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AHHOTaL U, Pa3pa60TaH, 0Hp060BaH H OIITUMHU3HNPOBAH HOBBIH CI10c06 0OHOBJIEHH S HUIJIBI CKaHHDPYIO-
mero 30HA40BOTO MHKPOCKOIIA ITyTeM HaIlblJIEHH S Ha Hee PA3HbIX MAaT€PHAJIOB. BreimmosiHeHBI 9KCII€epPUMEHTBL
I10 HAIIBIJIEHHIO Ha UIJIY PA3/IMYHbBIX METAJIJIOB, B CKaHHUDPYIOIIEeM TYHHEJIbPHOM MHKPOCKOIIe 9TOM UTJION
CHSTBI CKaHBI IO U IIOCJI€ HAIIBIJIEHH S HAa Hee MeTaJIJIOB, OLleHeHO M3MeHeHHe paapemammeﬁ crmocobHOCTH
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IMHX B BAKYYMHBIX KaMepaX Pa3/IMYHOTO Ha3HAYE€HH .
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Abstract. A new method of updating the needle of a scanning probe microscope by sputtering different mate-
rials on it has been developed, tested and optimised. Experiments on sputtering different metals on the needle were
performed, scans were taken with this needle in a scanning tunnelling microscope before and after sputtering metals
on it, and the change in resolving power after sputtering metals as the main parameter of the microscope was evalu-
ated. The new method of probe updating was developed for the world’s first space scanning tunnelling microscope, but
it is also applicable for probe microscopes of other types, for example, for atomic force microscopes, as well as for vari-
ous applications of probe microscopes in general, including those operating in vacuum chambers for various purposes.
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BBEJAEHUE

27 uioHs 2023 rofa B criyTHHUKe 3emau "HaHo30H-1"
Poccuell B KocMoc 6blI 3aIlyIlleH IIepBbl B MuUpe [1]
CIIyTHHUKOBBIHM CKAaHUPYIOMIUHN 30HOO0BBIH MUKPO-
ckon (mMapka CMM-2000C), KOTOpPBIK Cpa3y Xe
HauvaJ nepegaBaTh Kaapsl (https://nauka.tass.ru/
nauka/18422659) u ycmemHo mpojoiakaeT pabo-
TaTh yxe moutH rox (https:/www.mos.ru/news/

INTRODUCTION

On 27 June 2023, Russia launched the world’s first [1]
satellite scanning probe microscope (SMM-2000C)
into space in the Nanozond-1 satellite, which imme-
diately began transmitting frames (https://nauka.
tass.ru/nauka/18422659) and has been success-
fully operating for almost a year (https://www.mos.
ru/news/item/136461073). The construction of new

VoL.17 No. 3-4 2024 NANO INDUSTRY



OBOPYAOBAHME A/11 HAHOUHAYCTPUM

item/136461073). HauaTo CTPOMTEIBCTBO HOBBIX aHa-
JIOTUYHBIX KOCMHUYECKHUX aIlIlapaToB [2] gis pas-
HBIX 3a/1a4 B KOCMOCe ~ KaK /IJIsl OLleHKH CTOMKOCTH
IIOBEPXHOCTH Pa3JMUYHBIX MAaTePHAIOB B YCIOBHU X
OTKPBITOr0 KOCMOCA C IIOTOKAaMH HOHOB COJTHEYHOTO
BeTPa, TaK U AJIs OLleHKH MacCIITab0B 3arps3HeHUs
KOCMOCA MHUKPO- ¥ HAHOYACTHUI[AMHU ITBIJIN, BO3HU-
KaIoIleH OT CTOJIKHOBEHHM I CTAPhIX HEYIIPaBIseMBIX
CIIyTHUKOB.

OpHou U3 nmpobaemM paboThl 30HAOBEIX MUKPO-
CKOIIOB B HEITM/JOTHUPYEeMOM CIIyTHHKe SIBISIeTCS
CTOMKOCTb 30HAA MUKPOCKOIIA B TedueHHUe bosee
YeM AByXJIeTHeTO IojeTa. [/ MUKPOCKOIIA C Cob-
CTBEHHOM 3JIeKTPOHUKOMN U IIPOLIeCCOPOM B CITYT-
HHKe pacCIpPOCTPaHEHHOro ceHuyac dopmara
CubeSat-3U BbIgenseTcs o4eHb MaJIo MeCTa - He
6omee 90x90x200 MM. [IpUXOAUTCS Y>KUMATh raba-
PHUTHI CAMHUX MUKPOCKOIIOB, He TOBOPS YK O TOM,
4TOOBI elle ITOMENIATh BMeCTe C HUMHU KaKHe-TO
MeXaHH3MBI 3aMeHBI 30H0B. [I09TOMy CTaJIo aKTy-
anpHO M300peTeHUe TaKoro crnocoba o6HOBIEHUS
30H/a, KOTOPBIH OBl 3aHUMaJl KaK MOSKHO MEeHBIIIe
MecTa.

Hpes mpunia B mpoiecce pabor 1o BEIOOpPY MaTe-
PHAJIOB ISl HAIIBIIEHHU S B KOCMOCE C I[eJIbI0 IIOKPbI-
THS IPOBOASILEN TOK IIJIEHKOKN He3JIeKTPOIIPOBOJ-
HBIX 06BeKTOB [3] /151 BO3SMOSKHOCTH KX HCCIIeM0-
BAaHUM B CIIYTHHUKOBOM CKAaHHUPYIOIIEM TYHHeb-
HOM MHUKpoOCKoIle. M 3aKk/ao4anach 3Ta Ujes B cje-
OyIoIeM: BO3MOXHO, IIPH HAIlblIEHUU MeTasaa
Ha 0TPabOoTaBINYIO UIy CKAHUPYIOIIEr0 30HL0BOIO
MHKPOCKOIIA € 3aTyIUBIIMMCS OCTPHEM Ha KOHIIe
3TOro ocTpus 6ynyT 06pa3oBEIBATHCSI HOBBIE HAHO-
OCTpHSI, KOTOpble U OyayT paboTaTs.

