KOHTPOJIb U UBMEPEHMUA

COBMELLEHHAS KAMUNNIAPHAA
U 30HAOBAS MUKPOCKOMNUA
COMBINED CAPILLARY AND PROBE MICROSCOPY

YOK 621.385.833; BAK 05.11.13; DOI: 10.22184/1993-8578.2018.80.1.44.48

| U Amunckuit 2, A Axmemosa® 2, I'.Mewkos!, ®.Canexu’
LYaminsky"2, A.Ahmetova'?, G.Meshkov!, F.Salehi®
MpuBepeHbl pesynbTaTbl MepBOro ropa coTpygHu4yecTtsa y4yeHbiX MIY wm. M.B.JlomoHocoBa
u LWapudckoro TexHosorMyeckoro yHusepcuteta (TerepaH, WUpaH). Lenb npoekta "MHuumnauums
JIOKaNbHbIX XMMUYECKUX peakuUi B O0CaXXAEHHbIX TOHKMX MJIeHKax C UCMOo/Ib30BaHMEM CKaHUPYloLLen
30HA0BOM MWMKPOCKONUU" — OMpeaenuTb BAUSIHUE OKPYXalolier cpeabl Ha XapakTep npoTekaHwus
NOBEPXHOCTHbIX JIOKAJIbHbIX peakuuid. PaccMOTpeHbl BOMPOCbI AOCTaBKM XUMWYECKUX peareHToB
1 6ydepoB B 06/1acTb HAHOMETPOBOr0 MacLTaba C MOMOLLbIO MHOIOKaHaJ/IbHbIX Kanu/ISIpHbIX CUCTEM.
The results of the first year of cooperation of scientists of the Lomonosov Moscow State
University and Sharif University of Technology (Tehran, Iran) are presented. The purpose of
the project "Initiation of local chemical reactions in deposited thin films using scanning probe
microscopy” is to determine the effect of the environment on the nature of the surface local

reactions. The issues of chemical reagents and buffers delivery to the area of nanometer scale
with the help of multi-channel capillary systems are considered.

paMKax IpoeKkTa "MHUIIMALUS JTOKAaJTbHBIX

XUMHUYECKHUX pPeakKUHH B OCaXXKAEHHBIX TOH-

KHUX IIJIEHKaX C HMCIO0JAb30BaHHUEM CKaHHUPYIO-
e 30HJ0BOM MUKPOCKOIIHUHU" peasrn30BaH PeskKUM
KaIlW/ISPHON MUKPOCKOIIMH B CKAHUPYIOLIEM 30H-
IoBOM MHUKpockorie "®eMToCKkaH". C IIOMOLIBIO COB-
MellleHHOM yCTAaHOBKH IIPOBe/eHbl S5KCIIePHMEHTHI
10 HAHOMUTOTPadUU YIIePOSHBIX MaTepPHaJIOB
U II0JIYIIPOBOJHHKOB,

brarogaps NprMeHeHHIO CMeHHBIX I'OJIOBOK, CKa-
HUPYIOLIIUN 30HAOBBIHM MHKpocKkon "®eMToCKaH"
[103BOJISIeT HCII0/Ib30BaTh PeKUMBI CKAaHUPYOLIeH
TYHHEJBHOHN M aTOMHO-CHJI0BONM MHKPOCKOIIHH.
3afava HHTerpally peskuMa KalluIIpPHON MUKPO-
CKOITMH pelllajach C UCIIOIb30BAHHMEM I'OJIOBKH /15
CKaHHUPYIOIler TyHHeIbHOM MHUKPOCKOIIMH U Jep-
sKaTeasl HaHOKAamunsgpa: BMecto CTM-30Ha 6bln
HUCIIO/Ib30BaH HAaHOKAIIMUJLIAP.

Kamunngapsl co3maloTcda Ha ycTaHoBKe P-1000
Pipette Puller kommanuu Sutter Instrument B I1ozo-
OpaHHBIX peXKHMaXx, a B IIepPCIIeKTHBe IIJIAHUPYeTCs
KMCIIOJIb30BAHHE YIYUYIIeHHOTO JIa3epHOro Iy~
nepa P-2000 (pruic.l). C TOMOIIbIO IIPOCBEUHBAOIIET0 Puc.1. Yemanoska P-2000 komnaHuu Sutter Instrument
37IeKTPOHHOro MUKpockoma LEO 912 AB KoMIIaHUU Fig.1. P-2000 micropipette puller, Sutter Instrument
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Carl Zeiss ocymecTBisiIach IpOBepKa gHaMeTpa
HaHOKAIHJ/IISpa.

