Li, T. H. Zou, H. X. Xin, B. ). Ren, ). Zhang, Y. Y. Li, and X. J. Li, Applied Physics Letters 106 (5) (2015).

2 Hongliang Shi, David Parker, Mao-Hua Du, and David ). Singh, Physical Review Applied 3 (1) (2015).

3 Ho Sun Shin, Bacel Hamdou, Heiko Reith, Hermann Osterhage, Johannes Gooth, Christine Damm, Bernd Rellinghaus, Eckhard Pippel, and Kornelius Nielsch, Nanoscale 8 (28),
13552 (2016).

4 0. A. Tretiakov, Ar Abanov, and Jairo Sinova, Applied Physics Letters 99 (11) (2011).

5 0. A. Tretiakov, Ar Abanov, and Jairo Sinova, Journal of Applied Physics 111 (7) (2012).

6  Timothy M. Philip, Mark R. Hirsbrunner, Moon Jip Park, and Matthew ). Gilbert, IEEE Electron Device Letters 38 (1), 138 (2017).

7 Roni Ilan, Jens H. Bardarson, H. S. Sim, and Joel E. Moore, New Journal of Physics 16 (5) (2014).

8 Liang Fu and C. L. Kane, Physical Review Letters 100 (9) (2008).

9 Chetan Nayak, Steven H. Simon, Ady Stern, Michael Freedman, and Sankar Das Sarma, Reviews of Modern Physics 80 (3), 1083 (2008).

10 Sung Min Kang, Sung-Soo Ha, Wan-Gil Jung, Mansoo Park, Hyon-Seok Song, Bong-Joong Kim, and Jung-Il Hong, AIP Advances 6 (2) (2016).

11 Vincent Sacksteder, Tomi Ohtsuki, and Koji Kobayashi, Physical Review Applied 3 (6) (2015).

12 Naoya Fukui, Rei Hobara, Toru Hirahara, Shuji Hasegawa, Yutaka Miyatake, Hiroyuki Mizuno, Toru Sasaki, and Toshihiko Nagamura, e-Journal of Surface Science and
Nanotechnology 12 (0), 423 (2014).

13 Alka Sharma, Biplab Bhattacharyya, A. K. Srivastava, T. D. Senguttuvan, and Sudhir Husale, Scientific Reports 6 (1) (2016).

14 P.A.Sharma, A. L. Lima Sharma, M. Hekmaty, K. Hattar, V. Stavila, R. Goeke, K. Erickson, D. L. Medlin, M. Brahlek, N. Koirala, and S. Oh, Applied Physics Letters 105 (24) (2014).

15  Biplab Bhattacharyya, Alka Sharma, V. P. S. Awana, A. K. Srivastava, T. D. Senguttuvan, and Sudhir Husale, Journal of Physics: Condensed Matter 29 (11) (2017).

16  Biplab Bhattacharyya, Alka Sharma, V. P. S. Awana, T. D. Senguttuvan, and Sudhir Husale, Journal of Physics: Condensed Matter 29 (7) (2017).






