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Abstract

In this work, the individual hexagonal boron nitride (h-BN) microtubular structures
with different diameter (ranging from =0.2 to =2.5 uym) and a wall thickness below 25 nm
were investigated for the first time by integration on SiO2/Si substrate using a method
based on focused ion beam deposition (FIB/SEM). The current-voltage (I-V)
measurements were carried out in from a bias of —40 V to +40 V and in a temperature
range from 25 to 100 °C. All fabricated devices showed excellent insulating properties and
the resistance of =111 GQ was calculated, which was attributed mainly to the top SiO2 layer
of the substrate measured without h-BN. The obtained results elucidate the excellent
potential of the boron nitride microtubular structures with nanowalls to be used as high-
quality shielding materials of other nano- and microstructures for application in
nanoelectronics, nanophotonics and power electronics, where a relatively wide range of
operating temperature is necessary.

Keywords: Hexagonal boron nitride, Microdevices, Microtubes, Nanomaterials,

Electrical properties, Insulator
References

1. Levendorf, M.P., et al.: Graphene and boron nitride lateral heterostructures for atomically
thin circuitry. Nature 488, 627-632 (2012).
https://doi.org/10.1038/nature11408
Google Scholar

2. Wei, X., Wang, M.-S., Bando, Y., Golberg, D.: Post-synthesis carbon doping of individual
multiwalled boron nitride nanotubes via electron-beam irradiation. J. Am. Chem. Soc. 132,



https://doi.org/10.1007/978-3-030-92328-0_1
https://doi.org/10.1038/nature11408
https://doi.org/10.1038/nature11408
http://scholar.google.com/scholar_lookup?title=Graphene%20and%20boron%20nitride%20lateral%20heterostructures%20for%20atomically%20thin%20circuitry&author=MP.%20Levendorf&journal=Nature&volume=488&pages=627-632&publication_year=2012&doi=10.1038%2Fnature11408

10.

11.

12.

13.

5th International Conference
on Nanotechnologies
and Biomedical Engineering

Proceedings of KNBME-2021,
Novernber 3-5, 2021, Chisinau, Moldova

— R

5th International Conference on Nanotechnologies and Biomedical Engineering
Proceedings of ICNBME-2021, vol 87., November 3-5, 2021, Chisinau, Moldova,
Springer, Cham

13592-13593 (2010). https://doi.org/10.1021/ja106134s

Google Scholar

Lupan, O., Chai, G., Chow, L.: Fabrication of ZnO nanorod-based hydrogen gas
nanosensor. Microelectron. J. 38, 1211-1216

(2007). https://doi.org/10.1016/j.mejo.2007.09.004

Google Scholar

Lupan, O., et al.: Single and networked CuO nanowires for highly sensitive p-type
semiconductor gas sensor applications. Physica Status Solidi (RRL) — Rapid Res. Lett. 10,
260-266 (2016). https://doi.org/10.1002/pssr.201510414

Tang, C., et al.: Fluorination and electrical conductivity of BN nanotubes. J. Am. Chem.
Soc. 127, 65526553 (2005). https://doi.org/10.1021/ja042388u

Google Scholar

Lupan, O., et al.: Individual hollow and mesoporous aero-graphitic microtube based
devices for gas sensing applications. Appl. Phys. Lett. 110, 263109

(2017). https://doi.org/10.1063/1.4989841

Google Scholar

Dean, C.R., et al.: Boron nitride substrates for high-quality graphene electronics. Nat.
Nanotechnol. 5, 722-726 (2010). https://doi.org/10.1038/nnano.2010.172

Google Scholar

Wang, J., et al.: Low temperature growth of boron nitride nanotubes on substrates. Nano
Lett. 5, 2528-2532 (2005). https://doi.org/10.1021/nl051859n

Google Scholar

Kim, G., Jang, A.R., Jeong, H.Y., Lee, Z., Kang, D.J., Shin, H.S.: Growth of high-
crystalline, single-layer hexagonal boron nitride on recyclable platinum foil. Nano
Lett. 13, 1834-1839 (2013). https://doi.org/10.1021/n1400559s

