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PaccmoTpeHbl MacoyHble U 6e3MacoyHbie MeToAbl (b\/HKLI,VIOHanVBaLIMVI Ana ¢OpMVIp0BaHVISI PUCYHKOB

Ha NOBEPXHOCTAX pa3/INv4HbIX MaTepuasioB.

The mask and mask-free methods of functionalization for the surface patterning of different

materials are considered.

YHKIIMOHAJIM3AIIUsI [IOBEPXHOCTH ~ IIPUAAHUE

€M1 HOBBIX CBOMCTB ITyTeéM YaCTHUYHOTO UJIH I10JT-

HOTO M3MeHeHHs COCTaBa QYHKIIMOHATBHBIX
XHUMHUYECKUX IPYII. Pa3iudHble METOIbl MOTUH-
KallUM AaKTUBHO HCIIONB3YIOTCSI B COBPeMEHHOM Tex-
HOJIOTHH JI/IS YIIPaBJIeHUS CMAa4KBaeMOCTBIO IIOBEPX-
HOCTH, IIOBBIIIEHHS ee YCTOMYHUBOCTH K KOPPO3HH,
obecrieueHHs1 6BOCOBMECTUMOCTH MaTepuana, u3Me-
HeHMS MeXaHHUYeCKUX CBOMCTB. B HAHOTeXHOIOTHSIX,
IIOMHMO MOAHUOHUKALIUH CBOKCTB, METOIbI QYHKIIHO-
HaJIU3aL 1Y [IOBEPXHOCTH HAIIHU IUPOKOE IIPUMe-
HeHHe B QOPMHUPOBAHUU MHUKPO- U HAHOPHUCYHKOB
U 11a67I0HOB Ha UX OCHOBe [1].

B COOTBETCTBUU C HCIIOIb3YeMBIMH B JIUTOrpa-
duu TepMHHaMH, BCe CyIIeCTBYIOIIHe CTPaTeruu
I10 M3MeHEeHHIO CBOFCTB B 3aIaHHOM TOUKe ITI0OBEPXHO-
CTH MOSKHO Pa3[e/Th Ha [IBA THUIIA: MaCOYHbIe U He3-
Maco4yHbIe. B MacOUHBIX METOJAX M3MeHeHHe COCTaBa
GYHKIMOHANIBHBIX TPYIIII LOCTUTAETCS IIyTeM BO3-
NEeNCTBUS Ha IOBEPXHOCTH Uepe3 mabaoHbI, B TO
BpeMs Kak B 6e3MacOYHBIX METOAAX MAbI0OHbI OTCYT-
CTBYIOT.

METO/Z1bl C UCNOJIb3OBAHUEM LUABJIOHOB

MacouHble TeXHOJIOTUH II0JyUeHHUsI PUCYHKOB (pHc.1)
MM POKO HCIIONAB3YIOTCS IIPH CO3JLAHHUU 3JIeMeH-
TOB HaHO3JIeKTPOHHKH, HAHO- U MHUKPO3JIeKTpoMe-
XaHUYeCKHUX CUCTeM, GOTOHUKHU U MUKPOYIIIOU-
AHUKH, B HpOI/ISBO,ELCTBe HaHOCTPYKTyp nu HpO‘II/IX
GYHKIIMOHAIBHBIX HAHO3/IEMEHTOB. Takue peumy-
IecTBa, KaK BBICOKas IIPOMU3BOJUTE/IBHOCTL U BO3-
MOKHOCTh MacCIITabHpOBAaHUS HapaBHe C XOpPOIIeHr

BOCIIpOM3BOANMOCTDIO ITpoIieccCa, Oe/Ia0T UCII0JIb30~
BaHMe 1a6JI0HOB I1pu Q)YHKLII/IOHB.HI/ISEILII/II/I ImoBepx-
HOCTH IIpHBJ/IEKATE€/IPHBIM MHCTPYMEHTOM pelIeHH g
IIPpUKJIAAHBIX 3a4a4.

