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pPaKTUYeCKM Kaxablii nsobperatesib Xo4eT oCTaTbCca B uctopun. MNMytb ans

3TOro — co3gaHue NUOHEepPCKOro UiKn 3HAYMMOro n3obpeTeHus, KOTOpoe Nno3xe

CMOXeT AaTb Ha4ya/io HOBOMY HanpaB/IeHUIO B HayKe U TexXHuKe. MoXHO nu

3anporpaMmMmupoBaTb cebg Ha 3TO UK XOTA 6bl onpepennTb HanpaBieHus, No
KOTOpbIM cnegyeT aABuratbcsi? OaquH N3 BapMaHToB — 06beUHEHUE U3BECTHbIX METOAMK,
npuBoasiiee K NPMHLUNMANbHO HOBbIM pe3y/ibTaTtaM. LlenecoobpasHo paccMOTpeTb Takomn
noAaXxopA Ha NpMMepe CKaHMPYHOLLLEW 30HA0BOW MUKPOCKONUW.

HEMHOIo UCTOPUM

[TepBBIM CKAHHUPYOIIKUN TYHHEIbHBIM MHKPOCKOII ~
CTM (US4343993) - 611 3amaTenToBaH 10.08.1982 roza,
a 09.02.1986 roma rmonayveH MaTeHT HAa ATOMHO-CHUJIO-
BOM MUKpocKkoll ACM (US4724318). 3a co3maHMe TyH-
HeJIbHOr0 MHKpocKkoma I Popepy u I.BuHHHUTY B 1986
rofy mpucyxaeHa HobeneBckasi mpeMus 1o Gpusuke,
YTO CBHU/ETEIbCTBYET O BHICOKOM OLl@HKe 3TOr0 M30-
OpeTeHUs. 3aKOHOMePeH BOIIPOC: KaK Jablle JeH-
CTBOBAaTh M300peTaTensiM B yKa3aHHON obnacTu?
YT06Bl JOOUTHCSA Pe3ynbTaTOB, MOXHO, KOHEUHO,
COBEPILIEHCTBOBATH CYIECTBYIOIIME CXeMBI, HO Ba>KHO
COo34aBaTh U NPUHLUMIIKMAIBHO HOBBIE pelleHHsd.
CrpaBeJIMBOCTH PajH ClIeayeT YIIOMSAHYTh aMepH-
KaHCKoro ¢usuka P.fIHra, KoTOpHIH eme B 1971 romy
IIPe/JIOKMJI, I10 CYTH, CXeMY IIe€pBOr0 CKAHU PYIOIIEro
30H7,0BOro MHUKpocKomna (C3M) u B 1972 romy faxke Ipo-
JeMOHCTPHUPOBaJI TPEXKOOPAUHATHOE IIepeMelleHe
obpasia mbe3oJBUTaTeleM C IIOTPEHIIHOCTBIO 1 HM.
TeM He MeHee, ero U306peTeHUsT HECKOJIBKO OIlepe-
OUIH BpeMsl U He MOIJH ObITh peaqn30BaHBI M3-3a
HeJI0CTaTOYHOM 3/IeMeHTHOM 6a3kbl.

CoBpemenHasa cxemMa ACM mMeeT IIPUOPUTET
oT 27.09.1990 rozma u 08.09.1992 roma oHa Obly1a 3aIU-
meHa rmateHToM US5144833, aBTOPBL KOTOPOIO obrvenu-
HUJIN 30HJIOBBIM MeTOJ, C OIITHUeCKOH perucTpanuen
IepeMelleHUs 30HIA. B pe3ynbraTe 651710 CO34aHO
BbIJAoIIeecs H306peTeHue (puc.l). [IpeAcTaBIeHHBIN
OpPUTHHAJI CXeMbl U3 IIaTe€HTa I103B0JIseT IIPOJEeMOH-
CTPUPOBAThH, UTO BhIAAKOIIKECS H300peTeHUsI MOTYT
OBITH IIOHSATHBI M HAUMHaOIeMy U306peTaTenio. 30H7
CKaHMpYyeT IOBEPXHOCTb 06pa3na. [MOKasg KOHCOB,
3aKperjieHHas Ha JepsKareje, OTKJIOHSIeTCS BBepX,
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eCJIH I10J] UTJION IIPUCYTCTBYeT 6YTOpPOK, U OIyCcKaeTcs
BHM3, eC/IM UMeeTCs IMKa. [Ip1 3ToM 3epKaJo usMme-
HSeT CBOe yI7oBoe MonokeHHe. COOKYCHPOBAHHBIK
06BeKTHBOM JIy4 OT JIa3epa IIoNajfaeT Ha 3epKajo,
M3MeHseT CBOe HallpaBjeHHe U II0CTyIaeT Ha GpoTo-
NpHeMHUK, KOTOPBIA MOXKET OBITh BBIIIOJIHEH B BUJIE
HEeCKOJIBKUX CeKIUH. 3MeHeHMe 0CBeIlleHHOCTH CeK-
LM [1epeBOAUTCA B 37IeKTPUYeCKHUH CUTHAJI, Xapak-
TepU3YIIUH pa3Mep Oyropka u iMKH. IIpu 3ToM
B KauecTBe 6yropka MOKHO 3aQUKCHPOBATh LIEHTP
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Puc.1l. CoBpemeHHasa cxemMa ACM: 12 (2)—30Ha; 24 (9) -
NoBepxHOCTb 06pasua; 14 (3) — rmékas KOHCOb;
10(1) — gepxxatensb; 12 (1) —vrna; 16 (4) — 3epka-
no; 18 (5) — nasep; 20 (6) — 06bekTUB; 22 (8) — do-
TONPUEMHUNK




aToMa, a B KayecTBe IMKH - MeXaTOMHOe paccTo-
sHHe. COOTBETCTBEHHO, paccTosiHUe oT byropka
mo 6yropka 6ymeT paBHO, HAaIIpUMep, IIOCTOSHHOMN
KPUCTA/UTHYeCKOM pelleTKH HCCIeAyeMoro obpasua.

