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PaccMoTpeHbl OCHOBHbIe 3Tanbl pa3BUTUSA

cancTeMm

CKaHUpVYIOLEA 30HAOBOM MWMKPOCKOMUMU

M CNeKTpoCcKonMM HaHOMETPOBOro MNPOCTPAHCTBEHHOrO paspelleHUusl POCCUMACKOro MNpOU3BOACTBA.
MprBOAATCS HOBble KOHCTPYKLMWN NPUG0POB rpynnbl KoMnaHui NT-MDT Spectrum Instruments, HoBble
pa3paboTku MUKpoMexaHuyeckux cuctem ansa C3M. lMNpoaHannsMpoBaHbl TEHAEHLUM UX PasBUTUS
C y4eToM ocobeHHocTen PoccmMn BO B3aMMOCBSI3U C MUPOBbIM PbIHKOM Hay4HOro NpU6opoCcTpoeHUs.

The main stages of development of systems for scanning probe microscopy and spectroscopy
of nanometer spatial resolution of the Russian production are considered. A new designs
of devices of the NT-MDT Spectrum Instruments and new developments in the field
of microelectromechanical systems for SPM are presented. Development trends with
consideration of the peculiarities of Russia in interrelation with the world market of scientific

instrumentation are analysed.

€06X0gMOCTh IIPUOOPOB, IIPU ITOMOLIHU KOTO-

PBbIX MOJKHO H3y4aTh CBOMCTBAa MaTePHUaJoB C [IPo-

CTPAaHCTBEHHBIM pa3pelleHKeM BILJIOTh 10 CyOMo-
JIeKy/ISIPHOrO0, CTaIa O4eBUIHOM B KOHIIe 1980-x rozi0B.
CeromHst 6e3 TaKUX IIPHO6OPOB He 0OXOAUTCS HU OJHO
BBICOKOTEXHOJIOTUYHOe Ipeanpusaitue. OHU IIpUMe-
HSIIOTCS B pa3paboTKax U IPOU3BOJCTBE BBICOKOKAYe-
CTBEHHOIO CTeKJIa, IJIACTUKOB, KOMOMHAI[MOHHBIX,
MarHHUTHBIX, [Ibe303/IeKTPHUYeCKHX MaTepHaJjIoB, CTa-
JIeH U cI1aBoB. [lo Hayasia 1990-X ToZoB [JIs 3TUX LejleHr
MOTJIM MCIIOJIb30BAThCS TOJIBKO 3JIEKTPOHHBIE MUKPO-
cKoIIbl, Ho B 1980-e roxsl 611U H3o6peTeHLI TYHHeJIb~
HBbIe, a BCjle 33 HUMHU ~ aTOMHO-CHUJIOBbIe MUKPOCKOIIBI,
pa3BUTHEe KOTOPLIX [aJI0 YHUKAIbHbIE BO3SMOXKHOCTH

KOMIIJIEKCHOTO MCC/Ie[JOBAHM S CBOMCTB MaTePHaJIOB
Y YCTPOMCTB Pa3IMYHOM IIPHUPOLBI — OT OHOIOTMUeCKUX
[I0 KOCMHYeCKHX.

CKAHUPYIOLLAS 30HAOBASI MUKPOCKONUA

CKaHHUPYOIIAs 30HA0Bass MUKPOCKOIIMS 3apOAMJIIach
B 1966 rony, KaKk pe3ynbTaT paboT rpymnmsl Paccena
SlHra B HallMOHAbHOM MHCTUTYTe cTaHaapToB CIIA.
B KauecTBe 0JHOT0 M3 OCHOBHBIX METO/IOB MCC/Ie0Ba-
HHS HAHOCTPYKTYP OHa Haudajla pa3sBUBaThCS IPYyII-
TIOM HCClefloBaTesIel MIBEHIIAPCKOro OTAeIeHH S KOM-
na"Huu IBM, KoTopou pykoBomunu I'epa BUHHHT
u T'enpux Popep, HobeseBcKkHe aypeaTsl 1986 roaa.
Pa3BuUTHe MeTo[a CTAJI0 BO3SMOXXHBIM C IIOSIBJIeHHEM

1 pynna komnauun "HT-MAT CnekTpym UHCTpyMeHTC" / NT-MDT Spectrum Instruments.
MOCKOBCKUI GU3MKO-TEXHUYECKNA MHCTUTYT (M®TW) / Moscow Institute of Physics and Technology, MIPT.
3 HaHoTexHonorudeckoe obuiectso Poccun / Nanotechnological Society of Russia.
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[IePCOHA/IBHBIX KOMIIBIOTEPOB, KaK CUCTeM yIIpaBile-
Hus npubopamu, cbopa u 06paboTKU pe3yabTaToB.

[TepBoM KJIIOUEBOM MHHOBALIMeH, IIpefI0’KeHHOH
rpynmnoi Paccena fHra, cTaJo HCIOJb30BaHHeE
I1be303/IeKTPHUYECKOM KePaMHUKH 151 OCYIeCTBIeHUS
B3aMMHBIX IIepeMelleHUN OCTpUs U obpasma Apyr
OTHOCHUTEJIbHO APYra.

[.BuHHUT U [.Popep I10Ka3aau, YTO IIPU IIOMOIIH
npubopa, Ha3BAaHHOIO UMM CKaHHPYOIIUM TYH-
HeJIbHBIM MHKPOCKOIIOM, NPUHIIUIIMAIbHAS CXeMa
KoToporo nmogobHa "romorpaduHepy” SIHra, MOXKHO
moslyuyaTb U306paskeHHUSI OTAENbHBIX aTOMOB. [l
yIpaBiaeHUus npubopom U 06paboTKOM pe3ysbTaToB
HavaJIu UCII0/Ib30BaThCsl I€PCOHAIbHBIE KOMIIBIOTEPHI.
ITporpecc B BO3MOKHOCTSIX IIPHOOPOB [0 CETOAHSIIHETO
JHS BO MHOTOM OIIpe/le/iieTCss HMeHHO MOLIHOCTBIO
KOMIIBIOTEPOB.

B 1986 romy 3To¥1 5Ke TpyIIIIok 6611 pa3paboTaH Tpy6-
YaTHIM [1be30KepaMUYeCKHUH CKaHep. [/ perucTpa-
LIMU peibeda IOBEPXHOCTH ObLIO IIPe/IJIOKEHO HUCIIONb-
30BaTh THOKHe Ha/IKK C OCTPOM UIJIOM Ha He3aKpeIlIeH-
HOM KOHIIe - KAaHTHJIeBepHl, a 000pyJOBaHHbBIE UMH
npr6opel OBITM Ha3BaHBI AaTOMHO-CHJIOBBIMU MHUKPO-

ckortamu (ACM). B ACM Bunuura, KBanTa 1 epbepa
[/15 perUCTpallii HOPMaJ/IbHOTO IlepeMellleHH s KaH-
THJIeBepa IPHUMEHSICS TyHHe/IbHBIH AATUYUK, 4YTO
KpariHe Heyl06HO. BaskHelIIel1 MHHOBAIHeH, Clle/laB-
meri ACM peasnibHOCTBIO, CTaJI0 U306peTeHHEe AMMepa
Y Mariepa - OIITUKO-TIO3UIIMOHHAsI CXeMa, KOTOpasi IIpU
HCII0/NIb30BAHUHU B KaueCTBe PeruCTPUPYIOILEro 3je-
MeHTa 4YeThlpex-CeKLIHOHHOro G¢oToIHoAa II03BOIHIa
dUKCHMPOBaTh KaK HOPMaJbHbIe, TaK U JIaTepaJbHEIe
CHJIBI B3aMMOZEUCTBH S 30H,A C KCC/IelyeMOH ITOBepX-
HOCTBIO obpasra.

VMHHOBaLus, HNpefoTBpaljalolas AeHCTBHe
KaIlU/IsIpHOro 3ddexTa, 6by1a mpemiokeHa Kak
NPUHIUIIHAJIbHAS BO3MOXKHOCTE BUHHHUIOM B KOHILIe
1986 roma, a ee peanbHOe BOIJIOLIeHHe IIOKa3aia
rpynna B.[lakepa, P.Kyka u [|.Knapka. 3Ta cucrtema
Obl1a HHTEIPHPOBAHA B IIepBbIe ITPOMBbINITIeHHBIe ACM
BUPASKUIOM DIHUHIOM II0J Ha3BaHHEM "TeIIINUHT UIH
MOTYKOHTaKTHAs MOJa.