J71s1 U3rOTOBEHHUS KAIIU/IASIPOB NPUMeHSI0TCS
bopocHIIMKaTHBIE CTeK/IsSTHHBIE TPYOKH C BHEIIHUM
U BHYTpeHHUM Auamerpamu 1,0 u 0,58 MM cooT-
BeTCTBEHHO. B 3aBUCHMOCTH OT YC/IOBHUI Harpesa,
CKOPOCTH M YCHJIHUS BBITSIKKH MOKHO IOTYyYHTh
KaIlMJIJIAPHL C BEIXOOHBIM OTBepcTHeM 5-100 HM.
I1pY MCIONB30BAHUHU [ByXKaHAIbHOIO KalHU/IsIPa
ONMH M3 KaHAJIOB CJIY>KUT [/ JOCTAaBKH PeareHrTa,
a Ipyrow - 415 MO3HLIMOHKMPOBAHHUS KallKU/IISIpa Hall
[IOBEPXHOCTHIO obpasua [1].

YHHUKaJIBHOCTb 3KCIIEPUMEHTA/NbHON YCTAaHOBKH
3aK/II0YaeTCsl B TOUHOCTH U HaZIeXKHOCTH M3MepeHHUH,
KOMIIAaKTHOCTH M SPrOHOMHUYHOCTH IIpubopa, mo3Bo-
JISIFOIET0 IOCTATOYHO OBICTPO U IIPOCTO MEHSITh PESKUMBI
H3MepeHHUH. [10 OCHOBHBIM TeXHUYECKUM XapaKTepH-
CTHKaM YCTaHOBKa ITPeBOCXOIUT 3apyOesKHbIe AHAJIOTH.

B xofie BBIIIOJTHEHU S IPOEKTa C IOMOIIbIO CKAHH-
pYIoLIero 30HJ0BOr0 MUKpocKora "deMToCKkaH" 6bl1a
peanu3oBaHa HAaHONIUTOTpadUs Ha MOBEPXHOCTHU
yIJIepOJHBIX MaTepHaJIoB, MeTa/JIMUeCKUX MJIEHOK
(QIIOMUHUM, TUTAH) U [0y POBOJHUKOB (JIeTHpO-
BaHHBIM KpeMHUI) (prc.2). HaHonutorpadus 6pia
BIIEpBERIE OIIKMCaHa B 1990 roay Ha mpuMepe JIOKa/Ib-
HOIO OKHC/JIeHUS KPeMHHUS I0J NeHCTBHEeM 3JIeK-
TPHUYeCKOro MoJs B 0671aCTU TyHHe/IbHOIO Ilepexojaa
[2]. JlokanbHOe aHOJHOE OKHC/IeHHe CTaJIo I0JIe3-
HBIM HHCTPYMEHTOM [JIs1 U3TOTOBJIEHHUS C/IOXKHBIX
YCTPOMCTB C LieJIbIO M3yUeHM s Pa3THYHbIX KBAHTOBBIX
SIBJIeHUH, HallpUMep, KYJIOHOBCKOM 6/10Ka/ibl, KBaH-
TOBOM IIPOBOJMMOCTH U T. II. [3].

TexHuueckue napamempbl 3KCNepUMeHManbHoL yCmaHoseKuU
Technical parameters of experimental system

Pasmep nonsd CKaHMpoBaHusa, MkM2 | 20x20

Size of scanning area, um?

MepemelyeHre No Hopmanu 2,5

K 06pasuy, MKM

Movement along normal to sample,

Hm

PaspelueHme B NIOCKOCTM 0bpasua 0,003

(MexaHuKa 1 31eKTPOHMKA), HM

Resolution in sample plane

(mechanics and electronics), nm

Pa3pelueHne no Hopmanu 0,001

K 06pa3uy (MexaHmKa

1 3N1eKTPOHMKA), HM

Resolution along normal to sample

(mechanics and electronics), nm

[nanasoH 4acToTbl 06paTHOM 0-1

cBAa3n, Mrly,

Range of feedback frequencies,

MHz

Bpems cHATUA 04HOro Kaapa, ¢ 0,001-1000

Time for one frame, sec.

