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1 OtetsyHjdedd, ®©WOLoadIsdd d fjtemyfjSisc
Bj stesdzsedyj mMSts2 IjnddSd d&zO BOLj |
1.o.1 1 ¢lEs
Y to iz £ fs@3 ONEMIDT Spectruninstrumentsf ts ) $1o jOdzj dztd 24460 H
vbykow@ntmdtsi.ru
SOW | B0t dzj WatstSded s R, [ 5M$ pl@44607 j dzj dzs G tc OH
% Odztsls j R dats datseshd jufg I tes j { s fimingd dfj, dztf asti@,0, 12 4 6 8 3 2
) 2021 d gtfstedzdddOs nezj Is Mt otej &3 dzd W dyd Odz' dzt
Is z dzdzj dz' dzts2 dpdcE @ Wsif mofftafjddzy  df jslsits Hl3tsh telshe jisdz tefOjLt® d Is d
if Odzd tclze h Ow L sdzH 59 OW dB3qd CitcisldnE st d o dzi i € Isde@sdng: tisdf
B3J IssH SO dmmdzj Hise Odzd W dzOizts fiplis tc AR tdsdz jtcC z alzw tf dety Hzts
BdCtest dzj Sstesdzed € d d € tsmd3d yhish Sfttj HidnjlsiOdadisj dizr  Its frdiz
d Mmtsotcj d3j dzdzr | otL sy detsisd d3j ssHtse w7 [, o |
HOdz! dzgj 2h Jets ttOLoaddIsdw.

Origin, development and prospects for developme of
metrological equipment based on MEMS and NEMS
V.A. Bykov' %3
INT-MDT Spectrum Instrumentdjoscow Zelenograg 124460
vbykov@ntmdsi.ru
2Chair of microelectronics, Moscow physiterhnical instituteMoscow Zelenograd 124460
*Nanotechnologicasociety of RussjdMoscow Zelenograd 1246832
In 2021 it will be40 yearssince the official opening of scanning tunneling microscopy.
During this time the method has passed a period of powerful development and today Scanning
Probe Microscopy / Spectragamy is one of the most powerful methods of studying
nanostructures in applications from molecular biology to microelectronics and space technology.

The lecture will present the main milestones and modern capabilities of SPM methods, as well as
the possibities of its further development.
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RMMMdzj Hse Odzdj] MOBssice OdzedL Oydd Olstsdise
CteJ d3dzdw d G Jjted3dOdzdw M T sd3sh ' & MCOdzdtelzs b
b. @.0tcOdzd dz

RdzMisdlskzls OolstsB@BOIsSdSd dr fesydmmtsd z@f gospsdgy 69004
saranin@iacp.dvaru

dteJ Hd t©OLdEJYyde » fBSHAatHtSe §MmdzjHdd] cEtSHT 9
ftcdodzj COJjIs MBLHOddW ZOdtsmistezC Iskzte dL SIsH j dz'
IsSj mdzsdzsedw c¢MmdzdL 2 99 jtcn é) fm dmf sdz'lL tsto OUAFQ Hl3i
BkHEIs ftcj HiMIsOo dzj dz’ oL digtsy dzsMmils d MCOdzd oz N j
dmmdzj Htso Odzd W Sstsf sctcOWdd f§tsojtern detsisd, Jd Mmtsfr
MstezCIskzter . 1 tod L Issd3 Mmdztse dzts§ o dzd dz30 dzd J BlzHJ
Bd ssHtse d Iksydesmisd dL o3 tej dzed 2 .

Study of the selforganization of atoms and molecules on the surface of silicon
and germanium by means of scanning tunneling microscopy

A.A. Saranin

Institute of Automation and Control Processes FEB RAS, Vladiv@36R41

Among the various approaches in recent yeamsch attention of researchers has been
attracted to the creation of nanostructures from individual atoms and molecules-¢tilkedo
bottomup technology) using setfrganization mechanisms. The report willepent the
possibilities of scanning tunneling microscopy &iudying the topography of a surface, its
composition, atomic and local electronic structure. The main attention will be paid to the
guantitative aspects of the methods and accuracy of meastsemen

[ Mdzts e dz" j f toed dzy d f)tlzd Lilzs v 8 & gs@03 tc s ed@bddefsiiIs oz € Is k2
ftesosHdlsMw o Efdse dwn fifhjdd) gifs 0 § s ¢tz 626 H I E0e
Hdzw Wistedzdtotseo Odzad v  dzO dzts fislatd dsls i to ff fisdelg c@ lszs @ bs t§ 30 tic
COYJ ifOdsjj ed OdzO Hdzwv flstesdlsj dz’ Miso © dzOdetsflstclzC Is 't
OHMtsteB Olstso Ists dzhHdsdztsi?H dlds] yH ©Odg isXBgzls B Hithmtipsiid de;ts o O jizd
OdetsistczC Iskzte wWodzw jIsfqpw Ol sdgdzOw ddzd ditsdzj € k& dzw to o