B 1987 romy rpynmoi ucciemoBaTenern ObliIo
Ipel/oKeHO H3roTaBAMBAaTb KaHTHJEBepH
C MCIOJIb30BaHHEM KPeMHHeBOU TeXHOJIOTHH,
IIO3BOJIABIIEH BBIIONHSATEH CeJIeKTHBHOe TPaBJIeHHUe

he need for instruments for

study the properties of mate-

rials with down to submo-
lecular spatial resolution became
apparent in the late 1980-ies.
Today, high-tech enterprises can
not do without these devices.
They are used in the development
and manufacture of high quality
glass, plastics, composites, mag-
netics, piezoelectric materials,
steels and alloys. Until the early
1990-ies, only electron micro-
scopes could be used for these
purposes. But in 1980-ies, the
tunneling microscopes, and after
them - atomic force microscopes
were invented, whose develop-
ment gave a unique opportunity
of an integrated study of material
properties and devices of differ-
ent nature, from the biological to
the cosmic.

SCANNING PROBE MICROSCOPY

Scanning probe microscopy
(SPM) began to develop in 1966

as a result of the works of Russell
Young and colleagues at the
National Bureau of Standards,
USA. Croup of researchers at the
IBM’s Swiss laboratory, which
was led by GCerd Binnig and
Heinrich Rohrer (Nobel laureates
of 1986), has begun to develop it
as one of the main methods of
research of nanostructures. The
development of SPM has become
possible with the advent of per-
sonal computers as systems for
control of devices, and also for
collection and processing of the
results.

The first key innovation pro-
posed by Russell Young and col-
leagues was the use of piezoelec-
tric ceramics for the implemen-
tation of displacements of the tip
and sample relative to each other.

G. Binnig and H. Rohrer
showed that with the help of
scanning tunneling microscope,
which construction was simi-
lar to the Yang’s topografiner,

it is possible to image individ-
ual atoms. The instrument con-
trol and data processing have
begun to use personal comput-
ers. Personal computers began to
be used for controlling the device
and data processing. Progress in
the capabilities of the devices to
date is largely determined by the
capacity of computers.

In 1986, the same group of
researchers has developed a tubu-
lar piezoceramic scanner. To reg-
ister the surface topography it
was proposed to use flexible beam
with a sharp needle at the loose
end, and devices with such can-
tilevers were called atomic force
microscopes (AFM). AFM pro-
posed by G. Binnig, C. Quate,
and Ch. Gerber used a tunneling
sensor to register normal move-
ment of the cantilever, which is
extremely inconvenient. A cru-
cial innovation that has made
AFM a reality, was the invention
of G. Meyer and N. Amer - an
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Puc.1. Mepebie CKaHUpytoULUe MyHHeAbHbIe MUKPOCKONbI C AMOMAPHBIM paspelieHuem U GYHKUUSMU a8mo3ImMUCCUOHHbIX AUMO-

2pagos STM-10-90-MDT

Fig.1. STM-10-90-MDT, first scanning tunneling microscopes with atomic resolution and features of field-emission lithography

KaK "KaHaBOK', TAaK K OCTPHUH C YIJIOM IIPH BepIlIHHe,
oIpefensieMOM CBOMCTBAMHM KpHCTasIa. ToNLMIUHY
6aJIoK MOXXHO OBIJIO 3aZaBaTh JHU60 TOJIIUHOU
MOKPBITUS, NTH60 ITyOMHON TerupoBaHUs 60poM
unu docoopom. BOo3MOKHOCTH H3TOTABIMBATH
KaHTHJIeBepBl I10 IIPOMBIIIIEHHON TeXHOJIOTHU
MHUKPO3IeKTPOHUKU CHenaNo HUX AOCTYIHBIM
PaCXOLHBIM MaTepHaJIOM U 06eCIeuyrsIo BO3MOKHOCTb
I POKOTO PACIIPOCTPAHEHHUSI MeTOIA.

B xoHI1Ie 1980-x - Hayase 1990-X romoB ObIIH [IOKa-
3aHBl BO3MOKHOCTH PerucTpaliuy MPH MOMOIIH
MmeToma C3M psana GU3MUYECKUX CBOMCTB IIOBEPX-
HOCTeH B Pa3/IMUHBIX YCJIIOBUSX — OT CBEPXBBICOKOTO
BaKyyMa JI0 UCC/IeIOBAHUE Ha TPAHULIE pa3jiesia TBep-
T0e TeJIo — SKUKOCTb, a TAKKe MOAHU(UKALIUH [TOBEPX-

HOCTH - TaK Ha3blBaeMol C3M-nutorpaduu, KoTopsle
B HaCTosIIlee BpeMsI HHTeTPHPOBAHBI B O0JIBITHHCTBO
C3M mof pasHBIMH Ha3BaHHSMH, UTO He MeHseT HUX
bH3HYeCKOM CYIIHOCTH.

B koHme 1980-x romoB paboTsl IO CO3[AHHUIO
C3M ctaptoBanu ¥ B CCCP. Bhrjla opraHu3oBaHa
kopropanus "MAT", HayaBmas pa3pabaTbiBaTh
C3M c BO3MOXHOCTSIMU NUTOrpadoB, Ha KOTOPHIX
MO>KHO 65110 OBI IIPOBOIMUTH KaK HUCC/IeJOBAHUS, TaK
Y1 MOAUOHUKALIHUIO CBOKCTB MOJIEKYISPHBIX CTPYKTYP,
B TOM 4HCJIe IJIeHOK JleHrMmopa-Binogskert (JIB). Ha
puc.1 MoKa3aH MepBbIk CKAHUPYIOUKMI TYHHeIbHBIN
MHKPOCKOII pa3paborku "MIAT".

B KopIiopallMy Hadasl CBOE Pa3BUTHUe LIeJIbIH P,
BBICOKOTEXHOJIOTHYHBIX IIPOEKTOB, Pe3y/IbTaThl KOTO-

optical positioning circuit, which
with use of four-sectional photo-
diode allowed to register both
normal and lateral interaction
forces of the probe with the sam-
ple surface.

Innovation, preventing the
capillary effect, was proposed as
the fundamental possibility by G.
Binnig in 1986, and W. Ducker,
R. Cook and D. Clarke showed its
real implementation. This system
was integrated in the first com-
mercial AFM by Virgil Elings as
"tapping” or semi-contact mode.

In 1987, a group of research-
ers has proposed to manufac-
ture the cantilevers using silicon
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technology, allows selective etch-
ing of grooves and needles with
the angle at the vertex deter-
mined by properties of the crys-
tal. The thickness of the beams
was regulated by either the coat-
ing thickness or depth of doping
with boron or phosphorus. The
ability to manufacture cantile-
vers with use of industrial tech-
nology has made it an affordable
consumables and has provided
a possibility of wide use of the
method.

In the late 1980-ies - early
1990-ies, the possibilities of use of
SPM for registration of a number
of physical properties of surfaces

in various conditions, from ultra-
high vacuum to research at the
interface of solid/liquid, and for
surface modification (so-called
SPM lithography) were shown.
Currently, these modes are inte-
grated in the most of the SPM-
devices under different names,
that does not change their physi-
cal nature.

In the late 1980-ies the works
on creation of SPM started in
the USSR. The MDT corpora-
tion has been founded, which
has begun to develop the SPM
with lithography capabilities for
both study and modification of
molecular structures, including
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PBIX Ceruac MOXKHO 0OHapY>KUTh Kak Ha IIOJIKaX allTeK
(HammpuMep, MoJIeKy/IPHO-KaIICyIMpoBaHHas Gopma
beTa-KapoTHHa, ITpernapaT "BeTopoH"), Tak U B yHHUBEp-
CUTEeTCKHUX 1ab0PaTOPUSIX, B BBICOKOTeXHOJIOIMYHBIX
KOMITAHUSIX 110 Bcemy MUPY (C3M, clieKTpajbHble HAHO-
TexXHOJIOTHYecKHe KoMILIeKchl "HHTerpa-CrexrTpa’,
IIpUOOPEI AJIS1 KOHTPOJIS [IOBEPXHOCTH KPYITHOrabapuT-
HBIX u3genus "ConBep-Ilafin”), U Aaske B MIKOIBHBIX
K/Iaccax, KBAHTOPUYMaX, y4eOHBIX 1TabOpPaTOpPHSIX.

K 1995 roxy 6s11H1 co3mansl ACM, a K 1997 romy - MHO-
roMoJ0Bble ITPU6OPHI (PHC.2), Ha KOTOPBIX MOXKHO OBIIO
IIPOBOAKTE KOMIIJIEKCHBIE Hepa3pyLIalollue Hccile-
NOBaHHUS IOBEPDXHOCTHBIX CTPYKTyp, B TOM UHCIIe
JIb-TI/IeHOK.

