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ECJ/IW HET TOYHOIO HAHOMETPOBOI'O 3TAJIOHA,
TO HET U MUHAYCTPUN HAHOTEXHO/IOTUA
NANOTECHNOLOGY INDUSTRY CANNOT EXIST
WITHOUT EXACT NANOMETER STANDARD

| Anexcandp ITomemkun, yupedumear OO0 "HAHO-ATTO Mempus" (Mocksa)
Alexander Potemkin, the founder of Nano-Atto Metria Ltd. (Moscow)

B 2011 roagy 6bi1a npuHaTa "CTpaTteruss UHHOBaLLMOHHOIO
pasBuTua Poccum Ha nepmopg, ao 2020 roga”, B KOTOpom
Aenancs akueHT Ha nepexoge Poccun K UHHOBALMOHHOMY
TAMY  3KOHOMMYEcKoro  pasButus. B cTpaTterum
COBEpLUEHHO CMpaBef/IMBO YKa3aHo, 4To (pyHAAMEHTOM
ONS  pasBUTUA U [OCTUXKEHUS MOCTaB/IEHHbIX Lienen
aBnsetcs ¢GopMMpoBaHME MHCTUTYLMOHANbHOM Cpefbl
MHHOBaLMOHHOIO pa3BuTus. U, ectectBeHHo, 6e3 Hay4yHOMN
6asbl, 6€3 3BPUCTUYECKMX HAY4YHbIX OTKPbITUA FOBOPUTb
06 MHHOBaAUMSX U WHHOBALMOHHOM TUMe rocyaapcTea
HeT cMbIcna.

In 2011, the government adopted the "Strategy of
Innovative Development of Russia until 2020", which
focuses on Russia’s transition to innovative economic
development. The strategy rightly states that the
foundation for the development and achievement of
goals is the institutional environment of innovative
development. Naturally, there is no sense in talking
about innovations and innovative country if there is
no scientific basis and heuristic scientific discoveries.

ay4Hasi IpOrpaMMa Halllekl KOMIIAHHH U ee Peasib-

HbIe IIJIOABI COBEPIIEHHO YHHKAJIbHBI. BHEPBI:IE

B MHPOBOK IIPaKTHKe MBI CO3/Ia/Ik 3TAJIOH HaHO-
MeTPOBOro ¥ CybHaHOMeTPOBOI0 IMAIIa30HOB. ITa pas-
paboTKa He HMeeT aHAJIOTOB, B TOM YHC/Ie, [IOTOMY YTO
M3TOTOBJIeHHe CTAaH/JaPTOB HAHOMeTPOBOIO IMalla30Ha
IPOUCXOAUT 6e3 HMCII0b30BAHMS MePeIOBBIX HAHO-
TeXHOJIOTUYeCKHX mpoueccoB. Co3gaH NMPHUHIUIIH-
aJIbHO HOBBIL TUII MepbI AJIMHbI, KOTOPBIK IIOKa OTCYT-
CTByeT B MeX/AyHapOJHOM KIaCCUPUKALIUU CHCTEMBI
K3MepeHHH.

MEI TOTOBBI ITPeJICTABUTh CBOM Hay4YHble Pe3y/ILTaTh.
OnHaKo MMEeHHO 3TO — OpraHM3aLlHsl Cepbe3HOI HayYHOU
IIpe3eHTAl[MH U SKCIIePTH3Bl ~ 0Ka3a/I0Ch IPobIeMO.
MBI XOTHM IIPOJeMOHCTPHUPOBATh CO3AHHBIN IIPU6OP
M3MepeHHU! IlepeMellleHH s Ha CBepXMaJlble BeIMUHHBI,
KOTOPBIM MOKeT Y/I0BJIeTBOPUTh IIOTPe6HOCTH MeTpo-
JIOTWH B CyDHAHOMETPOBOM JHAIla30He, H3MepSITh CTa-
OHJIBHO, He 3aBHCETh OT BHEIIHUX IIOMeX. 3aMephl [TPOK3-
BOJSTCS B MOOK/IBHOM PeKHMe ITPU OObIUHBIX YCTIOBUSIX,
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TO eCTh He HY>KHO CIIeIIKaMep, 0c060ro 04HIIeHHOTO IIPo-
CTPAHCTBA, 0COOBIX BIaSKHOCTH U TeMIIepaTypsl. OTHAKO,
YBBI, IIPUBJIEYb TeX, KTO HOJIKEeH, Ka3a1och Obl, B IIEPBYIO
odepelb HHTEPECOBAThCSI HAIIKMHU Pa3paboTKaMu, OKa-
3a/10Ch HEMMOBEPHO TPYAHO: CHJIa OTTAaJIKHBAHUS C UX
CTOpPOHEI — GaHTaCTHYeCKasi. BO3MOKHO, 3a 3TUM CTOUT
6OSI3HB PACKPBITHS PeaIbHOH AeHCTBHUTEIBHOCTH CYIIe-
CTBYIOIleX HAaHOMHJAYCTPHUH, a, MOXeT, QHHAHCOBOE
COCTOSTHUE IIOTeHLIMAJIBHBIX IIOTPebUTe e H He II03BOJISIeT
probpeTaTh COBPeMEeHHYI0 TeXHUKY?