[ Mdes o 52 f t5dzd &30 dadipis Of tc O jshigdigitses st Mistcts j dad v d ¢
O o jtorndetsisd Iso jtcHsets IsjdzO wodw jlsfqw WdL d¢
f sdzd &30 dzed d tcli960-H dz@fig'H O 8 . tots2Mlso O o jton desflsd
dzj MCtsdzr Cdasd o tern dgd B MizEORP Gl wEEg dzj dpdfs Is t5d
fMistetsj dad W, iz jie®zI€ stizdedzts 2 = d d3ddy j M &zfs dsis dzlin@sidz @D O to ts
f so | tcntsapiinds'd HodDY s dzlstesdzd telz j dG3se s ML HOdzdW L OHC

I WdL diSsje j ten detsfylsd MmEh jMsoakjls yj d 2 [OtedLdz0d
f sHOo dzw s N jj Bisdz' " ddzlsets 1 Isdr d3jlstsHtse , ts fry dats
tcOMmMMmj wded W, H Opkzldnted deWag teladfryd of 5 L dzOydls j dz! dets? tsB |
il d&3d3, uybsts o L d&zOydlsj dz@ dets? Mmilsjfjdzd L OlstelzH dav j
OBkt syd sdkskzOoydy L Odj Is dz@O0rr daztsh & azO 8 @ c
Emddzdwds 4 JtHO 1 ddzdzedc O d | Jjdetedr O t stej O, Ctsls
sz dzdzj dz' des G ts a3 S WStSHES W fte@f B(Hey [SL o sz j s 6 OM kOIS
9jhiMmlso O Hdeh B Gxlrt @l B o L Bsy desmlsw g H dzv O dzO dzd

RLtsSBteOY jdedJ, §odzkEyd dedetsy m §tsdishs s wuf, Wwo
d ¢ dzr d fteojteandstsisd BBOL YO, d RrOtOCIsjtedL 2z k
s € Odz' dglz ® f dztsls dzts iy ls - 1 dzj Sfisatps dpdz = Is dfigls s dgWw dzdff Dizls
L e jtedd3j dzlsOdz? dz" = HOdzdz" = BCOLT" 90jIsfw C O dzj
tcOMmyjlstse dL fJtwwd - Htcjdoyigld@Gedy jIs Ezdd$ Odz' dz"
dimimdzy Hs Odzgd W 1+ dzj 3] dzls Otedzr = ftesyj MMtse dz2O  So j to
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RMidzj Hso Odzd j HESd3) dzdzs? MlstelzSskzter o
) fedish! s« MCOddkyh j2 LodHss B2

lc.zkte

RdzMIsdIskzls JjMmilsjMmlse jdzdzr = d&OEZS d dBOIsj i3OIsd ¢ d, VLicOdzr MC
{ COjtcddeB o, t sMimpdw
vladimir.shur@urfu.ru

lHjls Mdmisg s@sey el § OCdd3 tsBteOL Bd3 teOL dzd ydzr
L sSdzH 59 152 BdStesMEsfdd dmf sdz L k¥ Isfpw H dzw dL 20O«
orMsCddz ftesMmMistcOdzMilse j dedzr d3 tOL toj M j dzd j O3, d mmdzj H
f4td &dz yjddy J-dneCdgiatsy ~Gd Sy JczteOyd? .

Study of ferroelectric domain structure by scanning probe microscopy
V.Ya. Shur

School of Natural Sciences and Mathematics, Ural Federal University, 620000, Ekaterinburg, Russia

Application of various methods of the scanning proberasicopyfor visualization of the
ferroelectricdomainswith high spatial resolutionnvestigation of the domain structurecal
switchingandcreation of the microand nanodomain patterns will be presersigstematically.

Il EHjls ftoj HiNls OB el ddc ¢ wOUs &d ¥ dz" - BB3J stsH 59 odL
MstclkzCIskzter 9 MjcedgjIststi dzj SIsted & OR, o Istsdz ydmdzj
1 dzj € Is tc s dzdzts 2 BdStesMS s dd d fn ¢ O dzdSednniry Prdbe L ts dzH
Microscopy- SPM) . [ MtBty oded d30Odzedy BEZHJIs BEHJ &Mz HTS
Il zHEkls ftoj HMisOo dzj dg fjteor j Emfjhdz j dzOBdzt HJ C
Ols s dfftszts 0 52  d3d AteriadnForsgMicscopyi AFM) i f sd3tsh + 8 L d3j t
tcjdz? JWO o jten dzsmIE€EDS M dndzyj ntisio e pAidstc s © SO d o
My dzj SIsdodzsets IstcOo dzj dzd v . lEHjl tOMmdisilstej dz 1 toc
f st 2dzw tcdets edsd C3g tisftgCHED] d d Md dz ! j L tsPielzgrésfotsfoicg M ¢ s ¢
Microscopy- PFM), O IsO¢C x4 Isd@$id Jd3un@pectsos@ifyyioizal AC Resonance
Tracking(DART) d BandExcitation(BE).

1 ZHEZls ftoj Hils O dzj dz' BRdzts ¢ sy d fMdzj dzdzr | f tod d3j
dzZsC Odz' desets  J toj € dz¢(hochldaditehingf fip dztf s dgs Oy d f totso SH W h
SPM d PFM o d L Iz © dzd ScéhmjrifydProbe Microscoptip-induced ferroelectric domain
switching H dz% ff tctse j H J dzd “ip b findsiC &R Qfdaismils tc O dzfis o j dzdzr ¢
fsdzeyd dzdv 90Oy dgr » tjL Zzdz! SOIstse .