Ha puc.3 mokasaHa tomorpadus JIb-mjaeHoK apa-
XujJaTa KaAMHUS. BMeCTo oXXuaeMOH, COIMIACHO CJI0-
SKMBIIMMCS IIPeACTaBJIeHUSM, MOJIeKYISpHO-TIaJ-
KOH CTPYKTYpBl HabmomaeTcs: SpPKO BhIpaskeHHas
JOMeHHas CTPYKTypa. OKasanock, YTO Ipef/IokKeH-
Has JIeHTMIOpPOM U B/IOJKeTT MoJie/lb CTPOeHUS IIjIe-
HOK He MMeeT HU4ero obIero ¢ peaabHOCThI0. CI1ocob
dopMHpOBaHUS 6B OIINO60YHO OTOKECTBIIEH C TUIIOM
peanbHOM MOJEKYJISIPHOH CTPyKTYpPbl, HO aTOMHO-
CHJIOBast MUKPOCKOIIHSI IIOMOIJIA ITOHSITh, UTO TeXHHKA
JleHrMI0pa - B/IOZISKETT — 9TO BCero JIKIIb CI10cob rmopavu
CTPOMTEIBHOr0 MaTepHasa (IOBePXHOCTHO-aKTHBHBIX
MOJIeKY/I), a THII II0JyYaeMbIX CTPYKTYP OIlpefe/seTcs
IPUPOJON 3THUX MOJIEKYJ, a BOBCe He CII0coboM HX
HaHeceHHSI.

PaspaboTka npubopa, coueTaroero B cebe BO3MOXK-
HocTtu C3M M CIIeKTpOMeTpa, Hadanach B 1998 romy co
B3aHMMOJIEHCTBUS ¢ KoMIIaHUer Tokyo Instruments.

Puc.2 CkaHupyrouwue 30H008ble Mukpockonsl "Coneep-P47":
ACM co ckaHuposaHuem o6pasuos (a) u kaHmuaegepom (b) dns
pa6omei ¢ xxudxkocmamu (c) u CTM (d)

Fig.2 Solver-P47 scanning probe microscopes: AFM with scanning
of samples (a) and cantilever (b), for liquids (c) and STM (d)

SIMOHCKUM Kojeram 6bI1 HeobX0AUM CKaHHUPYIO-
IIUH MHKPOCKOII, PAabOTAOIINE B PesKUMe PerucTpa-
LIUHM KOMOMHAIIMOHHOT0 PaccesiHUS cBeTa (PaMaHOB-
CKOT'0 paccessHHS), U OHHU O6PaTH/IKCH K Halllel KOM-
naHuu. Co3maHue Takoro Mukpockomna (Nanofinder)

with the real molecular struc-

Langmuir-Blodgett (LB) films.
Fig.1 shows the first scanning
tunneling microscope designed
by MDT.

The corporation started a num-
ber of high-tech projects, the
results of which can be found on
the shelves of pharmacies (for
example, Vetoron - the molecu-
lar-capsulated form of beta-caro-
tene), in university labs, in high-
tech companies around the world
(SPM, NTEGRA Spectra spec-
tral nanotechnology systems,
SOLVER Pipe devices for surface
inspection of large objects) and
even in school classes and educa-
tional labs.

By 1995 an AFM was created,
and by 1997 - the multi-mode
devices (Fig.2) for comprehen-
sive non-destructive study of sur-
face structures, including the LB
films.

Fig.3 shows the topography of
the LB films of cadmium arachi-
date. Instead of smooth molecu-
lar structure, which was expected
to see according to prevailing
notions, the pronounced domain
structure is observed. It turned
out that proposed by Langmuir
and Blodgett model of the struc-
ture of the films has nothing to
do with reality. Method of forma-
tion was erroneously identified

ture, but atomic force microscopy
helped to understand that the
Langmuir-Blodgett technique is
just a method of supplying con-
struction material, of surface
active molecules, and the type of
obtained structures depends on
the nature of these molecules,
and not on the way of applying
them.

Development of the device
combining the capabilities of the
SPM and spectrometer began in
1998 with interaction with the
Tokyo Instruments. Japanese
colleagues needed the scan-
ning microscope operating in
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Puc.3. Tonozpacus Jib-naeHok apaxudama kaomusi
Fig.3. Topography of Langmuir-Blodgett films of cadmium
arachidate

MHHUIIUUPOBAJIO pa3paboTKy LieI0k TMHUU IIPU60pPOB,
coueTalIMUX B cebe PyHKIIUU CKAHUPYIOIIEH 30H0-
BOM MHKPOCKOIIMH, PAMaHOBCKO! U IIOMHUHECIIeHTHON
CIIEKTPOCKOITHH, MOyYHBIIUX Pa3BUTHE B COBPeMeH-
HoM cucTeMe "HHTerpa-CriekTpa’.

B 2003 romy "HT-MT" 3aHsi/1a BTOPYIO ITO3HUIIHIO
13 500 y4aCTHHUKOB KOHKypCa MerampoeKkTOB, Opra-
HH30BaHHOM MHUHHUCTEPCTBOM IIPOMBIIIIEHHO-
CTH U HayKu P®. Cepbe3Hble HHBECTUIIUH I103BO-
JTUIM KOMIIAHHUH pa3paboTaTh IeJyI0 CEPHI0 KOHKY-

peHTOCIIOCObHBIX ITpHOOPOB (prC.4) M BOMTH B UHCIIO

JYYLIMX MHUPOBBIX IPOU3BOJHUTEIEH 3TON TeXHUKH.

I[TocTaBKY TPHOOPOB 6BLIH OCYILIECTB/IEHHI B 58 CTPaH.
K HacTog1meMy BpeMeHHU CKaHHpYIolllas 30H10Bag

MHUKPOCKOIIMS BONIJIA B COCTAaB KJIACCHYECKHUX

MeTO/JI0B MCCJIeIOBAHUS HAHOCTPYKTYP U LIHPOKO

HCIIOJNIb3yeTCsl O/ KadueCTBeHHON OLeHKHU

GU3HKO-XMMHUYECKUX CBOMCTB U FeOMeTPHUUYeCKHX

mapaMeTpoB MOBepxHocTel. TeM He MeHee,

70 CerofHSIIIHEero JHS CYUTAeTCs, YTO OHa TpebyeT

CIIeLlMabHBIX 3HAHHUM M HABBIKOB KaK /4

IIOJIyUeHH s JAHHBIX, TaK U /I UX HHTEPIIpeTaLluH,

YTO CAepXKHBaeT MIHPOKOEe PacIpoCTpaHeHHUe

MeToza.

Kpome tomorpadpuu, C3M IO3BOIAIOT U3MEPSITh

LIeJIBIH psijl PU3HYeCKHX CBOMCTB:

* pacmpepesieHHe IIOBEPXHOCTHOIO 3JIeKTPHUUECKOro
MOTeHIIHAIa;

* pacripeiesieHHe [IOBEPXHOCTHOM ITPOBOJ I MOCTH;

e pacmpefeneHHe 371eKTPHUUYECKOM eMKOCTH
CHCTeMBI "30H[ - moBepxXxHOCTH' C (X,y), a TakKe
dC/dz, dC/dv;

 pacmpeneneHHe MAarHUTHBIX CHUJI B CUCTeMe "30HT,
C 33IaHHOM HaMarHU4YeHHOCTHIO — [IOBEPXHOCTS ;

* IIbe303/IeKTPHUecKHe CBOMCTBA MaTepPHaJIOB U UX
[IPOCTPAHCTBEHHOE pacIIpeie/ieH e C BO3MOYKHOCTBIO
perucTpanuy Ga3oBhIX IIepexo/0B B Ipolieccax
HarpeBa U OXJIaKAE€HHUS;

* pacIpeneseHHe TeIIOIIPOBOSHOCTH;

* pacmpefesneHHe MeXaHUYeCKUX CBOMCTB (MOAYIs
IOHra, TBepHoCTH);

* pacrpefesieHHe afiTe31OHHBIX CBOMCTB.

the Raman scattering mode,
and they turned to our company.
The creation of such a micro-
scope (Nanofinder) initiated the
development of a whole family of
devices combining the functions
of scanning probe microscopy,
Raman and luminescence spec-
troscopy, which led to the cre-
ation of NTEGRA Spectra system.

In 2003, NT-MDT took the sec-
ond position among the 500 par-
ticipants of the mega-projects
competition, organized by the
Ministry of industry and sci-
ence of the Russian Federation.
Significant investment has
allowed the company to develop
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a range of competitive devices
(Fig.4) and to be among the
world's best manufacturers of
this equipment. Devices were
installed in 58 countries.

To date, scanning probe
microscopy has become one of
the classic methods of research
of nanostructures and is widely
used for qualitative assessment of
physical-chemical properties and
geometrical parameters of sur-
faces. However, it is considered
that it requires special knowledge
and skills to obtain the data and
for their interpretation, which
hinders wide dissemination of
the method.

In addition to topography, SPM
allow to measure a number of
physical properties:

« distribution of the surface elec-
tric potential;

« distribution of surface
conductivity;

« distribution of capacitance of
the "probe - surface" system C
(x, y)and dC/dz, dC/dV;

« distribution of magnetic forces
in the "probe with a given mag-
netization - surface” system,;

e piezoelectric properties of
materials and their spatial dis-
tribution with the ability to
register phase transitions dur-
ing heating and cooling;
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Puc.4. Mpu6opel, pazpabomarHble U 8bieedeHHble Ha MUposoll pbIHOK 8 X00e 8bINoAHeHUS Me2anpoekma MuHUCmepcmad NpoMbitU-

AeHHoCMU U Hayku P®

Fig.4. Devices designed and launched in global market in implementation of mega project of the Ministry of industry and science of

the Russian Federation

e distribution of thermal
conductivity;

 distribution of mechanical
properties (Young modulus,
hardness);

« distribution of adhesiveness.