A KTO foskeH 6bU1 6bI 3aMHTEpecoBaThCst! KOHEUHO,
MuHucTepcTBO 06pa3oBaHUs U HayKH. Ilonararo, 4To
MHUHHUCTP Y HAaC YeJIOBeK YUeHBIH, U BIIOJIHE MOT ObI
IIOHATH TOT PaKT, YTO IIpefjlaraemMoe HaMH — 3TO Ilepe-
JOBOH Kpall MUPOBOM HayKU. OfHaKo — HeT. S oduIu-
AJIPHO COODIIMII eMy 0 BO3MOSKHOCTH Halel sabopaTo-
PHH IIPOBOOHTE U3MePeHHUs B HAHO- U IMKOMETPOBOM
Juara3soHaX, IIPOCHJI pa3pelltuTh IPOLeMOHCTPUPO-
BaTh HAIll IPUOOP 3KCIIEPTAM MHHUCTEPCTBa U PAH.
Peakuiyy - HOJMb. ITOCKO/NIBKY HET IIPOPOKA B CBOEM
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oTeuyecTBe, TO IPUOerHy K JoKa3aTelbCTBAM KpalrHel
aKTYyaTbHOCTH 3TOM ITPO6IeMBI.

Pa3paboTKOI TOYHOTO HAHO3TAJIOHA 3aHUMAJIHCh yue-
Hble HoBocubrpckoro MHCTUTYTa QU3UKHU IIOTYIIPOBOJ-
HHUKOB UM. A.B.PxkaHoBa Cubupckoro otneneHus PAH.
3a OCHOBY OHHU B3sI/IM KPeMHHUI — HeCTabHUIIBHBIH 3J1e-
MeHT, KOTOPBIM OKHC/ISeTCSI, MeHsIeT CBOU [TapaMeTpBlI,
C/leZloBaTe/IbHO, BCTAeT U BOIIPOC 0 TOYHOCTH ITPU paboTe
B 00BIYHOM aTMOChepe. HICII0Ib30BaTh CO3/JAaHHBIH IIPHU-
60p ¥ 3TasI0H (TaK Ha3bIBaeMYIO 'KPeMHHUEBYIO PeIleTKy")
B CTAaH/IAPTHBIX YCTIOBUSX HEBO3MOXKHO U CilefiyeT pabo-
TaTh TOJBKO B BAKyyMe. A Bellb ITOJl 3TOT IIPOEKT BhbIfe-
NeHBI 610/15KeTHBIE CPe/ICTBA, IJe 5Ke oLleHKa 3QPpeKTHUB-
HOCTH HX KCII0/Ib30BaHMS CO CTOPOHBI MUHUCTEPCTBA U
PAH? K coxaJleHHI0, FoCyapcTBeHHOe GUHAHCHPOBa-
HHUe BJIeveT 3a coboN aBToMaTH4ecKoe 1066HupoBaHMe
MHTEePeCOB I10/yyaTe/isd BHe 3aBUCHUMOCTH OT pe3yiib-
TaTOB €ro JesiTeTbHOCTH BO KM30ekaHHUe YIHYeHUS B
HeKOMIIeTeHTHOCTH 1 INYHOM 3aHTePeCOBaHHOCTH.

AMepHKaHCKasg KomnaHus VLSI cTasa mpou3sBOOUTH
HAHOCTAHHAPThI, IPUMEHUB COYeTAHME TeXHOJI0ruye-
CKMX IIPOLIECCOB, XOTh U HE MCIIO/Ib3YeMBbIX B M3IOTOBJIE"
HUHU IeKTPOHHBIX KOMIIOHEHTOB, HO BCE JKe I103BOJISI0-
IIMX IIOMTYYUTh 3/IeMEHTHI C pparMeHTaMH HaHOMeTPO-
BBIX MaclITaboB. OmHaKo 6apbephl, 3aTPyAHSIONINE UX
IIpUMeHeHHe B OObIUHBIX YCIOBUSIX, OCTa/IHCh, 3TO 3aIlbl-

JeHHe MHUKPO- M HaHOYACTHILIAMH, a TaKKe QU3UKO-
XMMHYECKHe PeaKl U1, U3MeHsIolHe GOpMY I10BepX-
HOCTH HAaHOCTaHJapTOB.

IIpoBeieHYe M3MEPEeHHH B YUCTHIX 30HAaX U B BaKy-
yMe MCK/II04YaeT BO3MOXKHOCTb IIPUMeHeHUS Tex Ke
CTaHJApTOB B 0ObIUHON aTMocepe. Brixon - co3ma-
HMe CTaHJapTOB IIPUHLMIIMAJILHO HOBOTO THIIA. He
CTaTHYeCKHX, Pa3Mepbl KOTOPBIX He M3MEeHSIOTCS BO
BpeMeHH, a JUHAMHWYeCKHUX — yIIPaBasgeMo U3MeH -
IOIIMX CBOX pa3Mephl. Takas Hzes BUTAla B BO3AyXe.
INosBUIMCH [IepPBble IPOTOTHIIBI: M3 MAaTHHUTOCTPHUKIIU-
OHHBIX MaTepHasoB, U3 IIbe30KePaMUKU (COBMeCTHas
paspaborka BHUHMMC, OO0 "MeTponoruieckuim LeHTp
POCHAHO", 3A0 "LleHTp IepCIIeKTHBHBIX TeXHOJIO-
ruii’, MI'Y um. M.B.JloMoHOCOBa IIpH nonaepskke PoHga
MHQPACTPYKTYPHBIX U 00pa3oBaTeNbHBIX IPOTPaMM
POCHAHO). OnHaKo 13-3a He[JOCTaTKOB CAMUX MaTepH-
a710B ITPUOOPEI HA UX OCHOBE He HAIIIK MeTPOJIOrHye-
CKOTO MpHMeHeHU s BBUAY OTCYTCTBUS CTaOUIBHOCTHU
Pe3yJIbTaTOB M IOTpelllHOCTe!, KOTOpble HeIOIIyCTU MBI
[UU11 MeTPOJIOTHH.

