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PaccMmoTpeHbl HeKoTOophie (haKTopbl, BAUSIOIINE Ha KAYeCTBO M300pakeHUit, IoJlydaeMbIX METOAOM Mar-
HUTHO-CUJIOBOM MUKpocKormr. OCHOBHOEe BHUMaHUE YIEJIeHO YXYAIICHUIO KaueCTBa CKaHOB, BHI3BAHHO-
My 3arpsi3HeHueM 30H1a. [TokazaHo, 4TO 3arpsiI3HeHUEe MOXET ITPOUCXOINUTh KaK B ITPOLECcCe CKaHUPOBa-
HUs, TaK ¥ TIPY XpaHEHWH 30HIa. DTU IBa pa3HBIX NCTOYHMKA 3arpsiI3HEHUS TT0-Pa3HOMY TTPOSIBIISTIOTCST HA
U300paxkeHUsIX, Y 11 UX YCTPaHEeHUsI HEOOXOAUMO UCITOJIb30BaTh pa3iIMyHbie MeTOAbl. OMHUM U3 BEPOSIT-
HBIX ICTOYHUKOB 3aTrPSI3HEHMS 30HIIOB SIBJISIETCS TeJTb, MCITOIb3YeMbIii B KOPOOKAaX JIJIs XpaHEHMS M TPAHC-
MOPTUPOBKY 30HI0B. MarHUTHOE MOKPBITUE KAHTUIIEBEPOB MOXET SIBJISIThCSI KATAIM3aTOPOM XMMUYECKO
peaxIvu, IPUBOASIIEH K 00pa30BaHUIO XXUIKUX YTIEBOAOPOA0B. 2KMIKIe 3arpsI3HUTEN BHICTYAIOT B PO-
1 GYyHKIIMOHATU3aTOPOB 30HAa. [Ipu oTBeAeHUM 30H1a OT TIOBEPXHOCTU MEXKIY HUMU MOXET COXPaHSIThb-
csl MexaHWUYecKasl CBSI3b 3a CUET MOJISKYJISIPHBIX IIeTToYeK, aicopOMpOBaHHBIX Ha 30HIe. B 3aBUcuMoOcTH OT
CTeTeHU 3arpsi3HeHUs] HAIMYKE TaKOil CBSI3U MOXKET MPUBOIUTH JIMOO K MOSIBJIEHUIO TTOJIOC Ha N300paxe-
HUW MarHUTHOM CTPYKTYPBI, IMOO K TTOJTHOMY MCYE3HOBEHUIO MarHUTHOTO KOHTpacTa. B HacTosIeit pa-
0O0Te BBISIBJIEHO, YTO MOAM(DUKALIMS CTAHIAPTHOM MPOLIEAYPHl MATHUTHBIX U3MEPEHUIT — BBEIeHUE OO~
HUTEIBHOTO OTCKOKA B ABYXITPOXOIHYIO METOIMKY, TTO3BOJISIET MOJHOCTBIO YCTPAHUTD Mapa3uTHOE B~

HUe TaHHoTro 3(ddeKTa.
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BBEAJEHUWE