Cpepna nsmepeHumn Bo3ayx, XXMAKOCTb

Environment Air, liquid

Mcnonb3yemble 30HAbI KaHTunesepbl,

Probes HaHoKanuANspbI,
Ptir-npoBosioka
Cantilevers, nano-capil-
laries, Ptlr wire

ithin the framework of

the project "Initiation of

local chemical reactions in
deposited thin films using scan-
ning probe microscopy" a capil-
lary microscopy mode was imple-
mented in the FemtoScan scan-
ning probe microscope. With the
help of a combined tool, exper-
iments were conducted on the
nanolithography of carbon mate-
rials and semiconductors.

Thanks to the use of replaceable
heads, the FemtoScan scanning
probe microscope allows the use
of scanning tunneling and atomic
force microscopy. The task of inte-
grating the capillary microscopy

mode was solved using a scanning
tunneling microscope head and a
nanocapillary holder: a nanocap-
illary was used instead of the STM
probe.

Capillaries are created in the
Sutter Instrument P-1000 pipette
puller in selected modes, and
in the future, the use of the
improved P-2000 micropipette
puller is planned (Fig.1). Using
a transmission electron micro-
scope Carl Zeiss LEO 912 AB, the
diameter of the nanocapillary was
checked.

For the manufacture of capil-
laries borosilicate glass tubes with
outer and inner diameters of 1.0

mm and 0.58 mm, respectively,
are used. Depending on the heat-
ing conditions, speed and draw-
ing force, it is possible to obtain
capillaries with an outlet open-
ing of 5-100 nm. When using a
two-channel capillary, one of the
channels serves for delivery of the
reagent, and the other one - for
positioning the capillary above
the surface of the sample [1].

The uniqueness of the experi-
mental system lies in the accu-
racy and reliability of measure-
ments, compactness and ergo-
nomics of the device, which
allows to change the measure-
ment modes quite quickly and
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Puc.2. N306paxkeHue nogepxHocmu KpemHUs € yyacmka-
MU, OKUCABHHbBIMU NpU pa3Au4yHoOU noAsipHocmu 06pasua.
BnaduHa Ha u3obpaxkeHuu coomeemcmayem y4yacmky Kpem-
Hust 120 x 120 HM, OKUCAEHHOMY Npu ompuuameAbHoU NoAsIp-
Hocmu o6pasua (U =-1100 mB, I, = 1000 nA). BHu3y nped-
cmasneH Npogunb 8naduHbl 2Ay6UHOU 0K0A0 350 HM

Fig.2. Image of surface of silicon with sections oxidized at dif-
ferent polarities of sample. Cavity in image corresponds to
120x120 nm area of silicon, oxidized at negative polarity of
sample (U =-1100 mV, I, = 1000 pA). Below is profile of cavity
at depth of about 350 nm

[1aBHOe NOCTOMHCTBO HAHOTHUTOTPAPHHU MeTO-
ZOM JIOKaJIBHOI'0 aHOJHOT'0 OKHCJIEHHSI ~ 3TO BO3MOXK-
HOCTb TOUHOT'O KOHTPOJISI 3/IeKTPHUUeCKHX U TOIIOrpa-
duUecKUX XxapaKTepUCTUK HAHOPa3MePHBIX CTPYK-
Typ. Ha mepBom 3Tarle co3maeTcst TUTOrpadpUUecKUM
PHCYHOK C IIOMOIIBIO ITPOBOASILNEr0 30HA, a 3aTeM
C HCIIO/Ib30BAHHEM TOTO >Ke 30H[a OIpefensoTCs
penbed U KapTa pacrpeie/leHUs JTOKAJbHOTO 3JIeK-
TPHUUYeCKOT0 COITPOTHUBIIEHHU S BBIOPAHHOTIO yYacTKa.

HemocTaTkoM MeToJa SIBASETCS BO3MOX-
HOCTb IIPUMEHEeHM S ero JHUIIb AJISl OTPaHUYEeH-
HOTO KJIacCa MaTepHaIoB (AHOLHO OKUC/ISeMBIX
MeTaJIJIOB U CHUJIBHO JIETHPOBAHHBIX ITIOTYIIPOBOJ-
HHUKOB, a TaKXe IHJPOreHHU3UPOBAHHOIO KpeM-
Hus) [4]. Hamu 661K NpoBefeHBl 3KCIIePUMeHTHI
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Puc.3. ACM-u306paxkeHue nozomuna FemtoScan, komopoe
66110 CHOPMUPOBAHO HA NOBEPXHOCMU 2paduma Memooom 4a-
CMUYHO020 A0KAAbHO20 AHOOH020 OKUCAeHUs [7]

Fig.3. AFM image of FemtoScan logo, which was formed on graph-
ite surface by partial local anodic oxidation [7]

I10 JIOKaJIbHOMY aHOJJHOMY OKHC/IEHHIO [IOBePXHOCTH
rpaduTa C IOMOLIBIO IIPOBOAAINEIO KaHTHUIeBepa
(puc.3). Ilox BO3/IeCTBHEM Pa3sHOCTH IIOTeHIHAJIOB
B IPUCYTCTBUM BJIaTH Ha IIOBEPXHOCTH obpasyercs
OKCHJ rpadura.