HampammuBaeTcst BOIPOC: KaKUM 06pa3oM CerofgHs
IIPOUCXOAAT M3MePeHHsI B HaHOMETPOBOM JHaIla-
30He W Kanubposka obopynoBaHus? B Poccuu mpu-
3HaH U yTBepxKJeH 3TasoH MIIIIC-20K, paBHBIK 2 MKM
(2000 M), BBHY OTCYTCTBHS MEHBIINX BeIeCTBEHHBIX

he scientific program of our

company and its real products

are absolutely unique. We are
the first in the world to have cre-
ated a subnanometer and nanome-
ter standard. This solution is unique
inter alia because the nanometer
standard is manufactured without
using advanced nanotechnology pro-
cesses. The company created a fun-
damentally new type of length mea-
surement, which is not yet included
in the international measurement
classification.

We are ready to present our sci-
entific results. However, organiz-
ing a major scientific presentation
and expert assessment turned out
to be problematic. We would like to
demonstrate a device for measur-
ing midget movements, which can
meet the metrology needs at a sub-
nanometer level, provides stable

measurements and does not depend
on the external interference. The
measurements are made in a mobile
mode under normal conditions. In
other words, there is no need for spe-
cial chambers, specially purified
zones, special humidity and tem-
perature. But, alas, attracting atten-
tion of those who must, as it seems,
be highly interested in our solution is
incredibly difficult: their repulsion is
unbelievable. Perhaps, this is so due
to the fear of disclosing the existing
nanotechnology reality, or may it be
that the financial state of the poten-
tial consumers makes purchasing
modern equipment impossible?
Who should be interested in our
solution? Of course, the Ministry
of Education and Science. I suppose
that we have a very scholarly minis-
ter and he could well understand the
fact that we are offering a cutting

edge technology of the world science.
However, it did not happen. I offi-
cially informed him on the capacity
of our laboratory to make measure-
ments in nano and picometer ranges
and asked him to permit organizing
the demonstration of our device to
the experts of the Ministry and the
Russian Academy of Sciences. No
feedback followed. Since no prophet
is accepted in his own country, I
decided to provide evidence of the
extreme urgency of this problem.
The nanostandard was being
developed by the scientists of the
Rzhanov Institute of Semiconductor
Physics of Siberian Branch of Russian
Academy of Sciences. They used sili-
con for its basis, which is an unsta-
ble element, easily oxidized, chang-
ing its parameters, thus raising the
issue of the accuracy when used in
a normal atmosphere. Using the

#3/65/2016 NANO INDUSTRY



KOMNETEHTHOE MHEHME

CTaHJAPTOB IIpe/JIaraeTcs I0Ib30BAThCS IIPU U3Mepe-
HUU He U3HYeCKHUMH, 2 MaTeMaTHYeCKUMU JeHCTBHU-
SIMH, BBIBOJSI Pe3y/IBTATHI ITyTeM PacueToB C 6OMBIIMMU
OmK6KaMHU U IIOTPEIIHOCTSIMH JI0 COTeH HAaHOMETPOB
(B yueHOM cpefie 100 HM SIBISIOTCS He HAHOMETPOBEIM,
a MHKPOHHBIM AHAIa30HOM). I1o JAaHHOMY CTaHAAPTY
TaK 1 He OBLJIO CO3/IAHO aIlIapaTypsl AJis [IOATBePKAe-
HUS 3asIBJIEHHBIX U3MepPeHUM, HO ObLIM HAIlUCAHBI U
YTBEePXKIeHBl METONHUKH KaTHOPOBKH.

Pa3BUTHe HAHOTEXHOJIOTHH Y>KeCTo4daeT TpeboBaHHU S
K CHICTeMaM, [IOIPeITHOCTH KOTOPBIX IOJIKHBI 6BITH CPaB-
HHMBI C MEXKAaTOMHBIMH PacCTOSTHUSIMHU (0K0JIO 0,2 HM),
U TpebyeT obecrieueHUs eJUHCTBA IMHEHNHBIX H3Mepe-
HUM B HAHOMETPOBOM JHaIla30He. ATOMHO-CHUJIOBBIE U
37IeKTPOHHBIE MHKPOCKOIIBI TOJIBKO TOI/IA MOTYT CYH-
TaThCs CPeICTBAMH M3MePeHHH, KOT/la UX ITapaMeTpsl
OyLyT COOTBETCTBYIOMIUM 00pPa30oM aTTeCTOBBIBATHCS,
KaTHUOPOBAThCS U KOHTPOTUPOBAThCS, IIPUUEM II0CTIe/i-
Hee - HEIIOCPeJICTBEHHO B ITpoLiecce H3MepeHHH.

