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M3MepUuTeNbHbI  MeTposiorMyeckuin

Ha60p Ha OCHOBe [AMHAMMUYeCKOMn Mepbl,

paspaboTaHHbIN

000 "HAHO-ATTO MeTtpus", — TEXHONOrMYeCKU CJIOXKHbIA U HayKOeMKWA MpOAYKT, MHOrMOKpaTHO
NpeBOCXOASALLUNA pelleHUsl HA OCHOBE Nbe3oKepaMuKU. [InHaMuyeckue Kannmbpbl NO3BONSAIOT o6ecrneynTb
ornepexatoluee pasBUTMe MeTpOJIorMm No CPaBHEHUIO C pa3pabaTbiBaeMbIMU HAHOTEXHOOTUSIMM.

The metrological measuring set with the dynamic gauge developed by NANO-ATTO Metria
is a technically complex and knowledge-intensive product, which is many times superior
to metrological devices based on piezoceramics. Dynamic gauges provide the advanced
development of metrology in comparison with the nanotechnology.

0 Mepe Pa3BUTHSA TeXHHUKHU 30HIOBOH MHKPO-

CKOIIMH Y HaHO3JIeKTPOHHUKU BO3HHKIIA Heob6-

XOIUMOCTb Pa3paboTKH 3TAIOHOB IS Hadaa
HaHOMeTPOBOIO JHaIlla30Ha, KOTOPble Hesb3sl ObLIIO
KM3TOTOBHUTH Ja’ke C [IOMOIIBI CAMBIX IIepe0BbIX
HaHoTexHoysoruu (1-10 HM). PelteHue gaHHOH Ipo-
671e MBI CTAJI0 BO3MOYKHO JIUIIb IIPHU CO3AHHUHU 3Ta-
JIOHOB IIPUHLMIIMAJBbHO HOBOI'O THUIIA — He CTaTHyYe-
CKHUX KaK OblJIO B IPeABIAYIIUX CTOJMETUSX, a JUHA-
MHYeCcKHUX (yIIPaBJIsieMO IlepeMellaloI uXC ).

B CIIIA 651710 M3rOTOBJIEHO yCTPOMCTBO Hector 100
M3 MarHUTOCTPUKIMOHHOTO MaTepHasa, yIpas-
JAsieMoe BHEIIHUM MaTrHHUTHBIM IojieM (IIPOTOTHII
OUHAaMUUYeCKOoTro Kanubpa). Ilocie KanubpoBKHU
JaHHOIO YCTPOMCTBA B OJHOH TOUKe HAHOMETPO-
BOT'0 aIla30Ha ero MOXHO 6bI/10 UCII0b30BaTh AJIS
KaJIHOpPOBKM IPYIrUX H3MepHUTEeAbHBIX NPHUOOPOB.
M3-3a He TapaHTHUPyeMO BpeMeHHOM cTabuipHO-
CTH MarHUTHBIX XapaKTepUCTHUK, Hector 100 651110
HeobX0qMMO peryasipHo KaaubpoBaTh 60j1ee BBICO-
KOTOYHBIM M CTaOHUIBHBIM YyCTPOMCTBOM. JTa pas-
paboTka He mojy4u/aa AaJTbHEHIIEro pa3sBUTHS U
[IpUMeHeHHU S I10 CJIeAYIOM UM IIPUYHHAM:

* TeIJIOBOH HarpeB YCTPOKCTBA, CO3JAIOIIUK Mar-
HUTHOe II0oJle, U IMOCJeAYIOMHN TepMHUYeCKHUHU
nperd KOHCTPYKILHH TaKOTO JHHAMHUUYECKOIO
Kanubpa;

¢ THCTepe3NC U HeJIMHEeHHOCTH;

* OTCYTCTBHE IOJITOBPeMEeHHOM CTaOMIBPHOCTH Mar-
HUTHBIX CBOMCTB;

* YYBCTBHUTE/JIBHOCTh K BHEINIHHMM MAaTHUT-
HBIM IOJSIM, 3KPAaHUPOBKA KOTOPHIX 0CODEHHO
B MHPpa- M HHU3KOYACTOTHOM [HAIla30HaX
3aTpyAHEeHa;

* BO3MOXXHOCTbB IIepeflauy pa3Mepa TOJIBKO B O HOU
TOUYKe HAHOMeTPOBOI'O IMaIla30Ha.

B ny6nukanuu [1] 6611 mIpHUBefeH 3KCIIePUMeH-
TaJIbHBIH pe3y/lbTaT, HOATBEPKAAIOIIUN BO3MOXK-
HOCTb KaJTHOPOBAHHOIO U3MepeHU S IlepeMellleHHU ST
B OTHOM TOUYKe HadaJia HAHOMEeTPOBOI'O JHAIla30Ha.
CrenyeT OTMeTHUTH 06513aTeIPHOCTD KaJIHUOPOBKYU
OAHHOTO 3TaloHA Ha 6osiee BBICOKOTOYHOM yCTa-
HOBKe IIPU KaJHOpPOBKe UM APYTHUX U3MEPUTENb-
HBIX YCTAHOBOK MJIM HAJIMYHUS FAapaHTHUHU CTaOUIb-
HOCTHU IIbe30CBOYCTB BO BCEM MEKIIOBEPOYHOM
HHTepBaJe.

