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B3anumonencrBusa:

-XUMUYECKOe U AU Py3ruoHHOE (OOMEH BEILIECTBOM ) NI1eHKA
-MEXaHMYECKOe (aare3us, N3MEHECHHUE

MOBEPXHOCTHOM AHEPruu, MexxdazHasi TpaHuIla)
-puszuueckoe («dPEHEKTh OIU30CTHY,

¢azoseie niepexoapl, KTP, anuzorpornnoe NOOIONCKA
U3MEHEHHUE 00bEeMa PJIEMEHTAPHON AYCHKH)
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Glass Substrate
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Vit 7 <V7s layer-by-layer growth (Frank-van der Merwe)

island growth (Volmer- Weber)
minimization of total surface energy:
low-y facets of islands

1= Ys V5
1i=Ys T

few ML layer-by-layer, then crossover to island growth
/ / / + (Stranski-Krastanov)
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C aM()Cﬁ()pKa (mose ynpyrux HaIpsiKEHHM )
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Fig. I. Plot of critical thickness observed by RHEED for
GalnNAs samples of different In and N composition. The
dotted lines represent the theoretical value of critical thickness
with respect to epilayer strain.

Fig. 4. Low temperature (5K) PL spectra of GalnNAs QD
o e 0% gamples with: (a) 4 ML, (b) 8 ML, {¢) I2ML. (d) 16 ML of
1 6 M GaarIng sNaaAsage coverage. The reference GalnAs spectrum
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MexaHM3M OCAKICHUSA

Reactants

CHa4 + Hz

Activation

H, e-, heat ST

CHq4+ H—» CHs + H2

Flow and Reaction

| | ——

I n | I
‘ Sub strate |

1. AKTUBHBIE PaJUKAJIbI,
«CTPOHUTEJIbHBbIE OJIOKID) §

2. TpancnopTt, Me30cJ10i

3.3/o

4. Murpauus no
IMOBEPXHOCTHUT, POCT

5. O0MeH >Hepruen HauaabHble cTaauu,

S1-IToJI0KKa

KojgoHuaras <100> — aama3zHasa
CTPYKTYypa IJICHKA



JNMUTAKCHUA - IIPOLIECC OPHEHTUPOBAHHOTO
HapacTaHWs, B PE3yJbTaTe€ KOTOPOro 00pa3yrolascs
HOBAas (daza 3aKOHOMEPHO POJOJIKAET
KPUCTAJUIMYECKYIO PEIIETKY UMEFOIIEHCS TTOMIIOKKH C
00pa3oBaHUEM MEPEXOJHOI0 SMUTAKCHUAIBHOTO CJIOS
(I12C), cnocoOCTBYIOIIETO KOTEPEHTHOMY CPACTAHUIO
NIBYX PEIIETOK MO IUIOCKOCTSAM W HAIPABJICHUSAM CO
CXOJIHOW INIOTHOCTBHIO YIIAKOBKH aTOMOB.



* ABTO3MHUTAKCHUSA (OT TPEYECKOTO autos — caMo) — MPOLECC
OPHUEHTUPOBAHHOI'O HapacTaHus KPUCTATUINYECKOTO
BEIIECTBA TOMOTUIIHOTO II0 CTPYKTYpPE, HE3HAUYUTEIIHLHO
OTJIMYAIOLIErOCAd MO0 XMMHUYECKOMY COCTaBY OT BEIIECTBA
IO IJTOXKKHU.

* ['ereposnurakcust (oT rpedeckoro hetero — apyroi) —
OpOIECC OPUECHTUPOBAHHOIO HAapacTaHUs  BEIECTBA,
OTJIMYAIOIIErOCs 10 COCTaBy OT BEIIECTBA TMOJIOXKKH,
IPOXCXOASAIIMN npu KPUCTALIOXUMHUYECKOM
B3aMO/IENCTBUU CpaCTarOIIUXCSA BEILIECTB C
oOpazoBanneM I[I9C B COOTBETCTBUM C XapakTEpOM
(PU3UKO-XUMHYECKOI0 B3aUMOACHCTBUA.

e [lceBmosnuTakcus (COBNAJCHUE HE BCEX aTOMHBIX PSOB)
— MgO / YBa,Cu,0,



XEMOJIUTAKCUSL  —  MPOILECC OPUEHTUPOBAHHOTO
HapacTaHWs, B Pe3yJbTaT€ KOTOPOro OOpa30BaHUE
XEMOAMUTAKCUAIIBHOTO CI0s ITPOUCXOIUT pu
XAMHAYECKOM B3aMMOJCUCTBUN BEIIECTBA IIOJJIOKKHA C
BEIIECTBOM, IMOCTYNAIOIIMM U3 BHEIIHEN cpeanl. [Ipu sTom
MOJIYy4EHHOE COCIUHECHUE OTJIMYACTCI IO XUMHUYECKOMY
COCTaBY, KaK OT BEIIECTBA MOJI0XKKH, TAK U OT BEIIECTRA,
MTOCTYIAIOILIEr0 U3 BHEIIHEW CPEAbl HA €€ MIOBEPXHOCTb.