®otonutorpadus

Hawnbosiee HarASIAHBIM IPUMEPOM HCIIOTb30BAHU S
mab10HOB 1151 QYHKIIMOHATU3AI UK [I0BePXHOCTH
sBiseTcss KombuHanus ¢otonurorpaduu c poro-
peakuuaMu. OOHUM U3 NPHMEPOB TaKOTO IIOJ-
Xo0f4a SIBNISIeTCSI MOOHUPHUKALHS IIOBEPXHOCTH KpeM-
HU A IPOM3BOAHBIMU aJIKeHOB. B 3ToM ciy4dae fis
B3aHMOJeICTBUS C IOBePXHOCThIO MOJIeKyle-TIpe-
Kypcopy Tpebyercst YP-aKTUBALIKS, II09TOMY IIPU-
MeHeHHe Iab/l0HOB IO3BOJNSET CO34aTbh MOHO-
CJION M3 OPraHHUYeCKHX MOJIEKY/ UCKIOYHUTEIBHO
B MecTax obnydeHus [2]. B manpHeHIIeM IIOTy4eH-
HBIM OPTaHUYeCKHUH CI0M MOKeT OBITh UCII0TB30BAH
OJ15 IOCTPoeHHUsI Bojiee CIOKHBIX QYHKIIMOHATBHBIX
IIOBEPXHOCTEH [3, 4].

Jpyrum npumepom GyHKIIMOHAIHU3ALMH [10BePX-
HOCTH C KCIIO/Ib30BaHKEeM QpOTOIUTOrpAdUH ABISETCS
CHSATHe U IpHCOeJHHeHHe GOTOUYBCTBHUTEIbHBIX
3amuTHBIX rpynn [5]. Haubonee pacrpocTpaHeHO
dopmMHpoBaHMe caMOCOOUPAIOLIEHICS IIJIEHKHU € PYHK-
LIMOHAJIBHOL IPYIIIIOM, KOTOpas B fa/IbHeHIIeM y4da-
CTByeT B GOTOXMMHUECKOH peakiuH [5, 6]. s co3-
JaHHUS CJIOKHBIX QYHKUMOHAIIBHBIX OPraHHUUYEeCKUX
6/10KOB Ha IIOBEPXHOCTH IIePCIIeKTUBHO THOJIEHOBOE
MpHUCcoeJUHEeHHe, OTHOCAILeeCs K peakK UM KJIHK-
XHMHUH [7]. ITa peaKklHs XOPOIIO coueTaeTcs ¢ GoTo-
XMMHUYECKHM HaHeCeHHeM aJIKeHOB Ha BOCCTAHOB-
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JIeHHYIO0 [I0BePXHOCTh KPEMHMUS C UCII0JIb30BAaHUEM
doTomabnoHos [8]. [Ipy 3TOM Ha IOBEPXHOCTH II€pPBO-
Hava/lbHO MOTYT CO3[,aBaThCsl KaK AHEHOBBbIe PYHK-
LIMOHAJIbHBIE TPYIIIBl, TAK U MOXKeT IIPOU3BOAUTHCS
HachllleHHe IIOBePXHOCTHU THOJOBBIMHU IPyNnIaMu
c nociefyomumM GopMHUpoBaHUEeM depe3 doTolla-
6/10H puUCYHKa U3 QYHKIMOHAIbHBIX 6JI0KOB, cozep-
SKaIlUX JHeHOBYyIo rpynny [9]. Hcronb3oBaHHe KIHUK-
XUMHU II03BOJISIeT UMMOOHUIM30BaTh C BEICOKUM
BBIXOJIOM PeaKILHH pa3iuuHble 6romonekyns [10],
KkIeTKH [11], MogubUIIMPOBATE IIOBEPXHOCTD IO Me-
poB [12], co3gaBaTh crieliuduyeckye IeHTPHI CBSI3bIBa-
HHU A OIS KBAHTOBBIX Touek [13].

neKTpoXuMmyeckue Wa6noHbl

[TomuMo poTOopeakI Ui, MmMabIOHE MOTYT OBITH
HICII0/IB30BAHBI [JIS1 CO3JAHUS PUCYHKOB Ha IIOBEPX-
HOCTH IIPH IIOMOIIH 3/IeKTPOXUMHYECKUX PeaKLIHH.
B 3TOM ci1y4ae MeTa/UIMYeCKUH IIab/IoH BBICTYIIAeT
B POJIH 3JeKTPOJa, Ha KOTOPOM IIPOHUCXOLUT Peak-
nus. Ilomo6Hast MUKPOTUTOrpadus [03BOISET IIPO-
BOJUTH 3JIEKTPOXUMHUYECKOe OKHC/IIeHHe BepXHeH
MeTH/IPHOU I'PYIIIIB CAaMOCOBHpaIONecs IIIeHKH
CHJIaHa 0 KapbOKCHUIBPHON IPYIIIIBI C COXPAaHEHHEM

Puc.1. Memodbl c030aHUs pUCYHKO8 HA nogepxHocmu: a — ¢o-
moaumozpadus; b - ¢ ucnonb308aHuem Mmemanauyeckux wab-
AOHO08; C — MUKPOKOHMAKMHAsl ne4amao

Fig.1. Methods of forming patterns on surface: a - photolithogra-
phy; b - using metal template; c - microcontact printing

urface functionalization is an

impartment of new properties

to a surface through partial or
complete alteration of its chemi-
cal functional groups. Methods
of surface modification are abun-
dant and extensively used in mod-
ern technology for controlling wet-
tability, increase of corrosion resis-
tance, biological compatibility, and
change of mechanical properties.
Apart from bulk functionalization,
these methods have also found a
wide application in nanotechnol-
ogy in the process of formation of
micro- and nanoscale structures
and patterns [1].