PaspaboTka Halleld Hay4YHOM I'PYIIIBl YHUKAJIbHA.
MBI IPUMEHMIH CIIeIIHaIbHbIe MaTepPHaJIbI, [T03BOJISIIO-
IKe CO3MaTh B COTHH pas3 boiee TOYHBIE CTAHAAPTH Ha
UX ocHOoBe. OcobeHHYI0 LIeHHOCTh 3Ta pa3paboTka Ipe-
CTaBJsieT AJIsI HAHOMETPOJIOTHH, MEeTPOTIOrHYeCKHUX
HMHCTUTYTOB U YYeHBIX, PAabOTAIOMMX B HAHO- M ITHKO-
MeTPOBOM JiMalla30Hax. [Ipe/cTaBleHHble HAMH CTaH-
IapTHI 10 pa3MepaM OJIU3KHU K CIIMYeYHOMY KOPOOKY U
JIETKO COIIPSITAIOTCS C U3MEPUTENIbHBIMU YCTAaHOBKAMU
THIIA CKAaHUPYIOIMIUX 30H/I0BBIX H YIEKTPOHHBIX MUKPO-
CKOIIOB, OLITUYECKUX HHTePPEepPOMeTpOB.

HaHoMeTposorus Kak KJII04eBoe 3BeHO IIpU6opHO-
AHAJIUTHUYECKON U TeXHOJOTUYeCKOM COCTABIISIIOMIUX

UHQPACTPYKTYpbl HAHOUHAYCTPUHU obecredrBaeT
eMHCTBO M3MepPeHHU I B HAHO- ¥ IMKOMETPOBOM JHa-
nmasoHax. IIpoBefgeHue Pa3paboTOK U BBIIYCK IIPO-
OYKLUK HAHOMETPOBOIO AHAIla30HA OIMPAIOTCS Ha
06s13aTesIBHYI0 KaJIHUOPOBKY M3MEPUTENbHBIX U TeX-
HOJIOTUYeCKHUX YCTAHOBOK. MHUPOBOe COOOIIeCTBO U
PocCTaH[ApT IPOU3BOASAT KATUOPOBKY B OCHOBHOM C
[IOMOIIIBIO CTATHYECKUX Mep, IIpefiHa3HAUYeHHBIX [/Is
MHKPOMETPOBOI0 Maa3oHa. Hauanu npuMeHsIThCS
TaK3Ke JIa3epHble HHTepdepOMeTphl Ha OCHOBE FeJIH -
HEOHOBBIX JIa3€POB, KOTOPbIe II03BOJIMJIM BBIIIOTHSTh
KaJIMOPOBKY U B HAHOMETPOBOM AHamna3oHe. OfHAKO
MeXIy U3MepUTeIbHBIM IPHO0POM, YCTAHOBIEHHBIM
B OpraHax PoccTaHZapTa, ¥ U3MepPUTeTbHOMN YCTAaHOB-
KOH, HaXoJsIIeHNcs B II060M Apyrom Mecte (M3MepH-
Te/IbHBIe YCTAHOBKU I10J1b30BaTeIel —~ aTOMHO-CHU/IOBbIE
U 3JIeKTPOHHBIE MUKPOCKOIIBI — He IIPUBO3SITCS B CIIEL-
OPraHHM3aLMH JJ1s1 KAIUOPOBKH), OJIKEH IPUMEHSIThCS
CTAaHJApT - AMHAMHYecKasi Mepa, [103BOJISIIOAsS [IPO-
H3BOJUTH KAIMOPOBKY B HAHOMETPOBOM U CyOHAHOMe-
TPOBOM AMAIIa30HaX, TO eCTh Halll 3TAJIOH.
Hcrionb3yeMble CIIocoOBI IPy6Or KaTHOPOBKH U OTCYT-
CTBHE OTBETCTBEHHOCTH JO/IKHOCTHBIX JIMII 33 IIPOLIECC
Ka/THOpOBaHUS TeXHOJIOTHUYeCcKoro 060pyfnoBaHUS He
TapaHTHPYIOT TOYHOrO pa3Mepa [IPOH3BeIeHHOr0 HaHO-
mpozyKTa. [Ipy 3TOM CpeAiCTBO M3MepPeHH s JOJIKHO OBITh
0TKaH6POBaHO Ha HECKOJIBKO IIOPSIAAKOB TOYHee (HaIlpH-
Mep, IpH6OP, U3MePSIIOLIUI HAaHOMETPOBbIE BeTUYHHBbI,
IOJIKeH OBITh OTKAJIHUOPOBAH B IIMKOMETPOBOM JHAIIa-
30He). Bymem HazesThCsl, UTO HalIa pa3paboTka B mep-
CIIeKTHBe CTaHeT BOCTpe6OBAHHOM il obecriedeHu s
SKU3HE[eATebHOCTH HAHOUHYCTPHH.

created device and standard (the so-
called "silicon grating") under nor-
mal conditions is impossible, and it
only works in the vacuum. However,
their project was allocated money
from the state budget, so what
happened to the efficiency assess-
ment which must be performed
by the Ministry and the Academy?
Unfortunately, the state funding
automatically entails lobbying inter-
ests of the money recipient regard-
less of the results of his work to avoid
the incrimination of incompetence
and personal interest.

The American company VLSI
started producing nano-stan-
dards by applying a combination of
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technological processes, which are
not used in the manufacture of elec-
tronic components, but still enabling
to obtain elements with nanometer-
scale fragments. However, the barri-
ers that hinder their use under nor-
mal conditions remained, which is
dusting with micro- and nanoparti-
cles, as well as physical and chemical
reactions that change the surface of
the nano-gauges.