DHAOTAKCUSI — IPOLIECC OPUECHTHPOBAHHOI'O BBIACICHUS
HOBOM (Pa3bl B KPHUCTAIIMYECKON PEIIETKE HMEIOIICECs
(da3pl, MPOUCXOASAIIMHA B PE3YyJAbTATE NEPECHILICHUS
nocieaHed TupPyHAUPYIOIMMUMH OT MOBEPXHOCTH BIIyOb
aTOMaMH COOTBETCTBYIOIIETO BEIIECTBA WJIWA BCIJIECACTBHUE
pacmnaja MEPECHIMIEHHOTO TBEPJOr0 PacTBOPAa HA OCHOBE
KPUCTAJUIMYECKON PELIETKU MOIJI0XKKHU.



spmoncommumrs I TATAKCHSA
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CkopocThb ocaskaeHus (mopdonorus)
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MeToabl MOJYYCHHUSA MJICHOK

OKUCJIeHUE ChIlaeoe6
NIIA3MEHHOEC HANDBLIICHUE

Il1enkn
mpacgapemuasn nevuams

nuponU3 a’posoJeti
TOJICTBIe(NOKPBITHS) | mepm-3 KapbOKCUTAMOE
30/1b-2€lb

epainjerue NOONOANCKU

MWC ' - ”
TOHKHE I ACUOKOPaAZHAA DNUMAKCUA
mepmudeckoe
ucnapeHie
/ MONEKYIAPHO-
busnueckue ayueéan
METOIbI SnUMarKcus
MOJTy YEHHU ST 27IeKMPOHHO-
nyueeoe
ucnapetue

UOHHOE KamooHoe
pacnvlieHue pacnvlieHue

JlazepHoe Maemlm POHHOE
pacnvliieHue pacnvlieHue

OOHOUCMOYHUKOBOC
MHO20UCMOYHUKOBOE

XUMuyeckoe ocaxncoetue ///
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—— TaJIOTCHU/BI

_~1IBAD
eUbKUe MemaniuyecKue noONONCKU ~ .
“RABiTS —

Kiiaccnueckue MeToabl:
-TpadapeTHas ne4yarh
-IIUPOJIN3 a3PO30JIEU
-)KUJKO(a3zHask SIUTaAKCUS
-TEPMHUYECKOE UCTIAPEHUE
-XUMHUYECKOE OCAKICHUE
13 ra30BoH (ha3sl

HoBble MeTOaBI:

-rpaPOTEKCTYPHUPOBAHUE
-CaMOCOOHPAIOIIIUECS CIIOU
-)KHJIKOCTHas1 caMoCOOpKa
-JIsaHrMrop-biomxert



MHOTrOMCTOYHHUKOBOE OCAXKICHUE

e

[Tonmyuenue tieHOK coeaquaenu tuna AB o merony C.A. BEeKIMHCKOTO:

1 -noonoorcka; 2 - komnoneum A, 3 - komnoHenm B; 4 -
obiacmov 06paA3068aHUsL COCOUHEHUS



dOusnuyecKkne MeTOAbI OCAKICHUSA

Beam Splitter

Pulsed Power Laser La;erBeam x » PD 1
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Wafer UHY Chamber TpeﬁOBaHI/IH:
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PacnblLieHHe HENTPAJAbHBIMU
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AnakopasHast SMATAKCHA
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Xumuueckoe ocaxxaenue (CVD)

HHKEKTOPBI

K HACOCY

naps \

IPEKY PCOPOB

TO/TIOKKOACPIKATE b

UHY KTUBHBIN
HArpeBaTeIb A ' __ MCXAHU3M
"~ NICPEMOTKH

" NO3MIMOHHPOBAHMS
HCTIAPUTE T

KBApLEBBII
peaxrop

CuHnre3 eTyunx npexypcopon - Ucnapenne (kormpons cocmasa napa)
— TpancnopT (8v100p 2aza-nHocumens u KOHMPOJb €20 PACNPeOeleHUS]
6 peakmope) — Ocaxknenue (konmponv T, pO,, pCO,, ckopocmu ocadxcoenust)
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IlpenmyinecTBa 1 HEIOCTATKH
CVD