All the existing strategies of
local surface properties alteration
can be divided into two catego-
ries according to whether or not a
mask is used in the technological
process. Obviously, in mask meth-
ods alteration of functional groups
is done with a patterned resistant

mask, while in mask-free methods
the mask is absent.

MASK METHODS

Mask patterning technologies (Fig.1)
are widely used in formation of
nanoelectronic and photonic ele-
ments, nano- and microelectrome-
chanical systems, microfluidics, pro-
duction of nanostructures and other
functional nanoelements. High pro-
ductivity, reproducibility, and possi-
bility of scaling make mask pattern-
ing methods a useful tool in applied
science and manufacture.

Photolithography

Combination of photolithography
with photosensitive chemical reac-
tions is one of the most evident
examples of the template use for the
surface functionalization. A partic-
ular case of such approach is modifi-
cation of silicon surface with derived
olefins. In this case a precursor

molecule demands UV activation for
interaction with the surface, thus,
the use of masks permits to create
a monolayer of organic molecules
exactly in the points of UV expo-
sure [2]. Subsequently this monolayer
can be used as a base for construc-
tion of more complex functional sur-
faces[3, 4].

A technique for attachment and
removal of photosensitive protective
groups is another example of photo-
lithographic surface functionaliza-
tion [5]. The most common method
is formation of self-assembling film
containing a functional group that
further undergoes photochemi-
cal transformation [5, 6]. A thiol-
ene addition reaction that belongs
to click chemistry is prospective
for high-yield creation of complex
organic blocks on the surface [7]. This
reaction can be combined well with
photochemical deposition of alkenes
onto reduced silicon surface through
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ee BBICOKOYIIOPSIIOUEeHHON CTPYKTYPHI [14]. TakuM
0o6pa3om, 3MeKTPOXUMHUYeCKass MUKPOIUTOIpadus
MOXKeT OBITH MCII0/IB30BAHA JJISI CO3MAHUS PUCYH-
KOB M3 IHAPOHUIBHBIX T'PYII Ha THAPodo6HOM
IIOBEPXHOCTH.

B KauecTBe aHasora ¢oromabaoHa MOKET BBICTY-
[IaTh BBICOKOIIJIOTHBIM MAacCCHB 371eKTponoB. Torma
37eKTPOXHUMHUYECKas peaKIHs, MpoTeKaromas
Ha 3JIeKTpofe BOIH3H ITI0OBEPXHOCTH, IIPUBOJUT K CHSI-
THIO 3aIIUTHOHX TPYIIIBI HAa II0OBEePXHOCTH. TaKok Mof-
XOJI, UCIIOIb3YeTCs IIPU TBepaodasHom cuHTese JHK
Ha JHK-uumnax [15]. B cnydae, Koraa GyHKIMOHAIH-
3upyeMasi [IOBEPXHOCTb MOKET BBICTYIIATh B KaueCcTBe
BTOPOTO 3JIeKTPOZA, MOSKHO UCII0JIb30BATh M3BeCTHBIE
IJ1s1 OOBIYHBIX 37IeKTPOJOB peakLuK GYHKIIMOHATIH-
3anuu [16].