MarautHo-cutoBast Mukpockormss (MCM) [1-5]
SBJISIETCS OMHOM M3 METOOAMK aTOMHO-CUJIOBOI MMK-
pockormnu (ACM) [6—8], koTopyio BoT yxe 30 Jer
YCIIEIITHO MCIIOJIB3YIOT IIPU UCCACIOBAHUSIX JOMEHHOMI
CTPYKTYPBI HApsiAy ¢ MAarHUTOOIITUYECKUMU METOIa~
mu [9, 10] u JlopeHueBoii Mukpockonueit [11—13].
CunpHbpiMu cTopoHaMu MCM sBisieTcsl IIPOCTOTa
HCIIOIb30BaHMSI, BBICOKOE, II0 CPAaBHEHMIO MarHu-
TOONTUYECKUMHU METOHAMU, pa3pelIeHue, BO3MOX-
HOCTb IPOBOJIUTH U3MEPEHUS Ha BO3IYXE U B IIPUCYT-
CTBUU BHEIIHWX MAarHUTHBIX mojieil. B To ke Bpems,
aHaJu3 JaHHBIX, MOJydaeMbIX ¢ Iomolibio MCM,
MOXKET OBITh 3aTPyAHEH PSIOM (PAKTOPOB, BIIMSIIO-
X Ha KadyecTBO n300pakeHnii. CaMBbIM Cepbe3HBIM
W3 HUX SIBJISIETCS BO3MOXHOCTb MU3MEHEHMS COCTOSI-
HUS MCCIEAYEeMOTO 00bEKTa II0 BO3ACHCTBUEM Mar-
HHUTHOTO 110715 30H7Aa [ 14—21]. DTo 3acTaBisIeT B psiie
cJly4aeB UCIOJIb30BaTh 30HABI C MEHBIIUM MarHUT-
HBIM MOMEHTOM (UTO HNPHUBOAUT K YXYAIICHUIO UyB-
CTBUTEJIBHOCTU) UJIU YBEIUYMBATDH PACCTOSIHUE MEXK-
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Iy 30HAOM 1 00pa31ioM (YTO yXyIAIIaeT pa3pelleHue).
DTO IPUHLUIIMAILHOE OIpaHMYEHUE, ITOCKOJIBbKY
MCM ocHOBaHa Ha HAJIWYWM Y 30HIAa MAarHUTHOIO
MoMeHTa. Ho ecTh u apyrue akTopbl, KOTOPbIE MO-
TYyT TIPUBOAUTH K MOSBJICHUIO apTedakToB HA N300-
paXeHUsIX, XOTsI 3T (aKTOPhl HEJIb3sT pacCMaTpU-
BaTh KaK HEAOCTAaTKN MeTOAUKN. OHU JIUIIIb TPEOYIOT
omnpeAeaeHHBIX JeMCTBUI MO MUHUMU3AIUU X BIIU-
gHust. K HMUM, Hanmpumep, MOXHO OTHECTU BKJIA.
BJIEKTPOCTATUYECKOTO B3aUMOJEICTBUS, YIET KOTO-
poro TIpoBeNieH B 1LieJIoM psizae padot [22—28]. B Ha-
cTogdleil paboTe pacCMOTPEH BOIIPOC, Ha KOTOPLIiA
00palalT CYILIECTBEHHO MEHbIIlee BHUMaHUE —
BIIMSIHUE 3arpsi3HEHUS 30HAAa Ha KadectBo MCM
n3zobpaxeHuii. Hamm uccienoBaHus 1mokasajim, YTO
5TOT BOIPOC COBCEM He TpUBUAbHBIN. Hanuuue 3a-
I'PASHCHUA MOXKET IIPUBOAUTH K ITOJJHOMY NCUYE3HO-
BEHUIO MATHUTHOTO KOHTPACTa, HO HUKAaK HE CKa3bI-
BaThCsl Ha TonorpauyeckoM M300paKeHUM oOpaslia.
Kaxk mokazaHo Huzke, HeOOIbIIIOE U3MEHEHNE 00IIIe-
TIPUHSATBIX METOOAUK U3MEPEHUI TMO3BOJSIET MOJHO-
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Puc. 1. Cxembl, WJUTIOCTpUpPYIOIINE HACTPOIKY TTapameTpoB MCM. PaznnuHbie BapyaHThI 3aBUCUMOCTH (ha3bl OT YACTOTHI (a);
MMYHKTUPHAs JIMHUSI cOOTBeTCTBYeT HacTolike mpubopoB HT-MIAT, AUCT-HT. CooTtHolreHue Mexny Beicotamu H u h (0);
ASlD COOTBETCTBYET aMILJIUTY/IE MepBoro nmpoxoaa. OnpeneseHne MOTEHIIMAIa MOBEPXHOCTH (B); TUHMS 2 COOTBETCTBYET 0OJIb-

1IeMy, 4eM JJUHUS I, pacCTOSTHUIO 10 TTOBEPXHOCTH.

CTBIO YCTPAHUTh MApa3UTHOE BIUSIHAE JAHHOTO 3(-
dekra. Ilpexne yeM TepeiT HEIOCPEACTBEHHO K
JaHHBIM BOIIPOCaM, Mbl PACCMOTPUM OCHOBHBIE
OPUHLUIEL ¥ IPOUJITIOCTPUPYEM HEKOTOPBIE OOIIIe-
M3BeCTHBIC MoJjioxkeHUuss MCM, 4TOOBI TOYHO OIpe-
JIEJINTh, YTO MOHUMAIOT ITOA, TEM MJIM UHBIM TEPMMU-
HOM, UCITOJIb3yeMbIM B MCM.