MATEPUAJIbI U METO/1bl

BbI60p pacCMOTpPEHHBIX AJIsSI HAITBLIEHHUSI METAJIIOB
IJISI IIPOBEPKY Uen 0OHOBIeHH 1 30H1a ObLI GakTH-
YeCKH IIO[TOTOBJIeH BhIIIeyKa3aHHOM IIpeblayIek
paboroii [3], B KOTOpPOI OBLI BEISICHEH CIIMCOK MeTaJl-
JIOB, IIJIEHKH KOTOPBIX COXPAHSAIOT 3JIeKTPOIPO-
BOLHOCTb B YCJIOBUSX OCTaTOYHBIX aTMOCOEPHBIX
ras’os, I'le MOKeT HaXOOUThCA M CIIYTHUK 3eMJIH.
9To TaKHe MeTaJlIbl, Kak 30JI0T0, cepebpo, HHUKeJb,
LIMHK, BUCMYT U CIJIaB Byza, cOCTOAIIUI U3 BHC-
myTa (50%), cBHHIA (25%), onoBa (12,5%) U KagMHUS
(12,5%). U3 cr1ocob0B HAIIbIJIEHU S paccMaTpUBaIMCh
criocobsr CVD/PVD ocaskaeHMsl, aHaJTOTUYHbBIe OIIHU-
CaHHBIM B [4-9]. OgHaKO B YCJIOBH X MaJIOTO obbpema
B CIIYTHHKe 0Ka3a/0Ch KpakHe 3aTPyLHUTENTbHBIM
HCIIOJIb30BaHHeE IIJIa3MeHHBIX, B TOM YHCJIe Mar-
HEeTPOHHBIX, CII0COOOB pacCIIblIeHH I, BBULY Heob-
XOLMMOCTH pa3MeIlaTh A UX paboTsl bannoH
C Ta30M, 4allle BCero aproHoM, a Tak>Ke KJIallaHBbl
IoJa4y M rasa ¢ 6J10kaMHu yIpaBieHUsI UMHU. [103ToMy
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similar spacecraft [2] was started for different tasks in
space - both for assessing surface resistance of various
materials in open space conditions with solar wind ion
streams and for assessing the extent of space pollution
by micro- and nanosized dust particles arising from the
collision of old unguided satellites.

One of the problems of probe microscope operation in
an unmanned satellite is microscope probe durability
during more than two years of flight. There is very little
space for a microscope with its own electronics and pro-
cessor in a satellite of the now common CubeSat-3U for-
mat - no more than 90x90x200 mm. We have to shrink
the dimensions of the microscopes themselves, not to
mention the fact that we have to put together with them
some probe replacement mechanisms. Therefore, it has
become urgent to invent a method of probe renewal that
would take up as little space as possible.

The idea came in the process of work on the selection
of materials for sputtering in space to cover non-electri-
cally conductive objects with a conductive film [3] for pos-
sibility of their study in a satellite scanning tunnelling
microscope. This idea consisted in the following: per-
haps, when metal is sputtered onto the spent needle of
a scanning probe microscope with a blunted point, new
nanoneedles will be formed at the end of this point,
which will work.

MATERIALS AND METHODS
The choice of metals considered for sputtering to test the
idea of the probe upgrade was actually prepared by the
above-mentioned previous work [3], where presented the
list of metals whose films retain electrical conductivity
in the conditions of residual atmospheric gases, where
the Earth’s satellite may be. These are such metals as
gold, silver, nickel, zinc, bismuth and Wood’s alloy con-
sisting of bismuth (50%), lead (25%), tin (12.5%) and cad-
mium (12.5%). CVD/PVD deposition methods similar to
those described in [4-9] were considered for sputtering.
However, in conditions of small volume in the satellite
it turned out to be extremely difficult to use plasma,
including magnetron, sputtering methods, due to the
need to place for their operation a gas cylinder, most
often argon, as well as gas supply valves with their con-
trol units. Therefore, as in (3], the method of thermo-
emission sputtering of metal was chosen, which is prac-
tically feasible in the satellite, in which it is required to
place near the probe heated by current small-sized spi-
ral with a diameter of 2-3 mm and length of 3-5 mm of
metal wire, and to supplement the electronic board with
only one transistor with dimensions of about 8x6x2 mm
to switch on the electric current through the spiral, asa
result of the spiral is heated and from it vaporise metal
atoms deposited on the microscope probe.

Two international teams - a team of participants of
the World Youth Festival WYF-2024 from 01 to 06 March
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B UTOTe, KakK U B pabore [3], 6b11 BBIOpaH IIPaKTHU-
YeCKH OCYIIeCTBHMBIN B CIIYyTHHKe CIIOoc0b Tep-
MOSMHUCCHOHHOTO PacIblIeHUSI MeTalla, B KOTO-
pom TpebyeTcsi IOMeCTUTD PSAAOM C 30HIOM Harpe-
BaeMYyI0 TOKOM MaJIoTabapUTHYIO CIIMPajb AHaMe-
TpPOM 2-3 MM U JJIMHOH B 3-5 MM H3 MeTajlaude-
CKOM IIPOBOJIOKH U JOIIOTHUTH 3JIeKTPOHHYIO IIJIATy
BCero JMIIb OAHUM TPAaH3UCTOPOM pa3MepaMu
OKOJI0 8 X6 X2 MM JIJ151 BKJIIIOUEHHU S 31eKTPHUUeCcKOTro
TOKa 4uepe3 CIHpalb, BCIEACTBHE Yero CIHpalb
packassieTcs U C Hee UCIAPSIOTCS aTOMBL MeTalnla,
OCa’kJaloIuecs Ha 30H/le MUKPOCKOIIA.