Measurements can be made
on the air, in a gas atmosphere
of predetermined composition,
in liquid, in low, high or ultra-
high vacuum with the possibil-
ity of heating and cooling in the
temperature range from liquid-
helium to 1000°C.

To implement the listed
above capabilities a various con-
structive solutions are offered.
In particular, during the

implementation of the mega-
project, NT-MDT has developed
research complex NTEGRA,
which is similar to the "assem-
bly kit" with ready units (Fig.5)
and is easily adaptable to user
requirements with possibility
of further upgrade by install-
ing new controllers or additional
systems to solve specific prob-
lems. NTEGRA is offered in two
versions. NTEGRA Prima is a
multifunctional system for oper-
ation in air and in controlled
atmosphere. NTEGRA Aura is
designed for measurements in
vacuum conditions. The level of
vacuum depends on the type of

dry vacuum system. It is possi-
ble to obtain pressure down to
107>-107¢ torr, but usually it is
limited to 1073-107* torr at which
the quality factor of the cantile-
ver does not depend on the level
of vacuum.

NEW AFM MODES

In 1993, to minimize the influ-
ence of lateral forces, a jump-
ing mode has been offered, in
which during scanning the
force dependence on the dis-
tance could be measured at
the cyclical supply and with-
drawal of the probe to/from the
surface.

#2/72/2017 NANO INDUSTRY
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Puc.5. BapuaHmebl KOHGU2Yypupo8aHus pasAu4HbIMU U3mepu-
meAbHbIMU 20A08KAMU U CKaHepamu cucmem "Ihmezpa"
Fig.5. Options of NTEGRA system with various measuring heads
and scanners

V3MepeHHUS MOXHO IIPOM3BOAUTDL Ha BO3AYXe,
B ra3oBOH aTMocdepe 3a[aHHOIO COCTABA, B KHUJKO-
CTH, B HU3KOM, BBICOKOM, CBEPXBBICOKOM BaKyyMe
C BO3MOKHOCTBIO HarpeBa U OXJIAKJEHHUs B HHTep-
BaJie TeMIIepaTyp OT rejareBeIx 40 1000 °C.

JUIs peaM3aIiuy [epeYHCIeHHBIX BOSMOKHOCTEMN
IIpe/lJIO>KEHBI Pa3JIMUHble KOHCTPYKTHBHBIE PelleHH .
B 4aCTHOCTH, B XOZie BBIIIOJIHEHHU I METrallpoeKTa KOM-
nanuenn "HT-MIT" pa3paboTaH HcCIef0BaTeIbCKUI

KoMIUIeKC "HHTerpa', IIpeiCcTaBIsSIOIIUN U3 cebs "KOH-
CTPYKTOP" K3 FOTOBHIX 6/10KOB (pHC.5), KOTOPBIH JIETKO
afanTUPyeTCs 107, 33/1a4H I10/1b30BaTe/Isl IPH BO3MOXK-
HOCTH alTper/ia KaK HOBBIMU KOHTPOJIJIEPAMH, TaK
Y JOTIOJTHUTE/IBHBIMU CUCTEMaMHU JJ/Is PellleHHU S CIIell-
nouvecKUx 3afad. 'MHTerpa' H3roTaBINBaeTCs B IBYX
BaphaHTax. 'MHTerpa-TIpuMa" - MHOrOQYHKIIHOHAIb
HBIM KOMIIJIEKC [1J1s1 paboThl Ha BO3Ayxe U B KOHTPO-
NTHpyeMoM ra3oBor atMocdepe. C3M "HHTerpa-Aypa"
MMeeT BaKyyMHOe MCIIOJIHeHHe. YPOBeHb OTKaUYKHU
3aBHCHUT OT HCII0JIb3yeMOH 6e3MacasTHON BaKyyMHOM
CUCTeMBbl. BO3MOKHO I10/Iy4eHHe BBICOKOIO BAaKyyMa
BILIOTB 10 1075-107° Topp, HO 06BIYHO OTPAaHHUYHUBAIOTCS
BakyyMoMm 1073-107% Topp, Ipu KOTOPOM JO6POTHOCTH
KaHTHJ/IeBepa [1epPecTaeT 3aBHUCETh OT YPOBHS OTKAUKH.

HOBbIE MOJibl ACM

JJ1st MUHUMM3AL UK BIUSHUS JTaTepabHBIX CHUII ellle
B 1993 rony 6bli1a Ipe/iiosKeHa IphIrampmas (Jumping)
Mofia, B KOTOPOM B IIPOLIecce IIOCTPOYHOr0 CKAHUPOBA-
HHUS MOI/Ia U3MepSIThCS 3aBUCHMOCTD CHJIBI OT PAaCcCTOS-
HHUSI IIPU LM KJIMYeCKOM II0IBOJIe K OTBOZe 30H[a K/OT
IIOBEPXHOCTH.

PaHee perucTpalnus CUI0BOM KPUBOM B Ka>KA0H
TOUuKe CKAaHHPOBAaHU S 3aHUMala CIHIIKOM MHOTO
BpeMeHH U Jumping-moza 6bla He BocTpeboBaHa.
Ho B HacTosimee BpeMs COOTBeTCTBYIOILAs 3Je-
MeHTHas 6a3a MosiBMJIaCh, U BAPUAHTHI Jumping-
MOJIBl C H3MepeHHeM CHJIOBOM KPHBOM peayu-
30BaHBl B pexkuMe Peak Force kommanuu Bruker
u HybriD Mode (HD-AFM) komnaunuu NT-MDT
Spectrum Instruments [5-7]. HD-AFM mno3BossieT

Until recently, registration
of force curve in each point of
scanning took too much time
and jumping mode was not
demanded. But at the pres-
ent time, the relevant circuitry
became available, and ver-
sions of jumping mode with
the measurement of the force
curve were implemented in
Peak Force mode by Bruker and
in HybriD Mode (HD-AFM) by
NT-MDT Spectrum Instruments
[5-7]. HD-AFM allows to investi-
gate the topography, stiffness,
potential distribution, adhesive
forces at normal for SPM scan-
ning frequency of 1-2 Hz. At the
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same time, measurement are
greatly simplified, it is possi-
ble to automate settings, which
drastically reduces the staff skill
requirements. The introduc-
tion of new technology signif-
icantly changes the consumer
properties of the SPM, giving
them a new quality of instru-
mentation for wide use for quan-
titative characterization of
nanostructures.
Implementation of so-called
multi-pass methods (often is
limited to two passes), when
during the first line scan, for
example, topography or depen-
dence of force on distance

(hybrid mode) are measured,
and repeated scan along the
same trajectory is carried out,
for example, in the surface
potential or magnetic interfer-
ence measuring modes allows
to measure a whole group of
surface physical properties dur-
ing a single scan. Fig.6 shows
the topography and the elastic
modulus measured in the HD
mode, and the surface potential
measured during second scan-
ning pass. Thus, you can easily
get information about different
surface properties in the stabil-
ity conditions, which dramat-
ically reduces the possibility
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Puc.6. C3M-u306paskeHue pacnpedeaeHust NOMeHUUAAa U XeCmKocmu noKpslmus U3 cnaaéa 0A08d U 8UCMymd, NOAYYEHHOE C No-
moubto memoouku HD-AFM. Pazmep ckaHa — 10 x 10 MKm
Fig.6. SPM image of potential and hardness distributions for tin-bismuth coating, obtained using HD-AFM method. Scan size of 10x10 ym

OJHOBPeMEeHHO HCC/IeloBaTh TOIOrpadHUIo, KecT-
KOCTb, paclpejeseHHue IIOTeHI[Hala, afT€3UO0H-
HBIX CHJI IPX 06bI9HOM 17151 C3M CTPOUYHOM 4acToTe

of incorrect interpretation of
results.

The development of hybrid
mode has made possible the
development of non-resonant
jumping piezoelectric force
microscopy, allowing to mea-
sure the piezoelectric proper-
ties of brittle materials with a
small adhesion to the surface,
for example, of diphenylalanine
nanotubes [12].

NEW DESIGNS OF SPM

The development of HD-mode and
cartridges greatly improve and
expand the capabilities of the
automated SPM, which led to the

creation of NEXT-1I, TITANIUM
and VEGA. Their design is close
to the SOLVER Next, but the
internal design features has
made possible the integration
of cartridges and HD-mode.
New VEGA allows to work with
200 mm wafers obtaining atomic
resolution that is provided by the
excellent resonance characteris-
tics of the device in combination
with a system for thermal and
acoustic stabilization [10].