METOAMNKA SKCITEPUMEHTA

IMpuHinm padotet MCM ocHOBaH Ha CMEIICHUH
PE30HAHCHOI 4acTOThl 30HAA TOA ACUCTBUEM CUI,
JNeicTByOIIMX Ha Hero. YToObl uMesicsl BKial B CMe-
11IEHME PE30HAHCHOM YaCcTOThl OT MATHUTHOTO B3au-
MOJENCTBUSI, HEOOXOAUMO, YTOOBI 30H, 00J1aJal Mar-
HUTHBIM MOMEHTOM, KaK MpaBUJIO, TOTO JOCTUTAIOT
3a CUeT HaHECeHMs C10s1 PEPPOMArHUTHOIO MeTaslia.
IMon neiicTBMEM MarHUTHBIX MOJIEH paccestHUs MPo-
UCXOJIUT CABUT PE30HAHCHOI 4acToThl 30HAa. [lpu
HaJIM4YUU B yCTaHOBKE 171 IpoBeaeHnst ACM cucre-
MbI (pa30BOI aBTOMOACTPONKU YACTOTHI 3TOT CIBUT
MOXET ObITb HEIOCPENCTBEHHO 3apervcTpUpoOBaH.
OnHako yallle MCONb3YIOT PEXXUM, KOTaa 30H] KO-
J1ebJieTcsl Ha (MKCUPOBAHHOM YacToTe, a U3MEPSIIOT
u3MeHeHMe (as3pl KonebaHuii (pazoBoe m300paxe-
Hue). MarHUTHBIC N300paskKeHNUsT MOTYT CYILIECTBEH-
HO pa3inyaTbCsl B 3TUX ABYX ciydasx. B obGmactu,
I1e 30H1 TMPUTITMBaeTcsl K MOBEPXHOCTU obOpaslia,
pe30oHaHCHas yactoTa yMeHblnaercs. Ha yvactoTHom
U300pak€eHUU 3TU 00JACTU OJHO3HAYHO OyIyT TeM-
HeiMu. PazoBoe M306pakeHNEe 3aBUCUT OT HACTPOIA-
K1 (pa30BOTO AeTeKTOpa, a3za MOXKET HapacTaTh WU
yOBIBaTh C pOCTOM 4YacToThl (puc. la). B atomHO-
CUJIOBBIX MUKPOCKOIIaX psiia Mpou3BoauTeeit (Ha-
npumep, HT-MJT, AUCT-HT) ymeHbIleHUIO pe-
30HAHCHOI YaCTOThI COOTBETCTBYET YBeInUeHUE (a-
3bl KOJIEOAHUI, TO €CThb 00J1aCTU MPUTSIKEHUS OyIyT
CBETJILIMU Ha (Pa30BBIX M300paxeHusx. Jlamee pac-
CMOTpPEH UMEHHO 3TOT CJIyYaii, TOCKOJbKY Hallly 13-
MepeHust Obutu BbIToaHeHbBI HA ACM SmartSPM
(AUCT-HT).

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

YT00BI MCKIIOYUTH BIMSHUE CHJIBHOTO B3aWMO-
neiictBusi Ban-nep-Baanbca, 30H1 1okeH OBITH pac-
IOJIOKEH Ha HEKOTOPOM PaCCTOSIHUU OT ITOBEPXHOCTU.
HaunGonee yacTto MCIIONB3YIOT METOAUKY IBYXIIPO-
XOIHOTO CKaHUPOBAHUS, KOTlIa Ha TIEPBOM ITPOXOJIe
KaXXJIOM JTMHUM MOJYKOHTAaKTHBIM METOAOM CHM-
MaeTcsl Tpoduiib penabeda MOBEPXHOCTH oOpasIia.
Ha BropoM nmpoxoje 30H1 TogHUMAaeTCsl Ha BeICOTy H
U TTIOBTOPSIET M3MepeHHBIIA npoduiib. ClieayeT y4ecTb,
YTO HpPU OTPHIBE 30HAA OT IIOBEPXHOCTU aMILUIATYIA
ero kKojiebaHuil yBeau4yMBaeTcsd. Mbl cuuTaeM, 4YTO
HaunboJiee BaXKHOM BEJIMUMHON 11 OJTYYEHUSI XOPO-
mero MCM-n300paxkeHns IBJIsieTcd He BemunHa H,
a paccTosiHue /I OT MOBEPXHOCTU IO HUKHEN TOUKU
ocumisiiuii. ONTUMAaIbLHO, YTOOBI 3TO PACCTOSIHUE
OBUIO HE CIMIIKOM OOJBIIMM, TOpsaka 5—15 HM.
OmnpeaenuTh BEIUYUHY /£ MOXHO U3 KPUBOTO TTOJIBO-
na (puc. 16). Touka C Ha uzjoMe KpUBOM TOABOIA
COOTBETCTBYET KAaCAHUIO ITOBEPXHOCTU UIJIOi (30HIOM).