B mpopaboTKe 3Toro criocoba o6HOBIEHU S 30HA
HnoApsJ APYT 3a APYyToM IPUHSIN y4yacTHe U IPo-
Besu 6onbryio paboty B O6pa3oBaTenbHOM IIeHTpe
"Cupuyc” Be MeXXAyHapogHbIe KOMaH/BI: KOMaHA
Y4aCTHUKOB BceMUpHOro ¢pecTHUBaIsl MOIOLEXKHU
B®M-2024 c 1m0 6 mapTa 2024 roza (mpoekT "IlepBbIi
B MHPe 30HJ0BbIM MHKPOCKON-CIYTHUK 3eMJIH:
3KCIIePUMEHT I10 06HOBJIIEHHUIO 30HAA B OTKPBHI-
ToM Kocmoce", https:/www.miet.ru/news/162401)
M KOMaHZAa MeXIyHapogHON OeTCKOH Ipo-
rpamMmsl "Tob6anpHble 6onbinre BeI30Bb" [BB-2024
c 8 mo 21 mapra 2024 roga (mpoekT "Pa3paboTKa Ipo-
Lle1ypbl 06HOBJIEHHU S 30H,A CKAHHUPYIOIIEr0 MUKPO-
CKOTIa-CIIyTHHKA B YCJIIOBUSIX OTKPBITOr0 KocMoca',
https://vk.com/wall-152844913_2103?ysclid=lvobhzg
q8{180924955).

B kadecTBe BaKyyMHOMH CHUCTeMBI Obl/Ia IPUMeHeHa
"BakyyMHO-II/Ta3MeHHas ycTaHoBKa MAT-5" (3aBof
[TIPOTOH", 3eneHorpan, Poccusi, www.microscopy.su),
B KOTOPOM MOTYT peajl30BaThCs IPOLLecChl GU3U-
yeckoro (PVD) u xumudyeckoro (CVD) oca>kaeHUS
[4-9]. Bce axcmepuMeHTHI IIPOBOJHJIKUCH IPH [aB-
neHuu 1073 mbap, UTO COOTBETCTBYeT YCIOBUSIM
OTKPBITOr0 KOCMOCA Ha BBICOTE UyTh HUKE THHHUU
KapmaHa, rpanunsl B 100 KM Hag YypoBHEM MOpS
3eMIHM MeXYy KOCMOCOM U aTMocdeporii. ITo JaB-
neHue 6bII0 BBIOPAHO AJIS1 3KCIIEPUMEHTOB Kak
Hauboslee 5KkeCTKOe yCJIOBHe SKCIIePUMeHTa ~ U3-3a
HaJIM4Yus IIpUMecel B BHUJe OCTAaTOYHOK aTMOC-
depsrl. C 1e1bI0 KOPPEKTHOIO CPaBHEHU S MeTal-
JI0B HaIlblJIEHHe X Ha 30H/BI IPOBOU/IOCH C Pa30-
rpeBoM MoNK6/1eHOBOM JTIOLOUYKH, B KOTOPYIO IIOMe-
IaTKUCh KYCOUKH MeTaJIJIOB, 0 TeMIIepaTyphl, IpHU
KOTOPOM CKOPOCTb UCIIapeHU sl MeTayIoB bblia Mpu-
MepHO OfMHaKoBOM. CxeMbl U poTorpaduu mporec-
COB HaIlblJIeHUS BMecTe ¢ poTorpadpusamu paboras-
IIMX HaJ, Hell COAaBTOPOB IIpefCcTaBIeHbl Ha puc.l.

[ins ompeneneHUsl pa3pellaloliell CIOCOb6HO-
CTH 30H/IOB MCII0/Ib30BaJICSI CEPUHIHO BBIITYCKAeMBbIH
"MUKPOCKOII CKAHUPYIOUKUI 30HA0BbIET CMM-2000"
(3aBog ITPOTOH", 3eneHorpan, Poccusi, www.micros-
copy.su, HoMep 46918 B [ocymapcTBeHHOM peecTpe
CpelCcTB M3MepeHUM Poccunckon Pemepanuu),

2024 (project "The world’s first probe microscope-satel-
lite of the Earth: experiment of probe renewal in open
space", https://www.miet.ru/news/162401) and a team of
the International Children’s Programme "Clobal Grand
Challenges" CGC-2024 from 08 to 21 March 2024 (proj-
ect "Development of the procedure of probe renewal of
the scanning microscope-satellite”, https://www.miet.
ru/news/162401) - took part in the development of this
method of probe renewal one after another.

The vacuum system used was the "MAG-5 vacuum-
plasma unit" (PROTON Plant, Zelenograd, Russia, www.
microscopy.su), in which physical (PVD) and chemi-
cal (CVD) deposition processes can be realised [4-9]. All
experiments were conducted at a pressure of 107 mbar,
which corresponds to the conditions of open space at
an altitude just below the Karman line, the boundary
100 km above the Earth’s sea level between space and
atmosphere. This pressure was chosen for the experi-
ments as the most rigid experimental condition - due
to presence of impurities in the form of residual atmo-
sphere. For the purpose of correct comparison of metals,
their sputtering on probes was carried out with heating
of a molybdenum boat, in which pieces of metals were
placed, to a temperature at which the rate of vaporisa-
tion of metals was approximately the same. Diagram
and photos of the sputtering processes together with
photos of the co-authors working on it are presented in
Fig.1.