[TepBrIE KoOMMepueckuil CTM 6bL1 IIpeAcTaBIeH
KommaHwuel Digital Instrument B 1987 rozy, a B 1989
rofy e ke CO3[JaH MepBbHIK KoMMepueckud ACM
Multimode. O6a Mmukpockormna 6a3upoBaTUCh Ha IIep-
BBIX H306peTeHU X IBM. (BasKHO OTMETHUTD, YTO OCHOB-
Hble N300peTeHUs B JAHHON 00/1aCTH MpUHALIEKAT
3TOH KOPIOPALlMH, X OHA [0 CUX IIOp BEIAeT Ha HUX
nuueH3uu.) Takum obpaszom, 6bI1a CO3gaHA CKAHU-
pyrouias 30HA0Bass MUKPOCKOIIMS, C pa3BUTHEM KOTO-
PO¥ MHOTHe CIel]Ha/UCThl CBA3bIBAIOT BO3SHUKHOBeE-
HYe HaHOTeXHOJIOrMHU. B HacTosmee Bpemsa CTM, ACM
U Apyrue momobHble U3IeNusi, UCIIOIb3YIOIHe IS
HM3MepeHHUI U MOAMGHUKALMY [TI0BePXHOCTH B HAHOIH-
arta3’oHe 30H/IBI, IOy YH/IH obiee Ha3BaHue - C3M.

[Tpou1yio HEMHOI0 BpeMeHH, U Havya/loCh Macco-
Boe 00beJUHEeHHe MeTOAMK CKaHUPYIOIIeH 30H0BOK
MHMKPOCKOIIKMH C APYTHMHU BapHaHTaAMU HUCC/IeH0BAHU L
MOBePXHOCTH U B3aUMOJEHNCTBUS C Hel. Hanmpumep,
29.10.1985 rozma 6p11 monyueH maTeHT US4550257, mono-
SKUBIIHM Ha4da/lo HAHOMUTOIpadUHU: TYHHe/IbHEIe
MeTonbl OblIN 06beIUHEHDl C TEXHOJIOTUSIMHU JTUTO-
rpaduu. JIeMeHThl Ha II0JJIOKKaX GOpPMHPOBATUCEH
M3 ra3oBoM a3kl MOJ BO3JeHCTBHEM TyHHeBbHOIO
TOKa C SHeprue, Heo6XOMUMOM J/Isl TUCCOLMAIIMY Ha
UX paboder MOBEPXHOCTH MOJIEKYI Fa3a.

D¢ PeKTUBHBIN Cr10c0b TpaBIeHUS C HAHOMETPO-
BBIMHU pa3MepaMu Obl1 mpensioskeH 22.12.1989 roxa
(US5021672). Ioce OTpa60TKH IIPOLIeCCOB HAHOIMUTO"
rpadus crajsa NpuMeHHMa I CO3JaHUs HaHOMe-
TPOBBIX 3/1eMeHTOB. (CIIpaBeI/INBOCTH pafu ClefyeT
3aMeTHTbh, YTO IIPUMEPHO B 3TO ke BpeMs II0SIBUJIMCh
PaboTEL 110 BEICOKOBOJIBTHOM 3/1eKTPOHHOK HAaHOIH-
Torpaduu, obecrednBaouell co3gaHe 371eMeHTOB
IUPUHOK 15-30 HM.)

21.01.1991rona 6b11 onyueH naTeHT US 4987312 Ha
criocob M3MeHeHU s MOJIOKEHUSI aTOMOB Ha II0BepX-
HOCTH IIOJJIOKKH 3a CYeT IPUTSIKeHUS KOHYHUKOM
WUIJIbl ATOMA U [epeMelleHHs ero B Hy>KHOoe MecTo.
B pesysibTaTe B 30H/I0BOL HAaHOIUTOI PAaGUH BOSHUKIU
OTCYTCTBOBAaBIIMEe B HPeABIAYIIMX TeXHOJIOTUIX
HOBBIE BO3MOKHOCTH. OJHU U3 [IePBBIX HAHOTEXHOJI0~
ruyeckux KoMrekcos (HTK), o6 befUHUBIIHE Hepas-
pylIamiy0, OTpaHUYEHHYIO 10 IJIOWAAH HU3Mepe-
HUS 30HI0BYIO METOLUKY C IIHMPOKOIIOJIBHOK BBICOKO-
BOJIBTHOH 371eKTPOHHON MHUKPOCKOIIMel, BKI0Yalu
COBMECTHOE HCII0/Ib30BaHKE 30H/I0BBIX U 3/IEKTPOH-
HBIX MHKPOCKOIIOB (US4798989, 17.01.1989; US4874945,
17.10.1989; US5081353, 14.01.1992). HecKO/JIBKO 1031~
Hee HTK 6BIIIM yCIOKHEHBl 33 CYeT BBedeHUS
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NpakKTHUYeCKH BCeX H3BECTHBIX BBHICOKOBAKYYyM-
HBIX TexHojoruu (JP5203406, 10.08.1993; US5440122,
08.08.1995; EP1329686, 23.07.2003). B pe3ynbTaTe B0O3-
HUKJIH MHOTOQYHKIIMOHanbHbIe HTK.