) 1 toar?2 &BjrOsBONEOREE sSHSH3] detso o forfarddzw tc dzts
growth) dz0@ tMhdzse Odedd toj L zZdz sOlstse dzsC Odz! desets ff j to g
Miej L] GHAEdtshHdsets M cdd BB dzj SIsted O dzdtsB OISO  dzd

2) JlLOddsH j2Mlsod] dLbBdzdtcse Odzdz" » HBsd3j dztso,
(intermittencyd WY stcd3ddtotso Ozl J U 9P BEC dF J Edr Oslsdyd MSdr Ml
Mtej L ddsBOsO ddlsdw

At OMf OH JoodzvtedL s Odzdese s MsMisswdzdw ( MOBSH t
[4 d Wstcdid tctso Odzd § dzO dzts H 5 o34 dzdz" - MstckzC Iskzts i tc
SHdctesH dzfbi f dsEAls S tcd Mis O dzdzOr o) ZOS Mstedesets MJ G«
fls tc 5 @&BN[ W

4t sdz odaj "dzgj ets | CtcOdzdtcso Odzdw Htod MOBSY tots
fsdzvtcdL Oydd ftsfdzy or Cdzt yjdedw odaj " dzgj ¢ f6]. f scdzv

5) l dzd W dzd §  QpsigEse sfdticasjotOtazs Mis dztse s Mdzsw d ¢
tesMls Htsd3) detseo fted dzsC Odz! detsddz f j tod C[&Byd dzdd f sdzv
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N] dzddvjdz L Otew y j dzdz' - Hsd3j dzdz’ m Mmilsj dzts € dzO HJ
Bd MMmo d dzy ts o RNINPCs[EBHZ] ¢ J

B jcedzgj stst dzj SIstedud MEdd HtsdR] dzr [d4]. BSCtesilstclzB € (

9) vdyr dimrtsHdts?2 Htsd] dedzs? MistckzCIlskzter d smtsi
fJtej Szt yjdzedd dz0 dgj f sdzv tedesd3z Mtej L J15]l0 Biee Odzd yJ M

t OB tsls O 9" f 5dzdzj dzO f dmf sdz! LtseOdzdj d3 BBt
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H4sLHOdd] d dmMmdzj Hise Odzedj dBOG dzd Is dz'
BjissHOB] MCOddElkzsh j2 LsdHse 82 o

. o ZnoOB@iaddLy jo

SoLOodMSCdB jBddai§ S d2 ddemisdlsizls dd3. [.s. 1 Ooats2MCtsa

a_bukharae@mail.ru

S0LOdMSd?2 (1 tedo tsddmgdop))ts ifdjlsj jlsts ©dd'2d2r020 8, s OL Odz' ,
[dSydw fsmewhjdO ftddjdzj deds IshUBdztelzd " s

LcdzHBoase s RIS tesMESf O o tjyddzOr ME O dipfdiciasohgjcets

BdStesMC s O -iffd degdedgdds dasd € s s O H dzv dz@dzd 18 d2dzlf v

Bd C-tds dz0Odetsistez € sz tG.

Formation and study of magnetic structures
by scanning probe microscope
¢.0. BukharaeV?D. A. BizyaeV,

! The Kazan E. K. Zavoisky Physidchnical Institute RAS, 420029, Kazan, Russia
a_bukharaev@mail.ru
’KazanFederal University, 420008 Kazan, Russia

The lecture is devoted to the use of the same dewutoe scanning probe microscope in

the modes of scanning probe lithography, atomic force microscopy and magnetic force
microscopy for formation and investigatiohmagretic micre and nanostructures.

I dzjSydd dz@ wHj SCtsdCtjbd & ftddjtess tcOMmf
MCOdedtekzs h jets LsdHBSosEts BICtsmMSsfO (u1f) S OF
B S-tefs dZOdsmlstlClsker . 1 tod | lsd skds | d ek
cOBBIOshd2 o ©jydkOR MCOddElkyh | ¢uhd dEsodsidsD |
BIStesMS s O Jd dehOxcds| sdg ¢ tsME 5§ 0. uvdde jtehOd
hdesS sk Stkek JMhdj Hse Olsj dj 2, oCd* yov Mmiskh,
COMY SEYSEcshssYh jes SBskHEe Oddv, MOBIE M
ZOdsMisickzS bkt . | Of ted &sj to, fHOVGrRATSh Y ¢ toelizf v ISBECE S
CjddBj GROdsddssceOtdd B &z JLCEGlkse dzj dgF BqS tots
Mstlsdash j dad j &5; izl O tiztied |z < o j dedeS j dzv € OC ilsH j dz
)] &OMMde d &3 CodasOSCIsOB] dL HRSE s i Ydtmidsd t B¢
S OddL 5o Odzedz’ | LOBWHEBSOT j 5B &OMIsd o d&Odze Odzdls €
CoyjMmbseot §sdkzyj ddr f nistapshls st Salyef P4ids @ © el > didzC
Ol seffsztso 52 B CtesMS SR Y to wffiEds § Yiddz’ old dadid>pafsdits 2 o3
BIStsmSsfdd f fsdsh s I ssets BStesmS sy O
fittj BOGddudo Odzdv yOflsdy 1§ jttdkOdkdsY §iod ©OL &
ZBOGC dzd uj dedzsfylsd o ROGdzdlsdzr 7 zOdztst tetso sdzts§ OF 4 t