00O "HAHO-ATTO MeTpus” / NANO-ATTO Metria.
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[TocTaB/IeHHYIO 3aa4y — IPoBe/leHHe KalKub6poBKHU
ONHHUM JMHAMHUYeCKUM KaJTubpoM B OJHOM TOUKe
HaHOMeTPOBOro guarma3soHa — HIIII "LleHTp mepcrek-
TUBHBIX TeXHOIOrui MIY um. M.B.JJomoHOCOBa
pewmu npaBuibHO. OGHAKO AelIeBU3HA K [IPOCTOTA
KM3TOTOBJIeHUSI JUHAMHUYECKOU MepHl Ha OCHOBe
Ibe30KepaMHUYeCKOM IIaCTUHH He obecrieunBaoT
MeTPOJIOTHYeCKOe COIPOBOKAeHHe HHCTPYMeHTa-
PHsI HAHOMHIYCTPHH, B TOM YHC/Ie U CKAaHUPYIOIel
30HA0BOM MHUKPOCKOIIHH. CyIeCTBYIOINN QyHKIIH-
OHaJI JAHHOU M3MePHUTeIbHOM MePHI, 3all e HHbIN
[IaTeHTOM U IlepelaHHBIH B obmieHapogHoe 6e3B03-
Me3[HOe I10JIb30BaHUe, SIBJISIeTCS UL 06pa3LoM
HOBOIL'O THIIA OTeYeCTBeHHOTO0 JHHAMHUYECKOIO
HaHOMETPOBOIO 3TajiOHAa, HO He BHJepKHBaeT
Harpy3Ky obInecTBeHHOM I10JIe3HOCTH.

HackonbKo 4ecTHO mpeAJiaraTh TaKoM 3TaJIOH
HaHOMeTpa OOIeCTBeHHOCTH [JIsI IPOBeeHUS
Kanub6pOBKU TeXHOJIOTHUUYeCKoTo obopynoBaHUS,
YCIIOKOMTLCS M He IBITAThCS YCOBEPIIEHCTBOBATH
JMHaMHYeCKYIO0 Mepy, TOBOPUTH O HAJIUYKUHK Kaue-
CTBEHHOTO 3TaJIOHA HaHOMeTpa?

[IbesokepaMHUKa INpHU IoJaye 3aJaHHOIO
HaNOps>keHUs obecrmedyHBaeT IepeMelleHHUe
Mephbl Ha OAHY 3aJaHHYIO BeJIMYHHY, HO IIOCIe
CHATHS HANPSIKeHHUS B UCXOOHYIO TOYKY He
BOo3BpamlaeTcs. IIpu mojgade APyrod BeJTHUYKUHBI
HaINpsikKeHHUsI HapyllaeTcss KalubpoBKa caMom

AnekcaHop MomemkuH
Alexander Potemkin

Meprl. COOTBETCTBEHHO, /ISl BBIIIOJTHEHU ST KaIU-
6poBku npubopa unu o6opynoBaHUs HEOOXOLUM
Le/JBbIM HA6Op Mep TaKOro THUIIA HA Pa3Hble BUMBI
nepeMeIleHHS.

ith the development of

the probe microscopy

and nanoelectronics, it

has emerged the need to develop
standards for the beginning of
the nanometer range, which
couldn’t be made by means of
the most advanced nanotech-
nologies (1-10 nm). The solution
to this problem became possible
only with creation of the stan-
dards of a fundamentally new
type, not a static as it was in pre-
vious centuries, but dynamic
(with a controlled displacement).
In the United States the Hector
100 device of magnetostrictive
material controlled by the exter-
nal magnetic field (prototype of
dynamic gauge) has been manu-
factured. After calibration of this
device at one point in nanometer

range, it can be used to cali-
brate other measuring devices.
To reduce the uncertainty of the
calibration because of not guar-
anteed stability in time of mag-
netic characteristics, this device
should be regularly calibrated
using more precise and stable
instruments. This solution has
not received further development
and application for the following
reasons:

« thermal heating of the device
that creates a magnetic field
with subsequent thermal drift
of such dynamic gauge;

+ hysteresis and nonlinearity;

« lack of long-term stability of
magnetic properties;

 sensitivity to external mag-
netic fields, which shield-
ing is difficult, especially in

the infra and low-frequency

ranges;

« ability to pass the size only at
one point of the nanometer
range.

The experimental result con-
firming a possibility of the cal-
ibrated measurement of dis-
placement at one point of the
beginning of nanometer range
was given in the publication
(1]. It should be noted the neces-
sity of calibration of the stan-
dard using more high-preci-
sion device for calibration of
other measuring devices, or
the existence of guarantees of
stability of piezoelectric fea-
tures throughout the interval
between verifications.