11.19.1987 rozma 6rina omybamMKoBaHA 3asBKa
EP0245660, 1o KOTOPOM 30HJ, HarpeBascs, IOBepX-
HOCTH 00pa3iia CKaHUPOBANACh, U II0 U3MeHEHHIO
TeMIIepaTyphl OIIpeie/is/IMCh TeMIIepaTypHble XapaK-
TePUCTUKHU HM3y4aeMOM IOBEPXHOCTH. 22.08. 1990
rozga 6plyia momaHa 3agBka EP0383323 Ha TyHHeanbu?I
AKYyCTHUYeCKHUH MHUKPOCKOII, II03BOISBIIHUE 06HAPY-
>KHUBaTh BO3HUKAIOIIHE BCAeACTBHUE HANPSKeHUU
BHYTPHU obpaslia JIoKa/JbHbIe aKyCTHUECKKe BOTHBI.
B pesynbraTe BOSHUKJIM HOBbIE 30HJ0BbIE METOAUKH
HCCJIeJOBAHUS MaTepHUaJIoB.

05.08.1990 roma mosIBHJICS CKaHprIomm?I HOH-
HBIM MUKpockom (US4924091) - mpoobpa3s 3/1eKTpo-
XUMHUYECKHUX U SKUIKOCTHBIX 30HA0BBIX MUKPOCKO-
OB, AABIIWK TOMYOK Pa3BUTHIO HOBOIO HaIlpaBje-
HUs (Hanpumep, US4935634, 19.06.1990; EP0564088,
06.10.1993; US5831153, 03.11.1998; RU2210731,
20.08.2003; RU2210818, 20.08.2003).

05.08.1991 roma nmomaHa 3asiBKa EP0448985 Ha
CKAaHUPYIOII KK 3JIeKTPOCTaTUYeCKUH MUKPOCKOII,
B KOTOPOM JIOKa/IbHOe U3MepeHHe eMKOCTH I103BO-
JISI7I0 0OXapaKTepU30BaTh MaTepHall B KaXkJOHU TOUKe.
DTO pellleHMe [103’Ke BOLIJIO BO MHOIMe TeXHOJIOrhuYe-
CKHe IIPUJIOKeHHU I 30HI0BBIX MUKPOCKOIIOB.

16.04.1996 roga 6bl1a IIpeaIpUHATA IIOIbITKA 06B-
eNQUHUTH 30HJOBbIe CIIOCOOBl M3MepeHUsl CBONCTB
[IOBEPXHOCTH C MacouHoM auTorpaduert (US5508527).
Hcmonp3oBaHue C3M MO3BOJISIO OLEHUTH PAaCCOB-
MellleHHe PerlepHBIX 3HAKOB IMablIoHa K IOJJIOKKHU.
HeckonbKo 1o3ske u3obperaTeny ctany obbeJUHATH
30HI0Bbl€ METOJUKHU C XUMUYECKUMU TeXHOJIOTUSIMU
(Hammpumep, RU2206882, 20.06.2003), rme paciipesere-
HUe BbICOKOAHCIIEPCHBIX HAIIOJHUTe K TPOBOJU/IOChH
C MCII0JIb30BAHKEM I1JIa3MOXUMUYECKOI0 TPaB/IeHU S
U IIOC/IeAyIOIIero aHalKn3a Ha 30HI0BOM MUKPOCKOIIe
"aMoK" TpaBieHus. I[lo3gHee paspaboTunku o6be-
nuHuIKM C3M ¢ maccmekTpomeTrpom (WO03/008941,
30.01.2003), 4TO [IO3BONIMJIO C HAHOMETPOBOM TOUHO-
CTBIO OIIPeZe/ISITh COCTAB IIOBEPXHOCTH 06pa3ra.

ObbenrHeHHe 30HL0BbIX U OMOJIOTMYeCKUX METO-
ouk (RU2267787, 10.01.2006; RU2339036, 20.11.2008)
[I03BOJIM/IO aHA/IU3UPOBATh B HAHOMETPOBOM JHalla-
30He 6H1oIoruYecKue CTPYKTYPhl, B YaCTHOCTH, H3Me-
PATb B3aUMOMelCTBUEe BUPYC-aHTHUTeN0. B maTeHTe
RU2287129, 10.03.2006 C3M 6Bl cOBMeIIEH C MUKPO-
TOMOM, B KOTOPOM IIPOBOAMJICS Cpe3 II0JIMMepa U
6ronoruveckoro o6beKTa, M C IOMOIIBIO 30H A Cpa3y
5Ke OCYILIeCTBIISIOCh HCCllejoBaHUe 06pa3oBaBIIerics
ImoBepxXHoCcTH. B mateHTax RU2233490, 27.07.2004
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1 RU2282257, 20.08.2006 cpe3 61010ru4eckoro o6bekTa
Y ero aHaJIM3 IIpeflyIarajioch IIPOBOLUTH YKe IIPH I1y6o-
KOM 3aMOPO3Ke SKUAKHUM a30TOM, YTO IPUHIUIIHATIBHO
HM3MEHHUJIO BAPUAHTHI UCC/IEIOBAHUH ~ OTIIAIH Heobxo-
IUMOCTb [IEPEHOCa U3MePSIeMOro 06beKTa B paCTPOBBIM
37IeKTPOHHBIN MUKPOCKOII, eT0 OTKa4KU U IIpOBeleHU S
CJIOSKHBIX BBICOKOBAKYYMHBIX H3MepeHH . OKa3aioch
Tak>Ke Bo3MOKHBIM (RU2258901, 20.08.2005), pa3memas
C3M B reiveBoM KpHOCTaTe, 06beAUHUTH €TI0 C TeXHO-
JIOTHSIMU CBEPXBBICOKOI 3aMOPO3KH.

