-cy6-100HM nutorpadus,
-B3aMmopgemncreme 30HAa C
NOBEPXHOCTbIO,
-UCKYCCTBEHHOE co3gaHue
AedeKroB Ha) NOBEPXHOCTY,
-Dip Pen HaHoauTorpadums,
-HaHonutorpadus C
MOIEKY/ZIAPHbIM  Pacrno3HaBaHUEM,
-AHK, BUPYCbI u apyrue
6uo006BbEKTbI ANA HaHoAuTorpadum,

-Ucnonb3oBaHue C3M ans
HaHonuTorpadum,
-3K30TUYECKUe meToAbl

HaHoAauTtorpadpuu




Tpu crpareruu aHajin3a

Du3NK: N3MEPUTH U

CMOIeJIUPOBATH
buoJior: HaiTu B

CIPAaBOYHHKE




Pa3penieHne KOHTAKTHOU MUKPOIICYATH

Reactive Spreading

Compression

Multiple Printing

e, JEE

'

<——<——H-H|I

Mold Size Reduction

yis
i
E |
i
i

1e paiterns printed on gold, reduced in size by leaving the stamp on the
astrate and allowing the ink to diffuse for a given amount of time.

] R
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Extraction of Filler Swelling in Solvent

Summary of a few of the methods available to reduce the feature size in
microcontact printing.



Mukponedarb «C YCHIHAEM»
[~

J Deposit LB films

[(——] [ Ll

J Extended

oCP

Iﬁiﬁﬁuﬁ'——l— o O W

I Remove stamp I

oCP J Release stamp

Overpressure microcontact printing. Applying an overpressure during micro-
contact printing can cause the upper regions of the stamp to contact the
substrate. If a PDMS stamp is coated with nanocrystals using the Langmuir-
Blodgett technique this can result in nanodisks, left, or nanorings, right, the
latter shown in an AFM image at the bottom.



TpaBiaeHnue, KOHTPOJIMPYEMOE TOIOJIOTHCH

’—P / 1 Spin Coat Photoresist
Kmmmhngraphy with

Silicon Substrate Metal A Deposition Line Mask

Metal B Deposition

<100 nm

Topologically directed etching.



«OcTpble U TBEPAbIS» MUKPOLIAOJIOHBI

Grooved surface Pressure applied Template removed
pressed into to imprint topology
polystyrene

Hard PDMS Soft PDMS Printing of
prepolymer, overcoat cast multilayer stamp
cast and cured and cured on silicon

Procedure for fabricating “sharp and hard” PDMS stamps for nanocontact
printing.
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A
Force
repulsive force
intermittent- ﬁ
contact
modulation techniques
distance
contact (tip-to-sample separation)

non-contact

U

attractive force



CKaanymmaﬂ TYHHEJIbHAs MUKPOCKONMSA

- Y 1981 co3paHue nepsoro CTM, nonyyeHne aTomapHoro
-~ 4l paspewenua (IBM, Liiopux) - 1986 (Hobenesckan
BV npemua)

tunneling
: ::ur_rent | ] ]
Gerd Binnig  Heinrich Rohrer ‘ @p
tip
path of tip
F | it Bi
sample |
dTOMbI Ha NO4N0XKKe
constant

current

path of tip
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Cranupyrwmast 3oaa0Bass MUKpPOCKONUS

V.

3D n 2D Bu3yanunsaumA

10




tapping mode™ n 6e3KOHTaKTHbIE PEXKUMbI

)
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POCT BUCKEpPOB i, .

Kpucrann —

L —

\l/
&

Mexann3sm "Ilap-
Kunkocte-Kpucrtamn':

| .xaruig noixHa OBITH
XKUJKOU NpU TaHHBIX T U

Cp.B.

2.Karuig JOJKHA
CMa4MBaTh MOJIOKKY
3.BEIEeCTBO KAIJIA HE
JIOJDKHO B OOJIBIIINX
KOHIICHTPAIASIX
3aXBaThIBATHCA
KPHUCTAJLJIOM
4.BemecTBO HE JTOJHKHO
pearupoBarb ¢ ra30BOM1
(ha3oi, HO JIOJKHO
PacTBOPSTH KOMIIOHEHTHI
JJ1 pOCTa

KpucCTaJlja
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ACM 30HIbI BHICOKOI'0 pa3pelieHus

KNaKme Kpuctasibl



(NT-MDT, Poccusa 2005)

CKaHUpYOLWNM
30HA0BbIN
Mwukpockon NT-
MDT NTEGRA Aura

VemeepcampHeni  C3M  Komammeke, codeTaroImmii B ceSe  BO3MOKHOCTH
CKAHIIPVIOIIET0 TYHHEIBRHOIO I aTOMHO-CIHIOBOTO MIKpockoma. Ilospomier
IPOH3BOINTE HCCIeTOBaHILT Kak TOIOTOTHII TMOBEPXHOCTI, TaK I
3MEKTPOPI3IIe CKIIX CBOTICTE HAHOYACTHIT H MaTePHATOB.