Heob6xonuMbIiM yCI0BHMEM MOIYUYEHUSI XOPOIIETo
MCM-u3o0paxkeHusl SIBISISTCSl BbIpaBHUBAHUE JICK-
TPUYECKUX ITOTEHIIMAIOB 30HAAa 1 IIOBEPXHOCTU 00-
pasna. YacTo maHHas orepalusi HeoOXoauMa gaxe
B CJIyyae MpOBOJISIIEro 3a3eMJIEHHOTO o0pasiia, Mmo-
CKOJIbKY pa3HMIIa ITOTEHIIMAIOB MOXET BO3HUKATh 3a
CUeT Pa3NYus BEJIMYUHBI paOOTHI BBIXOJA MAarHUT-
HOTO MOKPBITUS 30HAa U oOpa3iia. O HATMYUU 3aMeT-
HOTO pacCoIIacOBaHUS ITOTEHIIMAIOB MOXET CBUIEC-
TEJIbCTBOBATh OTCYTCTBUE YETKO BHIPA’KCHHOTO 13-
JjoMa Ha KpUBOI MoaBona (MyHKTUPHAas JUHUS Ha
puc. 16). Haubonee mpoCcThIM METOIOB OTIpEACACHUS
MOTeHIIMaa TOBEPXHOCTH SIBJISIETCSI CHSITUE 3aBUCH -
MOCTHU ha3bl KosiebaHuii oT HanpskeHust O( V) (puc. 1B).
I[Ipu BBITOMHEHWM OAaHHOI OIlepalysl 30HI TaKXKe
MPUITIOAHUMAIOT HaJ IIOBEPXHOCTHIO. YeM BhIllie BbI-
coTa nombema, TeM ciabee 3aBucumMocts @O(V). Bep-
IIMHAa I1apaboJbl COOTBETCTBYET MOTCHIIMAY IIO-
BEPXHOCTH 00OpasIia.

Crenyer OTMETUTh, YTO apTedakThl, CBSI3aHHbIE
C BIIUSTHUEM TIpO IS TTOBEPXHOCTH 0Opa3iia Ha Mar-
HUTHOE N300paXKeHNeE Yallle BCErO BBI3BaHbBI MUMEHHO
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Puc. 2. ACM-u300paxeHusi KOHIMKOB IBYX 30HIOB (a, 0). MarHUTHBI OTKIIVK (B); TPUBEACHO MHBEPTUPOBAHHOE 3HAUEHUE
CIBUTA YaCTOThI. 3aBUCUMOCTD CIIBUTA YACTOTHI ITPU YBEJIUYECHUM PACCTOSTHUSI 10 TIOBEPXHOCTH (T).

3JIEKTPOCTAaTUUECKUM B3auMoneictBueM. [Tpoxonst Han
Y3KUM BBICTYIIOM, 30H/ TOAHUMAETCS, YCPEAHEHHOE
T10 TuIolaayu (B HEKOTOPOM MSITHE 3JIeKTpOCTaTUde-
CKOTO B3auMMOJIEHICTBUSI) paCcCTOSIHUE 0 MTOBEPXHO-
CTH yBeJIMUMBaeTcs, n (pa3a yMeHbITaeTcs. To ecThb,
€CJIM Ha TIOBEPXHOCTH JieXKaT HAHOYACTUIIBI U TP
cHsaTuu (hpazoBoro MCM-u300pakeHUSI OHU BCE TEM-
Hbl€, CKOpEe BCEro KOHTPACT OMNpEeAesieTcs dJieK-
TPOCTaTUYECKUM B3auMojeiicTBUEM. B mpoTuBHOM
cJlyyae 3TO TOBOPUT O TOM, UTO BCE HAHOUYACTHUIIbI Ha-
MarHu4yeHbl B CTOPOHY, IPOTUBOIOJIO0XHYIO HalpaB-
JICHWIO HAaMarHMYEHHOCTHU 30H/1a.