kSSCO o' MS 2 §dsldshisd [2]; boOdh¥ stedOydY HE
fted d~ diisd@dadQfpliw 3 J dzd d Id@zddzsihy OS], [dBf. sd! L 2v
BjlssHT EiEses GsHj &Zdesse Oded W, dMmfmdzj Hso Ols j «

1 e jteddzj delsOdz? dz" | w1f dLBBteOY jdedWw ) dBBsH| dzd dg
ddzls j toff tojd&BOWJddz'fds tcj L dz» sOlstse [ 1, 2, 5].

1.1 . REtccOL du sA. mOdzd §6& 4756[(20k4)c ,

2.0 . Rz Oyduptse J dop W j 8. Awi5S O1Z @OLEG).,

3r.o0dLYjd. 0. 1EZROLOjo, Jud Dietsl) dfjc@emIT@MS)O Htc. ,

4.1 . fOBddpr.. 4 duwj o5, Mizty.tReL odj frHstel.™, t ¢1 ., «FORRIPE(204&) L d ud M
57.0dLY jid.d0tc@ zol d figh dgQ@s, 801G, 4224 (2016).
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[ Oc dzd-gdeties 0 OW  toj L 5dzO dzi dzOv  o3q S to ts My
1.f. [desdss

Rdzmisdlskzls ¥ dLd¢d dBdCtesmMsekzS szt { ¢ 05608850, 1 d» dzd
mironov@ipmrasru http://mrfmipmrasru/

] HBCd&OH] ftjHisSOBHGaz wEOGHESNISdSd dzO dzts fi k
toj L sdgOdzidzr 7 B stsHdSC BOcdzdlsdets?2 L tsdzHBsoO t52- i3 €t
fddztse OV  RBJSCteshMisfdy ([faf), BICteshscsfdv od-
6] L 5dzOdzeidzO Mddzseo O &BICtesMSsfdy (Lt esfssHEsml
OkOdEdLO ksCsftsosHYhdE fos2fjlss, &GO ddIlsds?
ftesmMistcOdzimlise j dzdz" n Bt H toj L sdzOdzimdz A Ctsdzj B Oded 2
f zZOdzOtedz' » dOBSMIsizC Iskzts.

Magnetic force resonance microscopy
V.L. Mironov
Institute for physicef microstructures RAS, 603950, Nizhny Novgorod,-GE? Russia

We present review the methods for diagnostics of nanostructures based on resonant modes
of magnetic probe microscopy. We consider magnetic force microscopy (MFM), eddy current
microscopy (E®1) and magntic resonance force microscopy (MRFM). The application of these
methods for the analysis of conductive properties, magnetic structure, spectra and resonant
spatial modes of magnetization oscillations for the wide range of nanostructuresssetiscu

]l BOcdzdIlsdes? LisdzHtsoats? BJSCtetsMEsfdd dmftsdy L iz,

BBts(DLutsd:s. -] dztdgGs2dzd IsiglEtsS o s s d d dmistsydzed € s
j 2oz h Ov 20 CBdzjBdz6E hd2fMmw L tsdzH Md dzO, tsBEZM
dzj 2 wWOMmMiyaozdw l sEEOkzdz SOIs] , tcj edMmlstedtclzw d
L sdzOdzinder = S tsdzj BOdzd?2 COdzlsddzj o J 60O, EHOjIsfiqw t
OdzdL qtetso Ols! Htsdj dedzlzs MlstczClsktelz dOBOC dad Yy dad
4 Htokzets?2 Mbtetsds , Ctsdzj Bfias f @ incfls O C dat Is dztf 2 ¢
mMdzj Hzj B3sds ftesotsHWh jd3 tsSBOL Yy odrtcjor n Is ts
HOEIs dBOcdedlIlsde j ftsdzv, HftwwdotsHwhdjy ¢ HJBTW q"u:
dzyd t 4 sdtso Oz BCtetsmC sy dw sdrtcjoar
dimstedtelzj Isqw dL d3d dzgj degdd OB dzdlskznr d HtSBthslsot
[

L
H
g
©
o]

EyomlsCoOod M tOL dzd ydats? ftotso tsHd d3sMmlis & . ]