The Advanced Technologies
Center in Lomonosov Moscow
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ITepen xommnaHuenr OO0 "HAHO-ATTO Metpus"
OblIa IMOCTaBJIeHA Apyras 3ajada - IpoBeJeHHe
KaJIHOPOBKHU OOHHUM JHHAMHYECKHUM KaJlubpom
BO BCeX TOYKAX HAaHO- M IUKOMETPOBOIO AHa-
a3oHOB [2]. [ MHOIOKPAaTHOIO YyMeHbUIeHUS
TUCTepe3uca, mon3ydecTH (creep) u obecrnedeHUs
JOJITOBpeMEHHOM CTabUIBHOCTH B JUHAMHYECKUX
Kanubpax pa3paboTaHbl CIeAyoONIHe PelleHUs:

e IpUMeHeH OJHOPOAHBIA MOHOKPHUCTAJIIHYe-
CKUH MaTepuan (Tuma HHuobaTa NUTHS) BMe-
CTO MOJHMKPHUCTANIHNYECKOTO, UCIIOTIb3yeMOTO
B IIb€30KepPaMHUKE;

» obecrevyeHa BpeMeHHas CTabUJIBHOCTh AUHAMU-
YeCKHUX KalHu6poB (B OTIIMYHE OT IIbe30KepaMHU-
YeCKHUX 61aromapsi OTCyTCTBHIO HEO6XOAUMOCTH
MOJISIPHU3aLIM U [TPH U3TOTOBJIIEHHUH, a TAaK>Ke pac-
MOJISIPU3ALIMH IIPU XPAaHEHUH U IPUMEHeHHH);

* [/ ynpaBeHHUs pa3paboTaHBHI ClIeIMaTHU3UPO-
BaHHBIe BBICOKOBOJIBTHBIE aHAJIOIO-IIUPPOBEIE
CUCTeMBbl U COOTBETCTBYIOIlee IIPOrpaMMHOe
obecmeueHue.

HecMOTpsi Ha TPYAHOCTbh MaTepHaloBegde-
CKHX, TeXHOJTOTMYeCKUX, IPUOOPHBIX U CUCTEM-
HBIX I1po6/eM, BCe OHU OBIIM YCIIEIIHO pPelleHHl.
B pe3ynbTaTe BIepBble CTa/la BO3MOKHOM KaJlH-
OpOBKa M3MepHUTEeIbHBIX YCTPOMCTB OAHUM JHUHA-
MHUYeCKHUM KaJHUOPOM BO BCeX TOYKAX HAHO- U
IIUKOMETPOBOIO JJHAIIa30HOB.

H3MepUTeNbHBIN MeTPOJOTHYEeCKUI Habop
C IMHAMHYECKON MepoH, pa3paboTaHHHU
00O "HAHO-ATTO MeTpus", - TexHOJOTHYe-
CKH CJIOKHBIM M HayKOeMKHI IPOAYKT, MHOIO-

State University has correctly

solved the assigned task - the  usefulness.

not withstand the load of public

KPAaTHO IIPeBOCXOASIINUI MeTPOJIOTHYeCKHe IIPHU-
6opbl Ha OCHOBe IIbe30KepaMHUKH. HeocTaTouHo
3aMeHHUTh BUJ MaTepHaa - Ibe30KepaMHUKY Ha
MOHOKPHCTa/JI. HeobXxoquMo fob6UThCs, 4TOOBI
HCII0/Ib3yeMble KPUCTAJIJIBI He IIOBTOPSIIU CBO-
CTBa IIbe30KepaMHUKHU. BlafileHHe 3HAHUSMH KpH-
cTtannorpaduu, NIUTeNbHbIE PACUeThl CllelIualn-
CTOB, CJIO0KHAS TEXHOJIOTHYecKas Lieriouka obpa-
60TKM MaTepHaa MMO3BOJUIN COPUEHTHPOBATH
KPHUCTAJI U HaZeJIUTh ero HeoOXOOUMBIMH CBOM-
CTBAMU.

YYUTBIBas, YTO BeJIMYMHA IlepeMellleHHU s KpU-
CTaJIIOB MeHbllle, YeM Y IIbe30KepaMHUKHU, Heobxo-
IVIMO TeHEpUPOBATh HAIIPSI)KEHHE B THICSIUU BOJIBT.,
YcnoxkHeHHas 3/1eKTPOHHAs CUCTeMa yIIPaBIeHU s
XapaKTepU3yeTCs MaJIbIMHU IrabapUTHBIMHU pa3Me-
paMu, HO GOJIBIIMMHU BO3MOKHOCTSIMH U CTAOHIIB-
HBIMH pe3yJibTaTaMu. IIpH BO3MOKHOCTH yBeJIH-
YeHHU S BBHIXOAHOTO HanpsskeHUd o 2000 B rene-
PHUPYIOTCS 3/1eKTPHUYeCKHe CUTHAJb yIIpaB/sie MoK
bopMbl, 3a1laBaeMOM OT KOMIIBIOTEpA.

[ KanubpoBKM HAMKUX JUHAMHUYECKHUX Mep
6bI1M pa3paboTaHBl ONTHUYECKHe HHTepdepoMe-
TPHl ¢ CYODHAHOMETPOBOM HeOIIpeLeIeHHOCTHIO
M3MepeHUH, NONToBpeMeHHas CTabUIBHOCTH
KOTOPBIX 0becIieyeHa OIITO3IeKTPOHHOM CIefsInel
CHUCTEeMOHM Ha OCHOBe IIe3UeBOH S4YelKUu. MMeHHO
NAHHBIA HHTepbepoMeTp co cTabunusanuen
YaCTOTHl U3/YUeHUS Lie3UeBOUN S4YeHKOU rapaH-
THPYyeT OTBETCTBEHHOCTh U3MepeHH I IlepeMelle-
HUS JJIMH U JINHEeMHBIX [IepeMelleHU N 06eKTOB B
HAaHOMEeTPOBOM JHalla3oHe.