MHoOro HaxomoK 6bLI0 CLIeaHO PU 00beIUHEHU U
30H/IOBBIX M ONITHUYECKHUX METOAHK. Ele B HayaJe
1990-x romoB C3M cTaau COBMellaTh C OIITUYECKUMHU
MHUKPOCKOIIaMHU. [IpH 3TOM HCIIOb30BaAHUE IIOCIIE]-
HHUX I103BOJISLJIO IIOC/IeJ0BaTe/lbHO HabII04aTh 30HY
B3aMMOJENCTBUS 30HAA ¢ obpa3suom (US5142145,
25.08.1992; US5117110, 26.05.1992), a TaKk>XXe CAeOHUTh
B IIpollecce M3MepeHUI 3a U3MeHeHUSIMU B 3TOH
3oHe (EP0405973, 02.01.1991; EP0509856, 21.10.1992;
EP0527448, 17.02.1993). OnHOBpeMeHHO Hauaioch 00b-
eqUHeHHe 30H0BBIX H3MePeHU U C ONTUYEeCKOH CIIeK-
TPOCKOIKeEN. B 4aCcTHOCTH, OBIIIM 3aIIaTeHTOBAHEL
$OTOAKYyCTHUYECKHU CIeKTPOMETpP, COBMeIlleHHBIH
c CTM (US4921346, 01.05.1990), pacTpoBBIH TyHHeb"
HBIM CIIeKTPOCKOII, CII0CO6 IONyUYeHHUs CIIeKTpasb-
Holl nHopManuu (US5025153, 18.06.1991; EP0408009,
16.01.1991), coBMeimeHHBE ¢ C3M (EP0391040,
10.10.1990) crIeKTPOCKOII.

CTany MOSIBISITBCS CKAHUPYION e 6IHKHEeIO0b-
Hble ONTHYeCKHe MHUKpocKkomnsl (CBOM), crocob-
HBle C03[aBaTh ONTHYeCKHUe U306paskeHUs B fHUa-
Ia30He pa3sMepoB, He IIONAJAKIIUX [10J AUPPAKIIH-
OHHBIe OTPaHUYEHMU S ONTHUYECKON MHUKPOCKOIIHH.
Korga B KauecTBe aTOMHO-CHJIOBBIX LATUYHKOB (PHC.2)
HavaJIX [IPUMEHSTh UCII0/Ib3yeMble B Yacax 0ObIKHO-
BeHHEbIe KBaplleBble Pe30HATOPHI C IIPUK/IeeHHBIMU
Ha HUX OIITUYEeCKUMHU BOJIOKHAMH, 3TO CTAJIO O4epe:-
HBIM PeBOIIOLIMOHHBIM JOCTHRKeHHeM B obnactu C3M
(US6006594, 28.12.1999).

B 3THX pellleHHSIX Pe30HATOP C 30HAOM KoJie-
61etcs B6nu3u moBepxHOCTU obpasma. Mamepss
aMIJIMTYAYy KOHYHMKA 30H[a [IPU [lepeMelleHH U ero
HaJ, TaKOM [TOBEPXHOCTbIO MOKHO IIOJIyUYUTD ee IIPo-
bunp. EciM IpU 3TOM MOAABATh Ia3epHOe HU3JIyyYe-
HUe Yepe3 OIITOBOJIOKHO (pHc.3), a IOTOM II0CJIe IIPO-
Xofa 4yepe3 obpaser] IPUHUMATh ero GOTO3TeKTPOH-
HBIM yMHOXHUTeneM (P3Y), MOKHO IOJTyUHTh OIITHYe-
cKoe n3obpaskeHue obpaslia B Juaa3oHe, MeHbIIEM
npefena JUGPaKIMOHHOIO Pa3pelleHH s OIITUYeCKHX
MHUKPOCKOIIOB,

ObbpeguHeHMe METOLUK IIPOZIOJISKAETCS U B HACTO-
smee BpeMs. Co34aHBl aTOMapHBbIe BeChl C UCII0/Ib30-
BaHHeM C3M, B KOTOPHIX HCCIeyeMas Macca MeHseT

WHOVCTPUA #1/39/ 2013

TpaekTopusi ABUXKEHUS CKaHepa

b 30HA Ha OCHOBE OMTOBOOKHA
CkaHep
Mbe3onBuraTenb

~+———— Pe3oHaToOp

AMOAUTYAA

Puc.2. TpnmeHeHne KBapLeBbIX pe30HaTOpPOB
B KQ4ecTBe aTOMHO-cu0Boro gatdmnka CbOM

duKCcHpyeMBble 30HJOM Pe30HAHCHBIE XapaKTepH-
CTHKH yIpyrux snemeHTos (RU2407021, 20.12.2010).
C momotpio 30H4a C3M, Ha KOTOPOM 3aKpeIljieHa C03-
Jamoomiasi MarHUTHOe II0Jle YIepoJHasi HAHOTpybKa
(YHT), mpoBoAsTCS MarHUTHBIEe HCCIeLOBaHUSI
B HaHopHuamnasoHe (W02004038430, 05.06.2004). Ecnu
IJISL peanr3aliu COCTOSIHUS "KI04-3aMoK YHT 3aMme-
HUTb MOJIEKYJIOM CO CIIeLIMaJlbHON KOHII€BOU T'PYyII-
MO, BO3MOXKEH aHanu3 GHOIOruUecKUX 06EKTOB
C oIlpefie/IeHHBIMU KOMITJIeMeHTapHBIMU TPYIIIIaMHU.