It should be noted that SPM
are highly sensitive to exter-
nal acoustic noise, temperature
changes, humidity changes,
which lead to drift of the probe

CkaHupoBaHUA 1-2 I'y. CymecTBEHHO YIIPOIaeTCs
QJITOPUTMH3al U U3MePeHHH U BO3MOKHA aBTO-
MaTH3aI Ul HACTPOMKU HeobOXOMMMBIX IIapaMe-

relative to the sample, uncon-
trolled displacements and fail-
ures during the scanning. To
minimize these factors, it is nec-
essary to use devices inside the
acoustic-protected enclosures
with active or passive vibration
protection and systems for tem-
perature and humidity main-
tainance. Providing all of these
conditions is currently not expen-
sive task, and it is solved for the
whole range of SPM of NT-MDT
Spectrum Instruments (Fig.7).
Drift less than 10 nm/hour allows
to obtain atomic resolution even
at relatively low frequencies of
scanning.

#2/72/2017 NANO INDUSTRY
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TPOB, UTO Pe3KO CHUXKaeT TpeboBaHUS K KBaJH-
dHuKal MU [0Jb30BaTeNls. BHepeHHe HOBOU Tex-
HoJIoTHH npupaeT C3M HOBoe KauecTBO NpH6OPOB
IMIKPOKOrO MOJb30BaHMUS A/l KOJTHYECTBeHHOM
XapaKTepHU3alLll CBOMCTB HAHOCTPYKTYP.

Peanu3anus TaK Ha3blBaeMbIX MHOTOIIPOXOJ-
HBIX MeTOAMK (dallle BCero OTPaHHUYMUBAIOTCS
ABYyMs MPOXOJaMHM), KOTAAa BO BpeMs IepBOH
CTPOKHM CKAaHHPOBAHUS M3MepsieTCs, HallpuMep,
Tomorpadus UJIM KPHUBble 3aBUCHUMOCTH CHIIBI
OT paccTossHUS (TUOpUAHAS MOAA), a IIOBTOPHOE
CKAaHHUPOBAHHUE BMOJIb TOH Ke TPAeKTOPHUHU Ipo-
BOJHUTCS, HAallPUMep, B PeXHUMe OIpefesleHUS
[IOBEePXHOCTHOTO MOTeHIMala, perucTpaluu
MarHUTHOTO B3aHUMOJIeHCTBHUS U T.II., IO3BOJSIET
3a 0/lHO CKAaHHPOBAaHHe U3MePSTh Lie/yIo IPYIIy
bH3MYeCKHUX CBOMCTB IOBePXHOCTH. Ha puc.6 npu-
BefleHbl perbed U MOAY/b YIIPYIOCTU, OIpefeseH-
Hble B HD-Mo/le, U IOBePXHOCTHBIM IOTeHIIHAJ,
M3MepeHHB M Ha BTOPOM IIpoXoJe CKaHHUPOBa-
Husi. TaKUM 06pa3oM, MOXKHO LOCTATOYHO 6BICTPO
nojy4aTh HHGOPMAIHIO O Pa3IMYHBIX CBOMCTBAX
IIOBEePXHOCTH NPHU CTAOUIBHOCTH YCJIOBHUM, UTO
pe3ko cokpallaeT BO3MOXHOCTb HEKOPPeKTHOM
HHTepIpeTal[uU pPe3yJbTaTOB.

Pa3BUTHe TUOPHUAHON MOJIBI CAeIalo BO3-
MO>KHOM pa3paboTKy Hepe3OHAaHCHOM IIPBIXK-
KOBOM MHKPOCKOIIHHU IIbe300TKIMKA, [103BOJIS-
IOIlel OLleHHBATh MIbe303IeKTPUYECKHUe CBOU-
CTBA XPYIKHUX MaTepHaJIOB C MaJION aJAresuen
K [IOBEPXHOCTH, HaIPUMep HaAaHOTPYyboKk nude-
HuJIanaHuia [12].

SCANNING PROBE SPECTROSCOPY

HOBbIE KOHCTPYKLIMK C3M

IMosiBnenue HD-MoAB U BHeApeHUe KapTpUIKeH
II03BOJIMJIO 3HAYMTE/IBHO YAYUYIIKTh U PAaCIIUPUTh
BO3MOXKHOCTH aBTOMAaTH3UPOBAHHAIX C3M, UTO IIpH-
BeJIO K co3aHuo mpubopos "Hekct-1I", "Tutanuym’,
"Bera". Mx qu3arnH 61130k K "Conbep-HeKkcT", HO BHY-
TPeHHMe KOHCTPYKTHBHBIe 0COO@HHOCTH CHelanu
BO3MO>KHOMU MHTeTPaLlHI0 KapTPUIKer U HD-MozBl.
Hosbis1 C3M "Bera" mo3BossieT paboTaTs C IIaCTH-
HaMHU guameTpoM Ao 200 MM, monay4das aToMapHoe
paspeleHHe, 4TO obecrieurBaeTCs IIPeBOCXOJHBIMHU
Pe30HAHCHBIMU XapaKTepPUCTUKaMU IIpu6opa B KOM-
OMHAIIMU C MOLTHOM CUCTEMOH TePMOCTabUIN3aA U1
M aKyCTO3aIHUTHI [10].

Cremyetr oTMeTHUTh, UTO C3M BechbMa YYyBCTBU-
TeJIbHBl K BHEIIHUM aKyCTHYeCKHM IIOMexaM,
mepemazaM TeMIlepaTyphl, U3MeHEHHIO BJIaK-
HOCTH, NPHUBOJASIIUM K AperdaM 30HIa OTHOCH-
TeabHO o6pa3lia, HEKOHTPOJIUPYeMBIM CMelle-
HUSM, c605M BO BpeMsi CKAHUPOBaHU. [JIst MUHU-
MH3aLHUU 3TUX GaKTOPOB Heob6XOAMMO 3KCIIya-
THPOBATh NPUOOPH BHYTPH aKyCTO3AIMKINEeHHBIX
6OKCOB, OCHAIeHHBIX CUCTeMON aKTUBHOM HUJIHU
MIaCCHUBHOM BHUOPO3AIMUTHI, CUCTEMOM IOJAAEepXKa-
HHS TeMIIepaTypPbl U BAa’KHOCTH BBICOKOL TOUHO-
cTH. ObecrevyeHUe BCeX 3TUX YCOBUH B HaCTOsIIee
BpeMs He SBJISIeTCsI CBePXCI0KHOHN U JOPOTOCTOA-
ImeH 3aJavel, U OHa pellleHa AJis Bcero psaga C3M
NT-MDT Spectrum Instruments (puc.7). Apend
MeHee 10 HM/4Y O3BOJISeT MOJy4aTh aTOMapHoe
paspellleHHe Ja’ke IPU OTHOCHUTEJIbHO MAaJIBIX
YaCTOTaX CKAaHHUPOBAHU .

WITH NANOMETER SPATIAL
RESOLUTION

Integrated SPM and spectrome-
ters that combine the techniques
of high resolution measure-
ments of the topography and
of various physical properties
of the surface structures, have
a powerful development. The
devices allow to obtain infor-
mation both about the physical
properties of the surface struc-
tures and their qualitative com-
position using luminescence
spectroscopy, Raman spectros-
copy and IR spectroscopy with
high spatial resolution.
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The development of these
methods began in 1998 with
the development of Nanofinder
scanning Raman spectrom-
eter (NT-MDT and Tokyo
Instruments), after which
NTEGRA Spectra, a combina-
tion of SPM and Raman spec-
trometer, was created. In 2004,
came the idea of using of light
concentration effect on the tip
of a needle made of materials
with plasmonic spectra in the
visible region (Tip-enhanced
Raman spectroscopy, Renato
Zenobi, Switzerland), which
provided the possibility in prin-
ciple of registration of Raman

scattering from single mole-
cules [6, 9]. This gave new impe-
tus to the development of the
devices, and in 2006, NTEGRA
Spectra (Fig.8) was included
in the top hundred of the best
developments according to
the Research & Developments
magazine.