The need to carry out measure-
ments in purified areas and vac-
uum eliminates the possibility of
using the same standards in a nor-
mal atmosphere. The problem can
be resolved by creating fundamen-
tally new standards. These standards

must not be static and they must
have dimensions that change
dynamically rather than with
time - the dimensions must change
controllably. Some specialists worked
on this idea. The first prototypes
were from magnetostrictive materi-
als, from piezo-ceramics (joint solu-
tion by VNIIMS, Metrological Center
RUSNANO, Advanced Technologies
Center, Lomonosov Moscow State
University with the support of
the Fund for Infrastructure and
Educational Programs RUSNANO).
However, due to the shortcomings
of the materials, the devices made
from them are not used in metrol-
ogy because of the lacking stability
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VIHHOBaIlMOHHOE TOCyJapCTBO, HA MOH B3IVISI, He
MOXKeT TaKOBBIM CTaTh TOJBKO O1arogaps yUeHBIM.
YdeHble paboTaoT, B POCCHM MHOTO HMHTePeCHOI0
IelaeTcsi, HO UTO AaJblie? A Jasblie - "mojblIe BeKa
IUIATCS IeHb , KaK [I1cal YNHT U3 ANTMATOB.

MBI X0Te/H MOATBePAUTh HOBYIO Pa3paboTKy HaHO3-
TaJIOHOB ¥ OQUIIHAJIPHO 3aPerUCTPHUPOBATh B rOCYAap-
CTBEHHBIX OpraHax BO3MOXKHOCTb UX IIPHMeHEHH B OTe-
4eCTBeHHOM MeTPOJIOTHH, 3aIIUTUB HAaHOMHAYCTPUIO U
IOTpebuUTeIs OT IICeB0-HAHOIIPOAYKTOB M HeODOCHOBAH-
HBIX PACXOJ0B Ha UX co3aHue. Tak, [Ipe/icTaB/IeHHbIe Ha
PBbIHKe HAHOTPYOKHU, HAHOIIOPOLIKH U PYTHe IPOILYKTHL,
Ipor3BeleHHble 6e3 cob/moeHU S KY/IbTy Pl H3MepeHHH,
KoTopasi TpebyeT HaIK4Ke Mep It KAJIMOPOBKH U KOH-
TpoJis [IapaMeTpoB, He MOI'YT IIPeTeHI0BATh Ha JOCTOBep-
HOCTb 3a51BJIEHHOT0 pa3Mepa. KTo Koro obMaHbIBaeT?

KanubpoBka HaIIMX CTAHJAPTOB OCYIIECTBHUIACS,
HakoHeL, B0 BHHMMC ¢ IIOMOIIbIO OIITUYEeCKUX HHTEp-
depomeTpoB Ha 6a3e relHi-HEOHOBLIX J1a3epoB. CienyeT
OTMEeTHTB, YTO U3MepHTeIbHbIe YCTAHOBKHU Ha 6a3e TaKUX
J1a3epoB He TOJIBKO TPOMO3AKH, HO U XapaKTepU3yIOTCS
OTPaHUYEHHBIM CPOKOM CJTY>KOBI M3-3a yTEUKH TeNIUS U
OPYTHX IIPUUYMH. ITO BIeYeT 3a C060M MepHoArYecKre
3aMeHbI JIa3epOB U COIIPOBOXKIAeTCs He TO/IbKO PUHAHCO-
BBIMU 3aTpaTaMHM, HO U He06X0OHMOCThI0 0GOpMIIeHH
3HAYUTEIBHOr0 06’beMa JOKYMEHTOB, [TOATBEPKIAONIHX
BO3MOKHOCTB IIPMMeHEHHU I HOBBIX JIa3epOB B METPOJIO-
TMYeCKOH YCTAaHOBKe. MBI pelllMJIN U 3Ty IIpobiemy, pas-
paboTaB KOMIIaKTHEIE OIITUYECKHE HHTEPHEPOMETPSI C
MHOTOKPATHO 60/1ee JOITOBEYHBIMU J1a3ePaMU.

TakuM 06pa3oM, A POCCUICKON HAHOUHAYCTPUU
CO3/IaH TOTOBBIH, He UMEIOIINE MHUPOBBIX aHAJIOTOB U3Me-

PUTEIBHBIN METPOJIOTHYeCKUE Habop — 0CHOBa Kaaubpo-
BOYHOM CHCTEMBI HAHO- ¥ IMKOMETPOBOI'O JHAIIa30HOB.
Bo3HUK/IA CUTYyalHsi 6eCKOHEUHOCTH: MBI He XOTHUM IIPO-
IaBaTh 3TOT ITpUOOP 32 pybesk, Tak KaK OTe4eCTBeHHAsI
HAaHOMHJYCTPHUS CaMa HY>KAeTCs B TAKOM CTaHAApTe U
BBIZIeJISIeT OIPOMHBIE CPeZICTBA Ha 06CIy>KUBaHUe U Pa3-
BUTHe JaHHOM cdepsl. Ho y Tex, KTo TI0OUT paccysKAaTh o
HOBOM 3KOHOMHYECKOM K HHTE/UIEKTYaIbHOM Pa3BUTHH
CTpaHBI, II0KA OTCYTCTBYeT AO/KHBIM HHTEpeC K HallleMy
CTAaHJAPTY.