MVIKpOKOHTaKTHaﬂ ne4yatb

Eme ofHMM BapHaHTOM HCIIOJIb30BaHHS Iabio-
HOB SIB/ISIETCS IIepeHOC QYHKUHMOHATBHBIX I'PYII
Y MOJIeKYJ MNPU IMOMOIIM KOHTAKTHOM IedvaTH.
Jlns monydeHUs: GyHKIIMOHATBHBIX MHUKPOPHUCYH-
KOB Ha IOBEPXHOCTH IIHMPOKOE PaCIpOCTpPaHEHHUe
I0/Iy4HJIa TEXHOJIOTHSI MUKPOKOHTAKTHOM IIe4aTH,
KOTOPasl SIBJISETCS MOABUAOM "MSTKOM" JTHTOrpa-
¢uu. MUKPOKOHTAKTHAas Ie4yaTh OblJla BIepBHIe
npezsoskeHa B Hauase 1990-x romos [17] gis mepe-
HOCa THOJIOBBIX CaMOCOOHPAIOIIKUXCS MOHOCIOEB
Ha 30JI0TO, OJHAKO B Ja/IbHEHIIeM TeXHOJOTHS
MOJIy4YHJ/Ia IIHPOKOe PACIPOCTPaHeHHe IIPHU CO3Ma-
HUM PUCYHKOB Pa3JHYHBIMU COCTAaBaMH Ha pas-
HBIX THIIaX ITIOBepXHOCTeH [18]. [TeyaTh BHIIIONHSETCS

C IIOMOIIIBIO MSTKOIO IMITAMIIA M3 MacToMepa (Jaie
BCero MCII0/Ib3yeTCs IOTUAMMEeTHUICU/IOKCAH, I1IMC),
KOTOPBIH IIOI'PY>KAeTCs B PACTBOP [IePeHOCHMBIX Coe-
OUHEeHHH. 3a cUeT KallW/ISPHBIX B3aHUMOLEHUCTBUM
IMITAaMII [IEPEHOCUT PacTBOp Ha obpabaTriBaeMylo
[IOBEPXHOCTh. B HacTosillee BpeMst MUKPOKOHTAKT-
Has I1e4aTh MOXKeT ObITh HCII0/Ib30BaHA JJIs [lepeHoca
pakTU4YecKH 1060ro MaTepuana: MeTasaioB [19],
nonuMepos [20], 6uomarepuana [21], pa3nTUYHBIX
HaHOCTPYKTYP [22, 23].

BE3MACOYHbIE METOADI

Kak ys>ke oTMe4aJIoCh BbIIlIe, UCII0Tb30BaHHe IMabiio-
HOB JlaeT BO3MOKHOCTb OBICTPOro BOCIIPOU3BeAeHU
pPHCyHKa Ha 60/pmoi maomanu. OfHaKO TOrJa Ipo-
1ecc GyHKIIMOHAIM3ALUY IPUBSI3aH K Ia6JI0HY, Tex-
HOJIOTM Sl U3TOTOBJIEHU I KOTOPOro TpebyeT J0pororo
BBICOKOTEXHOJIOTHUYHOro o6opynoBaHusi. KpoMme Toro,
mab/I0H MPUTOEH M1 ONHON CTaHAapPTHOM oIepa-
LIMH, KOTJa HY>KHO CO3/4aTh PHCYHOK C IIPOTHBOIIO-
JIOKHBIMH CBOMCTBAMU Ha IIOBEPXHOCTH, HalIpUMeD,
C TUAPOGUIBHBIMHU CBOMCTBAMH Ha TUAPOHOOHOM
[IOBePXHOCTH [14], unu ke copMUPOBATh YUACTKU
C BBICOKOM aJiTe3rel K KleTKaM A1 UX PUKCALUU
B 33/IaHHOM MecCTe B IIPOTOYHOH siuelike [24].

14 co3maHUs MHOTOQYHKILHMOHAIBHON IIOBEPX-
HOCTH (HallpUMep, MYJIbTHUCEHCOPHBIX XUMHUYECKHUX
CHCTeM JIeTeKLIMH), HJIH JKe B 3aJja4ax, Korga Tpebyercs
OBICTpOe MPOTOTHUIIMPOBAHUE U YHHUBEPCATBHOCTH,
HCIIONB30BaHUe MA6I0HOB [15 GYHKLIMOHAIU3ALNU
O4YeHb YaCTO OKa3blBaeTcsl Maa03dPeKTHUBHBIM.
ANbPTEepHATHUBOM SIBIASIIOTCS 6@3MacodHble MeTO[ bl

the use of phototemplates [8]. The
surface in this case can be prelimi-
nary modified either with diene or
thiol functional groups; for the lat-
ter the pattern is formed via photo-
template from functional block con-
taining diene group [9]. Click chem-
istry permits high-yield immobiliza-
tion of different biomolecules [10] and
cells [11], polymer surface functional-
ization [12], and creation of specific
sorption sites for quantum dots [13].

Electrochemical patterning

Aside from photosensitive reactions,
templates can be used for surface
patterning by means of electrochem-
ical reactions. In this case metallic
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template acts as one of the electrodes
on which electrochemical reaction is
conducted. Such microlithography
technique allows to perform elec-
trochemical oxidation of top methyl
group of silane self-assembling film
preserving its high-ordered struc-
ture [14]. Thus, electrochemical
microlithography can be applied to
creation of hydrophilic patterns on
hydrophobic surface.