Google Scholar

Li, Y., Dorozhkin, P.S., Bando, Y., Golberg, D.: Controllable modification of SiC
nanowires encapsulated in BN nanotubes. Adv. Mater. 17, 545-549

(2005). https://doi.org/10.1002/adma.200401266

Google Scholar

Bando, Y., Ogawa, K., Golberg, D.: Insulating ‘nanocables’: invar Fe—Ni alloy nanorods
inside BN nanotubes. Chem. Phys. Lett. 347, 349-354

(2001). https://doi.org/10.1016/S0009-2614(01)01075-2

Google Scholar

Sajjad, M., Morell, G., Feng, P.: Advance in novel boron nitride nanosheets to
nanoelectronic device applications. ACS Appl. Mater. Interfaces 5, 5051-5056
(2013). https://doi.org/10.1021/am400871s

Google Scholar

Lauhon, L.J., Gudiksen, M.S., Wang, D., Lieber, C.M.: Epitaxial core—shell and core—
multishell nanowire heterostructures. Nature 420, 5761

(2002). https://doi.org/10.1038/nature01141

Google Scholar



https://doi.org/10.1021/ja106134s
https://doi.org/10.1021/ja106134s
http://scholar.google.com/scholar_lookup?title=Post-synthesis%20carbon%20doping%20of%20individual%20multiwalled%20boron%20nitride%20nanotubes%20via%20electron-beam%20irradiation&author=X.%20Wei&author=M-S.%20Wang&author=Y.%20Bando&author=D.%20Golberg&journal=J.%20Am.%20Chem.%20Soc.&volume=132&pages=13592-13593&publication_year=2010&doi=10.1021%2Fja106134s
https://doi.org/10.1016/j.mejo.2007.09.004
https://doi.org/10.1016/j.mejo.2007.09.004
https://doi.org/10.1016/j.mejo.2007.09.004
https://doi.org/10.1002/pssr.201510414
https://doi.org/10.1021/ja042388u
https://doi.org/10.1021/ja042388u
http://scholar.google.com/scholar_lookup?title=Fluorination%20and%20electrical%20conductivity%20of%20BN%20nanotubes&author=C.%20Tang&journal=J.%20Am.%20Chem.%20Soc.&volume=127&pages=6552-6553&publication_year=2005&doi=10.1021%2Fja042388u
https://doi.org/10.1063/1.4989841
https://doi.org/10.1063/1.4989841
http://scholar.google.com/scholar_lookup?title=Individual%20hollow%20and%20mesoporous%20aero-graphitic%20microtube%20based%20devices%20for%20gas%20sensing%20applications&author=O.%20Lupan&journal=Appl.%20Phys.%20Lett.&volume=110&pages=263109&publication_year=2017&doi=10.1063%2F1.4989841
https://doi.org/10.1038/nnano.2010.172
https://doi.org/10.1038/nnano.2010.172
http://scholar.google.com/scholar_lookup?title=Boron%20nitride%20substrates%20for%20high-quality%20graphene%20electronics&author=CR.%20Dean&journal=Nat.%20Nanotechnol.&volume=5&pages=722-726&publication_year=2010&doi=10.1038%2Fnnano.2010.172
https://doi.org/10.1021/nl051859n
https://doi.org/10.1021/nl051859n
http://scholar.google.com/scholar_lookup?title=Low%20temperature%20growth%20of%20boron%20nitride%20nanotubes%20on%20substrates&author=J.%20Wang&journal=Nano%20Lett.&volume=5&pages=2528-2532&publication_year=2005&doi=10.1021%2Fnl051859n
https://doi.org/10.1021/nl400559s
https://doi.org/10.1021/nl400559s
http://scholar.google.com/scholar_lookup?title=Growth%20of%20high-crystalline%2C%20single-layer%20hexagonal%20boron%20nitride%20on%20recyclable%20platinum%20foil&author=G.%20Kim&author=AR.%20Jang&author=HY.%20Jeong&author=Z.%20Lee&author=DJ.%20Kang&author=HS.%20Shin&journal=Nano%20Lett.&volume=13&pages=1834-1839&publication_year=2013&doi=10.1021%2Fnl400559s
https://doi.org/10.1002/adma.200401266
https://doi.org/10.1002/adma.200401266
http://scholar.google.com/scholar_lookup?title=Controllable%20modification%20of%20SiC%20nanowires%20encapsulated%20in%20BN%20nanotubes&author=Y.%20Li&author=PS.%20Dorozhkin&author=Y.%20Bando&author=D.%20Golberg&journal=Adv.%20Mater.&volume=17&pages=545-549&publication_year=2005&doi=10.1002%2Fadma.200401266
https://doi.org/10.1016/S0009-2614(01)01075-2
https://doi.org/10.1016/S0009-2614(01)01075-2
http://scholar.google.com/scholar_lookup?title=Insulating%20%E2%80%98nanocables%E2%80%99%3A%20invar%20Fe%E2%80%93Ni%20alloy%20nanorods%20inside%20BN%20nanotubes&author=Y.%20Bando&author=K.%20Ogawa&author=D.%20Golberg&journal=Chem.%20Phys.%20Lett.&volume=347&pages=349-354&publication_year=2001&doi=10.1016%2FS0009-2614%2801%2901075-2
https://doi.org/10.1021/am400871s
https://doi.org/10.1021/am400871s
http://scholar.google.com/scholar_lookup?title=Advance%20in%20novel%20boron%20nitride%20nanosheets%20to%20nanoelectronic%20device%20applications&author=M.%20Sajjad&author=G.%20Morell&author=P.%20Feng&journal=ACS%20Appl.%20Mater.%20Interfaces&volume=5&pages=5051-5056&publication_year=2013&doi=10.1021%2Fam400871s
https://doi.org/10.1038/nature01141
https://doi.org/10.1038/nature01141
http://scholar.google.com/scholar_lookup?title=Epitaxial%20core%E2%80%93shell%20and%20core%E2%80%93multishell%20nanowire%20heterostructures&author=LJ.%20Lauhon&author=MS.%20Gudiksen&author=D.%20Wang&author=CM.%20Lieber&journal=Nature&volume=420&pages=57-61&publication_year=2002&doi=10.1038%2Fnature01141