To determine the resolving power of the probes,
we used a commercially available "Scanning Probe
Microscope SMM-2000" (PROTON Plant, Zelenograd,
Russia, www.microscopy.su, number 46918 in the
State Register of Measuring Instruments of the
Russian Federation), the flight version of which works
in space and which has a large resolution reserve for
this work, up to visualisation of individual atoms. The
needles before and after metal sputtering on them in
the scanning tunnelling microscopy mode used in
space were scanned with the same sample of a gold
mirror, the same as the one used in space in this
microscope. After that, using the SMM-2000 micro-
scope software, the granulometric analysis was per-
formed, the histogram of distribution statistics of
the observed gold particles diameters, which make up
the mirror, was built, and the first smallest diame-
ter of these grains, the percentage of which exceeded
1% of their total number, was taken as an answer to
the question "what is the resolving power of the probe
used at the moment". There were also smaller grains
in the distribution, but if they were less than 1% of the
total number, they were not taken into consideration
to exclude frame noise. Visual determination of the
diameter of those very small grains, which, however,
are clearly perceived by the eye as a separate indepen-
dent grain with clear boundaries, was also performed.
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Puc.1. Cxembl u pomozpadpuu npolieccos HanblreHus! Ha "BakyymHo-naaameHHol ycmaroske MAI-5": a — pomozpacus npouecca Hanvle-
HUSI; b - cxema npouecca HanbineHus, z0e: 1 — Hazpesaemasi MaHMAA08asi A0OOUKA C KYCO4KOM pacnblAsienozo Memanad, 2 — Aemsiuue amo-
Mbl Memanaa, 3 — dep)xameAb 30H0d € 30HOOM, 06PALLLEHHbIM OCMpPUeM K pacnblASieMoMy Memanay, 4 — omkavka u Hanyck ammocepbl;
C—nod20moeneHHbie 0As pacnbliAeHUs! KyCO4YKU MemanAos; d — komaHda BcemupHo20 pecmusansi monodexku BOM-2024, creea Hanpaso: AHHA
KamepuHa MaxKoti (CLLIA), Ezop Mempsies (Poccusi, Mopdosus), Xuaoaa AxpoHosa (Tadxkukucmas), Hazokam KaaHazaposa (Y36ekucman),
Ypus3 KiiauaH TaHaca (faboH), Hukuma Hexaerko (Poccus, Mockea), Magea IpaHamiu (Poccus, ViaHosckas 064.), uaHa AliHynoga (Poccus,
Mockea), Anekcandp CmupHos (Poccus, Cakm-Tlemep6ypz), Xamdli Sccep (Ezunem); e — KoMaHda npozpammibl "TA06aAbHble 60AbLULIE BbI30-
8bl" [BB-2024, cresa Hanpaeo: accucmerm obeux komaHd Makcum LLlep6uHa (Poccus, 2. Open), Aauca Viamaunoga (Y36ekucman, 2. TawukeHm),
Bapeapa babapebikuHa (Poccus, 2. CmoneHck), Makcum MayxHuk (Poccusi, Cmaaponoabckuli kpatl), AHHa Mu3zatino (Beaopyccus, 2. MUHCK),
Mepu MamukoHsiH (ApMeHus, omcymcmayem Ha pomo, CM. puc.4b)

Fig.1. Schemes and photos of sputtering processes on the "MAG-5 vacuum-plasma unit": a - photo of the sputtering process; b — scheme
of the sputtering process, where: 1 - heated tantalum boat with a piece of atomised metal, 2 - flying metal atoms, 3 - probe holder with
a probe facing the atomised metal, 4 — pumping and atmospheric inlet; c - prepared metal pieces for sputtering; d - team of the WYF-2024
World Youth Festival, from left to right: Anna Catherine McCoy (USA), Egor Petryaev (Russia, Mordovia), Hilola Akhronova (Tajikistan),
Nazokat Kalnazarova (Uzbekistan), Chriz Kylian Tanasa (Gabon), Nikita Nekhaenko (Russia, Moscow), Pavel Granatkin (Russia, lvanovo
Oblast), Diana Ainulova (Russia, Moscow), Alexander Smirnov (Russia, St. Petersburg), Hamdy Yasser (Egypt); e - Team of the GGC-
2024 Global Grand Challenges Programme, from left to right: Maxim Scherbina (Russia, Oryol), assistant of both teams, Alisa Izmailova
(Uzbekistan, Tashkent), Varvara Babarykina (Russia, Smolensk), Maxim Pluzhnik (Russia, Stavropol Krai), Anna Mizgailo (Belarus, Minsk),
Meri Mamikonyan (Armenia, not pictured, see fig.4b)

oM e 3-
HAHO MHAVCTPUA Tom 17 Ne3-4 2024



EQUIPMENT FOR NANOINDUSTRY

7eTHasi BepcHs KOToporo paboTaeT B KOCMOCe K KOTO-
PBIE KMeeT 60JIBIION 3aIIac 10 pa3penleH U0 ISl 3TOH
paboThl, BIJIOTH A0 BHU3ya/lHU3aLUU OTHAeNbHBIX
aToMoB. MIrmaMu [0 U II0C/Ie HalblJIeHHUS Ha HHUX
MeTaJlla B UCIO/Ab3yIOLEeMCSI B KOCMOCe pexkhMe
CKaHUPYIOIeH TYHHe/JIbHOM MUKPOCKOIHUHU CKaHHU-
POBaJICSl OAKH U TOT 5Ke 0b6pasel] 30/10TOT0 3epKaa,
TaKOH ’Ke, KaK KU HUCII0/Ib3yeMBbIH B KOCMOCe B 3TOM
MHKpOCKoIle. IToc/ie 4Yero ¢ MCI0/Ib30BaHHEM IIPO-
rpamMbl MuKpockona CMM-2000 BBEIIIOTHSAJICSA Ipa-
HYJIOMeTPHYeCKHH aHa/IN3, CTPOH/IACh TUCTOTPaMMa
CTaTHCTHKH paclpesie/leHUs JUAMeTpoB Habnromae-
MBIX 30/I0TBIX YaCTHL, U3 KOTOPLIX COCTOUT 3e€pKalo,

It should be noted that the work started by the team
of the World Youth Festival WYF-2024 was continued
by the team "Global Grand Challenges" of GBV-2024,
which additionally proposed to make special jamming
of probes by contact touching them with a glass plate,
emulating the most severe wear of the needle in space
as a result of its contact with a mirror due to some
event, and also mastered the granulometric analysis
of the SMM-2000 microscope programme to determine
the resolution of the probe in addition to visual anal-
ysis. The results of work on the microscopes and pho-
tographs of the co-authors working with the micro-
scopes are presented in Figs.2, 3 and 4.