B HacTosIee BpeMs HeT IIpUOOpa, KOTOPBIF MOXKET
aTTeCTOBATh Hally pa3paboTKy. BapHaHT pelleHUs
pobiieMBl - cOOpaTh IKCIIEPTHOE COODIECTBO, B KOTOPOe
BOILIJIM ObI KOMIIETEHTHBIE B TAHHOM 00/1aCTH QU3HKHU, U
[IpU3HATh He0OX0O M MOCTh I[P MeHeHH I Hallero prbopa
B POCCHICKOM HAaHOMHAYCTPUH. HayKa [I0TOMY U HayKa,
YTO B HEHM BO3MOKHO [IOHMMaHLe HOBOIro U 6e3 OIIBITHOIO
3KCIIepUMEHTA Ha [TepBOHAYaIbHOM 3Tarle, Iloce 3Toro,
KOHEYHO, ysKe MOSKHO ObLIO 6bI ITpe/l/laraTh pealn3aliuio
Hallel pa3paboTKu pa3HEIM CTPAaHAM MHUpa.

[la, MOKHO IMOJHHUMATh BOIIPOCHL O IIPecTHXKe
PoCCHM - 3T0, KOHEUHO, [Ie/10 BaxkHoe. Ho 6osblie BAOX-
HOBJIsIeT UJesl LHUBHUIKM3aLHMOHHOTO Pa3sBUTHS, €ro
HOBOr'0 3Tama. MupoBoe pa3BUTHe, B COOTBETCTBUU C
KOHLIETIIHeH "AJTMHHBIX BOJTH KOHBIOHKTYPBI' 5KOHOMH-
cra H.[l.KoHzpaTbeBa, XapaKTepU3yeTcsi CMEHOM TeXHO-
JIOTUYeCKUX YKJIAI0B (AKOHOMHUYeCKHUX IIUKJIOB), IIPO-
TSYKEHHOCTBIO 0K0J10 50-60 /1eT. MBI KaK pas 3aBepllaem
LIMKJI K CTOMM Ha II0pore HOBOI'0. B HacTosiIlee BpeMs
CTPaHBITTUAEPHI BCTYIIAIOT B MIECTOM TeXHOTOTMUeCKHU I
yKJIaJl, B OCHOBAaHHUH KOTOPOLO JIeskaT MOJIEeKY/ISpHEIe,
KJIETOYHBIE U siZlepHble TeXHOJIOTHH, HaHODHOTeXHOI0-

of results and errors, which are inad-
missible in metrology.

This begs the question: how
are measurements at nanometer
level and calibration of the equip-
ment carried out today? In Russia,
the recognized and approved stan-
dard MSPS-20K is equal to 2 microns
(2000 nm). Due to the lack of
smaller physical standards, it is pro-
posed to use mathematical mea-
surements rather than physical, by
deriving the results from calcula-
tions with large errors of up to hun-
dreds of nanometers (in a scientific
environment, 100 nm is a micron
range rather than a nanometer
range). No instrument was created

under this standard to confirm the
stated measurements, but calibra-
tion procedures were well written
and approved.

The development of nanotech-
nology tightens the requirements
with respect to systems, where the
errors should be comparable to inter-
atomic distances (@about 0.2 nm), and
requires ensuring the uniformity of
linear nanometer measurements.
The atomic force and electron micro-
scopes can be considered as measure-
ment tools only when their param-
eters are properly appraised, cali-
brated and controlled, with the latter
happening directly during the mea-
surement process.

The solution proposed by our
research group is unique. We used
special materials to create standards
which are hundreds of times more
accurate. The proposed solution is
especially valuable for nanometrol-
ogy, metrology institutions and sci-
entists working in nano- and picom-
eter ranges. The standards that we
present have a size close to a box of
matches and are easily integrated
into measuring devices, such as
scanning probe and electronic micro-
scopes, optical interferometers.

Nanometrology as a key part of
instrumental and analytical tech-
nological components of the nano-
technology infrastructure ensures
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KOMNETEHTHOE MHEHMUE

UM 1 HAaHOSHEepreTHKa, HAHOOHOHMKA, HAHOMATepU-
asbl, HAHOPOOOTHKA U Ipyrye HaHOpa3MepHBbIe IIPOH3-
BOJCTBA. ITO BHI30B BDEMEHH.

CHIA eme B Havyaje 1990-X rogos Havyaau pa3sBUBaTh
KCCIeIOBaHUS B 06J1aCTH HAaHOTEXHOIOTUH. [lepBas
HaHOTeXHOJIOTMYecKas IIporpaMma "CHuHTe3 1 06paboTka
HaHO4acTULI 6blIa TPOdHHAHCHPOoBaHAa HallMOHAIBHBIM
Hay4dHBIM QoHgoM CIIA B 1991 rogy [1]. B 1994 rogy
6bl1a co3gaHa HalmoHanbHAs CeTh HAHOIIPOM3BOJ-
CTBa, B 1998 rogy chopmupoBaHa Me>kBeLOMCTBeHHAs
Pabouas I'pynmna no HanotexHonorusm (IWGN) npu
HanponanbeHoMm CoBete 1o Hayke 1 TexHOIOTHAM (NSTO),
a B 2001 rogy mpuHATa MacmrtabHas HanuvoHanbHasa
HaHOTeXHOJIOTH4Yeckasi MHULKATHUBa (NNI). CyMMapHbIe
pacxonsl 3a mepuog ¢ 2001 mo 2011 roxg cocTaBUIHU
14 mnpn. mom. [2], amo IIPOTHO3HBIM OLIeHKaM B 2013 rogy
MHBECTHULIMH JOCTUIIHN 18 Myipa. oy, Co3aHa HayqyHo-
HCCTIe/IOBATeIbCKASI CeTh, B KOTOPOL OBLIO 33 /1eFICTBOBAHO
0K0J10 40 TBIC. SKCIIEPTOB.