High density electrode array can
act as phototemplate making elec-
trochemical reaction on electrode
nearby the surface to remove the pro-
tective group. This approach is used
in solid state DNA synthesis on DNA
chips [15]. If the surface itself can

act as a second electrode, the use of
electrode array permits to develop
different strategies based on com-
mon electrode functionalization
procedures [16].

Microcontact printing

Transfer of functional groups and
molecules via contact printing is
another variant of the template use.
Technology of microcontact print-
ing that belongs to a wider class of
soft lithography methods has got-
ten extensive application to forma-
tion of functional micropatterns
on the surface. Microcontact print-
ing was initially developed in early
nineties [17] to transfer thiol-based
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Puc.2. beamaco4Hble Memodbl: a — cmpylHas neyamo; b — 3AeKMpPOHHO-Ay4Yesast HaHOAUMOo2padusl; ¢ — 30H008as HAHoOAUMOoz2padus

(dip pen nanolithography)

Fig.2. Mask-free techniques: a - inkjet printing; b - electron-beam nanolithography; c - probe nanolithography (dip-pen

nanolithography)

(puc.2), KOTOpbIe MO3BOISIOT MyTeM JIOKaJIbHOTO BO3-
JeHCTBHUS B 33JaHHOM TOYKe U3MEeHHTb COCTaB IPYIIII
Ha MOBEPXHOCTHU. ITH MeTOABl OTIMYAIOTCS HU3KOH
MIPOM3BOJUTEIbHOCTBIO, OIHAKO YaCTO YHHUBEPCATbHBI
KaK B OTHOIIEHUH BbIOOPA OCTYIIHBIX IIOBEPXHOCTEH,
TaK ¥ XUMHUYeCKHX CoeITUHEHUH U MOJIeKYJI, KOTOpble
MOTYT 6BITH HCIIO/IB30BAHBL B KaUeCTBe QYHKIIMOHAIb-
HBIX 0710KOB. H3-3a CBOEM IIPOCTOTHL M YHHUBEPCAIBHO-
CTH 3T MeTO/bI II0/Ty YM/IH IIKPOKOe PACIIPOCTPaHeHHe
B MCC/IeIOBAHUSIX Pa3IUYHBIX SIBJIeHUH U 3$deKToB
Ha ypoBHe HaHOYCTPOMCTB X efUHHNYHBIX MeKMOJIEKY-
JISIPHBIX B3aKMOJENCTBUH.

CTpynHas neyatb

CTpyHHas mme4vaThb oA pa3yMeBaeT OTCyTCTBHE MeXa-
HHYeCcKOro KOHTAaKTa MexX/y IleuaTaloller T0JI0BKON
U MOBEPXHOCTBIO IOJJIOKKU B IIPoIlecce IepeHoca
GYHKIMOHAIBHOIO MaTepHUana. MaTepuas npeuu-
3MOHHO I10laeTCs Yepes COIlJIO, HaXOAsIeecs Hero-
CPeICTBEHHO Ha/Jl JIOKAJIBHON 00/IaCThIO HAa PACCTOS-
HUuU 1-5 MM. 15 QyHKIMOHATH3ALUN II0BEPXHO-
CTH 4Yallle BCero UCIIO0Nb3yI0TCS CTPYHHBIe IPUHTEPHL,
aJalITUPOBAHHEIE IO IIe4aTh He0OXOMUMBIM QYHK-
LIMOHAJIBHBIM COCTaBOM. IIpoliecc mmepeHoca 3aKI0-
YaeTCsI B HAIPBICKMBAHUK QUKCHPOBAHHOIO 06beMa

self-assembling monolayers onto gold
surface; however, further this tech-
nology was advanced for patterning
with different compounds on dif-
ferent types of surfaces [18]. Firstly,
microcontact printing demands for-
mation of a soft elastomeric stamp
(mostly made of polydimethylsilox-
ane, PMDS) that will be used as a
base for contact printing. Then the
stamp is immersed into a solution of
compounds being transferred. Due
to capillary action part of the solu-
tion remains absorbed on the sur-
face of the stamp after its subsequent
ejection and ideally is transferred to
a target surface in a contact point
between the stamp and the target

surface. Nowadays microcontact
printing can be applied to transfer
almost any material, e.g. metals [19],
polymers [20], biomolecules [21], dif-
ferent nanostructures [22, 23].