HO HBMAcOjIs 20 dad3 |

fsmMdzj Hdzdj cetsHT™ YodzEyddz tOL o dlsdrjr disots R lsE
tgtsd30Gdzdlsdzr|nd3®quslzstmmﬂ§zdzOdzfndzOW M dzseo O BJ S tots
Jdzdw W JjtotesBOcdzdIlsdzsets toj L sdzOdzlm O (A f ) . ] |
IzdzqtgissOdZdzisJ S OB dzdIslzH § az0 Yyomilsssisy (o J
P zOB@dzff IszH O Ctsdzj B Odzd 2 COdzlsddzj 9 j 6©® MlsOdztso

tcj L 5dzOdzM©O o tBtOL Yy . [ Odzdz" d@3 3 sSsHEsAE EZH O

o B3O G dzd Is dz" =~ ZOdzsMistczC Isztc On d dmmdzj Hise C
s dzOdzmdz" = € tsdgjdpdesisylsld dEdgOTLdzgse [ 3] .

t OBtslsr ftsHHjtey do O Ismw t sMind 2 MC d2A40350.z ydz' d3

1. D. Rugar, H.J. Mamin, P. Guethner, et &burnal of Applied Physic68, 1169 (1990).
2. S. Hirsekorn, URabe, A. Boub, W. Arnoldsurface and Interface Analysi®7, 474 (1999).
3. O.Klein, G.deLoubensV. V. Naletoy, et al.,Physical Revieu8, 78, 144410 (2008).
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HCOdzdtelzs h OV d3dt dersB)SIBYNG Y C stesMS s v, Mt
sjdgv j deydd ©OLoadlsdw d bktsejdd tcOL t

I.6¢6. ¥ ¢

Yoz tfs@tf QN@MDTSpectrum Instruments, [tMSo0O, 7 jdzj dats
vbykow@ntmdtsi.ru
SOW | B0t dzj WatstSded s R, [ 5M$ pl@44607 j dzj dzs G tc OH
4 Odztsls j 7 dats dasseshd jufg dneStis jt ts fmfid df, dztf dstiy@,0, 12 46 8 3 2

RL dzsy jsdg'dzts o dz" J LIsOfr tcOL o dIsqw M Odzdtclze h j 3
M j StesmME s dd ZOdzs 3] stctso t5G 15 ftesmMistcOdzmis 8 j dzdz
CodelstezC ydd ftcdBtStctso , dzts ez i J MEQLrtc O tEIRE fJ B3 i3 &
IsjdgH j dzydd dr ©OLodIsdw. [yjdzgjdes MsMmisswdzdy Ol
Bdeser &3d HEBMisdy j ded W d3q .

Scanning probe microscopy and spectroscopy, state of the art, trends, and
level of development in Russia

V.A. Bykov!??

INT-MDT Spectrum Instrumentbjoscow Zelenograg 124460
“Chair of microelectronics, Moscow physitarhnical instituteMoscow Zelenograg 124460
*Nanotechnological society of Rusdidoscow Zelenograd 1246832

The mainstagesof the development of scanning probe microscopy and nanoscale spatial
resolution spectroscopy are described. New design of devices, new developments of
micromechanical systems for SPM aneindsof their development are presented. The state of
developmert in Russia is evaluated in comparison with the best world achievements.

4 C Odzd to zis 8 W tpdEWe s N q ) WOt tsH d dzO ! ® 1966 Gt
ZOYdtsdzOdz! detsets ddemisdlskzlsO MisOdzH Otclstsa wz ¢ (1 OMF
sfdssodz’ = dBj ssHise dhifdzj Hso OdegdWw dOdesfistelzC Iskzto
hoj2yoOtml et tsils HEMAz) miigflz| & sz DA @ E tc §.8BdIed O d .
{ stejit@.oadilsdj dJIssH O MmlisGegztzd 9 L §BF ip s dz0 ! YaBW o € s
mMdMmMisj &3 EftcOodzj dzedv ftedeBtcOdRZd, MBtstcO® d GBKOBTKIS

l jteots? Cdzt yjots2 ddedzse Oyd . @ dzc @ e fi) 2@ sizfp dzdziy § ts
1 jLtstedfjug MSCts2 CjteOBISd HAv hkh jmlse dj ddy o
sBtOL YyO. 1.  sededEd ©L @dzd,. ,ylsdzO Lfofo3Bilis tB)C Odzd telz v h
skzdzdzj dz' dz" &3 BdCtesME s tsd3, Lotk jls sdzizyOls!'
Olsts®Oteds dz O tizy " jOdxffty dkzd W ftcdBstetsds d sSBtcOB |
d MY tsdizqttsjotddn ts dzO dz’ dz" j Cdif ' s lsj tor . ltetscgtej M o
MjesHdWhdzgjets Hdw tsftejHjdzwjlsmw dsh dasls: 8 dMmtf ts
Cjd jWO diftseosHwhdn o] ten dudplQis? By dots d § t© jBr
sistets? dedzts?2 dzO0 dzjiL OO dzls df dizjj azpAsds, CB®dzfjed B StcT
toj dz jWwO B dzd eg@Ldps@dz' B3O lsisidBdets MIC @ Ofdsds o dpded g O,
d 1JtwB it dMfsd L s OdzlmMw Iskzdzdzj dz' dz" 2 HOKzHf ¢ H
COdzelsd dzj o9 § 6O, yYlstg Shi@sdzjd dedgidoHGopddg=?., MH j &zO9 " j 2
MlsOdzts dL BB Isj ddj ¢ B wOd Y@@ 2 de'0  tasjtf dsoff ldste O
dL d3j dzj ded W e dztse dz0 € dzts dz© COdelsd dzj 9 j 6O, ylsts
tjedimistedtelzs M j Gstcf BzgRS g O dztgsc s Y sSlstsSHdBHO ff 5L o
dste 3Odz! dz" j, OS¢ d O jteOdz dz"@ §| Mmddzr oL Od BsHJ 2