KR LS N & » st 3
» ¥
LA AN » '.I...' i.!‘ e

IIpenmymecrna:

-YHUBEPCAIBHOCTH (ITOUTH JTHO00M COCTAB TUICHOK), - = o B

—ZH6KO(1?TB Hpouecce(l, : . o it

-BO3MOKHOCTh HAHECEHMS] OJHO- U JBYXCTOPOHHHUX
IUICHOK Ha JeTaju CIOKHOW (opMbl M  OOJBIION
TUTOIIAIH,

-BO3MOYKHOCTb  JIOCTH)KE€HHUS BBICOKMX CKOpPOCTEU

OCaxJCHUS (10 HECKOJIbKUX MUUIMMETPOB B 4ac) MpHU
COXPAaHEHNUH BBICOKOI'O KaueCTBA IUIEHKH,

-IepexoJ OT BBICOKOBAKYYMHOH ammaparypbl K
IPOTOYHBIM ~ YCTAHOBKAM, IIPOCTOTa U JICHIEBHU3HA
000pyI0OBaHUS.

Henocrarku:
-«cUMOUOTHYECKas» POo0iieMa BbIOOpa MOTIOKEK,

-yIpaBJICHUE KATHOHHOW U AHUOHHOW CTEXHOMETPUEN
mwienku (T, pO,, pCO,, ..., HECKOJIBKO HCTOYHHKOB,
a’po30JibHAs JOCTABKA, JICHTOYHBIN UCTIAPUTENb...),

-IEJICHANPABJICHHBIM MOUCK BEIIECTB C BBICOKOM U
BOCIIPOU3BOJIMMOM JIETYYECTHIO,

-CO3/1aHNEe ONTUMAJIBHOM MOP(OJTOTHH TUICHKH.
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OcaxxaeHue IMJICHOK HA JEHTHI

Rolling Recrystallization

Cpitaxial buffer layer growth 7

Layer structure

Sputtern .
PLD 74
Ce0y
Targe!

* Rolling Assisted Biaxially
Textured Substrates (RABITS)

» Jon-Beam-Assisted-Deposition

* Inclined-Substrate-Deposition

OHM MI'Y

film growth area (60cm x 10cm)

Hastelloy tape

55°C ) : -
: 66cm x 6¢cm RF
ion source

(sputtering )
66¢cm x 6¢m RF :
ion source YSZ target

(assisting )

Sabstrate Nonnal
‘ 1 200) Direction

MgO Vapor

N

Jlexknnsa 4. [lnenku

MgO crystals

Substrate

Shadowed Region

Mocksa, 2011 .




GLancing Angle Deposition
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Pogoncud

Figure 13. Bacteriorhodopsin film with large aperture.
These films have free aperatures of 90 mm x 90 mm, their
outer dimensions are 120 mm x 120 mm. They are tuned
to maximal light sensitivity because their primary use is
in holographic interferometry.

Table 8. Optical and Holographic Properties of BR

OHM MI'Y

Jlexuus 4. [Ineaku

Films

spectral range

400—-700 nm possible

transient recordlng

BE—M 520 nm—640 nm
M—B 400 nm—430 nm
long-term recording

0O—P 630 nm—700 nm
P—B 430 nm—530 nm
resolution (optical) =5000 lines/mm
optical density (570 nm) 1=50Ds
maximal bleaching ratio 95%

index of refraction 1.47

refraction index change
diffraction efficiency
light sensitivity

0.001-0.01 {(depends on OD)
1-3%. max 7%
0.1-20 mJ/cm?

polarization recording possible
reversibility = 10° cycles
shelf life vears

film thickness
rise and decay times
aperture

10-500 gm, typ 20—40 gm
ms—s
unlimited

Mocksa, 2011 r.



MAarauTHbIC HOJIUOKCOMETANIATHI
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3J1€KTPOCT3TI/I‘IECKI/IG MYJbTHCTION

Schematic diagram showing the buildup of electrostatic multilayers of soluble
polyelectrolytes (above) as well as the generalization of the procedure to
charged objects such as clusters, sheets and rods (below ).
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Bpamamoniasics moaji0oxxKa

PacTBOpbI: 3016 — reJab (BakF,)

PacnblLienue/BolJINBAHUE HA
BPALIAIOIIYIOCS MOAJI0KKY
(3000-4000 00./MuH.)

Cymxka npu 200-250°C (TosmmuHa
~0.5 MKM)

Or:xur npu 800-950°C
Oxmuciaenue (0,, 400°C)

YBa,Cu;0, na YSZ (001)
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OpueHTHPOBaHHbIE 3aTPaBKH

WE LS

OTrpaHUYUTETU
npeaeibHO
JOIYyCTUMOTO
TOKa!
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«PUIBTPHD OPUEHTAIIMU POCTA 3EPEH

selective nucleation site
.