MASK-FREE METHODS

The use of templates gives an oppor-
tunity for fast drawing of the same
pattern on a relatively large area.
However, it’s necessary to notice
that functionalization process is
dependent on a particular template.
Template formation technologies
require expensive high tech equip-
ment, and the use of one standard
operation per template made. This
kind of process is suitable for making

patterns with properties opposite to
those of the target surface, such as
formation of a hydrophilic pattern
on a hydrophobic surface [14], or cre-
ation of areas with high adhesion to
cells for their fixation in predefined
location within a flow chamber [24].
The use of templates for generation
of multifunctional surfaces (such as
development of multisensory chem-
ical detection systems) or fast versa-
tile prototyping seems less effective.
An alternative group represents a
group of mask-free methods called
direct writhing methods (Fig.2).
These methods allow alteration of
group composition in certain location
of target surface by local treatment.
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13 [IeYaTHOM IoJIOBKU IIPUHTEepa uepes coIlIo. B 3aBu-
CUMOCTH OT MeTOZla CO3[aHH S JaB/IeHUS B IIeYaTHOM
roJIoBKe IPUHTEPhl MOXKHO Pa3fielIMTh Ha TepMUUe-
CKHe, IIbe303/1eKTPUUYeCcKHe, aKyCTU4YeCKHe, 3JIeK-
TpoCTaTHYeCcKHe U 3JeKTpogUHaMHUYecKHe. B Hac-
Tosilllee BpeMs M3-3a IPOCTOTHI U JleLlIeBU3HbI CTPyH-
Has Ie4yaTh IMHPOKO HCIIONb3YyeTCs A/l CO3JaHUS
PHCYHKOB M3 IIOJIMMEPHBIX MaTepHasoB [25], Heop-
raHUYeCKHUX YacTHUI [26], KpUCTAAIHUUYeCKHUX IIJIe-
HOK B MHKPO3JIeKTPOHUKe [27], XMMHUYeCKHUX coe-
OUHEeHUH (28], a TakKe IpUMeHsIeTCs B pa3paboTke
Y IIPOM3BOACTBe 61oceHCcOpoB [29-31]. Kpome Toro,
GYHKIIMOHA/I COBPeMeHHOM CTPYMHOM IleYaTH pac-
IIHPeH A0 IevyaTH XUBBIMHU KJIeTKaMHU C BO3MOXKHO-
CTBIO CO3JaHU S SKUBBIX TKAHEH [32].

INeKTPOHHO-Ny4eBas AuTorpadus

D/1eKTPOHHO-Ty4YeBasi TUTOrpadust sIBISEeTCS I1OA-
BUJOM 6e3MacOYHOM HAaHOIHUTOIpadHUHU, HIHMPOKO
HCII0JIb3ye MO MAJIsI CO3MaHHsl HAHOCTPYKTYPHBIX
pucyHKoB [33]. Tak ke, KaK U B $OTOMUTOTPaduH,
Iy4YOK 37IeKTPOHOB BhI3bIBAaeT PeaKIHIO [I0IMMepH-
3allMH OpPraHUYecKoro MOHOCJIOS Ha IIOBEPXHOCTH,
K3MeHSISI er0 YyCTOMYHBOCTD K BO3JIeFICTBUIO PaCTBOPHU-
Tesler. KpoMe akTUBaLIUU [TOJIMMEPU3AL U, BO3/EH-
CTBHe I1y4KOM /IeKTPOHOB Ha OIlpe/le/IeHHYI0 00/1acTh
M03BOJIsIeT yAaAsiTh QYHKIMOHATbHBIE TPYIIIIEL
(HampuMep, aMHUHOI'PYIIIHI [34] MM IPYIIIBL 10K~
STUIEHIINKOS [35]) C TOBEPXHOCTHU C pa3pellleHHuEeM
B HECKOJIBKO HAHOMeTPOoB. O6/1acTH, KOTOpbIe IIOABEP-
IJIMCh 0671y4eHHI0, B JaJIbHEeHIIeM MOTYT HUCII0NIb30-
BaTbCA B IOC/IeYIONUX PeaKLHsIX IPUCOeIUHEeHHU S

GYHKIIMOHAIBHBIX 6JI0KOB, HAIIPUMep B UMMOOUIIH-
3aIIUM pa3TUYHBIX 6MOMOIeKyII [36]. B onTHMaIBHBIX
YCJIOBUSIX 3JIeKTPOHHO-Iy4YeBast TUTOrpadusi I03BO-
JISIeT MOy4YaTh HAHOCTPYKTYPBI C JIaT€PaJIbHbIM Pas-
pellleHHeM MeHblIlle 5 HM [37].