Accordingly, calibration of the
device or equipment requires a

calibration at one point of nano-
meter range using one dynamic
gauge. However, the cheapness
and simplicity of production of
the dynamic gauge on the basis
of a piezoceramic plate does not
provide metrological support
of nanotechnology instrumen-
tation, including of scanning
probe microscopy. The existing
functionality of this measure-
ment gauge, which is patent-
protected and approved for pub-
lic free use, is only a sample of
a new type of domestic dynamic
nanometer standard, but can
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How fair is it to offer to the
public such standard of the nano-
meter for calibration of process
equipment, to calm down and
not try to improve the dynamic
gauge, to talk about the avail-
ability of high-quality nanome-
ter standard?

Under the preset voltage, the
piezoelectric ceramics provides
movement of a gauge at one
given value, but after remov-
ing the voltage it will not return
to the starting point. If a dif-
ferent voltage is used, the cali-
bration of gauge will be broken.

set of gauges of this type for dif-
ferent types of movement.
NANO-ATTO Metria has solved
another problem - calibration
using one dynamic gauge at all
points of nano- and picometer
ranges [2]. The following solutions
are developed for minimization
of a hysteresis and creep and for
ensuring long-term stability in
dynamic gauges:
¢ homogeneous monocrystalline
material (like lithium niobate)
is used instead of polycrystal-
line, which is typical for the
piezoceramics;
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Takum ob6pa3om, IpU IIoJaue HAIPSKeHUSI HAM
H3BeCTHO, HACKOJIBKO MOKET IIepeMeCTHUThCS Hallla
OUHAMHYeCKasi Mepa, U ee MOXKHO OTBETCTBEHHO
IepeMeIlaTh Ha pPa3HBble 3aJlaHHbIe PACCTOSHUS.
ITocsie CHATHS HaNPSKeHUs MPOUCXOAUT BO3BPaT
TOYHO B UCXOJHYIO TOUKY.

[t KamuOpOBKU MBI HCIIONb3yeM OJHUH 3TaJIOH,
B OT/IMYHe OT JHUHAMHYECKHUX Mep U3 Ibe30Ke-
PaMHKH, U C IOMOIIbI0 PeryIHPOBKH HaIlpsiKe-
HUs obecrednBaeM IepeMelleHHe Ha 3aJlaHHBIe
PacCTOSIHUS C METPOJTOTHMYECKOM OTBETCTBEH-
HOCTBIO 32 paboTy cBoell KaaHUOPOBOUHOM MeEpHI.
CoOTBeTCTBEHHO, B C/Iyyae pacXOXK/AeHHUs pe3ybTa-
TOB M3MepPeHHUH C KaJubpyeMoll yCTaHOBKOM IIPOHC-
XOJHUT HACTPOMKA 060pymOBaHHUS IOJ IlepeMelle-
HHe JUHaMHYeCcKoro KaJubpa Ha OCHOBE MOHOKPH-
cTanna.

JluHaMHUYecKast Mepa Ha OCHOBe ITbe30KePaMHUKHU
XapaKTepHu3yeTcsl 3HaUUTeIbHBIM THCTEPe3HCcOM U
II09TOMY He MOXKeT HCII0NIb30BaThCs AJIsl IIPOBesie-
HUS K&IHOPOBKHU B PA3/IMYHBIX TOUKaX HAHOMETPO-
BOTO MAIa30Ha.

Jlrobas HayuyHas OesITeNbHOCTH JOJIKHA YMETh
BBIOMpaTh, IPU3HABATh U IIpefjaraTb obIecTBy
nydllee M3 UMelomlerocsi. HayuHasi OTBeTCTBeH-
HOCTb Ilepe[; obiecTBOM oIlpefesnsieT, 4To pabora
yUeHBIX IIPUHOCHT II0/Ib3Y, YAOBIETBOPsIeT IOTpeb-
HOCTH JII0/lell, ITOJy4YeHHBbIe BBIBOABI YKa3bIBAIOT
Iy Th AaTbHEHIIET0 PA3BUTHSI, CTAHOBSITCS OCHOBOM
I715 JOCTOBEPHBIX IIPOTHO30B U BePOSITHBIX IIpefy-
npexxaeHUi. HayuHoe TBOpYeCcTBO, OCHOBAaHHOE Ha
r1y60KHX 3HAHU X, JOJKHO UMETh IIPOJOJIKeHHe U

mocsefoBaTesned. HayKa JoJIKHA TOBOPUTH IIPABAY,

II09TOMY IIpe/iJIaraTh B Ka4eCTBe METPOJIOTUYeCKOT0

COIIPOBOK/IAEHUSI UHCTPYMEHTAapHUsl KOIIeeYHBI,

HeynoOHBIM U 6e30TBeTCTBEHHBIN BapHUAHT IIPO-

BeJleHU I KaJTUOPOBKH — 3HAUYUT BBOJUTH B 3a6/1y3K-

HeHHe obmecTBeHHOCTb. MHe, KakK mmpodeccopy

MTY um. M.B.JloMoHOCOBa, Hebe3pa3IUYHO, KaKUe

pe3y/IbTaThl LOCTUIAIOTCS B ero cTeHax. CUUTAI0

Heo6XOAUMBIM IPOUHGOPMHUPOBATE HAyYHOE C006-

IIeCTBO O HEJOCTATKaX IIOAX0/a aBTOPOB Iy6IHKa-

nuu (1] K pemeHHI0 NpobieMbl METPOJIOTHUECKOTO

obecrieueHH s HAHOUHIYCTPHH.