K
seed region (i) L
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seed selection region (i) ' single grain region (ii)’
(a)
laterally grown crystalline Ge
amorphous Ge
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FIG. 1. In (a), plan view schematic of the pattern employed for grain bound-
ary filtration. In (b}, cross-sectional view of 4-A4".

thermal oxide —

Sisubstrate

Appl. Phys. Lett., Vol. 77, No. 26, 25 December 2000

(a)
t =663 min.

,sr‘ ®
t=976 min.

(d)

(9)

(h)

FIG. 3. Plan view transmission electron micrographs and selected area dif-
fracted patterns for partially crystallized films after each 400 °C anneal.
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COOTBETCTBYIOIIIEM PACTYIIUM KPUCTAILIAM IO CUMMETPHU > Z C? W]]
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1 - BaCuO

55 2 = TPEIIHHBI, 3 —

MOCJOUHBIA POCT, 4 - MCHUCK,
“Y123” — KpUCTAJJIMTHI B

HIMPOKON KAHABKE

OHM MI'Y

Jlexuus 4. [Inenku

10pm EHT=15.00kV  Signal A= SE2 Date :22 May 2001
WD= 10mm  SignalB=AUX1 MAG= 860X

28
[ 1983
J -1 Materislforschung

2um EHT=1500kV SignalA=SE2  Date :22 May 2001
— WD= 10mm  SignalB=AUX1 MAG= 678KX

5
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IlieHka pacmiiaBa
Mocksa, 2011 .



OpueHTalUda KPUCTAJJIUTOB
BTCM YBa,Cu,O, .

5 ‘ ;*'” 5 :lr ar %
e T T AT
[TapanmnenbHbie 75% u3 220 KpucrajioB
BHYTPEHHUE CTECHKU MOJITHOCTHI) OPMEHTHPOBAHBI
KaHABOK Ha omaau 8-9 Mmm? g

v CO0TBETCTBYIOLIHII 10 CHMMETPHH peJibed
(ocv émopozo nopaoka, niacmunku),

v Co0TBETCTBHE PA3MEPOB KPHCTAJLIOB
3JIeMeHTOB peiibeda (oxoo 100 mkm),
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bHuokpucTAIIN3AIUAA

spiral  SCTEW duslocatuon

5/

XupajabHbIA pejibe(p U3MeHsIeT MEeXaHU3M (U CKOPOCTH) POCTA SHAHTHOMEPOB

OHM MI'Y Jlexuus 4. [Ineuku Mocksa, 2011 r.
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How Does One Successfully Build a Lab-on-a-Chip?
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»
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What is the optimal
channel dimension?
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What is the optimal
voltage forinjection?

Is “sample stacking”
2N

What is the
optimal flow
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‘mokiplsing? oo TTIOBEPXHOCTH
' Z enhance signal
MukpoxkanuisspHas \/—f, tanoles ritio?
Is Joule heating How to minimize
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OHM MI'Y Jlexuus 4. [Inenxku Mocksa, 2011 r.
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. : Microstructure off the rail

. : Microstructure on the rail

Fabrication of microtrain

Cross-solution
movement

PEG-DA 200pym  ail 200 pm

Self-assembly of
microtrains with
3 different colours

-

Cross-solution
movement

Assembly
\ rail

Camocbopka 00BEKTOB,
COCTOSIINUX U3 PA3HOPOIHBIX
4acTeH, C UCII0Ib30BaHUEM
CKPEIIMBAIOIIUXCS TOTOKOB.
a) [IpuHIunuanbpHas cxema
JIIBOKEHUS 00BEKTA B JTaHHOU
cucreme. b-c)
Muxkpodortorpaduu,
MOTBEPKIAIOIINEC
MPaBUILHOCTH BbIJIBUHYTOIO
MPETONO0KEHUS O
neuxkeHun yactuil. d) Cxema
nporiecca COOPKH CIOKHBIX
CHUCTEM C ITIOMOUIbIO
OINKMCAHHOTO MOAX0/a. €)
dnyopecueHTHas
mukpodotorpadus 1D
Mmaccuga. f) [Ipouecc
co3znanus 2D maccuBa U3
YaCTHUI] pa3JIMYHOTO COpTA.
g) OiyopecueHTHas
Mukpodotorpadus 2D
MaccuBa.