ONTOBOJIOKHO

b,

TpaekTopus L “TIA3EP
ABUKEHUS |

cKkaHepa

.t « DY

Pnc.3. JlasepHoe nsny4yeHue, NpMHATOE Nocae npoxoga
yepes obpasey, GOTO3INEKTPOHHbLIM YMHOXUTE-
Jiem



Heckonbko 6onee mompobHO claenyeT paccKa-
3aTb 06 o6befMHEHUHN PaMaHOBCKOM CIEKTpPO-
ckonuu (US5257085, 26.10.1993; DE102010005723,
28.07.2011; W02010083984, 29.07.2010) co CKaHHU-
pylollell 30HAOBOM MuKpockomuen (US6002471,
14.12.1999; US67000152, 02.03.2004; W02008/028521,
13.03.2008; US8286260, 09.10.12; US2009/0249520;
CN101923054, 22.10.2010; US2011/0055985, 03.03.2011).
I[IpescTaBIeHHBIE IOAXO0 Bl HHTEPECHHI TeM, UTO 0be
M3BeCTHbBIE METOJUKHU MOTYT OBITh B3SITHI IPAKTHUe-
CKH B HEM3MEeHHOM BH]e.

Kpatko octaHOoBUMCS Ha 3pdekTe PamaHa. B 1918
rogy JI.M.MaHpenpmTaM mpenckas’al 3¢dekT KoM-
brHanuoHHOro paccesitHus (KP). [IpakTHU4YecKH depes
IecsiTh JIET OH >Xe coBMecTHoO ¢ I.C.Jlanc6eprom 3ape-
THUCTPUPOBAJ HOBBIE IMHUHU CIIeKTPa, BO3HUKIIHE
B pe3yJbTaTe MOAYISIIIUH PacCessHHOIO CBeTa Koneba-
HUSIMU aTOMOB KPUCTA/I/INYeCKOI pelleTKH B OIITH-
YeCKOM JHala3oHe 4acToT. O6 OTKPBITUU B KOHIIE
amnpens 1928 roma aBTOPHL COOOIMIN HA KOIIOKBU-
yMe U o11y6IMKOBaTH pe3yabTaThl B COBETCKOM U JIBYX
HeMeLKUX XypHanax. Tem He MeHee HobeneBcKkom
npeMuH B 1930 rogy 6611 yI0CTOeH UHAMMCKUE QU3UK
Y.B.PaMaH, KOTOPBIH UyTh [I035KEe COBETCKHUX YUeHBIX
Haya/l 3aHUMAaTbCS UCCIeJOBAaHHEM 3TOTO H3/y4e-
Hus, 06Hapysku1 3¢ derT KP 1 onybiukoBan paboTsl
10 JAaHHOU TeMaTHKe. B pe3ynbTaTe NpPUCYKAEHUS
HobeneBCKOM MPeMUH U MOSIBIEHUS B M3BECTHBIX
3apybesKHBIX U3JAHUSIX 3TUX PaboT 3ddeKT mony4uun
Ha3BaHHe "dbdexrT Pamana".

Ba>kHO MOJYePKHYTh, UTO B JIOTHKe Pa3BUTHSA
CKaHUPYIOIeH 30HA0BOM MUKPOCKOIIUU obbeqHe-
HUe ee U MeTOJUKH PaMaHOBCKOM CIIeKTPOCKOIIHUH
[IPHBeJIO K IPUHIIUIIKAJIBHO HOBBIM pe3yabTaTaM.
[Ipu ocBeIeHUH 06beKTa Ta3epPHBIM COOKYCHPOBAH-
HBIM Jy4uoM (puc.4) Ha KoHuKnKke ACM-30HJa co3za-
eTcs rpajleHT 3/IeKTPHUYeCcKoro mond. B pesynbrare
[IPOMCXOLHUT JIOKAJIbHOE yCHJIeHHe PAaMaHOBCKOIO
U3/1ydeHHs U GOPMUPYeTCS yCUIeHHBIN cUrHasl KP.
brnarogaps 3ToMy HAeHTHQHUKALMSA MOJIEKYJI Belle-
CTBa MOXKeT ITPOXOAHUTH C CyIlleCTBEHHO bosee BBICO-
KHUM IIPOCTPAaHCTBEHHBIM pa3pelleHHeM.