Puc.2. Kadpbl pazmepom 2 x 2 MKM CO CKAHUPYOU,e20 30H008020 MuKpockona CMM-2000, noayyeHHble KoMaHAol BcemupHozo

non

decmusans monodexu BOM-2024 8 ckaHupytow,em myHHeAbHOM pexxume: 0603Ha4eHUe Memania co 3Hakom "=" 03Ha4aem, 4umo
Kaop noAy4eH Ha HOBOM 30HOe; 0603HAYeHUE MemanAa co 3HAKOM "+" 03Hayaem, Ymo Kaop NOAY4YeH Ha MOoM XKe 0As 3M020 Mmeman-
Ad 30H0e, HO C HanblAeHUemM 3mMoz0 Memania

Fig.2. Frames of 2 x 2 pm from the SMM-2000 scanning probe microscope obtained by the WYFY-2024 team in scanning tunnel mode:

metal with "-" sign means that the frame was obtained on a new probe; metal with "+" sign means that the frame was obtained on the
same probe for this metal, but with sputtering of this metal
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Tabauya 1. CpasHeHue Memannos no 8u3yanbHOMY onpeae/leHuw noayvaemolX npu ux HanblAeHUU HA 30H0 MUHUMAAbHbIX 6uamempoe 3e-

peH (BOM-2024)

Table1. Comparison of metals by visual determination of the minimum grain diameters obtained during their sputtering on the probe

(WFM-2024)

MMUHMMaNbHBbIA pa3Mmep 3epHa
Ha HOBOM 30HAE, HM

Minimum grain size
on new probe, nm

MUHUMabHbBI pa3mMep 3epHa Ha 30HAe
noc/ie HanbIJIEHUS METaa, HM
Minimum grain size on the probe after
metal sputtering, nm

1 2onoto 8.3 .3
2 Iz_lim:K 8,9 12,2
3 Hﬁi?b 8,5 12,8
4 e 8.3 13
5 Cepetpo 8,5 14,7
T

Tabauya 2. CpasHeHue Memannos no 2paHyAoMempu4eckomy aHaausy ¢ onpeaeneHueM noay4vaemblX npu ux HanblAeHUU HA 30HO MUHU-

ManbHblX duamempoe 3epeH (T6B-2024)

Table 2. Comparison of metals by particle size analysis with minimum grain diameters determination obtained by sputtering them on a

probe (GBV-2024)

MeTtann
Metal

Minimum grain size
on new probe, nm

MuHUMaNbHBbIA pasmep 3epHa
Ha HOBOM 30HAE, HM

MMUHUMaNbHBbIA pasMmep 3epHa
Ha 30H/e NoC/ie ero 3amMsATUs U HanbIeHUS
MeTanna, HMm
Minimum grain size on the probe after
its jamming and metal sputtering, nm

BucmyTt

! Bismuth 50 &
Hukenb

2 Nickel Si4 5,0
LIMHK

5 Zink 52 52
Cnnas Byaa

< Wood's alloy >.2 2.2
Cepebpo

. Silver I S

6 30/10TO 55 54
Gold , ;

Y [IepBBIM HAaUMEHBIINH JUAMETP 3TUX 3epeH, IIpo-
LIEHTHOE COflep>kaHHue KOTOPBIX IIPEeBHIIIAJIO0 1% 0T UX
obmero 4yrcia, 6pascs Kak OTBeT Ha BOIIPOC: "KaKas
pasperaomas crroco6HOCTh Y UCIIONIB3YeMOr0 B JaH-
HBIM MOMEHT 30HZA'. B pacmpepmeneHuHU O6bIIH
3epHa M MEHBIIEro pa3Mepa, OAHAKO, eCIHU UX OblI0
MeHee 1% oT ob1ero KoJu4yecTBa, A1 UCKIIOUYeHU
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RESULTS AND DISCUSSION

The result of the conducted researches are shown in
the tables of minimum sizes of grains obtained on
new needles, as well as on the same needles after met-
allisation (Table 1) or on the same needles, but before
metallisation jammed by impact of the point against
glass (Table 2).
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Puc.3. XapakmepHbie 045 yKa3aHHbX 8 MabA.2 Memannos kadpbl pasmepom 2 X 2 MKM CO CKAHUPYOUW,e20 30HO08020 MUKPOCKONA
CMM-2000, noay4yeHHble KoMaHool "MMobanbHbie 6oAbLiLe 8b1308bl" [EB-2024 6 cKaHupytowem myHHeAbHOM pexkume: Me-kadp
noAyy4eH Ha HOBOM 30HOE€; Pt — ocmpue nAamuHo8oll U2Abl CKAHUPYOWLe20 MYHHeAbHO20 MUKPOCKONA NocAe 3amsimusl Ae2kum co-
NpUKOCHOBeHUeM co cmekAom; Me+ — Kadp NoAy4eH Ha MOM e 30HOe, HO NOCAe e20 3aMSIMUsl U HanblAeHUsl Memanaa

Fig.3. Frames of 2 x 2 ym from the SMM-2000 scanning probe microscope obtained by the GGC-2024 Global Grand Challenges team in
scanning tunnelling mode for the metals listed in Table 2: Me-frame obtained on a new probe; Pt - the tip of the platinum needle of the
scanning tunnelling microscope after jamming by light contact with glass; Me+ - frame obtained on the same probe, but after its jamming