Peskumbl padotel: CTM/ ACM (KoHTakTHaA + MOTVKOHTAKTHAA + GecKOHTAaKTHAA) /
JlatepansHO-CHI0Bag Mukpockorid / Otodpaxkenne ®azsr / Momymamma CHoe /
Otobpaxkennie AnaresmoHHHX Cnmn / MCM/ 3CM/ Crkammpyiomad EMKocTHaAg
Muxpockorma/ Metoxg 3omma Kememra / OtoOpazeHre CoOIpPOTHBIeHIT
Pactexanmna / Jlnrorpadgia: ACM (Cumoras i Tokosad), CTM

AtMmocdepa: cheMKa Ha BO3IyXe IIH B BakyyMe g0 102 Topp
TeMmnepaTypa CbeMKH: OT KOMHATHO 10 150°C

BHelmHee MarauTHoe noJje: mo 0.2 T

MaxkcuMmaJbHO€ MoJe CKaHupopannd: 110 x 110 vxm
MuHHMAIbHbIE JOCTIUKHMbIE IMYMBI: MeHee 1 A




HY*XHO 1 MmeXaHn4yeckoe onepnpoBaHue
OTAE/1IbHbIMMN HAHOOOBEKTaMMN?

35 aTOMOB KCeHOHa Ha NNaCTUHKe
n3 HMKena (1990 r.)

MoaTomHana cbopkKa:
ACM+220B+mMHoro net +S$

CKaHleyl-OIJ.I,aFI 30HA40BdA MUKPOCKOMNNA
McKyccTBeHHan cbopka Ha MOJIEKY/ISPHOM YPOBHE

NPaKTUYECKN HEBO3MOKHA
Jlydwnm BapuaHT: camocbopKka u camoopraHmlauus!




MarHuTHaa naeHkKa

HaHOYaCTUL, A

Helicobacter pylori



Marautasie ACM 3oHAbI

Co-Cr noKkpsblTHne
300 -400 Oe

Co HaHoyvacTMua MOBEPXHOCTb KECTKOro AMCKa
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IpoBoassiue ACV 3oHabI

Ti-Pt, Pt, Cr-Au, Ptlr nokpbiTnA
30HAbl N3 BbICOKONETMPOBAHOIO KPeMHMUA

BaTiO,



Ipunuun Dip-pen-HaHoauTorpaguu

Well-ordered SAM Diffusion of chemical ink
at the air-water interface

i
/

Movement
direction
—_—

\AFM tip /

\

Principle behind DPN.
MepeHOC MOHOCHOS C HaHOKanmnen

500 nm 500 nm 200 nm

Nanolines with nanogaps made by DPN.



Ncnmoap30oBaHue KPEMHHEBBIX MOAJI0KEK
/ ﬁ TpaBneHMe 30J510Tad UumaHnaamum

BuiTpaBnusaHue SiO, / Ti HF

AHU3OTpPONHOE TpaBreHune
n KPeMHUSA LWesiovybio B cnupTe

Schematic of the nanoscale anisotropic etching of silicon.

JKcnepMeHTanbHbIN 0Opa3sew,

—f\lsim
0.1 um

— I I I I I
0.1 pm 10050 0 50 100 nm

DPN generated nanometer lines in silicon.



C3M - «mepo»

0 um Sn12

Nanoscale lines written on glass visualized by lateral force microscopy, left,
and fluorescence, right.



Moaupukanua HAHOCTPYKTYP

DPN can be used to locally modify a nanowire, with the voltage-dependence
of this modification shown in the AFM image at the bottom.



«HaHomeyarsp)» OKCHIaAMHU U3 rejiem

Tin Oxide Aluminum Oxide

Feneobpa3syrowme areHTbl - GyIOKCONONMMeEpPbDI
Silicon Oxide - Initial Silicon Oxide - Heated

i 8 nm 5 nm

AFM topographic images of DPN printed tin dioxide, aluminum sesquioxide
and silicon dioxide both as devosited and after thermal trontmeont



MaraurHbIe CTPYKTYPhI
AFM MFM

Q
12 nm P

0.1°
6 nm

0.0°
0 nm

«XeCTKun marHeTukK»

um

MNeyaTb 30nb — renem 12:1 HuTpara xene3a n BaCO, (c atTuneHrnukonem)
Array of magnetic bars produced by DPN, and imaged by topographical
AFM and MFM confirming the presence of the nanobars and their magnetic
properties.