R dzdzts o Ofytd j*H sls o tc Ol O IO d | C Of d dzdzvste diOG s tc OLL W Wl
G tolzf PuskerW.A., CookR.F., ClarkeD.R. dddzls j ctcdtctso OdzO o f jteor |
dufl JtoHy ddzsds ¢ dzd dzc s 3 f  Wz6 @20 d oz@ dzd Sdglz € s §lzls O € Is dzts
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1l C8AJdzOyOdEgsHtse mm 9S¢O Br dzO fsCOLOdzO o
BRIy f WdLrdujmédr Mots2fMmilse Thse ed EHE MBS Hc B
iHts dMmMmdzj Hse Odzd 2 dzO ¢ tc Opaffy§ B fitplO'L ,H j diOH ds¥d ¢ Gc@ s d
|ls dz. w1 f ddbsscwOWdd, Ctltsterj o dOmMlsswh jji ot
[ dzezd dzd &3 v @ f gflzd W dZzOIs j e Odz! dz" = Mddz J " jJumping 9 9 3
BSHO, o (bt L &jtewy]lshmy {iedd imzdddy Meh: gdsia d dz’
slsoitisdzH O ¢ o jtrndesfisd o sy M § shistesydzs
Slsdesmdisd dz def @ PH Y Qedztfty Sls { tso jotdf Hritisiisddy BLARY dEH
otcj i3 ded tojcedMmlsteOydw MmMddzsets?2 Ctedoss?2 o COYHEBS2
Bdzs 6 5 o GJudgynddgds H © BT dzO dzj aEMisgdzise ©®o @ dzdiz®? tcj O dz(
f smdzi ¢ dysosdsjodgdsiifetn) iyjfddis @ ¢ BeakFacee ¢ s Odzdd 1 ol
1 ¢1 { HybriD ModeE  HD-AFME) C s i3 OTAtPd Spectrum Instruments
(http://www.ntmdtsi.ru/hybrid-modeafm) [1-3].

HD-AFME fsLoBdw jls SHdes o tej d3j dedzts dMmimdzj His9 Ol
tOMftej Hjdzjdzdj G tslsj dzydOdz®, OHCG L dsdzdz 52 fydulz 1§
sB' Yydzs2 Hdw w1 f. ltd {ltsdg fqizh jMmlse jdzdets E§ tesh
oL Bsy detsfyls!  Oo ls BEI] L @) 86 - BQfTH 5 dzj 1 Gtg @alf jj Is todst
sjRndetsdzsedd Mkh jidyls § s detiziEmCdfs) jdslifvevs 2 Mlso O tists JBds 6 1S ¢
Isotsj COfphHssisses M dosltcets fod! Lso Qdzdw HdAzv ¢
dz0 dzts ) Is td Iz € istizdeeNS-IDTRSI to ] O dzd L 15 9VO daBRBIBEM,O f tsL o tSdzw ¥ h
dimimdzj His9 Ols HOY J§ MdzOB s Mo w L Odgdz" | f  rYdve j ton
o] OzfLdBY Y B’ Mt c s € OfpHjidyy os@intzdi s © Odzd v o' NS
MCOdzj e® o' MsCtsyOMmistslsdz 7 COdalsddzj o jtetse M tojL

[ dzw tcOL fgtedstd J' B34 ezl dets dzts ¢ d 2 d M € dz® ufditdsHj G st € G
MY j yd O dpdsh IshtsCots dz! dzsl2s L iR Qi dhls s ©OC Isd o dets o 5L H j 2 Mise
Bsdzj Sdzvtedzr | MbtkzCllzter toj L Cjs¥ dogjddgvdj,ls ndd diffrfd, dzdse
ledBEL [Cr?23sdut, ottt aPd HijMwisSd Eyj s dz
B teOsh jdz 8 ydmdzs dzzyh dn t©OL tc OReseEdsSDedidiments] s o
9 2 0 1 lnhttp#@visvw.tdmadconrarticlel2011/06/2014r-d-100-awardwinners.

1 sW o dzjHRERBIS H ' 4L Otclstcd HY § 2 f sL o 5dzd dzts L dzOud

teOfMmh dtod Is otsL d3tsy detsfyls d f t€cpEststEROels,d L diistso Otffadaf & j dzts
fedestese-ll(f SeWRsdR ojthMdv), oru@Rrw[fttdbsfefs ¢
s lQirsevu, dets o dzzlstoj dedzdj S tdelstelzCIsdodz j Mt
ddzls j ctcOyd¥ CHDG lshsHH ¥ jo?2 Cds dzfls tc i Ssupd@w  HitcROR midyABAS Is

lr1¢ sLosdzwjls tOBSIsOIs! M § zOMmMisddzOd3d HJd O3] k
COLtej " j dad j , ysts sBjMifjudeOjlmw ftjotsmn sH d
fcdBs6EO 5 CsEBBd@OYdd M Bsh ds?2 mdhsj gs2 Isjtdts