B Poccuu Toske IPOC/IeKHMBaeTCS MHHOBALIMOHHAS
aKTHUBHOCTb. BplyIa co3/aHa ToCyLapCcTBeHHAass KOPIIO-
panus "PocCHICKast KOPIIOPALlMsl HAHOTEXHOIOTHH ', &
K 2013 rofy Hama cTpaHa NpubnIu3KIace 1Mo obreMaM
dUHAHCHPOBaHUS OTPAC/IH HAHOTEXHOIOTUH K IT0Ka3a-
Tenam CIIA. Ho kyza momiu JeHbpru? Iloyemy B BeIOM-
cTBe A Uybarica HeT BOSMOXKHOCTH M3MePUTh HAHOMETPBI?

SICHO, YTO pa3sBUTHe HAHOTeXHO/IOTMI HMeeT MHOIO-
YPOBHEBBIH XapaKTep M 3aBHUCHUT OT MHOTUX GaKToO-
POB, ompelensIOMINX ero KayecTBo. HeManoBasKHBIM
$aKTop TYT - IMYHOCTHBIN. EC/IM TaK TSKeNO0 U [T
I0OKBaeNIbcsi KOHTAKTA C YYeHBIM 9KCIIEPTHBIM C006-
IIeCTBOM, TO IIOHEBOJIE 3alyMbIBAeIIbCA U HAUHMHaellb

CUMTaTh, yKe He B HAHOMETPAX, a B pea/IbHbIX OTpe3Kax
BpeMeHHU: Tofax U JecsATrieTusax. CKoIbKo ke Poccun
MOHaI06UTCS BpeMeHH, YT06BI IPUOTHU3UTECS K IUU-
pyromum nosunusim CIIA, EBpoIibl U SIOHUH!

YueHBle, HCC/IeIOBABIIME 3Ty IIpobeMy, [101araorT,
4uTo B PocCUU HeT 3aMHTepecOBAHHOCTH OpraHM3all Ui
B KOMMepLHIN3a1l UK Hay4dHbIX Pe3y/JIbTaTOB, OYeHb
cnaba Kooreparus Meskay HUMHK. Mbl y6eIUIHCh B 3TOM
Ha IMYHOM oIbiTe. Ho ec/iu HeT TOYHOIo HAaHOMeTPO-
BOI'0 3TaJIOHA, TO HEeT K HHJYCTPHUK HAaHOTeXHOJIOTHH.

Pa3sMBbINIIAS O HAlleH CTpaHe U ee MOJIOKeHHUH Ha
MHPOBOH Hay4YHOK apeHe, CUUTAIO [IpecTyI/IeHHeM He
3aMeyaTh UMeIoI1ecs OCTH KeH I B HAHOMETPOJIOTHH,
I71aBHOe TpeboBaHMe K KOTOPOH 3aK/II0YaeTcs B TOM, YTO
ee ypoBeHb Pa3BUTHSA JOJI’KeH MHOTOKPAaTHO IIPeBhIIIATh
yPOBeHb TeXHONIOTHHU. Halllk y4YeHble BHIIIOTTHUIH 3Ty
33/1a4y, MBI H3TOTOBH/IM He HMEIOIHH MHUPOBBIX AHAJIO-
rOB ITPUOOP — TOUKY OIIOPEl HAHOMETPOJIOTUH — K TOTOBBI
OpPraHM30BaTh €r0 IIOCTaBKH. X04y OTMETHUTh, YTO Ha
pa3paboTKy U U3roToBIeHHe Tprbopa He IOTPAYeHO HU
py6i1s 610/15KeTHBIX CPeACTB. MOXKET, MMeHHO B 3TOM U
KPOeTCst IPHYMHA paBHOAYIIHS. Eciu 651 MBI QHUHAHCH-
PpoBasnrCh 13 610 KeTa, TO, BEPOSTHO, HAIITHCE OBI 10661
CTBI M HAILIMX IOCTH KeHUH U Pe3yJIbTATOB...
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the uniformity of measurements
in nano- and picometer ranges.
The development and manufac-
ture of nanometer-scale products is
always associated with the calibra-
tion of measurement and techno-
logical installations. The interna-
tional community and Rosstandart
carry out calibration mainly using
static measures used for micrometer
ranges. They also started using inter-
ferometers with helium-neon laser,
which allows calibrating in a nano-
meter range. However, a standard
must be used to calibrate between
the measuring devices installed at
the Rosstandart facilities and a mea-
suring facility in any other place
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(user measurement devices - atomic
force and electron microscopes - are
not brought to special organizations
for calibration). Such standard must
provide dynamic measurement,
which allows calibrating in nanome-
ter and subnanometer ranges. Thisis
what our standard offers.