and metal sputtering

IIyMOB KaJpa OHHU He Hpanuch B pacCMOTpeHHe.
BBIIIOJIHAIOCH M BU3yajIbHOE OIlpele/ieHue JruaMme-
Tpa Tex CaMbIX MaJjIbIX 3epeH, KOTOpble, OJHAKO,
OTYeT/IMBO BOCIIPUHUMAIOTCS I/1a30M KaK OTHesIb-
HOe CaMOCTOSTe/IPHOe 3ePHO C YeTKMMHU I'PaHUIIaMHU.
Hazo oTMeTUTh, UYTO HadaTasi KOMaHI0M BceMUPHOTO
decTuBansg monomexxu BOM-2024 pabora 6bl1a 1mpo-
IOJI’KeHa KoMaHgoH 'TinobanbpHble 60IbIIKe BEI30BHL"
I'bB-2024, kxoTOpas OOIOJHUTEIBHO IIPeIJIOsKHIA CIIe-
[IMaJIBHO [e/aTh 3aMsTHe 30H[0B IIyTeM KOHTAaKT-
HOTO NPHUKOCHOBEHHUS HX OCTPHEM K CTeKJISIHHOU
IUIACTUHKE, SMYJIHUPYs 3STUM CaMBIM CUIBHBIH U3HOC
MUTIJIBL B KOCMOCE B pe3y/ibTaTe ee KaCcaHHd 0 3epKajlo
M3-3a KaKOT0-TO COOBITHSI, a TAKKe OCBOMJIA IPaHY-
JIOMeTpPHUYeCKHI aHaAu3 IPOrpaMMBbl MHUKPOCKOIIA
CMM-2000 g ompeneieHUs paspelleHUsS 30HIA
B [IOIIOJIHeHHe K BU3ya/JIbHOMY aHa/Iu3y. Pe3yabTaThl
paboTsl Ha MUKpocKomax u doTorpaduu paboras-
IMHX C MUKPOCKOIIAMH COABTOPOB IIpeCTaBIeHbI
Ha puc.2-4.

PE3Y/IbTATbI U BbIBOAbI

Pe3y/nbTaTOM IIPOBEILEHHBIX HCCIeOBAHUM SBIIS-
I0TCS TaGIUIBI MUHHMAJIbHBIX Pa3MepOB 3epeH,
MoJy4yeHHBIX Ha HOBBIX MIJIaX, a TaKke Ha 3THUX
sKe UIJax Iocjie MeTalIM3aluu (Tabn.1l) uau xe
Ha 9THX >Ke UIJIaX, HO 40 MeTa/IIM3alluK 3aMIThIX
CoymapeHHeM OCTPHSL 0 CTeKJIo (Tabi.2).

W3 T1abn.l BUAHO, YTO HAWIYYIIKM METAJJIOM
it 0OHOBJ/IEHUS 30HIOB SIBUJIOCH 30JI0TO, Jal0-
Ilee HauIy4dlllee pa3pelleHHe 3epPeH 30/J0TOTO
3epkana.

It can be seen from Table 1 that the best metal for
probe upgrades was gold, giving the best resolution of
the gold mirror grains.

From Table 2, it can be seen that in general, for all
metals, based on the results of numerical particle size
analysis, the probe fully recovers its functionality after
metal sputtering even after jamming.

The final conclusion of the research was the decision
to start the development of a design providing the above-
described developed new method of probe renewal - for
its implementation in the next scanning probe micro-
scopes to be launched into space. With the use of gold as
ametal, simultaneously sputtered both on the sample to
give electrical conductivity to all objects on its surface [3],
and on the probe, for its renewal. This choice of gold
coincided coincidentally with the use of gold as a mir-
ror material in the space microscope, which is exposed to
solar wind ions and on which fast space dust particles are
to be stuck for research. It should also be emphasised that
the above-described new method of probe upgrade was
developed for the world’s first space scanning tunnelling
microscope, but it is also applicable to probe microscopes
of other types, for example, to common atomic force
microscopes, as well as to various applications of probe
microscopes in general [10], including those operating in
vacuum chambers for various purposes.
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Puc.4. ®omozpaduu npouecca pabomel KOMAHO HA CKAHUPYOULUX 30HO08bIX MUKpockonax CMM-2000: d - namuili cresd Ha-
npaso — pykogooumeAab 06eux KomaHo Jlo2uHo8 bopuc Aabbepmosuy; e — nepabili CNpasa HAAe8o — Memooucm HanpasAeHus
"HaHomexHoAnozuu" npozpammel "boAblUUE 8b1308bl" 06pa3osamenbH020 ueHmpa "Cupuyc” XpunyHos tOpuli Badumosuy

Fig.4. Photos of the teams’ work process on SMM-2000 scanning probe microscopes: d - fifth from left to right - Boris Albertovich Loginoy,
Head of both teams; e - first from right to left - Yuri Vadimovich Khripunov, methodologist of the "Nanotechnologies” direction of the

"Grand Challenges" programme of the Sirius Educational Centre

M3 1abi1.2 BUAHO, UTO B LIEJIOM [IJIS BCeX MeTall-
JIOB, IIO Pe3y/abTaTaM YHCIeHHOTO FPAaHYJIOMeTpPH-
YeCKOTO0 aHa/IM3a, 30H/[ [I0JTHOCThIO BOCCTAHABJIH-
BaeT CBOIO QYHKIIMOHAJIBHOCTH I10C/Ie HAIBIJIEHHU ST
Ha Hero MeTajia Jgaske I[I0CjIe 3aMsITHS.

HITOTOBBIM BBIBOJOM KCC/IeLOBAHUI CTAJIO IIPU-
HSTHe pellleHUs O CTapTe pa3paboTKHU KOHCTPYK-
MU, 0becIiedrBaOIIeH BHIIIEONIHCAHHBIN pa3pabo-
TaHHBIN HOBBIH CII0CO0 0OHOBIEHHS 30HAA — /IS €T0
peanmu3alyy B MOCAeNYIIHX 3aIlyCKaX B KOCMOC
CKAaHUPYIIIUX 30HLOBBIX MUKpockonax. C mpH-
MeHeHHeM 30JI0Ta B KaueCTBe MeTajaa, OLHOBpe-
MeHHO HaIlBJIsIeMOro ¥ Ha obpa3sel /s IPUAAHUS