it dihstsdkiB O2dz MCOdzdtclzs M jets LsdzgHtsoatsdts BIStsMEsf O d |
Mo jlsO d dqLBBLOYjddY d MfjSkter Yj"kjS cwoO¥jdo
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[ shdtsj tePbadifdsghp Gdif MY jClstesd3j Istetse, Mo &
fnithstGOLtGJhOBﬁo[: gL o3J tod ded 2 ssf sctcOW dd d
o jtondesmisdzr = MbstckzC kzte, sO¢ d ftdizkzyol:! d dah
J SlbtcOdz dz' 7 jinQdedziselzts fzr dd gzC stetsMC s d d , ts dippliftg cCds to
mMmiwvdtf  §sesmMisfidd or MsCtsets ftesMmistcOdziis o j dack
t OL o dIs R i@ Oodztsm! Mo tDe OB GEISCd MCOddtelze h j
MyJdSbtes®) bteO 1 o1 {Ads14rv O coEddpmmifdidash) , o
Ctlsster &3 § W o driefp |- BB BEOS sd3B O2dz w1 [ d { OBRC
My J Clstctpdsiols tg O .tof] t5 1] alstezif Catfd L BRS4 ' Y dH C sfylsder 7 W yj 2
4L HOdz th Otsa"Odzls'd B Stets o BJLOY jtlskztodats? RS
BCtesMC sy dd o ¢%E Bpedutizdabdagnindl)earField Optical Microscopy
ASNOM) M tOL tej h j did JSd® Wit IsloQ) ddplstsydzed € O RrRs dL dziz
dmyf sdz! L Zyjds@nwj tc o ddzlsj oW j tesdzj stetsdz [ ©2 € j dz s dzO
fts Hdzddzj o tdzdz" o1 OH, 80 ff d@&vds.dfjdzd 4@ O34 dd teOMmMmj W dad
LisdgH' f) ftesotsHWh dds §s5Cter sdj . wdmlsj 8O § Lo tsd
tsB zMmdzts o dzj dzdzts j oLOdhBsHj2Msadj &3 dL dzlzyg dedw i t
BsHEZ&Jtese Odzdes ] YOMstslss? § sdzj B Odzd WzO dz@ dzie® L o€
RN sdz' L s Odzd § so¢dn MdMmlsjdd tsLetdvjls tjcdm
ftetsded yoj dissmilsd w©BteOL Yytso , O OSYJ Mmdc dzOdz dzj Lz
otsLBEYHjdd] CtdzjBOIj dzt dzr » BsH disdzj Ckdz dzO0O ff 5+
f¥Btstetse, o Cdzs yorh dn Mefidzgs pdzs fisddC @S gz d  d
ftoj HY SdzOGOjIs tsBI jHddzj dzadj 3jIssHtse ¢uf, dz¢ d3d dzj
d ASNOM i teOMmh dtejdedj 5 MY j S lstcOdz! desects HJOH§ OL 5 daC
OMC OHdzr 7 d&ZOLdrdelss off ts dglisUEO 4 'ts L Sotisd3tf dzj € dekz s d dzW tstc d3
LduimMSdn Meots2MmlsoOF o jthndsmlsj?2, KOS d & R

1 smdzy H 59 @lsidalsodditE O dzeztps i SL o sdzd dzts § JteJ f sL Yy
d ftedeBster , mMikzh jJ Mis e jCdzdiftds difj dedimoddds | divvtely stdse Q dadls'lz -
Jyqodzdmlstse 9 L SdzH 59 52 BdSCtesMS s dd, O 9 C
LtcOBSIstsS ¢ tcTMDT Spedragin€rdacedtdn EMmf J mtsd3 d@Isc lzls § &
zOB tstcOdzls 1 d ddzy 4 dzj terf H dzff O tEOgigldstdaddaw  ffldg ts-ydg
Judeg@lB]Js&quzBSJHf, Y4 dz Colsster n f sdzlz yd s
Wisted30ydr 5 VJLEdBHUIHCd -V GBS B dedztslsv = BT
Magonov S.,Belikov S., Surtchev M., Leesment S., & Malovichko |. (2015). Highlolution
Mapping of Quantitative Elastic Modulus of Polymers. Microscopy and Microanalysis, 21 (Skppl.
pp 21832184..
2. Montenegre J., Vazqued/azquez, C., Kalinin, A., Geckeler, K. E., & Granja, J. R. (2014). Coupling
of carbon and peptide nanotubes. Journal@f#timerican Chemical Society.
3. Alexander J., Magonov, S. (2015). Higlesolutionimaging indifferent atomic force microscopy
modes. NTMDT Application note, Vol. 88http://www.ntmdt.com/data/media/files/products/generalthigh
resolution_imaging_in_afm_an088_a4 _fulfpd
4. A. V. ShelaeP.S.Dorozhkin, V.A. Bykov. Nearfild optical lithography in application to plasmonic
antennas characterizatioimstruments and Experimental TechniquB®vember 2016, Volume 59,
Issue6, pp 837841
517 Ctko ¢ . dtso tej d3j dadz” |
H dzw dmMmdzj H s Odad W me
C sdz?¥ j to INGNQITHECHOILGAS-2 0 1 6
23 deswBtew 24616 c¢., M

oL By dgsMlsd MC Odedtekzes h j2 L ts
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[ O¢ dzd-Bdetzs BPT csMC sfdw EsHd¥dydse O
Bdzts ¢ s dzs 2 dzr Tofls ez § Is Iz te