CnenyeT OTMeTHUTb, UTO 0ObelUHEeHHE H3BeCT-
HBEIX METOJMK YaCTO IIPOUCXOLUT IIPU MaKCUMaJIb-
HOM MCIIO/Ib30BAaHMUH y>Xe HapaboTaHHOro Mare-
puana. HampuMep, IpU COBMeCTHOM IpHUMeHe-
HUH CBePXBBICOKOM TrelHeBOH 3aMOPo3KH ¢ C3M,
re/JIMeBbl TPAHCIOPTHBIM KPHUOCTAT MOXKET IIPHU-
MeHSThCSI IPaKTU4YeCcKU 6e3 u3MeHeHUH. [IpaBaa,
C3M OpHUXOOUTCA CUIBHO YMeHbIIATh B THAMeTpe,
4TOOBI €ro MOXKHO ObII0 IIPOBECTH Yepe3 CTaHAAPT-
HOe OTBePCTHE re/IMeBOr0 KPUOCTaTa C JUAMETPOM
MmeHee 20 MM.
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ACM 30Hp,

YcuneHHbI
KP curHan

f ChoKyCMpOBaHHbIN b
i Na3epHbIn ayy

Puc.4. ®opmupoBaHme ycuieHHoro curHana KpP

[Ipu o6beguHEeHUN C KpUOoTOMOM C3M HCIIOB-
30BaJICSl B CTAaHAAPTHOM KOMIIJIEKTALIMH, a BHOCH-
MBle B KPHOTOM HM3MeHeHHS OBIIM MUHHMAaJbHEL
(RU2233490, 27.07.2004). B cinydae xoMmmiekca C3M-
PaMaHOBCKHU CIIeKTPOMETp IJlaBHOe YCJIOBHE -
OTKPBITBIH ONTHYECKHH JOCTYII K 30He BO3JeHCTBUS
30H7a Ha obpaser] - y>ke paHee HEOLHOKPATHO obecIe-
yuBaaock B C3M. PasymMmeercs, Bce yCOBePIIEHCTBOBA-
HUS 00befMHEHHBIX cxeM OyoyT HMeTb bojtee CIOX-
Hble KOHQUIYPaLlMH, YTO SIBJISEeTCS eCTeCTBeHHBIM
[IyTeM Pa3BUTH S HOBBIX METOLHK.

B 3To1 CBSI3U Lieslecoobpa3HO peKOMeH0BaTh U30-
bpeTarensiM: eCv NPUAYMaHO reHHATbHOE H306pe-
TeHHe, 1 y aBTOPOB HeT COMHEHHUH B BO3MOKHOCTH €ro
peanusanuu, BasKHO Cpasy I0o4aTh 3a4BKY. B pe3yb-
TaTe yJaeTCs MOJAYYUTh IPHOPUTET C MOMEHTA ee
nomavuu. Yepes 18 mMecslieB, a 10 XOAATANCTBY aBTO-
poB U paHee, dopMysa u3obpeTeHUs MyOIUKYeTCS.
Jlaske TPy OTCYTCTBUU IIOJIOKMTENbHOIO pelleHHus
I10 3aKOHY 3aI1aTeHTOBATh ero 60/bIIe HUKTO He CMO-
keT. B pesynbpTaTe y aBTOPOB OymeT bosble cepbes-
HBIX apryMeHTOB, 4eM IIpH cIiope MaHaenblITaMa
c PamMaHOM 3a IIPUOPUTET.

HTak, MOXKHO CJejaTh BBIBOJ, YTO BBIJAMOLIM-
ecsg u3obpeTeHHUs MOTYT MOSBAATHCS NMpU 0bbe-
OUHEHUH HU3BeCTHBIX MeTOAMK, YTO 4acTo obe-
CIleyrBaeT IMPHUHIMUIHAJBHO HOBble pellleHHS.
[Tpu 3TOM 3a CUYeT MCIIONIb30BAHU S YK€ TOTOBBIX IIPU-
OOpoB 3aTpaThl Ha CO3JaHKe TAKUX KOMILJIEKCOB MOT'YT
OBITb MUHHMAaJIbHBL. |

Asmop sblpaxkaem baazodaprocms M.Ma2Kosy 3a UeHHble
3ameuanus npu nodzomoske daHH020 mamepuaad.
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HOW OUTSTANDING INVENTIONS ARE CREATED

D. Sokolov / sokolov@ntmdt.ru

Imost each inventor wishes to be imprinted in human history. And the main route for this purpose - creation of
a pioneer or important invention, which can give rise to a new direction in science and engineering. Whether
it is possible to program your success in this matter or at least to define basic directions of further steps? One
f good decisions - to use a complex of well known techniques, leading to principally new results. It is expedi-
ent to consider such approach by an example of scanning probe microscopy.

A LITTLE BIT OF HISTORY

The first scanning tunnel microscope - STM (US4343993) has
been patented on 10.08.1982, and on 09.02.1986 inventors
received a patent for atomic-force microscope - AFM (US4724318).
For creation of a tunnel microscope H. Rohrer and G. Binnig
received in 1986 the Nobel Prize in Physics, and that testifies to
significant meaning of this invention. Thus, it is reasonable
to ask a question: what are the next routes of inventors in this
area? To obtain good results, of course, it is possible, for example,
to improve existing design, but it is also important to suggest
principally new solutions. For the sake of justice it is necessary
to mention the American physicist R. Young, which already in
1971 suggested (as a matter of fact) design of the first scanning
probe microscope (SPM), and in 1972 even demonstrated three-
coordinate displacement of a sample by a piezo-driver with
accuracy of 1 nanometer (nm). Nevertheless, his inventions were a
little bit ahead of his time and could not be implemented because
of an insufficient base of corresponding elements.

Modern design of AFM has a patent priority of 27.09.1990, and
on 08.09.1992 it has been protected by patent US5144833, authors
of which integrated a probe method with optical sensing of
probe displacement. As a result, inventors have created a really
outstanding invention (Fig. 1). The represented design from the
patent allows to demonstrate that outstanding inventions can
be clear enough even to an inventor-beginner. The probe scans
a surface of a sample. The flexible cantilever, mounted on a
header, deflects up when the probe meets a knob, and goes down
when it meets a groove. And a corresponding mirror changes
its angular position. The focused laser beam goes to the mirror,
changes its direction and comes into a photo-detector, which can
consist of several sections. Change of illuminance of sections is
transformed into an electric signal, which characterizes size of a
knob or a groove. And a knob can reflect a center of an atom, and
a groove - corresponding interatomic distance. Accordingly, the
distance from one knob to another will be equal, for example, toa
lattice distance of an examined sample.