[Ipenaraem MpoOBeCTHU HE3ABUCHMOE UCIIBITAHHE
KaauOpPOBOYHBIX CTAHAAPTOB Ha MY6IHUYHON IJI0-
Ia/iKe, OIlpe/ie/IeHHON HayYHBIM COOOIIeCTBOM.

HTak, cerogHs pa3paborka KaJiubpoB IPOBOLUTCS
IOBYMSI I TSIMU:

* CO3/laHMe CTATHYeCKHUX KaJubpoB Ha OCHOBe pas-
PaGaTbIBaEMbIX HaHOTEXHOHOI‘I/Iﬁ nu HO3TOMy He
oIlepesKaloUUX Pa3BUTHE [TOCIeHUX;

* CO3[aHMe JUHAMUYECKUX KaJTUOPOB, I103BOISIO-
IIUX B IeCATKU U COTHU pa3 IIPeBBICUTH TOYHOCTh
M3TOTOBJIEHH S TOJIBKO ellle pa3pabaTbiBaeMbIX
3/1eMeHTOB HAHOMETPOBBIX pa3MepOB.
JUHaAMHYeCKUe KaaTuOpHI O3BOSIOT 06eCIIeYUTh

BBIIIOJIHEHHE BasKHeMInero TpeboBaHus - omepe-

SKQIOLIEro Pa3BUTHS METPOJIOTHUU 10 CPABHEHUIO

C pa3pabaTeiBaeMBIMH HAHOTEXHOJOTUSIMH.
@®.DHreJbC MMUCAJN, YTO "3HaHUE CTAaHOBHUTCSI

IOBHKYINEH CHJIOM, KOTAA OBJIaJeBaeT MacCaMHU',

a 3HA4YUT Heob6XOQUMO BCeMePHO IOALePKUBATh

pa3Hoobpa3Hble pa3paboTKU B 06/1aCTH JUHAMU-

« stability in time of dynamic
gauges is provided (in contrast
to the piezoceramics due to
the lack of need for a polariza-
tion at production, and depo-
larization during storage and
application);

« the specialized high-voltage
analog-to-digital systems and
appropriate software are devel-
oped for control.

Despite the difficulty of the
problems in the areas of mate-
rials science, technology and
devices, all of them were suc-
cessfully resolved. As a result,
calibration of measuring devices
using one dynamic gauge at

all points of nano- and picome-
ter ranges has for the first time
become possible.

The metrological measur-
ing set with the dynamic gauge
developed by NANO-ATTO Metria
is a technically complex and
knowledge-intensive product,
which is many times superior
to metrological devices based on
piezoceramics.

It is not enough to replace
a type of material, that is to
use the monocrystal instead of
piezoceramics. It is necessary
to achieve that the used crys-
tals didn’t reproduce properties
of piezoceramics. Knowledge

in the field of crystallography,
long calculations of experts, the
complex technological chain of
processing of the material have
allowed to orient the crystal and
to provide it with the necessary
properties.

Since the amount of movement
of the crystals is less than that of
piezoceramics, it is necessary to
generate a voltage of thousands
of volts. Complicated electronic
control system has small dimen-
sions, but provides big capabili-
ties and stable results. With the
possibility of increase the out-
put voltage up to 2000 V, the gen-
erated electric signals have the
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YeCKHUX KaJubpoB, IPOBOJUMBIE TUAUPYIOIIUMU
Hay4YHBIMH KOJIIEKTHBaMHU. HeCcKO/IBKO JIeT Ha3af,
MBI 6BIIM OGMHOKH B 06/1aCTH CO3JaHUS 3TAJIO-
HOB, HO KaK TOJbKO IpeACTaBU/IH HOBYIO pa3pa-
60TKY, MOSIBUIMCh NYOIUKAIIUU U JeHCTBYIOIIHe
06pasLbl —~ HAC CTaIH IPOTHBOIIOCTABISATD.

CyliecTBYIOIIMe METOOUKH U CTAHAAPTH He
II03BOJISIIOT IIPOBECTH aKKypPaTHYI0 KaJHOPOBKY,
TaK KakK He CYLIeCTBYeT AeHCTBYIOIIEero oT/IaskeH-
Horo obopynmoBaHus. HeT cTporux kaaubpos -
TOJIBKO He OYeHb KOPPeKTHBIe, M, IIOXOXe, UTO
3TO BCeX ycTpauBaeT. JIoBKHue GOPMYIUPOBKHU
YHMHOBHUKOB, OTBETCTBEHHBIX 33 PA3BUTHE HAHO-
HHAYCTPUHU, He OTPAKAIT AEHCTBUTEIBHOCTH.
OTCYyTCTBHe 3aMHTEpPeCOBAHHOCTH y pa3pabor-
YHKOB U NPeANPHUITHHN OTeUYeCTBeHHON HAHOHWH-
OYCTPHUU B M3MepUTeTbHOM METPOJIOTHYECKOM
Habope c AMHAMUYECKOM MepOI U HeBOCTpeboBaH-
HOCTB I10C/IeTHETO CBUETEbCTBYIOT O HEXKeJTaHUHU
y3HATbh IPaBAYy 0 paKTUUeCKOM COCTOSIHUH JieJT HIU
CBOUX HEIOCTaTKax.