[ . [ 3 dzO f.0.01 EM ifed, tc s dzts o

RdzMisdIskzls ddfutefsinds e § sz®© 03950, 1 dopddd®R5 | tStoc StetsSH,
mironov@ipmrasru http://mrfmipmrasru/

J HtsC dzOH § i e n fizlsOfdafisdzd Mmdzj H 59 Odzd 2 H s d3 dzdz
d3dzts G 5 M dzts 2 dz' Co/Pt tndz] fdgstE€ J dzH € 2 dzw to dzts 2 OdzdL Blstets{f
fsmMtcj HMlsotsdz SMOYHJjddw dO dm (o jten dztsils HiY
fsmtecj Hilsoatsds tsB dzEyj dedv dodzOdsd 1 J

Magnetic force microscopy of modified multilayerstructures Co/Pt
O.L. Ermolaeva, N6. Gusevy.L. Mironov

Institute for physics of microstructures RAS, 603950, Nizhny Novgorod1@5Russia

We presentthe resultsof MFM investigations of domain structure in the multilayer films
Co/Pt withperpendiculaanisotropy modified by depositicof additional covering Co yar and
by the local irradiation with Hebeams.

RM-OGHIgAS gL CistPle) o jtof j dzH S v tedzs? OdedL Slstetsy d
Mzts] o 1u @) 0d5 dedi) , 9" teOh jdedz" » dzO CtojTBAzd § o 5
[ ) dzdzO" MstekClstO ©BEOL yso -ifLdzswdsRo fied ¢ dsjEd
(fuafnrdzs fs5C0OL Odets, yYlsts o tCo/Ptg 5 @ dedziizd the dztf tizo ; tc f
(ssdh qds?2 @G&p M OddLsbtesfdj?2 djcsovw § dsht s
dL d3j dzj dzd #s FrplsalpiCdsdiz o S H)cOL ytso ( ted fm.

& 3 7%t

I?f £ « - E 4 - a
t dAepzdC [ o] dLBBLOYJddY tBKOL YO CoPt BJjL §BCEr
Mdztsj d3 Istsdzh o dzts 2zd3l ( dzd3. ( 8 OIS jdE B. OHtcO 5
MOt OC s jz@dz | OO BOB HBd3j dzd@e/RtB s to lif IS it o O h
ndzts w gts Msihils GEddP 3BG dzg yJ dedzts M ls ¢ dzdzts ¢ BdiPtzty 2 dzts 2
fsCter 0 O h dd3 Mdztsj dgdse € ol HdzhdddfzB(Ne)diind 1L,(D) ) YGtejH
Hisd3j dedzz® MlstckzCIlskztclz ) = OtOCIsj todzr d3d Mtdj0ezdzd dzd
| sCOdztzlz@y W d € Oyd W Pitff dejsdetts® €z ! f smtej HMIso 5d3
ftso Jjten dztsfls StsdzC drn (Istsdzh ddets?2 29P0WUzd3) d HagE) C dio 8
BOMh IsOB H tsd3j dgd2Pt tfiHs telzck fisz@md3d s d o Mo tsB SH dats
slsdzd U PIEMY tlsdzdyor smw kv §Jjtej BOc dzd ydoe Oded w
[ to bz o2 igttse O dzd dzts?2 RBsSH W JdSCS Oydd d30 eupsidnds s Isfr) o
sBdizizyjddd mMWtsCEzmdtstso @eidd 0P ftzdyff.s 33 dEtzise Mils 09 dz
MistckzC skte® dz2O cteOdzd yd sBdzzyj dedets?2 d dzj sB dzlz yj
BOMMdejy MtsMisQodwdz 100 dzdsef ff jdtedfligHe j wzf ™ j 14 Uk O2 |
LOoadMmd dssmisd tsls HiSL ™, ) tsB dzlz Y J dzdp'= Ac | osts jdzO fide &

MCdodsdedetsy MsmistswWdad§ dzOBOG ded YJ dedetsmisd [ 1] .
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BtoOY jdedV fdzjdzCd CoPt f3 HdMC ORI
Gded UJ dedzs o3 Msfistsw dzd d,

j d2O0dkz0cdzd ydo Odedw o ftdzj 150 G,
200 C.171Odigkjtc SOHELBO 7

{ qheSS [uf JLsSBLOYjddj f§dzj 2Cd CoPt f§tsid B dkz:
sdzj 90 tsB dZz yj dedzOW 5B dzOMyls , Mt k50 o O3Cda.ts B dzlz .
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1. M.V. Sapozhnikoy S.N. Vdovichey O.L. Ermolaeva N.S. Gusey A.A. Fraerman SA. Gusev
Yu.V. Petroy APL 109 042406 (2016).

16