oM e 3-
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of Innovations, Moscow. The world’s first scanning probe
microscope - an Earth satellite - was launched under the
Planet Watch programme and further launches are planned.
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3JIEKTPOIIPOBOLHOCTH BCeX 0O'beKTOB Ha ero IoBepx-
HOCTH [3], ¥ Ha 30HJ - /I ero oOHOBJIeHUS. DTOT
BBIOOP 30/10Ta C/IYUAMHO COBIIAJI TAK3Ke C HUCII0/Ib30-
BaHHEM B KOCMHUYeCKOM MHKPOCKOIIe 30JI0Ta B Kaye-
CTBe MaTepHaia 3epkana, Ha KOTOpoe HJET BO3-
JleFiCTBHE MOHOB COJIHEUHOI'0 BeTpa U Ha KOTOPOM
JOJIKHBI 3aCTPeBaTh OBICTPhle YACTHIIBI KOCMHUYe-
CKOY IIBIIM AJISI UCCIeLOoBaHUM. HeobXooMMO TaKKe
0c000 OTMETHUTH, UTO BHIIIEOIIHMCAHHBIN HOBBIH CII0-
cob obHOBIeHUS 30HAa pa3pabaTeIBaics LISl Iep-
BOI'O B MHPe KOCMHYECKOr0 CKAaHHUPYIOILIero TyH-
HeJIbHOT'O MHUKPOCKOIIA, OJHAKO OH IPUMEeHHUM U AJI5
30H/I0BBIX MUKPOCKOIIOB JPYTHX THUIIOB, HAIIPUMeP
IUISL PACIIPOCTPAaHEHHBIX aTOMHO-CHUJIOBBIX MUKPO-
CKOIIOB, a TaK>ke IS PA3JIMYHBIX IPUMeHeHUH
30H/I0BBIX MHUKPOCKOIIOB B IesioM [10], B ToMm umcie
I71s paboTaOI KX B BAKYYMHBIX KaMepax pa3JIMuHOIo
Ha3HayeHHs.

BJIATOAAPHOCTH

lNanHas pabora BHIODOJHeHa 6naromaps
naprHepcTBy O6pa3oBaTe/lbHOILO LIeHTPa
"Cupuyc’, AO "3aBox IIPOTOH" (3enenorpan),
HaunMoHaNbHOIO HCCAEN0BATENbCKOIO yHH-
BepcuTtera MHIT, Op/I0BCKOIO roCcygapCTBeH-
HOro yHUBepcuTeTa uMeHu H.C.TypreHena,
00O "ConyrtHuKc' u PoHJA CONEUCTBUS HHHO-
BanugaM (MoCKBa), IO MporpamMme KOTOPOTLO
"[le>ky pHBIH I10 IIJIaHeTe" 6BIJI OCYIIeCcTBIEH 3aIyCK
[IepBOro B MUPe CKAaHUPYOLIEro 30HA0BOI0 MUKPO-
CKOIla - COYTHHUKA 3eMJ/IM U IJIAaHUPYIOTCS Aalb-
HeHIIHue 3aIlyCKHU.

WHOOPMALNA O PELLEH3UPOBAHUU

Pemakuus 61arofapuT aHOHHMHOTO pelieH3eHTa
(pelieH3eHTOB) 3a UX BKJAJ B pelleH3UPOBaHUE
3TOM paboThl, a Takske 3a pa3MellleHHe CTaTeH
Ha caMTe XypHajla U Iepefadyy UX B 3IeKTPOHHOM
Buge B HOB5 eLIBRARY.RU.

Jeknapauus o KOHPAUKMe UHMepecos. ABIMOpbl 3a268A50M
06 omcymcmeuu KOHPAUKITO8 UHMEPecos UAL AUYHBIX 0MHO-
WeHuil, Komopble Mmo2Au bbl nosausme Ha pabomy, npedcmas-
AeHHYI0 8 daHHOU cmambe.

NINTEPATYPA / REFERENCES

1. JlornHoB Bb.A. KomIllIeKC 30H0BOX MHKPOCKO-
IUHU J7151 paboThl B KOCMHUYEeCKOM IIPOCTPAHCTBe
1 aTMocdepe. IIaTeHT Ha U306peTeHUe 2778278
Cl, 17.08.2022. 3agBka Ne¢ 2021128836
ot 04.10.2021.

2. JloruHoB B.A. IlepBBIH B MHUPe CKaHHUPYIOIIHUHN
30H/IOBBIF MMKPOCKOII B BHJeE CIYTHHKAa KaK
CTapT 3Talla HAy4YHBIX CIYTHHKOB-1aboparto-
puii. HAHOMHOYCTPHA. 2021. Ne 5. C. 22-26.

10.

JlorunoB B.A., XpunysoB [0.B., Illep-
6uHa M.A., BpioHHK A.O., ImutpueBa B.[.,
IOpsikoBa A.A., JlebemeBa M.K., MakeeB B.C.,
IMepBpix A.P., Ilepuenko [.C., Xanun C.[I.
HccnemoBaHue crocoba TepMOIMHCCHOHHOTO
pacmbUleHHs O CO3JaHHSI TOHKOIIJIEHOYHBIX
MIOKPBITUI M3 MeTaJJIOB A PaboTel CKaHUPY-
IOIlero TYHHeJIbHOTO0 MHKPOCKOIIA B OTKPBITOM
kocmoce. HAHOMHAYCTPHS, 2024. T. 17. Ne 1.
C. 8-17.

Loginov A.B., Ismagilov R.R., Obraztsov A.N.,
Bozhev I.V., Bokova-Sirosh S.N.,
Obraztsova E.D., Loginov B.A. Few-layer gra-
phene formation by carbon deposition on poly-
crystalline Ni surface. Applied Surface Science.
2019. Vol. 494. PP. 1030-1035.