Fig.1. Modern design of AFM.

Probe —12(2), surface of a sample —24 (9), flexible cantilever —14 (3), header —10 (1),

needle—12(1), mirror—16 (4), laser —18 (5), lens — 20 (6), photo-detector —22 (8)

The first commercial STM has been represented by the
company Digital Instrument in 1987, and in 1989 it creates the
first commercial AFM Multimode. Both microscopes based on
the first inventions of IBM. (It is important to mark out that
main inventions in this area belong to this corporation, and it
grants corresponding licenses till now.) Thus, scanning probe
microscopy (as a branch of science) has been created. Many
specialists associate appearance of nanotechnologies with
development of SPM-technologies. Currently STM, AFM and other
similar equipment, using special probes for measurement and
modification of surfaces in nanoscale dimensions, received a
general name - SPMs.

After a while mass unification of techniques of scanning
probe microscopy with other variants of surface analysis and
interaction takes place. For example, 29.10.1985 is a date of issue
of the patent US4550257, launching nano-lithography - tunnel
methods have been integrated with corresponding lithography
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techniques. Elements on substrates created from a gas phase
under the influence of a tunnel current with corresponding
energy, necessary for dissociation of gas molecules on a working
surface.

The efficient method of etching with nanoscale dimensions
was developed on 22.12.1989 (US5021672). After fine-tuning of
corresponding processes nano-lithography became applicable
for creation of nanoscale elements. (For the sake of justice it is
necessary to notice that works on high-voltage electron nano-
lithography, providing creation of elements with width of 15-30
nm, have appeared approximately at the same time).

On 21.01.1991 inventors have received the patent US4987312 for a
method of change of position of atoms on a surface of a substrate
due to their attraction by a tip of a needle and their subsequent
relocation to a proper place. As a result, new possibilities
(absent in previous techniques) appeared exactly in probe nano-
lithography. One of the first nanotech complexes (NTC), united
non-destroying, restricted by area of measurements, probe
technique with wide-field high-voltage electronic microscopy,
included joint use of probe and electron microscopes (US4798989,
17.01.1989; US4874945, 17.10.1989; US5081353, 14.01.1992). A little
bit later NTCs have been sophisticated due to introduction of
almost all known high-vacuum techniques (JP5203406, 10.08.1993;
US5440122, 08.08.1995; EP1329686, 23.07.2003). As a result,
multifunctional NTCs have been created.

On 11.19.1987 the specific patent application EP0245660 have
appeared, according to it, a probe was heated, sample surface was
scanned, and corresponding change of temperature allowed to
determine temperature characteristics of a studied surface. On
22.08.1990 inventors submitted the patent application EP0383323
for a tunnel acoustic microscope, allowing to detect arising (due
to stresses in a sample) local acoustic waves. As a result, new probe
methods of research of materials have appeared.

On 05.08.1990 a scanning ion microscope (patent US4924091)
have appeared - it is a prototype of electrochemical and liquid
probe microscopes, it launched development of a new direction
in science (for example, US4935634, 19.06.1990; EP0564088,
06.10.1993; US5831153, 03.11.1998; RU2210731, 20.08.2003;
RU2210818, 20.08.2003).

On 05.08.1991 scientists submitted a patent application
EP0448985 for a scanning electrostatic microscope, in which
local measurement of capacity allowed to characterize a specific
material in each its point. This solution later was included into
many technological applications of probe microscopes.

On 16.04.1996 specialists attempted to integrate probe
methods of measurement of properties of a surface with mask-
type lithograph (US5508527). Use of SPM allowed to evaluate
runaway (misregistration) of registration marks of a pattern and a
substrate. A bit later inventors began to integrate probe techniques
with chemical techniques (for example, RU2206882, 20.06.2003),
where distribution of finely dispersed fillers was executed with
use of plasmochemical etching and subsequent analysis of etch
pits with use of a probe microscope. Later developers integrated
SPM with a mass spectrometer (WO03/008941, 30.01.2003), that
allowed to determine content of sample surface with nanoscale
accuracy.



Integration of probe and biological techniques (RU2267787,
10.01.2006; RU2339036, 20.11.2008) allowed to analyze in nanoscale
dimensions biological structures, in particular to measure
interaction virus-antibody. In patent RU2287129, 10.03.2006
SPM has been combined with a microtome, in which polymers
or biological object was sliced, then analysis of created surface
took place with use of a probe. In patents RU2233490, 27.07.2004
and RU2282257, 20.08.2006 cutting of a biological object and its
analysis is carried out already at deep freezing in liquid nitrogen,
and that essentially changed variants of research - displacement
of a measured object into a scanning electronic microscope,
its vacuuming and corresponding sophisticated high-vacuum
measurements are not required any more. It is also possible
(RU2258901, 20.08.2005), placing SPM into a helium cryostat, to
integrate it with techniques of ultrahigh freezing.