PE3VYJIBTATBI 1 UX OBCYXIEHUE

ITpu mpoBenennn MCM -u3MepeHN1 JOCTaTOYHO
4acTo OBbIBAIOT CUTYallMU, KOTHa KOHTPACT MarHuT-
HOTro M300pakeHMsI Pe3KO MagaeT WIM OHO BOOOIIe
nponagaet. Ha TomorpaguyeckoM m300pakeHUN B
3TOT MOMEHT He 3aMETHO 0COOBIX UCKaxkeHUN. [Tpu-
YUHOM MOXET OBITh 3arpsi3HEHME KOHYMKA 30HIA.
Ha puc. 2a npuBenen ACM-n3o0pakeHne 30H1a, Ha
KOTOPOM BMIHO, YTO BOJIM3U OCTPUS 30H1a IIPUJICII-
JIeHa yacTtuiia pazmepoM okojo 100 um. I1pu uccne-
JIOBaHUM ToIllorpadnu oOpasna HaJIudue MoJ00HOM
YACTUILILI MOXKET ITOYTU He TIPOSIBIISThCS. 30H/, C Mar-
HUTHBIM IIOKpHEITHEM TommuHoi 30—40 HM, uMmeeT
pagnyc KpuBU3HBI KOHYMKA 0K010 40—50 aM. Takum
o0pa3oM, ec/ii Ha cCaMOM KOHUMKe OyIeT HaXOIUThCS
chepuyeckast yactuiia paguycom 50 HM, 3TO HUKaK
HE OTpa3UTCs Ha KauyeCTBE CKAaHMPOBAHMS MOBEPX-
HOCTHU. B TO Xe BpeMsI Ha BTOPOM IIPOXOIe, IpU
nogbeMe Ha BEICOTY /1, MUHMAJILHOE PACCTOSIHUE 10
MarHUTHOTO CJiosl OyneT cocTtaBiaTh (A4 + 100) HM,
YTO MOXET CYIIECTBEHHO OCJIa0OUTh MarHUTHBIA
OTKIUK. OCOOeHHO KPUTUYHO 3TO OyIIeT IIpU HCClie-
JMIOBAaHUM CTPYKTYP C MaJIbIMU JaTepaJbHbIMM pa3-
Mepamu. s ninoctpaly Mbl tpoBei MCM-u3-
MEPEHUS C IBYMSI UICHTUYHBIMA MAarHUTHBIMM KaH-
tuneBepamu PPP-LM-MFMR Nanosensors. OnnH
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U3 HUX MCTIOJIb30BaH B KaYeCTBE 30HAa, BTOPOM — Te-
cToBoro ob6pasia. Mcronbs3yss BepTUKAJIbHYIO MOIY
[29, 30], mbl orckaHupoBain ACM-uzobpaxeHue
30Haa (puc. 20). [lanee, OTCTYIIMB OT KOHYMKA 30HIA
Ha paccrosgHue A = 10 HM, TPOBEIN U3MEPEHUS T10
TUIOCKOCTU (B pexxrume (DUKCUPOBAHHOU BBICOTHI U
MOIYYMIN MarHUTHOE N300pakeHre 30Haa (puc. 2B).
ITociie 3TOrO B TOYKE, COOTBETCTBYIOIIECH MaKCUMyMY
CMEIIIEHUST YaCTOThl Pe30HaHca, U3MEPUIU 3aBUCHU-
MOCTb CIBUIra PE30HAHCHON YacTOTbl OT BBLICOTHI
nogbeMa 30HAa — puc. 2r. Kak BugHo, ¢ pocTOM pac-
CTOSIHUSI MATHUTHBIN OTKJIMK OcjlabeBaeT OYeHb Cy-
ILIECTBEHHO.

AJBTepHATUBOM 3aMeHBI 3arpsi3HEHHOTO 30HIa
MOXKET OBITH TTOITHITKA YIATUTD YaCTHUILY WJIM XOTS ObI
CABUHYTH €¢ Ha OOKOBYIO CTOpPOHY umibl. CaenaTh
5TO MOXHO, TIepeins B KOHTaKTHBIN PEXXUM, TO €CTh,
TIPYKaB 30HI K TIOBEPXHOCTH, CJIETKA €T0 ITePEIBUHYTh.
Kak npaBuiio, nogo6Hast onepaiiysi BOCCTaHaBIMBa-
€T MarHUTHBIM KOHTPACT, XOTS W MOXET IPUBECTH
K HEKOTOpO#l TIoTepe KayecTBa TOMOTrpacuIecKoro
1300pakeHUsl.

