NEW MATERIALS AND NANOTECHNOLOGY

ATOMICALLY SMOOTH METAL SURFACES

Description

Various modifications of the method of evaporation in high
electric fields are the most promising methods of forming
surface of different nanometer-scale objects. However, the
main obstacle to the use of this method is a super high electric
field on a surface of a processed object. In such fields there
are serious technological problems connected with destruc-
tion of objects under the influence of mechanical stress ge-
nerated by the fields. We propose to use phenomenon of
high-field evaporation of metals in dielectric liquids at low
temperatures. This phenomenon was revealed and studied
by our team together with University of Surrey School of
Electronic (Surrey, UK) and Hahn-Meitner-Institute
(Berlin, Germany). This phenomenon and process of field
evaporation in active gases could be used for controlled for-
ming of metal objects with sizes in a nanometer range. The
magnitude of electric fields below the level of field evapora-
tion in high vacuum is required for realization of high-field
evaporation of metals in dielectric liquids. This opens up te-
chnological prospects for practical use of this phenomenon.

Innovative Aspect and Main Advantages

—  formation of surface with a zero-level roughness (ato-
mically smooth metal surface);

—  high degree of localization of field emission;

—  atomic sharpness of STM probes;

—  reducing traumatic effects of microsurgical instruments.

Areas of Application

—  field emitters;

—  probes for scanning tunneling microscopy and nan-
otechnology;

—  microsurgical instruments with qualitative changes
of roughness level.

Stage of Development

Patents received:

—  Method of fabrication of tip objects, Patent of Ukraine,
UA 6607 U, 16.05.2005, Velikodnaya O. A., Ksenofon-
tov V. A., Mikhailovskij I. M., Sadanov E. V.
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Fig. 1. Field ion microscopic images of STM probe before high-
field sharpening

Fig. 2. Field ion microscopic images of STM probe after high-
field sharpering

—  Method of fabrication of tip objects, Patent of Ukraine,
UA 8336 U, 15.07.2005, Velikodnaya O. A., Ksenofon-
tov V. A., Mikhailovskij I. M., Sadanov E. V.
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HOBI MATEPIAJIN TA HAHOTEXHOJIOrIi

BHUCOROIIOJbOBA HAHOTEXHOJIOI'TA
OBPOBKU METAJIEBOI IIOBEPXHI

022150 nponosuuii

Pi3ni BapianTu BUIApyBaHHS y MOTYKHUX €JEKTPUYHUX
MOJIAX € MePCHeKTUBHIUMU MeToaMK (hopMyBaHHS TT0BEp-
xHi 00'eKkTiB MaHOMeTpOBOro Maciitady. Ocob/mBiCcTIO Me-
TOJLy € CTBOPEHHSI HAJ[BUCOKOI HAIIPYTH eJIEKTPUYHOTO T10-
JIsl Ha TIOBEPXHI 00'€KTy. Y TaKuX IOJISIX ICHYE Psijl TEXHO-
JIOTIYHUX TIPOOJIEM, TIOB'SI3aHUX 3 PYHHYBaHHIM 00 €KTiB
TIiJ] JII€I0 MEXaHIYHUX HAIPYT, CIIPUYNHEHNX eJIeKTPUIHIM
rosieM. Yepes Te MU IIPOIOHYEMO 3aCTOCYBATU SIBUIIE BU-
COKOTIOJIbOBOTO BUIIAPOBYBAHHS METAJIIB Y JlieJIeKTPUUHUX
piMHAX 3a HU3BKUX TeMIiepaTyp. SIBuiie GyJ0 BUSBIEHO
Ta BUBYEHO ciisibHo 3 University of Surrey School of Elec-
tronic (Surrey, UK) ta Hahn-Meitner-Institute (Berlin,
Germany). Ile siBuiie Ta 1mpoiiec moJbOBOrO BUIIAPYBAaHHS
Yy aKTUBHUX raszax MO’Ke 3aCTOCOBYBATHCS JIJISI KOHTPOJIIO
(bopmo3aMiHeHHsT 00'€KTIB HAHOMETPOBUX PO3MIpiB. Beu-
YUHA eJIEKTPUYHOTO T10JIs1 IIPU BUCOKOIIOJILOBOMY BUIIAPY-
BaHHI MeTaJIiB y JieJIeKTPUYHUX PiANHAX € HUXKYe PiBHA
M0JIbOBOTO BUTIAPYBAaHH: Y BUCOKOMY BakyyMi. Lle Bikpu-
BAa€ HOBI TEXHOJIOTIUHI NEPCIEKTUBHU /IS BUKOPUCTAHHS
1IbOTO SIBUIIIA.

Innosauitinuii acnexm ma ocnosni nepesazu

—  ¢dopMyBaHHS OBEPXHI 3 HYJIOBIM PiBHEM IIOPCTKO-
cTi (ATOMHO-TJIa/IKa TTOBEPXHS MeTaly);

—  BHCOKWI CTYTIiHb JIOKaTi3allii oJbOBOI eMicii;

—  3aroctpeHHs Ha atroMHoMY piBHi CTM 30H1iB;

—  aTpaBMATHYHI MiKPOXipYpPTiuHi iHCTPYMEHTH.

Iany3vs 3acmocyseanns

—  IlomwoBi emitepwn;

—  3oHUW Ay CKaHYIOYMX TYHEJIbHUX MIKPOCKOTIB Ta
HaHOTEXHOJIOTII;

—  Mikpoxipypriuti iHCTPyMEHTH 3 IOCKOHAJINM PiBHEM
MITOPCTKOCTI.

Cmaodis po3pooru:

OrpumaHni matenTu:

—  Cmoci6 BHUTOTOBJICHHST BicTpsHUX 06'e€kTiB, Ilatent
VYrpainu, A 6607 U, 16.05.2005 p.,

—  Crmoci6 BHUTOTOBJICHHST BicTpsAHUX 06'e€kTiB, Ilatent
VYrpainu, UA 8336 U, 15.07.2005 p.
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Puc. 1. IToaboe ionHO-Mikpockomiune 306paxkents STM 3ouxy
10 BHCOKOMNOJIbOBOIO 3ar0CTPEHHSI

Puc. 2. IloiboBe ioHHO-MiKpocKoniyHe 300paskenns: STM 30H1y
MiCJIS1 BUCOKOIIOJIbOBOTO 3arOCTPEHHS
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