B pabore [5] paccMOTpeHBI IIpoLlecc TPaBAeHU S
IIOBepXHOCTH rpaduta 30HA0M CTM U 3 deKTH, CBS-
3aHHBIE C 0CO6@HHOCTSIMU PaboThl 06PaTHOMN CBSI3U
MHKPOCKoma, Ha ocHOBe mony4eHHBIX SKCIIePHMeH-
TaJbHBIX JAHHBIX IIPEAIIOO0KEHO, UTO TPaBleHHUe
rpaduTa ¢ momoinpso CTM B yC/I0BUSAX HPUCYTCTBUS
[1apoB BOJBL B aTMOCepe MMeeT CMelIaHHBIN Mexa-
HH3M, COYETAIOIHH pa3pylleHHe [I0BePXHOCTH 3MH-
THUPOBAHHBIMH C UIJIBI 3/IeKTPOHAMHU H ee JIOKaJIbHOe
aHOAHOe oKHC/IeHHe. B paboTe [6] onybi1rKoBaHBI
Pe3y/IbTaThl [10 U3MePeHHIO JIOKaIbHOM 3/IeKTPOIIPO-
BOJHOCTH OKCHUJOB I'padeHa, BrlpallleHHbIX MeTOL0M
JIOKA/IbHOTO aHOAHOI0 OKUC/IeHH S Ha [I0BePXHOCTH
rpaduTa U IOJAy4YeHHBIX XUMUYeCKUM MeTOJOM.

CkaHupylomas KalHWJJApHas MHKPOCKO-
nus SBasieTcs 3QPeKTUBHBIM HHCTPYMEHTOM
Kak [Jis ompeje/ieHHs TOIOTpadpuHU C HAaHOMe-
TPOBBIM IIPOCTPAHCTBEHHBIM pa3pellleHHeM, TaK
U [/ HallpaBJIeHHON MOJHUQPUKALIUU IOBEPXHO-
ctu. Ha puc.4 npepcrasieHa Tonorpadus mosep-
XHOCTH DVD-mHcKa, rojiy4yeHHas B pe;KUMe CKaHU-
PyolIel KanuISPHOU MHKPOCKONIMH. TpexmepHoe
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Puc.5. TpexmepHoe uzobpaxceHue nogepxHocmu DVD-ducka,
noAy4eHHoe Memodom CKaHupyow,el KanuaasipHoU MUKpocKo-
nuu. BeauyuHa moka 4epe3s kanuaaap - 100 nA

Puc.4. N306paxceHue nosepxHocmu DVD-0ucka, nony4eH-
Hoe memodom cKaHupyrouwel KanuaasipHolU MUuKpockonuu.
BHU3y — nonepe4Hoe ceveHue 800Ab NYHKMUPHOU AUHUU HA MO-
nozpacguu. BeauduHa moka vepe3s kanuaasp — 100 nA

Fig.4. Image of surface of DVD, obtained by method of scanning
capillary microscopy. Below is cross-section along dotted line on
topography. Current through capillary is 100 pA

r306paskeHHe TOro ke y4acTKa IPUBeJeHo Ha pHC.5.
HM306paskeHU s MOJy4YeHBl B PAaCTBOPe [IOBAPeHHOM
COJIM C KOHIIeHTpauuen 0,9 M. BelH4KHa TOKa yepes

Fig.5. 3D image of surface of DVD, obtained by method of scan-
ning capillary microscopy. Current through capillary is 100 pA

HaHOKAamuaaap - 100 mA. InybuHa BIafiuH, COOTBET-
CTBYIOIIKMX OAUHOYHBIM IIMUTaM, COCTaBJIsieT OKOJIO
97 HM. [I151 ee OLleHKH HCIIO/Jb30BaJIaCh T'UCTOr-
paMma - pacmpepeneHue ob1acTed IIOBePXHOCTHU
10 3HAYeHHMIO BBICOTHI, KaK [I0Ka3aHO Ha PHUC.6.