Bl i d

End of the rail
Rail e

Polymer / 100 um

package ——— 200 pm

HenocpencTBeHHOE MpUMEHEHUE TAHHOM TEXHOJIOTUH JIJI KJIETOYHON MHKEHEPUU U YITAKOBKH
MUKpPOYUIIOB. a-b) IIpsimoe u dyopeciieHTHOE M300pakeHue coOpaHHOTO MaccuBa 3x3 U3 JIByX BUIOB
AKUBBIX KJIETOK. c-d) YnakoBka MUKpouumoB, pazMepbl KoTopbix 100x100 Mmukpon. J[aHHBIN BUT
YIAaKOBKH MOXKET OBITh MPUMEHEH IIpu co3aanuu LED-naneneit 11 paBHOMEPHOTO U SIPKOTO
OCBG§lCHUs (HAIIPUMED, B OIIEPALIMOHHBIX, LIKOJIaX, KBAPTUPAX).



buosornyeckue MUKPOYHUIbI

user interface
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"‘microbuological culture*
« drug-resistant TB strains
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point-of-care
diagnosis
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Communication)
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{interchmic
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- bxarbonate

FLUID QUTLET

microchannels

- gpdl

‘electrolytes”
- sodium
_Cw "blood gases”
o - oxygen
‘organc molecules”
- ghucose

(pressure-driven
or electrokinetic flow)

{=20-500 pm wide)

*antibodly markers®
- anti-HIV
“antigen markers”

Jlexuus 4. [Ineuku

Mockaa, 2011 1.
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JIurorpadust GOKyCHPOBAHHBIM MYYKOM
3aAPAKEHHBIX YACTHIL

[IpuMepsl CTPYKTYp, MOJYyYAEMbIX C TOMOIIBIO
(hOKyCHPOBaAaHHOTO HOHHOTO

(a — BeITpaBIMBaHUE MOAJIOXKKH HOHAMU) U

& AJIEKTPOHHOTO (0 - pa3JIoKEHUE XJI0pHuaa
aJIOMUHUS) TTy4Ka.

1§37 -

-

Mag pA |WD| Tt MFW 0172400 10 pm
400KX| 113 1274] 450" | &3 4um | 152952

AccV  Spot Magn  Det WD e — 200 jim
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3 Printhead assembly (PHA) °

N °

@ HMI on PC

@ Motion system

@ Wiping station
+ capping station

® Waste station

® Dropview system

@ Ssubstrate table

OHM MI'Y Jleximg 4. I1inenkn

Mukpomneyarsb

Specifications

Technology
Droplets rate
Drop volume

Number of nozzles
Nozzle resolution

Drop velocity (nominal)
Ink Viscosity

Chemical resistant
Mounting direction

Piezo MEMS DOD Glass & Silicon
0 - 25,000 [droplets/sec]

. PL128-L:  15-30 [pL]

E PL128-S:  12-25 [pL]
128 (2 row of 64 nozzles)

49.32 [dpi] (Spacing: 0.515 mm)
5-10 m/s

1-10cPs

Ph 1to 13

Vertical, Horizontal

Independent control for each nozzle row

Dimensions

50 x 5 x 72 mm3

Mocksa, 2011 r.



IlocnonHas c60p1<a (Atomic Layer Deposition)
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reaction pulise of a purge gas
on a surface
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X SH + Au’

e,
\ \\\ \—. cH.
\219\919\9\2\2\> g

Au

Side View

Chemical reaction occurring during the formation of thiol self-assembled
monolayers on gold (top). A side view shows SAM molecules are not standing
straight up but are tilted about 30°. Sulfur atoms occupy threefold sites on the
Au (111) surface, resulting in a highly ordered close-packed monolayer.

OHM MI'Y Jlekumnsa 4. NnexHkn Mocksa, 2011 r.



H300peTeHne «MATKON JUTOrpadUm

HNepapxuyeckue CTpyKTYpHI:
CamocoOopka+
TemruiarupoBanue+
3apoabIlieo0pazoBaHuet
MuKpOKOHTAaKTHAs MEYaTh. ..
-aJIbTepHATUBHAS, JCIICBas
nutorpadus oe3
«ONTHYECKUX)» OTPAHUYCHUH,
ya0OHasl A1 OIyYCHUS
aXe KOMIUIEKCHBIX 3D

CTPYKTYD

George Whitesides, father of soft lithography. PDMS — HOJII/I(I[HMCTI/IJI)CH.]IOKCEIH
(Image provided by G.M. Whitesides)

OHM MI'Y Jlexmd 4. [1nenxnu Mocksa, 2011 r.