Many discoveries have been made at integration of probe and
optical techniques. Already in the early nineties SPM was combined
with optical microscopes. Thus, use of the last allowed to observe
continuously a zone of interaction of a probe with a sample
(US5142145, 25.08.1992; US5117110, 26.05.1992) and also to trace in the
course of measurements specific changes in this zone (EP0405973,
02.01.1991; EP0509856, 21.10.1992; EP0527448, 17.02.1993).
Simultaneously specialists start to unite probe measurements with
optical spectroscopy. In particular, a photo-acoustic spectrometer,
combined with STM (US4921346, 01.05.1990), a raster tunnel
spectroscope, a method of acquisition of spectral information
(US5025153, 18.06.1991; EP0408009, 16.01.1991) and a combined with
SPM (EP0391040, 10.10.1990) spectroscope have been patented.

Scanning near-field optical microscopes (SNFOM) are also
appeared. They can create optical images in a range of dimensions,
not restricted by diffraction limitations of optical microscopy.
When scientists start to use as atom-force transmitters (Fig.
2) common quartz resonators (from clocks) with glued to them
optical fibers - this became the next revolutionary achievement in
the area of SPM usage (US6006594, 28.12.1999).

Fig.2. Application of quartz resonators as atom-force transmitters (SNFOM)

Scanner movement trajectory

Probe on the basis of an optical fiber
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Piezo-driver
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In these solutions a resonator with a probe waves to and fro a
sample surface. Measuring amplitude of probe tip movement over
such surface it is possible to receive a surface profile. Atlaser beam
supply through an optical fiber (Fig. 3) and its receiving (when it
passes through a sample) with use of a photoelectronic multiplier
(PEM), it is possible to receive an optical image of the sample in
a range smaller then a limit of diffraction-limited resolution of
optical microscopes.

Fig. 3. Laser beam, passing through a sample, is received by a photoelectronic
multiplier (PEM).

Scanner movement trajectory

Optical fiber

Laser

PEM (photoelectronic multiplier)

Currently integration of different techniques also takes place.
For example, specialists have created atomic scales with use
of SPM, in this equipment examined mass changes sensed by a
probe resonance characteristics of elastic elements (RU2407021,
20.12.2010). Magnetic analysis in nanoscale (W02004038430,
05.06.2004) is carried out with use of a probe of SPM, on which
a carbon nanotube (CNT), creating a magnetic field, is mounted.
At replacement of CNT by a molecule with a special end group for
implementation of the state "key-lock" it is possible to analyze
biological objects with certain complimentary groups.

Integration of Raman spectroscopy (US5257085, 26.10.1993;
DE102010005723, 28.07.2011; W02010083984, 29.07.2010) with
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scanning probe microscopy (US6002471, 14.12.1999; US67000152,
02.03.2004; W02008/028521, 13.03.2008; US8286260, 09.10.12;
US2009/0249520; CN101923054, 22.10.2010; US2011/0055985,
03.03.2011) must be represented here in more details. Introduced
approaches are interesting by the fact, that both well known
techniques can be taken practically in their initial form.

Here are some details of the Raman effect history. In 1918 L.
I. Mandelshtam predicted the effect of Raman scattering (RS).
Practically ten years later he (jointly with G. S. Landsberg) has
registered new lines of spectrum, as a result of modulation of
scattered light by oscillations of atoms of a crystalline lattice in
an optical band. Authors represented their discovery at the end
of April of 1928 at a colloquium and published results in Soviet
and two German journals. Nevertheless, the Nobel Prize of 1930
was awarded to the Indian physicist C. V. Raman, who a little
bit later then the Soviet scientific started his research of this
phenomenon, discovered the RS-effect and published own works,
pertaining to this topic. As a result of awarding of the Nobel Prize
and appearance of works in well known foreign journals this
effect received the name "Raman effect".

It is important to underline that development of scanning
probe microscopy and its integration with methods of Raman
spectroscopy led to essentially new results. At object illumination
by a focused laser beam (Fig. 4) electric field gradient is created
on AFM-probe tip. As a result, local strengthening of Raman
scattering takes place, and strengthened RS-signal is formed.
Due to this effect identification of molecules of substance can be
carried out with significantly higher spatial resolution.

Fig. 4. Formation of a strengthened RS-signal
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It is necessary to mark out that integration of well known
techniques often takes place at maximum use of already
obtained material. For example, at joint application of super-
high helium freezing with SPM - a helium transport cryostat
can be applied practically without changes. However, diameter
of SPM must be significantly decreased to pass it through a
standard hole of a helium cryostat (with a diameter of less
than 20 mm).

At integration of SPM with a cryotome it was used in its
standard execution, and brought into cryotome changes were
minimum (RU2233490, 27.07.2004). In the case of use of the
complex "SPM-Raman spectrometer” the main condition - open
optical access to a zone of probe influence on a sample - previously
already repeatedly was provided in SPM. Of course, all
improvements of integrated design will lead to more complex
configurations, and that is a common path of development of new
techniques.

Thereupon it is reasonable to recommend to inventors: if
you invent something new and do not have doubts regarding
possibilities of its practical implementation, it is important
to submit a patent application ASAP. As a result it is possible to
receive a patent priority from the moment of submission. In 18
months (and on request of authors even earlier) the formula of
invention is published. Even in the absence of a positive answer,
according to the law nobody will be authorized to patent it. As a
result authors will have more serious arguments, than in dispute
of Mandelshtam vs. Raman for a priority.

In whole, it is possible to draw a conclusion that outstanding
inventions can appear as a result of integration of well known
techniques, and that often gives essentially new results. Thus,
due to use of already tested ready solutions corresponding
expenditures for creation of such complexes can be minimum. ™

The author expresses his gratitude to 1. Mjagkov for valuable remarks at
preparation of this paper.
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