14.

15.

16.

17.

18.

19.

20.

5th International Conference
on Nanotechnologies
and Biomedical Engineering

Proceedings of KNBME-2021,
Novernber 3-5, 2021, Chisinau, Moldova

— R

5th International Conference on Nanotechnologies and Biomedical Engineering
Proceedings of ICNBME-2021, vol 87., November 3-5, 2021, Chisinau, Moldova,
Springer, Cham

Sajjad, M., Feng, P.: Study the gas sensing properties of boron nitride nanosheets. Mater.
Res. Bull. 49, 35-38 (2014). https://doi.org/10.1016/j.materresbull.2013.08.019
Google Scholar

Lin, L., Liu, T., Zhang, Y., Sun, R., Zeng, W., Wang, Z.: Synthesis of boron nitride
nanosheets with a few atomic layers and their gas-sensing performance. Ceram. Int. 42,
971-975 (2016). https://doi.org/10.1016/j.ceramint.2015.08.109

Google Scholar

Schiitt, F., et al.: Conversionless efficient and broadband laser light diffusers for high
brightness illumination applications. Nat. Commun. 11, 1437

(2020). https://doi.org/10.1038/s41467-020-14875-z

Google Scholar

Bai, X., et al.: Deformation-driven electrical transport of individual boron nitride
nanotubes. Nano Lett. 7, 632-637 (2007). https://doi.org/10.1021/n1062540I

Google Scholar

Cumings, J., Zettl, A.: Field emission and current-voltage properties of boron nitride
nanotubes. Solid State Commun. 129, 661-664

(2004). https://doi.org/10.1016/j.55¢.2003.11.026

Google Scholar

Ci, L., et al.: Atomic layers of hybridized boron nitride and graphene domains. Nat.
Mater. 9, 430-435 (2010). https://doi.org/10.1038/nmat2711