«MUKpOUIITAMIIOBAHUEC)

Develop Photoresist

| Hcnompzosanue
- % /| mo 100 pa3

Cast PDMS PDMS Stamp

Procedure for making a PDMS stamp. The first step is coating a thin layer of
photoresist onto a silicon wafer, followed by exposure to UV light through a
shadow mask. The exposed photoresist is washed away with developer (or
alternatively the unexposed photoresist is washed away), and the patterned
“master” treated with perfluoroalkyltrichlorosilane to reduce its stickiness. A
PDMS prepolymer is then poured onto the master, cured and removed to form
the PDMS stamp. Many variations on this procedure are possible, and
essentially any topological feature can be replicated in this fashion.

OHM MI'Y Jlexknust 4. I1nenku Mocksa, 2011 r.



«Msarkasp Jurorpad

Activation in
O, plasma

_ Hydrophilic surface

Inking
~Ink (e.g. Fe*")
»

Dryi d

Dryingand wtem |- MHKpOIICYAThH
2. OCTpPOBKH Karajau3aropa

CEJIEKTUBHOE OCAXK/ICHHUE

HAaHOTPYOOK

(S)

Si0, / Si substrate

Catalyst

]

Selective deposition
of nanotubes

Fig. 2. Scanning electron microscopy images (a-d) of a surface with pat-
terned carbon nanotubes at different scales and high-resolution transmission
— Nanotubes electron microscopy images (e.f) of the nanotubes. The substrate was pre-

pared according to the procedures described in the experimental section
with an ink concentration of 100 mM Fe*.

OHM MI'Y Jlexknust 4. I1nenku Mocksa, 2011 r.



«MHOTronBeTHAA» 3ACBETKA

A hv B hv
=g 333990 eee %?i?ii%?

Ve9eee v9eeee

299 %%ﬁ“’

Au/Ti [ =
‘
? T“Z ? TN”Z
S S
L
¢ ‘HS——R
8.
TH Oy _NH, R"
S S S l
L ] L RS2 |

*HS R Mask Legend

R' - No light transmitted
J "

NH T B Transmits 365 nm
l :] Transmits 220 nm

[ A ] and 365 nm

-MCIHOJIb30BaHNE HECKOJIBKHUX JJIWH BOJIH
(LIBETOB) 3a ¥ LIMKJ BMECTO MCIIOJb30BAHUE
pas3IMuHbIX SAM M HECKOJIBKHUX I[TUKJIOB
-BJIUSIHUE (PYHKIIMOHAJIbHBIX IPYIII

Solving the registry problem in micro contact printing of multiply aligned

multi functional SAMs.



DJIeKTPOyNpaBjsieMble

S M Ve
Reduced PANI Oxidized PANI

Chemical process responsible for electrodewetting in polyaniline films
(above) and optical pictures showing the effect on the contact angle of a
water droplet.

Hydrophobic
Alkyl Chain

Hydrophilic

Gold Electrode
Precursor ~ Hydrophilic Hydrophobic . -

Monolayer Hydrolysis Monolayer Monolayer

Design of a dynamic SAM with switchable surface properties.
OHM MI'Y Jlexknust 4. I1nenku Mocksa, 2011 r.



«Hape3ka» HAHOCTPYKTYP

Parallel-processing of a large population of high aspect ratio gold nanorings
by the process of nanoskiving.

2 um 500 nm
Scanning electron microscopy images of an array of nanoskived gold nanos-
tructures on a silicon wafer after sacrificing the epoxy in oxygen plasma.

OHM MI'Y Jlexuus 4. [Ineaku Mocksa, 2011 .



Dukcanusi KPYNHbIX 00bEKTOB

\Print Anionic SAM

Dip Coating
Cationic SAM

Electrostatic Attraction

y- N

-~

Q_

Meniscus Focusing

Steps in the electrostatic patterning of an array of single microspheres.
Anionic patches are printed, followed by modification of the unprinted areas
with a cationic SAM. Cationic spheres are attracted to the patches through
electrostatic interactions. When the solvent evaporates, the spheres are
driven to the center of the patches through minimization of the meniscus
area, which minimizes surface energy. The final result is an array of patches
bearing single spheres, shown in a light microscopy image and SEM (inset).

OHM MI'Y Jlexuus 4. [Ineuku Mocksa, 2011 r.