Ucnoas3oBanue 1HK

aMUHOTPpYNNa 1 16 mepkantorekcagekaHosas K-Ta

Ala A Alanine
Gly G Glycine
Thr T Treonine
Cys C Cysteine
T-A,C-G

A strategy for the orthogonal assembly of DN A-functionalized nanoparticle
building blocks on DPN generated patterns.



Ilomarosas coopka

First Pattern Adsorbed Microspheres

-

&
£

«BbllaBnnBaHne» HaHo4YacTul C KOMMJMIMMEHTapPHbIMUA
Second Pattern dMUHOKMUCITIOTaMM

line profile
401 “
T 30+
201
hinm |
10 4
y)

= 500 nm

AFM images of the different steps in the orthogonal assembly process. A first
pattern is drawn, followed by a second, after which labeled microspheres can
be adsorbed selectively onto either pattern.



I/Icnon 30BaHUeE 0CJIKOBBIX CTPYKTYP

1) Coat with Ti / Au
) 2

2) (o]
\

OH

5—S
Thiotic Acid
(Alpha-Liphoic Acid)

CynbgocoeanHeHne

UMmmyHoOrnooynuH

Anti-lgG Coated
Gold Nanoparticle

» %
"
» ¥

Adsoption of Gold Particle Write Lysozyme Pattern

Through Biorecognition
NMunsouum
Protein recognition nanostructures formed via direct DPN.




«PacmozHaBaHue)

IgG Nanodots Anti-lgG Nanoclusters

¥ 45 nm

0nm
pm 6.3 0 Hm 6.5
10 nm 20nm
(
- J ’\:fmv%,,mmf«_ﬂnfvﬁfﬂ)'\ﬁ oiinb ‘,,hw,\ TR, T L "
0 pm 2.5 0 um 2.5

AFM imaging of nanoscale protein recognition.



* BuusiHne pasMepoB
HAHOYACTHUI] U

CTPYKTYPBI
MOHOMEPHBIX OJIOKOB

Ha UTOTOBBIU BUJI
HaHOTpyOKH (IIOM).
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SIMYHBIN 0eJI0K

cm

FeCl, i o o (Bsa), !
+ = *
Fecl, 8T o Sonication
Fe;0q4 FE4- BSA

Cxema GOpPMUPOBAHUA KNETOYHbIX Lenodek. Moa AencTBMem BHELHEero MarHMTHOro
NONA KNETKU BbICTPAMBAKOTCA B JINHEMHble uenoykn (b), KoTopble COXpaHAT CBOO
CTPYKTYPY M Noc/sie yaaneHna BHEeWHero nois u MarHUTHbIX Yyactu, (c).



AHAJIUTHYECKHE MATPUIbI

Dip-Pen Nanolithography

Hs"H;\(/\oja\/o"

2. Passivation with PEG-SH
>

3. Immobilization
of anti-p24

1. Patterning
with MHA

4. Passivation | 5. Detection

with BSA of p24(HIV)

6. Sandwiching with

NP probes modified

Double-sandwich with anti-p24
Immunoassay

Double sandwich immunoassay protocol for detecting HIV-1 p24 antigen
with DPN written anti-p24 antibody nanoarray.



Bupychbl

HA (Hermagglutinin)

= .

My Ien channel

1 # SN P2
A T A N O N W O T O L
R LA A A A N T R
A OO HA
E T W W W O ST
A TR AR A O T
TR A M N
B NS+ NG,

My matris protein

Illustration: Chris Bickel/Science, Reprinted with permiszzion fram Science Yal, 312, page 320
(21 April 2006) @ 2006 by AAAS

Aunuanas OB0AD Y YH kI
OOOAOTHA GoAKH
FHE
Kancua

Kak pazmuomaerca BMY

YacTtvua
BHpYyca
EWNY




Bupycol

N3o6paxkenne [19M HaHOIIPOBOIOB, OJYUYECHHBIX U3 BUPyCa TA0AYHONW MO3aMKH U 30JI0THIX HAHOYACTHIL: (a) IPH
OJTHOCTAJMITHOM TpoIiecce GopMa U pa3Mephl 30J0THIX YACTHUIl BECbMa pa3sHo0Opa3Hbl; (b) mpu MCTIOIB30BaHUN
VAY4YIIEHHON METOAMKMA TIOCJE€ TSATA IMKIOB BOCCTAHOBJICHHUS OOpa3ylOTCs HAHOMPOBOAA C IUIOTHO
MPUJIETAFOIMMHU APYT K APYTry U K BAPUOHY OJIMHAKOBBIMM HaHOYACTHULIAMHU 30J10Ta.