Currently, cantilevers with
special coating of the tips made
of gold-silver alloys are created,
providing signal amplification
of Raman scattering in TERS
mode up to 104, which allows
high spatial resolution when
measuring molecular objects.
Using the HD-AFM modes
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Puc.7. Aemomamu3uposaHHble CKaHupytoujue 30H008ble Mukpockonsl "Tumaruym” (a) u "Beza" (b) 8 60okcax ¢ cucmemoli mepmo-
u akycmocmabuausayuu. ToyHocmb noddepxkaHus memnepamypsl — 0,005 °C, nodasneHue wymos — 30 0b
Fig.7. Titanium (a) and Vega (b) automated scanning probe microscopes in enclosures for thermal and acoustic stabilization. Temperature

accuracy is 0.005 °C, noise reduction - 30 dB

CKAHUPYIOLLAS 30HAOBAA

CMEKTPOCKOMUA HAHOMETPOBOI'O
MPOCTPAHCTBEHHOIO PA3PELLEHUS

MoiHoOe pasBUTHE IMOAYUYHUIH xkoMbamHb C3M
U CIIeKTPOMETPOB, COBMeIlalolHe MeTOAbl BbICO-
KOpa3pemaloMUX H3MepeHHUU Tomorpaduu

U Pa3sIHUYHBX QU3IHYECKHX CBOMCTB IOBEPX-
HOCTHBIX CTPYKTYyp. IIpub0PHI M03BONSAIOT MOTY-
4aTh HHQOpMALHIO KakK 0 GHU3HUYECKHUX CBOMCTBAX
[IOBEPXHOCTHBIX CTPYKTYP, TaK U 0 KX KaUyeCTBEH-
HOM COCTaBe M3 JaHHBIX JIIOMHUHECLIeHTHOH CIIeK-
TPOCKOIMH, CIIeKTPOCKONHUHU KOMOHMHALILOHHOTO

provides high-quality reproduc-
ible results.

The first versions of the
devices for Aperturless Scanning
Near-Field Optical Microscopy
(ASNOM) with lateral resolu-
tion up to 10 nm are created.
Currently, the CO2 laser with
the Michelson interferometer
is used as a source of IR radia-
tion with the possibility of tun-
ing the wavelength in the range
of 10.3-10.8 pm. Probes with a
conductive coating are applied to
initiate scattering. The system
allows to register the inelastic
scattering caused by interaction
of radiation at the approaching

of the probe with the sample,
modulated by frequency of the
probe on the background of the
reflected laser signal. Such sys-
tems allow to record changes
in dielectric conductivity of the
samples and signals of inelastic
interaction caused by the exci-
tation of vibrational modes of
molecules on the surface of the
sample. Further development of
the devices with the capabilities
of atomic force microscopy and
spectroscopy involves combining
methods of AFM, fluorescent and
Raman spectroscopy and ASNOM
with the extension of the spec-
tral range of the latest by the use

of cascading lasers that will give
the opportunity to obtain com-
prehensive information about
topography, physical properties
of surfaces and chemical compo-
sition of the surface layers.

SPM IN SCHOOL

AND UNIVERSITY EDUCATION
Training of professionals is a crit-
ical task for the development of
modern technology. This process
should start at school. The abil-
ity to see and to influence the
molecular structure dramati-
cally changes and enhances the
depth of understanding of phys-
ics, chemistry, biology. The idea

#2/72/2017 NANO INDUSTRY
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Puc.8. Kom6alin C3M u cnexmpomempa KOMEUHAUUOHHO020 (PAMAH08CK020) pacCesiHUS céema U NOAyYeHHble U306paXKeHus U cnek-

mpsbl Yewyek 2padeHa Ha Si/Sio,

Fig.8. Integration of SPM and Raman spectrometer and obtained images and spectra of graphene flakes on Si/SiO,

paccesHusd U UK-CIeKTPOCKOIIMKU BBICOKOILO IIPO-
CTPaHCTBEHHOIO paspelieHus.

Pa3BUTHE 3THX METOLOB Hayayjock B 1998 rony
€ pa3paboTKH CKAaHUPYIOIIEro paMaHOBCKOIO CIIeK-
TpoMeTpa "HaHodpanHpaep" (komnanuu "HT-MAT"
u Tokyo Instruments), Bcief 32 KOTOPBIM IOS-
BUIICS pubop "MHTerpa-Crnekrpa’ - KombanH C3M
Y PAaMaHOBCKOrO0 crieKTpoMeTpa. B 2004 rony mossBu-

7ach ujesl UCIONAb30BaHUS 39 PeKTOB KOHLIEHTPa~
LIMM CBeTa Ha KOHYMKe UIJI U3 MaTepHaJsoB C I1as3-
MOHHBIMHU CIIeKTPaMH B BUAMMOM obnactu (Tip-
enhanced Raman spectroscopy, Pernato 3uHobH,
[IBerLIapHUs), 4TO 0becreunio IPUHIUIIHAIBHYIO
BO3MOXXHOCTb PeTrHUCTPAaLlMK PAaMaHOBCKOTO pacces-
HUS 0T eITUHHUYHBIX MOJIEKYII [6, 9]. DT0 Aa/10 HOBBHIH
HMIIy/IbC Pa3BUTHIO npubopos, u B 2006 roxy

of development of this market
segment began in 2000 and was
financially supported by the Fund
of assistance to development of
small forms of enterprises in sci-
entific-technical sphere (now
Foundation for the promotion of
innovation), which enabled the
development of NANOEDUCATOR
SPM. Fig.9 illustrates the capa-
bilities of the latest version of
the device, which is used in doz-
ens of training classes in Russia
and other countries. This device
was among the world's best
developments according to the
Research & Developments maga-
zine in 2011.
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Currently, Quantoniums spe-
cializing in nanotechnology, and
Sirius educational centers are
equipped with such devices.

DEVELOPMENT

OF CANTILEVERS FOR AFM
Depending on the type of sam-
ples and measurement modes it
is required to use different types
of probes with different stiff-
ness, coatings, parameters of tips.
Replacement of the probe also
requires special training, which
complicates the use of the device.
Slightest carelessness may dam-
age the probe, the price of which
canreach several hundred dollars.

Development of MEMS manu-
facturing technologies signifi-
cantly increased the cantilevers
yield (almost 100%) with repeat-
ability of the frequency reso-
nance characteristics of beams
better than 10%, which created
the preconditions for the imple-
mentation of a multi-probe car-
tridges for AFM.

Cartridge (Fig.10) is a multi-
probe contour-type sensor with
a diameter of 8 mm, containing
38 cantilevers. The choice of the
current cantilever is controlled
by software with optical control.
The cartridge is replaced manu-
ally, which is not a complicated
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"HHTerpa-Crexrpa” (puc.8) Bollles B COTHIO JIYULIHX
MHPOBBIX pa3paboToK 10 BepCHU aMePHUKAHCKOIO
skypHana Research & Developments.

B HacTrosmee BpeMs CO3JaHBl KAHTHJIEBEPHI CO
CHelMaabHbBIMU MOKPBHITHSAMH UIJI U3 30/I0TO-Cepe-
OpsIHBIX CIIABOB, ob6ecIiedHBaIONUIe YCHUIeHHe CUT-
Hajla PaMaHOBCKOIO paccedHus B peskxuMe TERS
BIIJIOTH 10 104, 4TO MO3BO/ISET MO/y4aTh BBICOKOE
IIPOCTPaHCTBEHHOE pa3pelleHye B PeKMMe CIeK-
TPOCKOIIHY KOMOMHAIIMOHHOTIO paccessHUS OT MoJjie-
KYJISIpHBIX 06beKTOB. HCIOMb30BaHHE PEXXHMMOB
HD-AFM obecrieurBaeT IoayuyeHHe KadyeCTBeHHBIX
BOCIIPOM3BOJMMBIX Pe3yJIbTaTOB.

Co3maHBl MepBble BapHaHTH nNpubopos bes-
anepTypHo# UK 61MKHEIOJIbPHON MUKPOCKOIIHUH
B KOMOHMHAIIMU C aTOMHO-CHJIOBOM MHKPOCKO-
nuen (Apertureless scanning near field optical
microscopy, ASNOM), uMelIllhe JaTepajbHOe
paspemieHue g0 10 HM. B KauyecTBe HCTOYHHKA
HNK-m31y4yeHUs B HACTOsAIIee BpeMs HUCIIO/Ib3yeTCs
CO, nasep ¢ uHTeppepoMeTpoM MaKKenbCcOHA
C BO3MO>XHOCTBIO IIePeCTPOMKH II0 JJIMHEe BOJHBI
B nuama3oHe 10,3-10,8 MKM. 1719 HUHUIIHAL LU
paccesHHS NPHUMEHSIOTCS 30HIBI C IPOBOASIIUM
nokpeiTueM. CHCTeMa I[03BO/IseT PEeTUCTPUPO-
BaTh HeyIpyroe paccesiHue, obycjoBJIeHHOe B3a-
HUMOJEeNCTBHUEM HM3JIy4eHUS NPU CONHKRKeHUH
30HAa ¢ 06pas3oM, MOAYIHPOBAHHOE YaCTOTOH
Koyse6baHUS 30HJA HAa GOHe OTPakeHHOIO CHUT-
Haja ynas3epa. Takue CUCTeMBl PerHCTPUPYIOT
H3MeHeHHs AU3IeKTPHUYeCKOM IPOHHIIAeMOCTH
06pas10B, a Tak>Xe CUTHAJIbl HeYyIIPyroro B3au-

MomeHncTBUSI, 0bycloBIeHHBle BO3OyXXKIeHHEM
Koyie6aTeIbHBIX MOJ, MOJIEKY/] Ha IOBEPXHOCTH
obpasua. JlanbHelIlee pa3BUTHe IPHUO6OPOB C BO3-
MO>XHOCTSIMH aTOMHO-CHJIOBOM MHKPOCKOIHH
U CIIeKTPOCKOIHMHU IpefIoiaraeT obbequHeHHE
MmeTonoB ACM, NIOMHHeCLeHTHON U paMaHOB-
CKOH CHeKTpocKonuu 1 ASNOM c paclinpeHHeM
CIeKTPa/bHOIO JHAIa30Ha MOoC/JefHel IIPU IIpU-
MeHEeHHMH KaCKaAHBIX J1a3epoB, YTO 4ACT BO3MOXK-
HOCTb I10JIy4aTh KOMIIIEKCHY 0 MHPOPMALIMIO KaK
o Tororpaduu U GU3HYIeCKHUX CBOMCTBAX IIOBEPX-
HOCTel, TaK KU 0 XMMHYeCKOM COCTaBe IIOBepX-
HOCTHBIX CJIOEB.