«OpUEeHTHPOBAHHO0E» 3aPOAbIIICO0PA30BAHUE

. . ' ‘_ i3 a HS(CH,)15C0,H on Au b HS(CHy),,0H on Au ¢ HS(CH,)y1S05H on Pd
P Nucleating plane (015) Nucleating plane (0104) Nucleating plane (001)
. . . d=35um; p=100um d=50um;p=100um d=15um; p=30um
[Ca*] =10 mM; N = 100 [Ca*] =10 mM; N = 100 [Ca®] =10 mM; N = 1,000
. . ‘-——- PDMS stamp
b i‘l/ 'Ink" with HS{CH,), X

H—INAQ Au, or Pd (50 nm)
on Cr (2 nm)
lMlcrocontac’t print HS(CH,), X
| POMS |

i secee—X-terminated SAM = HS(CHy) 2C0,H on Ag .
I 2 I Nucleating plane (012) Nucleating plane (012) HS(CH,)15COH (triangles) +
1 Wash with HS(CH,),.CH, d=15um; p =100 um d=3um;p=10um HS( CH2)1;,CH3 (stars) on Ag

[Ca®] =10 mM; N =100 [Ca**] =100 mM; N = 10,000 [Ca ‘1=100 mM

Lo e e o CH -terminated SAM
| Si J
Expose (upside down) to
l crystallization solution

s—PDMS support 100 um 10 um )

Crystals grow on X-terminated regions
1 NATURE |VOL 398 | 8 APRIL 1999 |www.nature.com

CO, H-terminated SAM

«JIByMEpPHBIN KBA3UKPUCTAILD> U3 YIIOPAAOUYEHHBIX OPraHUYECKUX MOJIEKYIL,

UMMOOUJIM3UPOBAHHBIX OTHOM M3 (JYHKIIMOHAJIBHBIX TPYNIT (THOJIBI, CYJIb(ATHI,
TUIPOKCH]IBI, AMUHBI U TIP.) Ha MOJJI0KKE — VI3MEHEHHE CBOMCTB MOBEPXHOCTH
KOHTpOIb OpUEHTAIIMH OCAXKIAOINUXCS KPUCTAIUIMTOB HEOPTAHUYECKUX COJIEN
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(NT-MDT, Poccus 2005)

CkaHupyronuii
30HI0BbIN
Mukpockon NT
MDT NTEGRA

Aura

VHmBepcampHEOI  C3M  KomImlekc, coyeTaroImidi B cede  BO3MOKHOCTIL
CKAHIPVIOIIETO TYVHHEIBPHOTO I  aTOMHO-CIIIOBOTO MIKpockoma. Ilos3pomaer
TIPOM3BOIITE ICCIeNOBaHIIL  Kak TOIIOIOT L TIOBEPXHOCTIL, TaK I
3MeKTPOQI3IUe CKIX CBOIICTE HAHOUACTHI I MaTePIaloB.

Pesxumbl padorer: CTM/ ACM (KOHTakTHaA + IMOTYKOHTAKTHAA + OeCKOHTAKTHAA) /
JlarepanpHo-CHnoead Mukpockomma / OtodpaxeHne @azsr / Momymanima CHiusl /
Otobpaxeniie Axare3moHHBRIX Cnn / MCM/ 5CM/ Cxamnpyromad EMKocTHadZ
Muxkpockorm/ Metony 3onma KemsBmHa / OtobOpaxeHiie COIPOTHBIEHILT

Pactekanma / Jlnrorpada: ACM (Cmmoead i Tokorat), CTM

ATMocgepa: cheMKa Ha BO3IyXe I B BakyyMe 10 102 Topp
Temmnepartypa cCbeMKH: 0T KOMHATHOII 10 150°C

BHemHee MarHuTHoe moJe: 10 0.2 T

MaxkcuMaabHoOe nmojie ckanupopanus: 110 x 110 vmv
MHHHEMAIbHBbIE JOCTH/KHMbIE IIYMBL: MeHee 1 A
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Ipuauun Dip-pen-HaHoauTorpaguu

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

Movement
direction
_—

\ AFM tip /

Principle behind DPN.

IlepeHOC MOHOCJIOSI ¢ HAHOKAILIEH

500 nm 500 nm 200 nm

Nanolines with nanogaps made by DPN.

OHM MI'Y Jlexuus 4. [Ineaku Mocksa, 2011 .



MarHuTHbIe CTPYKTYPbI
AFM MFM

«KeCTKNH MAarHeTHuK)»

Hm

ITeuars 30016 — resieM 12:1 Hurpara xesneza 1 BaCO; (¢ Y THIEHIVINKOIEM)

Array of magnetic bars produced by DPN, and imaged by topographical

AFM and MFM confirming the presence of the nanobars and their magnetic
properties.

OHM MI'Y Jlexknust 4. I1nenku Mocksa, 2011 r.



«Iloape3ka» ¢ moMoIIbIO (hpePMEHTOB

DNAase Coated
AFM Tip

sl gite o =

Protein Pattern Local Digestion

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

OHM MI'Y Jlexknust 4. I1nenku Mocksa, 2011 r.