MonekynspHble MANEePOHUHBI — OOJBIINE OEIKOBBIE KOMILUIEKCHI, Y KOTOPBIX MMEETCS] BHYTPEHHSS IMOJIOCTh, B
OTIPE/ICIICHHBIX YCIIOBUSAX OHHM CIIOCOOHBIMHU (hOPMUPOBATH JICHTHI U JIByMEPHBIE MACCHUBBI C BHICOKOM CTETICHBIO
YIOPSIAOYEHHOCTH.



Marpuiia M3 KancuaoB (BUPYCOB)

0

Mutant CPMYV capsids patterned by DPN. and imaged bv AFM.



«Ilogpe3ka» ¢ MOMOIIbIO (hePMEHTOB

wl i .n =

Protein Pattern Local Digestion

Nanoscale writing of DN Aase for local digestion of oligonucleotide monolayers.



djekTpoxumudeckass DP-nanoaurorpadus

Platinum (left) and silicon oxide (right) lines, deposited by electrochem-
ical DPN.



«Mupy - Mmup»
Maroeearaehansios { {

Patterning £ /
Self-Assembly ~ 5~ O~$~

(' NTS OH OH
s CHy CH, CH, ==3 CH; COOHCOOHCH; ==3 CH, COOHGOOHCH,

cis cis

[+1.3

-Si-0-$i-0-$i-0-$i- ~Si-0-8i-0-$i-0-Si- it olbi-gubioki- WO"IdP‘;’:glgtw‘geawﬂs N
0 R0k 9 BB 0 ¢ 9 s

] L S ] I £ |

e
Monolayer (a) Bilayer Pattern (c)

Patterned Monolayer (b)

1. HCONH, | 2. BHyTHF

hv, 300 nm
NHy~ NH, < NH, NH,
Coowl Solation 568 1068 1500 2888 2500 M
20 c20 Friction (monolayer)
~Si-0-Si- G- . Scheme delineating the electrochemical modification of a SAM and its
C;H C;H (l)H OH decoration with gold nanoparticles. Below is shown a sketch and AFM image
of Pablo Picasso’s World Without Weapons.
CH, OH OH CH, CH, QH OH 4
cia c18
=Si=0=-8i-0=-S8i-0=Si~ =Si=-0-Si=-0-Si-0-Si~-
A 3
[ ] ] [ = n|
Bilayer Template (d)

Gold Nanostructure (e)



Hanoaurtorpadusn

ACM-306pakeHne nosyyeHo
30HA0BOW HaHonutorpadpuen
MEeTo40M JIOKaNbHOro
aHOAHOI0 OKWUC/IEHUA TOHKOM
naeHKn TuTaHa Ha C3M Solver
P47 Pro (nponssoautens 3A0
"HT-MAT", r. 3eneHorpaa) B
NOJIYKOHTAKTHOM pexunme
ACM, kaHTunesepamn NSG11
C NPOBOAALLMNM W,C
NOKpbITUEM, npwu
OTHOCUTENbHOM  BAAXHOCTU

N0/
/Y /0.

MoKa3aHa BO3MOXHOCTb
TOYHOrO nepeHoca
n3obpaxeHna wabnoHa Ha
NOBEPXHOCTb NOA/IOXKKMN
MeaoM PacTpPoOBOro
NIOKa/NIbHOro aHo4HOro
OKUCNEeHUA

Fit Lines by Area

FPHUKTN "HanorexHonormm”™ T T HDaeds
CrupHoe Bnaoawvmup

0 02 04 06 08 10 12 14 16 18 20
Hm

3,5

1,5 2,0 pA
nm

1,0

0,5



HaHo3HaKH 304HaKa

AOKAABHOE aHOJHOe OKHCAeHHe naeHKH Ti

OseH ] Nes Crpeney

‘Y
. i

Z/ANN

BnuaHeusl Beckl

Pribkl

PHLKN “Haworexuonorun™ TTH I0DY NAD nposogunock Ha C3M Solver P47 Pro (NT-MDT)

Brnagumup CMupHos wanTunesepami NS5G11 WoC npw oth. BnamrocTy - T0%,
e-mail; sva@fep.tsure.ru 1CQ: 198-343-871 U-10 B v SetPoint - 0,1 HA



DJIEKTPOXUMHUYECKOE KYTOHCHHUE

Electrochemical “whittling” of nanoscale SAM patierns.