Google Scholar

Arenal, R., Wang, M.-S., Xu, Z., Loiseau, A., Golberg, D.: Young modulus, mechanical
and electrical properties of isolated individual and bundled single-walled boron nitride
nanotubes. Nanotechnology 22, 265704 (2011). https://doi.org/10.1088/0957-
4484/22/26/265704

Google Scholar



https://doi.org/10.1016/j.materresbull.2013.08.019
https://doi.org/10.1016/j.materresbull.2013.08.019
http://scholar.google.com/scholar_lookup?title=Study%20the%20gas%20sensing%20properties%20of%20boron%20nitride%20nanosheets&author=M.%20Sajjad&author=P.%20Feng&journal=Mater.%20Res.%20Bull.&volume=49&pages=35-38&publication_year=2014&doi=10.1016%2Fj.materresbull.2013.08.019
https://doi.org/10.1016/j.ceramint.2015.08.109
https://doi.org/10.1016/j.ceramint.2015.08.109
http://scholar.google.com/scholar_lookup?title=Synthesis%20of%20boron%20nitride%20nanosheets%20with%20a%20few%20atomic%20layers%20and%20their%20gas-sensing%20performance&author=L.%20Lin&author=T.%20Liu&author=Y.%20Zhang&author=R.%20Sun&author=W.%20Zeng&author=Z.%20Wang&journal=Ceram.%20Int.&volume=42&pages=971-975&publication_year=2016&doi=10.1016%2Fj.ceramint.2015.08.109
https://doi.org/10.1038/s41467-020-14875-z
https://doi.org/10.1038/s41467-020-14875-z
http://scholar.google.com/scholar_lookup?title=Conversionless%20efficient%20and%20broadband%20laser%20light%20diffusers%20for%20high%20brightness%20illumination%20applications&author=F.%20Sch%C3%BCtt&journal=Nat.%20Commun.&volume=11&pages=1437&publication_year=2020&doi=10.1038%2Fs41467-020-14875-z
https://doi.org/10.1021/nl062540l
https://doi.org/10.1021/nl062540l
http://scholar.google.com/scholar_lookup?title=Deformation-driven%20electrical%20transport%20of%20individual%20boron%20nitride%20nanotubes&author=X.%20Bai&journal=Nano%20Lett.&volume=7&pages=632-637&publication_year=2007&doi=10.1021%2Fnl062540l
https://doi.org/10.1016/j.ssc.2003.11.026
https://doi.org/10.1016/j.ssc.2003.11.026
http://scholar.google.com/scholar_lookup?title=Field%20emission%20and%20current-voltage%20properties%20of%20boron%20nitride%20nanotubes&author=J.%20Cumings&author=A.%20Zettl&journal=Solid%20State%20Commun.&volume=129&pages=661-664&publication_year=2004&doi=10.1016%2Fj.ssc.2003.11.026
https://doi.org/10.1038/nmat2711
https://doi.org/10.1038/nmat2711
http://scholar.google.com/scholar_lookup?title=Atomic%20layers%20of%20hybridized%20boron%20nitride%20and%20graphene%20domains&author=L.%20Ci&journal=Nat.%20Mater.&volume=9&pages=430-435&publication_year=2010&doi=10.1038%2Fnmat2711
https://doi.org/10.1088/0957-4484/22/26/265704
https://doi.org/10.1088/0957-4484/22/26/265704
https://doi.org/10.1088/0957-4484/22/26/265704
http://scholar.google.com/scholar_lookup?title=Young%20modulus%2C%20mechanical%20and%20electrical%20properties%20of%20isolated%20individual%20and%20bundled%20single-walled%20boron%20nitride%20nanotubes&author=R.%20Arenal&author=M-S.%20Wang&author=Z.%20Xu&author=A.%20Loiseau&author=D.%20Golberg&journal=Nanotechnology&volume=22&pages=265704&publication_year=2011&doi=10.1088%2F0957-4484%2F22%2F26%2F265704

	https://doi.org/10.1007/978-3-030-92328-0_1
	Abstract