C pa3paboTkoM JUHAMHYECKHUX Mep ypPOBeHb
Pa3BUTHS HAHOMETPOJOTHH IIepecTaeT 3aBUCETH
OT YPOBHS Pa3BUTHUS HAHOTEXHOJIOIHUU U MHOTO-
KPaTHO ero IpeBbllIaeT. HAHOTeXHOJIOTHH Ha Iep-
BOM 3Talle Pa3BHUBAJIMCh IIyTeM COBEPIIEHCTBOBA-
HUS CYLIeCTBYIOLUIUX pelmeHUI. OJHAKO HeycTpa-
HHMBbIe HeJJOCTATKU THUIIA OTCYTCTBH S JIOKAJIBHOCTH
B MeTOJle MOJIeKY/ISIPHO-TTy4eBOM SIUTAKCUU HIH
pa3pylleHHUs TOBEPXHOCTHOIO CJIOS BBICOKOIHEepre-
THUYHBIMU MOHAMHU IIpHU J'II/ITOI'paq)I/II/I 34aTPpyAHHIIH
Pa3sBHUTHe HAHOTEXHOJIOTHH, OCHOBAHHBIX Ha Tpa-

OULIMOHHBIX TEXHOJIOTUSX D0Jlee eM I10/1yBeKOBOH
OaBHOCTH. CTaso SICHO, YTO /IS Ja/IbHEHIIero npo-
I BU>KeHHUSI HeoOX0I MBI HOBbIE pelleHU .

[IpenmpUHHUMaeMBble MONBITKU pa3paboraTs
HOBBIEe TeXHOJIOTHMH Ha 6a3e BBIIyCKaeMBIX TYH-
HeJIBHBIX U aTOMHO-CHJIOBBIX MHKPOCKOIIOB OKa3a-
UCh HeIPPeKTHUBHBIMHU. [[JIsI HOBBIX TEXHOJTOTUU
HeobxonKuMoO o60opygoBaHKe HOBBIX THUIIOB, a He
KOMOHMHAIIUU CHCTeM IIOYTH I10/1YBEKOBOM JaBHO-
CTH.

BhlIrlo/IHeHMe HOBBIX Pa3paboTok TpebyeT:
 BbI6OpA HOBOI'O HaIlpaBeHUs (HallpuMep, 30H[0-

BbIX HAHOTEXHOJIOTHUH);

* KOJUIEKTHBA pa3paboTUHUKOB 060pyIOBaHUS;

* pa3paboTYHKOB TeXHOJBTOIMYEeCKUX IIPOLIECCOB;

* OpHeHTAallMHU Ha COLlMaJIbHO BoCTpeboBaHHBIE
H3/e/IHsl, HallpUMep, HAaHO3/IeKTPOHHBIE CXeMBI,
HAaHOCEHCOPBl, MHKPO- U HAHOMEeXaHHYeCKHe
YCTPOMCTBA U T.J., MHOTOKPAaTHO OMKMCAaHHBbIE
B Hay4HO-TeXHHYeCKOH JIUTepaType;

* HaHOMETPOJIOI'OB;

e ompefeJeHHOIO0 YPoBHSI QHUHAHCHPOBAHHUS —
ero oTCyTcTBHUe obpeKkaeT TOABKO Ha PaboTEH
10 MUKPOCKOIIHH.

OTCyTCTBHE CIelHa/IbHOTO HAHOTeXHOJIOoTHYe-
CKOro 060pyIOBaHHUS U PeaIbHbIX HAHOTEXHOIOI U
NPUBOLUT K HEBO3MOKHOCTH BBIIIYCKa IIPOAYKIUH
Y Pa3sBUTHS HAHOUHAYCTPUU IpHU 1060M ypoBHe
HaHOMETPOJIOTUH. [IppuMepoM IIpeoJo/IeHUs AaH-
HOI Ipo6ieMBl MOKeT OBITh OPraHK3aLKs paboT B
CIIA myTeM CO3JaHHUSI-KOMIIAHUH Pa3paboTUHKOB
HOBOro 060pyIOBaHHUS U ITpoleccoB (prupMma Zyvex

controlled shape, which is set
from the computer.

Optical interferometers with
subnanometre measurement
uncertainty, which long-term sta-
bility is provided by optoelectronic
watching system on the basis of a
cesium cell, have been developed
for calibration of our dynamic
gauges. This interferometer with
stabilization of the radiation fre-
quency using the cesium cell guar-
antees responsibility of measuring
the displacement lengths and lin-
ear displacements of objects in the
nanometer range.

Thus, when the voltage is sup-
plied, we know how can move
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our dynamic gauge, and we can
responsibly move it at different
predetermined distances. After
removing the voltage it returns
exactly to the starting point.

We use one standard for cal-
ibration, in contrast to the
dynamic gauges of the piezoc-
eramics, and by means of voltage
adjustment provide the displace-
ments for the specified distance
with the metrological responsi-
bility for operation of our cali-
bration gauge. Respectively, in
case of divergence between the
results of measurements and
calibration, the equipment will
adjust to a displacements of

dynamic gauge on the basis of
the monocrystal.

Dynamic gauge based on
piezoceramics is characterized
by a considerable hysteresis and
therefore cannot be used for cal-
ibration at various points in the
nanometer range.