C3M B CUCTEME LWIKO/IbHOIO

N BY3OBCKOIo O6PA30BAHUSA

J7151 pa3BUTH S COBPeMeHHBIX TeXHOJIOT UK UCKITIO-
YHUTEeJbHO BA’KHOU 3aJavel SIBISIeTCS IOATO-
TOBKa CIIeIJMAHCTOB, KOTOPYI He0ob6X0OAHMO
HauyMHAaTh CO MIKOJIBPHOM CKaMbU. BO3MOXHOCTB
BHIEeTh U aKTHUBHO BO3/eHCTBOBATh Ha MoJe-
KyJIsIpHBIe CTPYKTypPhl Pe3KO MeHseT U YCHJIHU-
BaeT IIyO6MHY MOHMMAaHHUSI QU3HKHU, XHUMHUH,
6uonoruu. Hpes pa3BUTHUS 3TOTO CerMeHTa
pPBIHKA 3apoAuaack B 2000 roay u 6s1y1a GUHAH-
coBo moxaepkaHa PoHIOM CONEeHCTBUS Pa3BHU-
THIO MaJIBIX GOPM IpeANPHUSTUHN B HAYyYHO-TeX-
HHU4YeCcKol cdepe (B HacTosiee BpeMs - "PoHJ
COEeVICTBUS MHHOBALUAM"), YTO II03BOJIUJIO Pa3-
paborate C3M "HaHo3mboKkaTop". PHc.9 uIIIO-
CTPHUPYeT BO3MOXHOCTH IIOC/IeLHEN BepCHH
3Toro nmpubopa, KOTOPEIM B HAaCTOslllee BpeMs

procedure. A special measuring
heads are developed for cartridge,
which are integrated into the
new devices of NT-MDT Spectrum
Instruments.

CONCLUSION

Any modern device is a combi-
nation of precision mechanics,
electronic unit (controller), elec-
tronic devices which are built
into the mechanical unit, and
software. The functionality of
devices depends on the quality of
all the components of the triad
"mechanics-electronics-soft-
ware" the most dynamic of which
are software and electronics that

are very closely related to each
other. The basis of electronic
devices is the circuitry, perma-
nent progress of which makes it
necessary to improve controllers
and software periodically (with
a period of about three years).
That's what caused the obsoles-
cence of equipment and develop-
ment of new technologies for the
realization of ideas, constantly
generating in scientific commu-
nity. It should be noted that sci-
entific instrument engineering,
by definition, requires the use of
the most modern element base
and components of the best world
manufacturers.

The market for each type of sci-
entific devices is determined by the
capabilities and number of research
groups, and for separate coun-
try is very limited. On the other
hand, the small volume of produc-
tion leads to significant higher cost
and lower quality, i.e. low reliabil-
ity, errors in the software. That is
why manufacturers of scientific
instruments can work, develop,
competing with each other, only
on the world market, which is at
the same time a source of ideas for
new products. On the one hand,
this caused that the market for sci-
entific instrumentation is unsatu-
rated, and on the other hand leads
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KOHTPOJIb U UBMEPEHMUA

Puc.9. Mpubop das cucmembl 06pasosarus "HaHo3dbrokamop-II"
U NOAYYeHHble Ha HeM U306paxkeHUs 3pumpouumos (pasmep
ckaHa - 50 x 50 mkm), yuacmka mukpocxembl (pazmep ckaHa -
30 x 30 MKM) U amomMHoLi CmpyKmypbl 8bICOKOOPUEHMUPOBAHHO-
20 nupoAumuyeckozo zpapuma (CTM-ckaH pazmepom 2 x 2 HM)
Fig.9. NANOEDUCATOR Il and obtained image of red blood cells (scan
size of 50x50 pm), part of IC (scan size of 30 x 30 pm) and atomic
structure of highly oriented pyrolytic graphite (STM-scan size of
2x2nm)

060pynOBaHBI AeCSATKU Y4ebHBIX KJIaccOB Poccuu
U Mupa. 'HaHo3AbIOKATOP" BOLIEJ B YHCJIO JIYY-
IIUX MHUPOBBIX pa3paboTOK I10 BepCHUHU KypHaJa
Research & Developments B 2011 rony.

B HacTos1ee BpeMsi TAKUMHU IIPHUOOPAMU OCHAIIA-
I0TCSI KBAHTOPHUYMBI, CIIEL[HAIH3UPYIOIIHeCs B HAHO-
TeXHOJIOTHSIX, U 06pa3oBaTe/ibHbIe LIeHTPhL "CUpHyC”.

PA3BUTUE TEXHONOIMU KAHTUNIEBEPOB ACM

B 3aBHCHMOCTH OT THUIIA 06pa3I[0oB U PeXXHUMOB
H3MepeHU s TpebyeTcs UCII0Ib30BATh Pa3/TUYHbIE TUIIBL
30HJ0B C Pa3/IM4YHOU KeCTKOCThIO, IIOKPHITHIMH,
mapamMerpaMu uri. CMeHa 30HIOBHIX HATYHKOB
TakXke TpebyeT cIelHaJbHOM TPEHHPOBKH, UTO
YCIOSKHSIET UCIIO/Ib30BaHMe Npubopa. IIpyu Masernnien
HeaKKypaTHOCTH BO3MOXKHaA II0JIOMKa 30HJa, LjeHa
KOTOPOI'0 MOKET COCTABJIATh HECKOIBKO COTEH JI0/1I/IapOB
CIIA.

Pa3BUTHe TEXHOJIOTHH IIPOM3BOACTBA MHKPO-
MeXaHHMKH I103BOJIM/IA 3HAYKMTE/TbHO YBEIUYHUTD IIPO-
LIeHT BBIXO/la FOAHBIX KAHTU/IeBepPOB (IPaKTHYeCcKU
10 100%) c IOBTOPSIeMOCTBIO Pe30HAHCHBIX XapaKTepu-
CTHK 6asok my4ie 10%, 4To Co3/1a/10 IIPeAIIOChIIKH /IS
peanu3alivu UeHd MHOI030HO0BBIX KaPTPUAKeH I
ACM.

KapTtpupax (puc.10) mpexacTtaBiseT cob0i MHO-
TO30HJOBBIH AAaTUUK KOHTYPHOIO THIIA AHa-
MeTpoM 8 MM, cofep>kaliui 38 KAaHTHJIEBEPOB.
Bpi60p melCTBYIOLEro KaHTHJ/IeBepa OCyIIecT-
B/ISIETCS IIPOrPAMMHO C OIITUYECKHUM KOHTPOJIEM.
3aMeHa KapTpHU/AKa BHIIIOTHAETCS BPYyYHYIO U He
SIBISIETCSI CIOKHOM Ipouenypon. ns paboTs
C KapTpPHUA>KaMH CO3JaHBI CIIeMaJlbHbIe U3Me-
pUTeNbHBIE TOJIOBKK, KOTOPble HHTETPHUPYIOTCS
B HOBbIe Ipubopsl komnaHuu NT-MDT Spectrum
Instruments.

to the constant need for new proj-
ects. The competitiveness of com-
panies is largely determined by the
strength of their teams of research-
ers and developers.

Rapid obsolescence of devices
makes extremely important the
rapid launch of the new products
to the world market, which is only
possible with effective advertising
policies and a strong system of sales
and service support. Unfortunately,
the domestic policy of the customs
control complicates this process
and makes necessary the opening
of service centers for international
users outside of Russia. In addition,
a number of European countries
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require work permits for the engi-
neers installing the devices. All
of this creates an additional bur-
den for the budget of the compa-
nies and reduces their profitabil-
ity. Another problem for develop-
ment of business of Russian com-
panies is the high cost of borrowed
funds and the complexity of their
involvement even in the presence
of the contracts. Russian banks do
not accept contracts as guarantees
for attraction of credits, and com-
pany-suppliers require prepayment
for the execution of contractor's
works. In spite of this, a number of
Russian companies are successfully
developing in the sector of scientific

instrument engineering, although
their growth and position could be
significantly higher when the solu-
tion to the above issues.