HaHonutorpaguueckue metoapl
C ucnonb3oBaHueM 30HAOBbIX MUKPOCKOMNOB
OyHKIMOHAIHU3ALKS [I0BEPXHOCTH C HCII0Jb30Ba-
HHEeM 30H/I0BBIX MHUKPOCKOIIOB BKJIIOUaeT 6obInoe
CeMeNCTBO METO/OB, II03BOISIONUX JOOUBAThCS pas-
pellleHH s MeHbllle 10 HM. Bce MeTO/bI YCTIOBHO MOKHO
pa3leNuThb Ha [IBe TPYIIIIBL.

ITepBas rpyIIia cBsi3aHa C UCIIOIb30BAHKEM 30HIA
B KayecTBe aHa/iora I1e4YaTHOM roJIOBKY M OCHOBaHa
Ha IlepeHoOCe BeIlleCTB C 30HJa Ha IIOBEPXHOCTb.
I[Iporiecc repeHOca BO MHOTOM aHAJIOTMYeH KOHTAKT-
HOU II€YaTH - IIPU KOHTAKTe C II0BePXHOCTHIO IO,
IeNCTBHEM KaIlMJIISIPHBIX CHJI 0Opa3yeTcs MeHHCK,
Yepe3 KOTOPBII IIPOUCXOLUT IIepeHoc. O4YeHb 4acTo
B MeHMCKe ITPOHCXOAUT XHUMHUYecKas peakus. Kax
U B CJIydae C MUKPOKOHTAKTHOM I1€4aThio, [IePBOHA-
YaJbHO BO3MOKHOCTD HCIIONIb30BAHUS OCTPHUS 30HAA
IS ITeyaTH OblIa [TI0Ka3aHa Ha IPUMepe 0CKAeHUS
THOJIOBBIX CAMOCODHPAIOIIUXCS CJIOEB HA IIOBEPXHO-
CTH 30JI0TOM HOAJIOKKH [38]. B manbpHeHIIeM, BO3MOXK-
HOCTB I1e4aTH bplIa IIpoie MOHCTPUPOBaHa AJisl 60J1b-
IIOTO KOJIMYeCTBa MaTepHajoB U coefUHeHHUN [39].
[ToTeHILIMAJ [TeYaTH 3HAYUTEIbHO BBHIPOC C II0sIBIIe-
HHeM BO3MOXKHOCTH PeryJHPOBaHUS TeMIlepaTyphl
30HJA [JIs1 KOHTPOJISL OCaKAEeHUS IyTeM ILJIaBIeHUs
HaHeCeHHOr0 Ha OCTpHe 30H1a MaTepuaa [40].

They have low productivity, but often
possess great versatility in regards
to both choices of available surfaces
and compounds that could be used
as functional blocks. Due to their
simplicity and versatility mask-free
methods got wide application in aca-
demic environment in research of
different effects in nanodevices and
single intermolecular interactions.

Inkjet printing

Contactless printing implies absence
of mechanical contact between print
head and substrate during trans-
fer of functional material. Instead
material is precisely supplied
through a nozzle placed directly over
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atarget area on a distance of 1-5mm.
Printers used for surface functional-
ization are often adapted for printing
with demanded compound instead
of conventional inks. Inkjet transfer
supposes extrusion of certain volume
from the print head through the noz-
zle. Printers can be divided into ther-
mal, piezoelectric, acoustic, electro-
static, and electrodynamic accord-
ing to the way of pressure generation
in the print head. Currently, thanks
to its low price and simplicity, inkjet
printing is popular in making pat-
terns from polymeric materials [25],
inorganic particles [26], crystal films
for microelectronic purposes [27], and
chemicals [28]; it is also widely used

in development and manufacture of
biosensors [29-31]. Besides, modern
inkjet printing methods have shown
capability to print with intact cells
and form intact tissues [32].

Electronic beam lithography

Electronic beam lithography is a sub-
type of mask-free nanolithography
extensively used for nanoscale pat-
terning [33]. Similarly to photoli-
thography, exposure of organic
monolayer on the surface to the
electron beam initiates its polym-
erization altering its resistance
to solvents. Apart from polymer-
ization initiation, electron beam
exposure of local area allows to
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Bropag rpynmna mMeTo[oB HoJpa3yMeBaeT MeXa-
HH4YecKoe, TepMHUYeCcKoe UIH 3JIeKTPOXHMHUYeCcKoe
BO3/leMiCTBHeE B MeCTe KOHTaKTa 30H[a C II0BEPXHO-
CThI0. IIpy MeXaHHYeCKOM BO3/IeMCTBUU MaTepral
yoanseTcs C IIOBEPXHOCTH IIPU IIOMOINH 30HIa. Kak
IIPaBHJIO, 3TOT METOJ, IIPUMeHeTCd K MATKUM MaTe-
pHanzam.