Any scientific activity should
be able to choose, recognize and
offer the public the best avail-
able. The scientific responsibil-
ity to society determines that
the work of scientists brings
benefits, meets the needs of
people, the conclusions spec-
ify the way for further devel-
opment, become the basis for



CONTROL AND MEASUREMENT

B erMHHeBoﬂ OOJIMHe, MaccaqyceTCKHﬁ TeXHO0JI0-
TUYeCKHUM YHUBepcuTeT, HallMOHAIbHBIN MeTPO-
7MoTHYeCcKUI UHCTUTYT NIST, MO3roBOH LIeHTP KOM-
MaHUuU IBM - BaTCOHOBCKHU I ueHTp). AHa/IOTUYHEBIE
OpraHM3alMu co3faHbl Takxke B EC, dnoHuu,
IO>xkHOI Kopee. OHH MONIYYHIIH 3KCIIEPUMEHTA/Ib"
Hble pe3yJ/IbTaThl [10 YIIPaBIgeMOMY IIepeMelleHHI0
aTOMOB, OJHO3JIEKTPOHHBIM U OLHOATOMHBIM TPaH-
3UCTOpPaM U T.[. Kpome 3¢ deKTUBHO IeHCTBYIOIIeH
nporpaMmsl "HallMoHanbHasi HAHOTEXHOJIOTHYe-
cKas muHHnHaTuBa", B CIIIA pa3spaboraHa mepcriek-
THBHAas IIporpaMMa Pa3sBUTHA IIPOU3BOACTBA aTO-
MapHOM TOYHOCTH.

Emje yeTBepTh BeKka Ha3ajn, B 1993 roay, Ha 2-1
Me>kAyHapoaAHOU KOHQepeHIIMH 10 HAHOTEeXHOJIO0-
TUH, IPOBeJeHHON B MoCKBe Hay4YHBIM coobIme-
CTBOM, OBIIIM IIpe//IO>KeHBI BaKHEHIIIHe 10 AKTyaJIb-
HOCTH PaboThl B 0671aCTH HAHOTEXHOJIOTHUH, BKIIIO-
4as 30HJO0Bble HAHOTeXHOJIOTUHW. Ho Ha mpoTsKke-
HHHU IOCTAeAYIOMMX JIeT U 0 HaCTOSIero MOMeHTa
B CTpaHe IOJJEPKUBAIOTCS PaboTsl, He NUMeoIHe
OTHOIIEHUSI K BAKHEeH UM HaIlpaBleHUIM (Hallpu-
Mep, IOKPHITHUS /IS HHCTPYMEHTOB U T.A.). Ilpu
IIOCTAaHOBKe PaboT I10 30H/A0BEIM HAaHOTEXHOJIOTHUSIM
OymeT abCoNIOTHO SICHA IPUMEHHUMOCTb BCeX UMeEI0-
IIMXCSI 3TAIOHOB B Pa3HBIX 061aCTIX.

VMi3BeCTHO, YTO 3JIeKTPOHHUKA SIBJIsIeTCs. Haubo-
nee 3¢ PeKTUBHOM 00/1aCTHIO BIOKEHHUS CPeJCTB.
Fa30BBIM 3/IeMEHT 3JIEKTPOHUKH - TPAH3UCTOP,
nosTomy Hauboisee HenecoobpasHo GHUHAHCHUPO-
BaHUe paboT Mo CO3LaHUI0 HAHOTPAH3UCTOPOB C
PeKOpOAHBIMU ITapaMeTpaMHM, UTO aBTOMaTHyYe-

CKH aKTHBHpYyeT IPHUMeHeHHe HAHOTeXHOJIOTHHU.
ITogB/lIeHHMe HAHOTPAaH3UCTOPOB, KaK HAaHOIPO-
OYKLHH, II03BOIUT JTHUKBUAHUPOBATh CyILIeCTBYIO-
Ilee OTCTaBaHHe U Pa3BUTh HAHOMHAYCTPHUIO. IIpu
HaJWU4YUU HAaHONPOAYKUHUHU bymeT BocTpeboBaHa
HAaHOMETPOJIOTH S, CO34aHBI BBICOKOTeXHOJIOTHYe-
cKue paboume mecTa, 6ymeT aKTUBHO Pa3BUBATHCS
SKOHOMHUKA.

O6beM GUHAHCHUPOBAHMUS HAHOTEXHOJOLHUH
B Poccuu copasMmepeH o6beMaM PUHAHCUPOBAHHUS
B EC, uTo 6osee yeM HOCTATOYHO /JIsl OPraHU3ALIUH
pabot B Hauboslee SKOHOMHUUYECKHU BEITOJHOM H TeX-
HHU4YeCKH COBepIIeHHOM HallpaBlIeHHHU. Bompoc K
POCHAHO: KTo B PoccHH 3aHHMaeTcsl pa3paboTKoi
U IIPOK3BOJCTBOM TPAaH3HUCTOPOB C HAHOMETPOBBIM
paspemeHreM? CTaBSITCS JIM TakHe 3aJa4H Tocy-
napctBoM nepes POCHAHO? ITo1y4HB [OJIOKUTEIb"
HBIM OTBeT Ha JAHHBIU BOIIPOC, MOKHO CMeJIO TOBO-
PHUTDb O HAJINUYHUHU OTe4YeCTBEHHOH HaHOMHAYCTPHH,
a IOKa ~ 3TO JIUIIb KPaCHBas UJIIIO3HS C IIOTPAdyeH-
HBIMU OIO[>KeTHBIMU JeHbraMH, OTPakeHHas Ha
[JISIHLIEBBIX CTPAaHHIIAX [TeYaTHBIX M3JaHHH.
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reliable forecasts and possible
warnings. Scientific creativ-
ity, based on deep knowledge,
should be continued by follow-
ers. Science must speak the
truth, therefore, the offer as a
metrological tool of the cheap,
uncomfortable and irresponsi-
ble instrumentation for calibra-
tion is misleading the public. I,
as a Professor of the Lomonosov
Moscow State University, isn’t
indifferent to results, which are
achieved within its walls. I con-
sider it necessary to inform the
scientific community about the
shortcomings of the approach of
the authors of [1] to the problem

of metrological support of

nanotechnology.