HaHOMCKYCCTBO

World Without Weapons it 50
P. Picasso, 1962
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Hanoaurorpadusn

ACM-306paxkeHune noayyeHo
30HA0BOM HaHonutorpadpunen
MEeTOA0M J/I0Ka/ZIbHOro aHOAHOro
OKMCNEHWNA TOHKOW NNEHKN TUTAHA
Ha C3M

(nponssoautens 3A0 "HT-MAT", r.
3eneHorpag) B MOJYKOHTAKTHOM
pexxmme ACM, KaHTUneBepamu
NSG11 c¢ nposogawmm W,C
NOKPbITUEM, MPU OTHOCUTENBHOWU
BNaXKHOCTM 70%.

[MoKa3aHa BO3MOXHOCTb TOYHOTO
nepeHoca nsobparxkeHua wabnoHa
Ha NMOBEPXHOCTb NOANOXKM
MeAOM PacTPOBOrO J/IOKa/IbHOTO
aHOAHOro OKUCNEHMUA

Fit Lines by Area

PHUKINM "HanorexHonornm"” TTK KODY
CrmupHoe Bnaavmup
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JledheKThI IVICHOK

XUMHUYECKOE 3arpsI3HEHUE MATEPUAIIOM TTOJIOKKH

3arpsI3HEHUE BEIIECTBOM I'a30BOM aTMOC(EpHI
(CO,, CVD)

BKJIFOUCHHUS IMMOCTOPOHHUX (a3
OUCIOKAIMY, HAIIPSIKCHUS
I'PaHULIbI 3€PEH, PA30PUCHTAIINS
IBOMHHUKOBBIC IC(PEKTHI

CTPYKTYPHbI CpacTaHHUs



Ycrpoucrsa

MaruautHbie u 3aeKkTprdeckue ceHcopbl, SQUID, marauTHbIE
toMmorpadsl (BTCII), aHTeHHBI, 00JIOMETPHI

MarnuTHas 3anuch U cuutbiBanue (geppumot, KMC)
DJIEMEHTHI MaMSTU (heppos1eKMpuUKU, CecHemoINeKMpPUKu)
HTErpupOBaHHBIE MUKPOCXEMBI (10.1YNPOBOOHUKU)
JINDIIEKTPUUECKUE TIOKPBITHS

bydepHsbie ciaou

OnTr4decKre MOKPHITUA (BOJHOBOABI, Toorpadus, PUiIbTpHl,
POCBETIICHUE ONTUKH, ITPE0OpPa30BaATEIN COTHEUHOMN
SHEPIUM )

«MuKpOMaIIUHBD)



10.

KOHTpPOJIbHbIE BOIIPOCHI

Kakue CymecTByOT HOBBIE METOIbI MOJTYYEHUS TIJICHOK U MOKPBITHIA?

B yeM npenmyIecTBa 1 HEAOCTATKH «(QU3MISCKUX» U «XUMHUYECKHUX)
METOI0B OCAXKIICHUA?

Kakue siBJ1eHUS MPOUCXOAT Ha TPAHUIIE «IIJICHKA-IOAI0KKa» MPHU U TTOCIIE
ee OCaKIeHU?

MoryT 11 1e@eKThl IJIEHKW UTPATh MOJOXKUTEIBHYIO POJIb (1S yIydIICHUS
(YHKIIMOHATBHBIX CBOMCTB) U B KAKUX CIIy4dasix’?

Kakue TpeOoBaHUs PEIBIBIAIOTCS K MOJI0KKAM MPH 3MTUTAKCHATBHOM
OCAXJICHUH TIJICHOK U TTIOYEMY?

YeM «msrkasi iutorpadus» Jyqiie OnTUuIeCKOoun?

[Ipuaymaiite Haumyumni repeBo «dip-pen lithography», o0bsicauTe,
oYeMy UMEHHO 3TO Ha3BaHHUE OTpakaeT CyTh METO/IA.

JI7151 KaKuX YCTPONCTB MPUTOAEH METO]T MUKPOKUIAKOCTHON COOPKH?

Harigure BBIAAIOIUXCS OTECYECTBEHHBIX MCCIIEA0BATEIIEH, KOTOPBIE

3aHUMAJINCh WJIM 3aHUMAIOTCS pa3pabOTKOM HOBBIX METOJI0B MOJYUYECHUS
IUIAHAPHBIX CTPYKTYP.

CyIIeCTBYIOT JIM METO/Ibl MaCIITAOUPOBaAHUS (MACCOBOTO MPOU3BOJICTBA)
HAHOCTPYKTYp MeToAoM dip-pen autorpaduun?