JlorunoB A.b., bBboxseB H.B., bokoBa-
Cupom C.H., O6pasmoa E.[I., Hcmaru-
noB P.P., JloruHoB B.A., O6pasumoB A.H.
dopmupoBaHHe TrpadeHa Ha IIOJTHUKPHUCTAN-
TUYeCKOM HHKesle. JKypHaql TeXHHYeCKOH
éusuku. 2019. T. 89. Ne 11. C. 1756-1762.
Loginov A.B., Ismagilov R.R., Bokova-
Sirosh S.N., Bozhev 1.V., Obraztsova E.D.,
Loginov B.A., Obraztsov A.N. Formation of
nanostructured films based on MoS,, WS,,
MoO, and their heterostructures. Technical
Physics. Vol. 92, no. 13. P. 2078.

JlorunoB A.b., HcmarunoB P.P., BbokoBa-
Cupomr C.H., boxseB H.B., 06pa3u013a E.O.,
JloruHoB B.A., O6pa3uoB A.H. ®opMmupoBaHUe
HaHOCTPYKTYPHUPOBAaHHBIX IIJIEHOK MoS,, WS,,
MoO, U reTepoCcTPyKTyp Ha HX OCHOBe. JKyp-
HaJI TeXHUYeCcKor ¢u3uku. 2021. T. 91. Ne 10.
C. 1509-1516.

Loginov A.B., Fedotov PV., Bokova-
Sirosh S.N., Sapkov LV., Chmelenin D.N.,
Ismagilov R.R., Obraztsova E.D., Logi-
nov B.A., Obraztsov A.N. Synthesis, Struc-
tural, and Photoluminescence Properties of
MoS, Nanowall Films. Physica Status Solidi (B):
Basic Research. John Wiley & Sons Ltd. (United
Kingdom). 2022. P. 2200481.

JloruHoB A.B., BbokoBa-Cupom C.H., ®eno-
TtoB II.B., CankoB MH.B., XmenenuHn [.H.,
HUcmarunos P.P., O6pa3u0Ba E.., Jloru-
HOB B.A., O6pa3nos A.H. I[TonydeHHe U CBOM-
CTBA MEe3O0IOPUCTEIX IIJIEHOK MoS,. ®dusuka
M TexXHHKa IIOJAYIPOBOOHHKOB. 2022. T. 56.
Nel12.C.1112-1119.

JloruHnoB B.A., JloruHoB II.Bb., JloruHoB B.B.,
JlornHoB A.B. 30HAOBass MHUKPOCKOIMS: IPH-
MeHeHHUs M peKOMeHJalluu IIo pa3paboTke.
HAHOHMHAYCTPHA. 2019. T. 12. Ne 6. C. 352-
365.

VoL.17 No. 3-4 2024 NANO INDUSTRY



MIKPOCKONM
CKAHVIPYHOLLI
30H.[|,0Bb|l7| «CMM-2000»

+7 (495) 364-60-93 | z-proton.ru microscopy.su |  b-loginov@mail.ru



BCTPOEHHAA BUBPON30N1ALMA U BbICOYAWLLEE PA3PELLEHUE y

B 6a30B01 KOMNIEKTaLWMK MOKa3bIBAET aTOMbl NMPOSIMTUYECKOTO rpaduTa y
B PEXUME CKaHWPYHOLLEW TYHHENLHOM MUKPOCKOMWMK, y
Ilnsa Ka4ecTBEHHOIrO OCMOTPa Manbix 1 BoNBLUMX O6BLEKTOR MMKPOCKONM
MMEEeT CKaHepbl C pa3HbiMK pa3mepamMn nonen no X/Y/Z.

Mu1KpOCKON NpesocTaBNAeT YHUKaNbHYKO BO3MOXHOCTb COOPKM ero
W pa3bopku — ANA BCTPaUBaHUA B Pa3NNUUHbIE CUCTEMbI U ANA Nyylliero o6yyeHus,
BblAepxuBan cbopku-pasbopkm Ao 12 net B y4yebHbIX Knaccax

Mukpockon CMM-2000 paboTtaeT co CTaHAapTHLIMMK
30HAAMU-KaHTUNEBEPaMK, MMEET 3 OCHOBHbIX peEXXMMa
CKaHMPYHOLLEW TYHHENLHOM, NOSYKOHTaKTHOM

M KOHTaKTHOM aTOMHO-CU/IOBOM MUKDPOCKOMMK, 3 TAKXKE
bonee 25 NONONHUTENLHBIX PEXMMOB NO CHATUIO

KapT pa3/ivuHbIX GU3MHECKMX XapakTepUCTUK,

e VBesIMueHue orT 2 Teic. 10 10 MJIH. KpaT
« Paszpeunienue BiL10Th 10 ATOMOB
o TpexMepHbIii BUT TOBCPXHOCTH
e Mamepenue pasmepos o1 0,2 HM 10 40 MEM
« Pacrpe/eieHue pasmepos 3epel
o AHAJIN3 mepoxoBaTocTH 10 0,2 1M
o lTexnoiep:ska 24/7 Ha «MUKPOCKOILSU»
o CepuHHBIN BBIIVCK B Poccun
PSRN SO o /L1 TOUHBIX TPOMBBO/ICTE, HAYKI U VHUBCPCHTCTOR

L

<" [TH8
o o g e
M
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MMKDDCHDI‘I NoO3BONAET: OTCKaHMPDOBATL
NOBEPXHOCTL B BbIOPaHHOW TOYKe
0bpa3ua, cHaTb obpasel, ¢ MUKPOCKOoNa,

A P 5 : 1 ATOMbI MTUPOTPADUTA LWNK® CTANM, kagp 10x10 Mxm,
BO3AEMCTBOBATL Ha ODPA3EL, TEM UK kagp 8,8x8,8 Hm wepoxoearocTs Ra = 0,007 mim
MHBIM CNOCOBOM, HAaNPUMER, HaNbLXTE,

NPOTR3EENTE MK DGJ‘I“-{HMTb, CIEI'[JBTHD YCTaHOBHTE Dﬁ[_)a'j&“u' B MWUKDOCKON K NPOCKaHWMPOBdTb
TY e € HAHOMETPOROW TOMHOCTBLH paHee BbIbpaHHYH TOUKY Ha obpasue.