We propose to conduct an
independent test of the cali-
bration standards at a public
site selected by the scientific
community.

So, today the development of
the gauges is conducted in two
ways:

« creation of static gauges on the
basis of modern nanotechnol-
ogy, which not outpace their
development;

 creation of dynamic gauges,
allowing to exceed in tens
and hundreds of times the
manufacturing precision of

developed elements of nano-

meter size.

Dynamic gauges allow the
realization of the essential
requirement that is advanced
development of metrol-
ogy in comparison with the
nanotechnology.

Engels wrote that knowledge
becomes a driving force when it
grabs the masses, so it is neces-
sary to support in every possible
way the various developments
in the field of dynamic gauges,
conducted by leading research
teams. A few years ago we were
alone in the field of creation of
standards, but as soon as have
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presented a new development,
publications and samples, we
began to be opposed.

Current methods and stan-
dards do not allow careful cali-
bration as there is no existing
well-functioning equipment.
There is no strict standards, only
not very correct, and it seems
that it suits everybody. Clever
wording of officials who are
responsible for the development
of the nanindustry do not reflect
reality. The lack of interest from
developers and enterprises of the
domestic nanoindustry in the
metrological measuring set with
dynamic gauge and the lack of
demand for the latter demon-
strate an unwillingness to know
the truth about the actual state
of affairs or shortcomings.

With the development of
dynamic gauges the level of
development of nanometrology
ceases to depend on the level of
development of nanotechnology
and many times exceeds it. In
the first stage, nanotechnology
was developed by improving the
existing solutions. However, the
fatal shortcomings as the lack of
locality in the molecular beam
epitaxy or destruction of the sur-
face layer by high-energy ions in
lithography have hindered the
development of nanotechnology,
based on the traditional tech-
nologies, which were developed
more than half a century ago. It
became clear that further prog-
ress requires new solutions.

Attempts to develop new tech-
nology on the base of commer-
cial tunneling and atomic force
microscopes have been ineffec-
tive. New technologies require
the equipment of new types, but
not combinations of systems that
are almost half a century old.

The implementation of the
new developments requires
followings:
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e a choice of the new direc-
tion (for example, probe
nanotechnologies);

e development team for the
equipment;

» development team for techno-
logical processes;

« orientation to the socially
demanded products, such as
nanoelectronic circuits, nano-
sensors, micro- and nanome-
chanical devices, etc., numer-
ously described in the scien-
tific and technical literature;

« metrologists;

« a certain level of funding, as
lack of it doomed to work only
in the field of microscopy.

The lack of special nanotech-
nology equipment and of real
nanotechnology leads to a lack
of production and nanoindus-
try, respectively (at any level
of development of nanometrol-
ogy). An example of overcom-
ing this problem is the creation
in the USA of special companies
for development of new equip-
ment and processes (Zyvex in
Silicon valley, Massachusetts
Institute of Technology,
National Institute of Standards
and Technology (NIST), Thomas
J. Watson Research Center,
headquarters of IBM’s Research
division). Similar organiza-
tions are also established in EU,
Japan and South Korea. Result of
their operation are such experi-
mental results, as a controlled
movement of atoms, single-elec-
tron and single-atom transis-
tors, etc. In the USA, in addi-
tion to the effective National
Nanotechnology Initiative, a
long-term programme for atomi-
cally precise manufacturing has
been developed.

A quarter of a century ago, in
1993, at the 2nd International
conference on nanotechnology
in Moscow the major projects in
the field of nanotechnologies,

including probe nanotechnol-
ogies have been offered. But
over the next years and until
now in the country the projects
not related to critical areas (for
example, coatings for tools, etc.)
are carried out. Work on scan-
ning probe nanotechnology will
make absolutely clear the appli-
cability of all existing standards
in different areas.

It is known that electron-
ics is the most effective area for
investment. The basic element
of electronics is the transistor,
therefore financing of projects
on creation of nanotransistors
with record parameters is the
most reasonable because auto-
matically activates the applica-
tion of nanotechnology. Start of
production of nanotransistors as
nanoproducts will allow to elim-
inate existing backwardness and
to develop the nanoindustry.
With the advent of nanoprod-
ucts the nanometrology will be
in demand, high-tech jobs will
be created, the economy will
actively develop.

Funding of nanotechnology
in Russia is comparable to the
amount of funding in the EU,
which is more than enough for
the organization of works in the
most cost-effective and techni-
cally perfect area. A question
for RUSNANO: who in Russia is
engaged in designing and man-
ufacturing of transistors with
nanometer resolution? Whether
to put such tasks before the
government of RUSNANO?
Does the state set such task
for RUSNANO? After receiv-
ing a positive answer to this
question, we can speak about
Russian nanoindustry, and at
present it is just a beautiful
illusion with spending of bud-
get money, which is reflected
on the glossy pages of publica-
tions. [ |