Consistent innovative develop-
ment of scanning probe micro-
scopes has allowed reposition-
ing of these devices, significantly
reducing user requirements. The
new devices of NT-MDT Spectrum
Instruments can be used by tech-
nicians, engineers to control the
technological parameters, materi-
als scientists, the goal of which is
to obtain well-interpretable infor-
mation on the physical and physi-
cal-chemical characteristics of the
object. [ |



CONTROL AND MEASUREMENT

c)

Puc.10. MpumeHeHue kapmpudxkel: a — cxema C3M ¢ kapmpudxxamu: b — ycmaHoska kapmpuda Ha u3mepumenbHyH 20A08KY;

€ - 06pasubl MH02030HO08020 KAPMPUAXKA

Fig.10. Use of cartridges: a - SPM with cartridges: b - installation of cartridge into measuring head; c - samples of multi-probe

cartridge

3AK/IIOYEHUE

JIro6011 coBpeMeHHBIN pU6Op — 3TO KOMOUHALIK S
NpelM3HMOHHON MeXaHUKH, 3IeKTPOHHOro 610Ka
(KOHTpO/JIepa), BCTPOEHHBIX B MeXaHHUYECKUHU
610K 37IeKTPOHHBIX YCTPOMCTB U IPOTPAMMHOIO
obecrmedeHHUsI. BOo3MOXHOCTH pPUO6OPOB 3aBHU-
CST OT KaueCTBa BCeX KOMIIOHEHT TPHUAAbl 'Mexa-
HHKa - 3JIeKTPOHHUKA - IporpaMMHoe obecreue-
HHUe", CAMBIMHU JUHAMUYHBIMHU U3 KOTOPBIX SIBJISI-
IOTCS IIpOrpaMMHoOe obecliedyeHHe H 3JIeKTPO-
HHKa, BeCbMa TeCHO CBsI3aHHBIe MeXJy cobom.
OCHOBOM 31eKTPOHHUKHU SIBISETCS 3JIeMeHTHas
6a3a, DOCTOSHHBIN HNPOrpecc KOTOPOMU Lesaer
Heob6XOZHMMBEIM IepHOLHYecKoe (C MepHOLOM
OKOJIO TPeX JIeT) COBepIIeHCTBOBAHHE KOHTPOII-
JepoB U IMporpaMMHoOro obecrmedeHusi. UMeHHO
3TUM 00yC/IOBJIEHO MOpaJibHOe CTapeHHe npubo-
POB U CO3/laHHe HOBBIX 06pa3IoB TeXHUKH /s
peanu3anMu UIel, IOCTOSIHHO reHepUPYeMBbIX

Hay4HBIM coobuiecTBOM. ClleiyeT OTMETHUTH, UTO
Hay4HOe IIpUbOpOCTpoeHMe 110 OIIpeieJIeHUIO Tpe-
byeT MCIIOIB30BAHUS CAMON COBPEeMEeHHOM 3je-
MeHTHOH 6a3bl U KOMIIIEKTYIOIUX U3LeTHU 1yd-
IIHUX MUPOBBIX [IPOU3BOLUTEEH.

PBIHOK Ka’X/[0r0 THIIA HAay4YHBIX HPUOOPOB
ompefenseTcs BO3MOKHOCTSIMHU U YHUC/IOM Hay4-
HBIX KOJIIEKTHBOB U IJisl OTAEeIbHOHN CTPaHBI
BecbMa orpaHuyeH. C IpPyrof CTOPOHBI, MaJIbIH
06beM MPOU3BOACTBA MPUBOAUT K CYI[eCTBEH-
HOMY YOOPOKAHHUIO MPOAYKIIUHU U yXYLIIEHHUIO
ee Ka4eCTBa - HU3KOM HAaJeXXHOCTH, HATHUUIO
omuboK B mporpaMMHOM obecreueHuH. UMeHHO
II03TOMY KOMIIAHHUHU, IIPOU3BOAUTENTH HAYUHBIX
npubopoB, MOTYT CyILIeCTBOBATh, Pa3BUBAThCS,
KOHKYPHUPYS MeXAy coboil, TOJBKO Ha MHUPO-
BOM DPBIHKE, SIBISION[UMCS B TO K& BpeMsI UCTOY-
HUKOM HJeN IS POKIEHHU S HOBBIX IIPOAYKTOB.
9TO, C OLHOM CTOPOHBI, [leJ1aeT PHIHOK HayIHOTO
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KOHTPOJIb U USMEPEHUSA

npubopocTpoeHUSsI NPUHIUIKNAIBHO HeHACH-
ImaeMbIM, a C APyro - obyciaBiauBaeT Heobxo-
JUMOCTH IIOCTOSSHHOIO IIPOBeJeHU S HOBBIX IIPO-
eKTOB. KOHKYypPeHTOCIoCO6HOCTh KOMIIAHUH BO
MHOIOM OIlpeJle/ieTCs CU/IOM UX KOJJIeKTHUBOB
HccaeoBaTeIer U pa3paboTUHKOB.

BeicTpoe MopalbHOe cTapeHue HNpubopos
gejaeT UCKIOYHTENbHO Ba>XHBIM OBICTPBIH
BBIBOJ, BHOBb CO3JJaHHOM POAYKIIMH HAa MHPOBOH
PBIHOK, UTO BO3MO>XHO TOJIbKO HPH 3O PeKTUB-
HOM peKJIAaMHOM ITOJIMTUKE U HAa/TUYHUH Pa3BHU-
TOHM CHCTeMBl IPOJa>k U CEpBUCHOM MOAAeP>KKHU.
K cokaneHHI0, OTeyeCTBeHHAs IIOJIUTHKA TaMO-
SKeEHHOI0 KOHTPOJIs OCJIOXHSIET 3TOT IIpoliecc
U JlenaeT Heo6XOMUMBIM OTKPBITHE CEPBUCHBIX
LIeHTPOB /11 00CIy>KMBaHUS 3apy6e>KHBIX I10JIb-
30BaTesIel 3a npefenaMmu Poccuu. Kpome Toro,
B psile CTpaH EBpoIEl OT HHKeHepOB, YCTAHAB-
TUBAOUUX NIPUOOPEl, TPeOYIOT HAJTUUUS pas3pe-
IeHHUH Ha paboTy B cTpaHe-IIOKyIaTese. Bce aTo
JIOSKHUTCSI IOIIOTHUTENbHBIM 6peMeHeM Ha 6104-
SKeT KOMIIAHUN U CHU’KaeT UX NPHUOBIIBHOCTS.
Eme ogHa npobneMa [ist pa3BUTHS OuU3Heca poc-
CUHCKUX NPUOOPOCTPOUTENBHBIX KOMIAHUM
obyc/oB/IeHa JOPOrOBHM3HOM 3aeMHBIX CPe/CTB
U CJIOKHOCTBIO UX IIPUBJIeYeHH s la>ke IIPH HaJI1-
YHUH 3aK/IIOUYEeHHBIX KOHTPAaKTOB. baHku Poccuu
He NPHUHHMAIOT 3aKJIOYeHHble KOHTPaKTHI
B KaueCTBe TapaHTHH [JIS NIPUBJIeYeHU S KpeaH-
TOB, 2 KOMIIAHUU-CMEeXHHUKHU TpPebyIOT mpemno-
IJIATHL A1 BBITIOJTHEHU ST KOHTPAareHTCKUX paboT.
HecMmoTps Ha 3TO0, psAf POCCHHCKHX KOMIOaHUU
YCIIeIIHO Pa3BUBAIOTCS B CEKTOPEe HAayYHOTIO IIPH-
6opoCTpOeHHSI, XOTSI UX POCT U IO3HUILIUK MOTTH
651 6BITH CYIIEeCTBEHHO BBIIIE IPHU PelleHHUH YKa-
3aHHBIX IpobaeM.

[TocnemoBaTe/ibHOE MHHOBAILIMOHHOE PAa3BUTHE
CKAHHUPYWOIHX 30HA0BEIX MHKPOCKOIIOB I103BO-
JIUJIO NePeIo3uLIMOHHPOBATh 3THU IPUOOPEI, CyIle-
CTBEHHO CHHU3UB TPebOBaHUS K I10JIb30BATEISIM.
Hoenmue npubopsl rpynmnsl KoMmnanuid NT-MDT
Spectrum Instruments MOTYT C YCIIeXOM KCIIO/Ib-
30BaTh U J1abOpaHTE, U UH KEHePHI AJIsI KOHTPOJIS
TeXHOJIOTHYeCKHX [IapaMeTPOB IIPOLIeCCOB, H CIle-
LIMAJTUCThI-MaTepUaIoBebl, L1e/1b KOTOPIX ~ 101y~
YHTh XOPOIIO HHTePHIpeTHPyeMy0 HHGOPMAILIHIO
0 dU3HYeCKUX U PHUIUKO-XUMHUYECKHUX 0COBeHHO-
cTsax obbeKTa.
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