Ilo ©TOraM HepBOro roga COTpPyLHUYECTBA OCHOB-
HBIE e/ TPOeKTa "MHULIUALIKS JIOKATBHBIX XUMH-
YeCKUX peaKI UM B OCa>kJAeHHBIX TOHKUX IIJIeH-
Kax C HCII0JIb30BAaHHEM CKaHUPYIOUIeH 30HJ0BOH

simply. According to the main
technical characteristics, the
installation surpasses foreign
analogues.

In the course of the project,
the FemtoScan scanning probe
microscope was used to perform
nanolithography on the sur-
face of carbon materials, metal
films (aluminum, titanium) and
semiconductors (doped silicon)
(Fig.2). Nanolithography was first
described in 1990 on the exam-
ple of local oxidation of silicon
under the influence of an electric
field in the region of the tunnel
junction [2]. Local anodic oxida-
tion has become a useful tool for

manufacturing complex devices
in order to study various quan-
tum phenomena, for example,
Coulomb blockade, quantum con-
ductivity, and the like [3].

The main advantage of nano-
lithography by the method of
local anodic oxidation is the abil-
ity to accurately control the elec-
trical and topographic character-
istics of nanoscale structures. At
the first stage, a lithographic pat-
tern is created using a conductive
probe, and then, using the same
probe, the relief and map of the
distribution of the local electrical
resistance of the selected area are
determined.

The disadvantage of the method
is the possibility to use it only for
a limited class of materials (anod-
ically oxidizable metals and heav-
ily doped semiconductors, as well
as hydrogenated silicon) [4]. We
conducted experiments on local
anodic oxidation of the graph-
ite surface with the help of a con-
ducting cantilever (Fig.3). Under
the influence of the potential dif-
ference in the presence of mois-
ture, graphite oxide forms on the
surface.

In [5], the etching of a graph-
ite surface by an STM probe and
the effects associated with the
peculiarities of the feedback of a
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Puc.6. fucmozpamma pacnpedeneHust AOKAAbHbIX 0baacmeli
1no ébicome 045 U306paskeHus), NpedcmasneHHo20 Ha puc.4 u 5
Fig.6. Histogram of distribution of local regions in height for image
shown in Fig. 4 and 5

MHUKPOCKOIHUHU" 6BIIK JOCTUTHYTHL. [IpH BBINIOIHE-
HUU C/Ie[IyIOIHX 3TAloB PaboThI IPeACTOUT PeLIUTh
HOBBIE 33/Ia4H.

Hccnedosatue sbinonxeHo npu ¢purarcosoii noddepskke POOU
8 pamkax HayuyHozo npoekma 17-52-560001. Asmopebl 8bipa-
Kawm uckpenHtot baazodapHocmp npasumeavcmey Mockael,
Jlenapmamenmy HayKu, pomblULACHHOL NOAUMUKU U npednpuHu-
mamenbcmaa 2. Mockebt, MunakoHompassumus Poccuu (Jlozosop
Ne 8/3-63un-16 om 22.08.2016) 3a puHaxcosyto noddepskky npoe-
mos LIMHUT "HanomexHonoz2uu".

microscope are considered. On the
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"Initiation of local chemical reac-

basis of the experimental data, it
was suggested that the etching of
graphite by STM under the con-
ditions of the presence of water
vapor in the atmosphere has a
mixed mechanism combining
the destruction of the surface by
electrons emitted from the needle
and its local anodic oxidation. In
[6], results were published on the
measurement of the local elec-
trical conductivity of graphene
oxides grown by the method of
local anodic oxidation on the
graphite surface and obtained by
the chemical method.

Scanning capillary micros-
copy is an effective tool for both
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determining topography with
nanometer-scale spatial resolu-
tion and selective surface modi-
fication. Fig.4 shows the surface
topography of a DVD obtained in
the scanning capillary microscopy
mode. A 3D image of the same
area is shown in Fig.5. The images
were obtained in a solution of
common salt with a concentration
of 0.9 M. The current through the
nanocapillary is 100 pA. The depth
of the cavities corresponding to
single pits is about 97 nm. To eval-
uate it, we used a histogram - the
distribution of the surface regions
by the height, as shown in Fig.6.
In the first year of cooperation,
the main objectives of the project

tions in deposited thin films
using scanning probe micros-
copy" were achieved. At the next
stages of the work new tasks will
be solved. |
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