The used methods of rough cali-
bration and no accountability of offi-
cials regarding equipment calibra-
tion do not guarantee that the pro-
duced nano-product will have the
needed exact size. The measurement
tool should be calibrated more pre-
cisely by several orders of magnitude
(e.g., a device that measures a nano-
meter size should be calibrated in

a picometer range). Hopefully, our
solution will be in high demand in
the future for the implementation of
nanotechnological processes.

An innovative country, in my
opinion, cannot become truly inno-
vative only with the help of scien-
tists. The scientists in Russia do a
lot of interesting things, but what'’s
next? Next - "a day lasts longer than
a century”, as Chingiz Aitmatov
wrote.

We wished to confirm the newly
developed nano-standards and reg-
ister them officially in the state
authorities as applicable in the
national metrology, thus protecting
the nano-industry and consumers



COMPETENT OPINION

from pseudo-nano products and
unreasonable expenses spent for
their creation. So, the marketed
nanotubes, nanopowders and other
products manufactured without
respect for the measurement cul-
ture, which requires having tools for
calibrating and controlling parame-
ters, cannot have the stated size for
sure. Who is fooling whom?

Our standards were finally cali-
brated in the VNIIMS using optical
interferometers based on helium-
neon lasers. It should be noted that
the measurement tools based on
such lasers are not only bulky, but
also have a limited lifetime due to
leakages of helium and other rea-
sons. This necessitates regular
replacement of lasers and is associ-
ated not only with financial costs,
but also with the need to compile a
lot of documents in order to confirm
the usability of new lasers in the
metrology installation. We solved
this problem by developing compact
optical interferometers with lasers
that have much longer life.

Thus, the Russian nanoindus-
try could receive an unprecedented
ready-made metrological set, which
is the basis of the calibration sys-
tem in nano- and picometer ranges.
Thus, we face a vicious circle: we do
not want to sell this device abroad,
because the national nanoindustry
itself needs this standard and allo-
cates huge funds for maintaining
and developing the sector. But those
who like to talk about the new eco-
nomic and intellectual development
of the country demonstrate no inter-
estin our standard.

Currently, a tool which can cer-
tify our device does not exist. A pos-
sible solution to the problem is to
gather an expert community con-
sisting of those who are compe-
tent in physics and to recognize
the applicability of our device in
the Russian nanoindustry. Science
is science exactly because it is pos-
sible to understand a new thing

even without pilot experiments at
the initial stage. Later, of course,
it would be possible to propose our
solution to other countries of the
world.

Yes, raising questions about
Russia’s prestige is, of course,
important. But the idea of civili-
zational development and its new
stage is more inspiring. According
to the concept of "long conjunc-
ture waves" proposed by economist
N.Kondratiev, the world develop-
ment is characterized by changes
in technological epochs (economic
cycles), with a duration of about
50-60 years. We are now at the
end of a cycle and standing on the
threshold of a new one. Currently,
the leading countries are entering
into the sixth technological epoch,
which is based on molecular, cellu-
lar and nuclear technologies, nano-
biotechnologies and nanoenerget-
ics, nanobionics, nanomaterials,
nanorobotics and other nano-size
products. It is the challenge of the
time.

In the early 1990s, the USA
started developing nanotechnol-
ogy research. The first nanotechnol-
ogy program titled "Nanoparticle
Synthesis and Processing" was
funded by the National Science
Foundation in 1991 [1]. In 1994,
Americans created a National
Nanomanufacturing Network
(NNN); in 1998, they created an
Interagency Working Group on
Nanoscience, Engineering and
Technology (IWCN) under the
National Science and Technology
Council (NSTC), and in 2001, they
adopted the ambitious National
Nanotechnology Initiative (NNI).
The total expenses from 2001 to 2011
amounted to 14 billion USD [2], and
it is estimated that in 2013, invest
ment reached 18 billion USD. They
established a research network of
about 40 thousand experts.

Innovative activity can also
be witnessed in Russia. The

government created the Russian
Corporation of Nanotechnologies,
and by 2013 our country came close
to the level of the United States
in financing the nanotechnology
industry. But where does the money
go? Why A.Chubais’s office cannot
measure nanometers?

It is clear that the nanotechnol-
ogy development has a multilevel
character and depends on many
factors that determine its quality.
Personality is an important factor
here. If it is so hard and long to orga-
nize contact with the science expert
community, then it makes you
think and you start counting not in
nanometers but in real periods of
time: years and decades. How long
will Russia will need to reach the
leading positions of the US, Europe
and Japan?

Scientists who studied this issue
suggest that Russia has no interest
in commercialization of scientific
results, and cooperation between
them is very weak. Now we know it
from our personal experience. But
nanotechnology industry cannot
exist without an exact nanometer
standard.

Reflecting on our country and
its position in the global scientific
arena, I consider it to be a crime not
to notice the existing achievements
in nanometrology, the main require-
ment to which is that its develop-
ment level should significantly
exceed the technology level. Our
scientists have accomplished this
task. We invented a device which is
unprecedented in the world, which
is the cornerstone of nanometrol-
ogy, and we are ready to organize its
production. I want to draw attention
to the fact that not a single ruble
of the state funds was spent on the
development and manufacture of
the device. Perhaps, this explains
the sheer indifference. If we were
funded from the budget, then there
would likely be lobbyists of our
achievements and results... [
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