ONEKTPOXUMMNYECKU
KOHTponunpyemas
necopbuus (Au(l)-Au(0))

DPN patterns before and after electrochemical desorption.



3J1€KTpOBbITHFI/IBaHI/Ie CHAHOIIPIAZKHN

High
Voltage

— Probe Tip

— Polymer
Solution

Tavlor cone |

A .i
 Polymer Jet

Liquid Jet

Collector

lllustration and operation of near field electro-spinning of polymer nanofibres
using a charged tungsten AFM tip with polyvmer solution and a charged
silicon collector for the nanowires so produced.




CBeTou3ay4yarwiye HAaHO3JI€eMEHThI

(a)

Metal
oraganic

Si: substrate
Al: Cathode 100 nm
Mixed layer: EIL 2 nm

AlQ,: ETL 120 nm

(a): Architecture of an OLED on an AFM tip, (b) Multilayer make-up of
the OLED and (¢) Optical microscope image of tip-vertex localized light
emission.



«HaHonmassJapbHUK)»

electrodes :
: indium

| oxide
B N | N s~ deposit

Cold Cantilever

(a) Hot Cantilever

Indium nano-connection between gold electrodes spaced 500 nm apart made
by thermal DPN.

Mode of operation of the nanosoldering iron. A thermally heated AFM
cantilever tip delivers liquid indium metal in a direct writing format to create
indium lines with nanoscale widths for nanocircuit interconnects and repairs.



KoMOMHATOPHBIN MOIXO/

'4 0 um ¢ 0 KM 5.4

Components used for combinatorial DPN exchange study, and images of
SAM exchange rates by lateral force microscopy after scanning the surface
with SAM 1: 2(A), 10(B), 25(C), and 35(D ) times.



KaHTHjieBepHbIA MAaCCUB

100 pm

100 om

35,000 cantilever DPN array writes pattern of 88,000,000 nanodots.



«lloaurpad»

Pa3MHOXeHHble
roOfoBbI
Tomaca [xedepcoHa

100 pm

Nanopolygraph of a US 2005 five cent coin depicting Thomas Jefferson, the
co-inventor of the polygraph.



YnpasisieMble pAabl «<HAHOKOJI0AEIEB)

Pressure head

Vent hole
Siwaler

Trapped air
escapes

Lithography tip

Ink molecules

mw//"’ j}%.%/f///ﬁ//////

Procedure used to make a nano-inkwell covered with a thin sheet of PDMS,
left. On the right we see how this nano-inkwell operates.



N3rorosjieHe MUKPOIIA0JI0HOB

P —
-

Pattern MHA
Passivate ODT

RRELERULEC AR ERR

Selective desorption
-800 mV, 0.5 M KOH

i1l E[ 1L

Au Etching l Electroplating

CN-, OCP Ag*, -800 mV

Making and imaging masters and molds for nanoscale soft-lithography made

11 {1 T | 1 IIII IIIII
DPN-defined holes DPN-defined Ag by DPN.
electrodeposition '

2 um 2 uym

Making PDMS masters for nanoscale soft lithography the DPN way.



MArkum 30H/7 (ScanningProbe-ContactPrinting)

(c) Apply PDMS
(d) Remove unwanted
PDMS and cure.

Procedure used to make a PDMS-tipped cantilever for scanning probe
contact printing, left. The right images show a series of AFM images of dots
drawn at increasing residence times.



«PucoBaHue» 3JIeKTPOHHBIM IY4YKOM

= _, T8

Photoresist Film E-Beam Writing Developing

SAM (B) Photoresist Lift-Off SAM (A)

Strategy for the soft patterning of substrates using electron beam lithography.



OcHOBHOE

Ncnonb3oBaHne C3M - 30HO0OB 1 TEXHOMOMMM NMNOCITONHOW
cOOpKM NO3BOMSAET NMOMyYaTb CIOXHbIE CTPYKTYPbI C
3aJaHHbIMU CBOUCTBaMM.

KoHTponunpyemoe nepemMellieHne HaHO — N MUKPOOOBLEKTOB
OAET LWaHC co3aaBaTb HOBbIE YNOPSAOYEHHbIE CTPYKTYPbI U3
BOosbLLIOro Yncna anemMeHToB pasfnMYHoro pasmepa.

Kommepueckas goctynHocte C3M genaet BO3MOXHbIM
peann3oBaTb AaHHbIE METOAMKN B NabopaTOpPHLIX YCIOBUSAX
yXe ckenyac.