Harpes 30H[1a MOXeT HCII0/Ib30BAThCS /151 Pa3MSL-
4YeHH S MaTepHaja U ero MeXxaHHU4ecKoro yAaleHHs
C IoBepXHOCTH [41]. Kpome TOT0, T0KaAbHBIN HarpeB
MOXKeT CIoCcO6CTBOBATh AKTUBALIMU XUMHUYECKOM
peaknuu. I[IppuMepaMHU TepMOXHMHUYECKOH QYHK-
LHOHAJM3aL UK MOTYT CIIY>KHUTh peaKLUsg 3aMeHbl
ruapodobHEIX TPy Ha TUApodUIbHELe [42] 1 BoC-
CTaHOBJIeHHe IrpadeHa IIpU Harpese ISl CO3LAHUS
HaHO3/IeKTPOHHBIX YCTPOMCTB [43].

Haunbomee pacnpocTpaHeHHOM 3JeKTPOXHUMHU-
4eCcKOM peaKLMeM C MCIIOJb30BaHHEM 30H/0BOH
MHKPOCKONHUU SIBISIETCSI aHOJHOe OKHCJIeHHe
MOBEePXHOCTH. IIpUHLIHKI paboThl MeToza 3aKIIO-
yaeTcsi B 06pa3soBaHUM MeHMCKa MeXZy 30HA0M
U [TIOBEPXHOCTBIO, UI'PAIOIET0 POJIb JIeKTPOXHUMHUYe-
CKOM SIYeHKH. B 5TOM HaHOpPa3MepHOHU sUeliKe IIPo-
BOASIIKI 30H], SIB/IsIeTCS KaTOAOM, a IIOBePXHOCTh
BBICTYIIaeT B POJIU aHOJA, Ha KOTOPOM IIPOUCXOLUT
peakuus okucaeHHA [44]. TlonmynapHOCThE MeToJa
0b6ycI0B/IeHa DOCTYITHOCTBIO 060PYIOBAHHUS U IIHPO-
KHM CIIeKTpoM QYHKIIMOHATH3HUPyeMBbIX MaTepHra-
JI0B, BKJIOYasl MeTaJ/lJIbl, IOJIYIIPOBOJAHUKH, yI/Ie-
pOAHBIe HAHOMATePHAJIBI, IIOJIMMEPhl U CAMOCOOH-
paroujKecs IaeHKHU [45]. DTOT MeTo[ yHHUBepcajeH
Y He TpebyeT UCII0/Ib30BaHUS pe3UCTa 411 opMHU-

POBaHUS HAHOCTPYKTYP, Tak KaK 06pa3yoMUIics
OU3TeKTPUK MOXKeT CIY>KHTb MAaCKOH IIPHU IIOC/Ie-
AyolleM TpaB/leHHH. KpoMe TOro, oKCHJ, MOXKET CJ1y-
SKUTh IJIaTGOPMOK /151 Aa/IbHEIIIero moCTpPoeH st
GYyHKIIMOHAIBHBIX 6I0KOB Uepe3 CHIaHOBBIE CAMO-
cobuparoniyecs iIeHKH.

3AK/IIOYEHME

HecmoTps Ha mocTaTto4uHo 6onbmoe pasHoobpa-
31e MeTOJIOB CO3JJaHUSI PUCYHKOB Ha IIOBEPXHOCTH,
O/ HeKOTOPBIX IMPUKIAAHBIX 3a444, HAaIIpDUMep
IIPOM3BOACTBA MACCHBOB HAHOCTPYKTYP C PAa3HBIMU
pelLlenTOpaMHu A/l MeJULIMHCKON JHATCHOCTHUKH,
5pGeKTUBHOIO pelleHHUs B HACTOSIUK MOMEHT He
cymecTByeT. TakuM o6pa3om, pa3paboTka HOBHIX
BBICOKOIIPOM3BOAUTENBHBIX METOJ0B JTOKAAbHOM
GYHKIIMOHA/MIM3AU UK OCTAeTCS Ba>KHOMU 3aZaden
HaHOUH/YCTPHUH.

Paboma sbinoaHena npu ¢purarcosoii noddepskke MunobpHayku
Poccuu (npoekm N216.535.2016/B4)
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