Bonee HeTpuBUAIbHBIM, XOTSI M OYEHb YACTBIM JIe-
($eKTOM MArHUTHBIX U300pakeHUIl SIBIISIETCSI MOSIB-
JIECHHE TI0JIOC B HAIPaBJIEHUH OBICTPOTO CKAHUPOBa-
Hus (puc. 3a, 30). DTo BBINISIAUT TaK, KaK OyATO Ha
HEKOTOPBIX JIMHUSIX 30H[ HAa BTOPOM IIPOXOJIE 3a1e-
BaeT IMTOBEPXHOCTh 0Opa3ia. PazoopaTbcst B 5TOM BO-
mpoce MoMoraeT CHTHe KpUBBIX MoaBoaa. Ha puc. 4
BUIHO, YTO MPU OTBOJE 30HIAa OT MOBEPXHOCTH Ha
3HAYUTEIBHOE paccTosTHUE (pa3a KojeOaHUi ocTaeT-
Csl OTpULIATESIbHOM (30H[ OTTAJIKMBAETCS OT TTOBEPX-
HoctH). Ha pacctossHum L 3Ta CBSI3b pa3pbIBaeTCs, U
MpY MOCJeAyIolIeM MOABOAS HAa Majloe PacCTOSTHUE
yXe He Bo3HUuKaeT. OObsICHEHUE 3TOTO MOXHO CBSI-
3aTh C 3arpsi3HEHHEM 30HIA B MPOLIECCe XPaHEHUS.
B pabdote [31] ObLT1O MOKa3aHO, YTO ITOBEPXHOCTh
KPEMHUEBBIX 30H0B MTOJTHOCTHIO TTOKPBIBAETCS TUJI-
podOGHBIE OPTaHUYECKUMU 3aTPI3HUTEIISIMU, IIepe-
HOCHUMBIE T10 BO3AYXY U3 YITaKOBKU. SApKoe nmposiBie-
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Puc. 3. Jedexrsl Ha MCM-u300pakeHUsIX IBYX MarHUT -
HBIX CTPYKTYD.

Hue 3Toro 3¢dexra ObUIO MPOAEMOHCTPUPOBAHO B
pa6ore [32], rme nCIoab30BaHbI 30HIBI C HOKPBITUEM
U3 TIaTUHBI-UpUaus. [1pyu KOHTaKTe TaKoro 30H1a C
MOBEPXHOCTHIO B T€UCHUE 2 U XKUJIKUE 3arpsA3HUTETU
CTEKaJIM C UTOJIKM, 00pa3ys IMSITHO pammycoM Ooee
15 MKM.

MBI HccaenoBaIr MOBEPXHOCTh MAaTrHUTHBIX 30H-
JIOB OT pa3HBIX Mpon3BoanTeeit. OnTnaeckue n300-
paxkeHusl MOKa3bIBAlOT HAJUYUE PA3IMYHBIX TUIIOB
CcaMOyHOpSAOYeHUsT Ha 4YuIe U KOHCOIU 30HIAa —
(puc. 5a—5B). B Tex ciayyasix, Korma onTuKa He IT03BO-
JISIeT BUIETh OCOOEHHOCTHU Ha TIOBEPXHOCTH, TIPUCYT-
cTBME 3arpsisHeHUs BbIsIBIsIeT ACM-cKaHMpOBaHUE
(puc. 5r—5e). UccnenoBaHrue XUMUYECKOIO COCTaBa
MOA0OHBIX 0Opa30BaHUI BIXOAUT 32 pAMKU HACTOSI-
meit padoThl. MOXHO NpeanooXuTh, YTO, KaK U B
[31, 32], "CTOYHWKOM 3arpsI3HEHUS 30HI0B SIBJISICTCS
rejib, UCMONb3YEeMbIid B KOpOOKaxX /ISl XpaHEHUs U
TPpaHCIIOPTUPOBKM 30HI0B. BeposiTHO, B cllyyae Mar-
HUTHBIX KAHTWJIEBEPOB OCaXKIeHMe ajcopbaTa uMeeT

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

23 @

‘;._‘-\oa\nuv - Al Fyad A

21 H

19 ¢

AMIUIATYOA, OTH. €.

17 1 1
0 50 100

150 200 250 300 350
Z, HM

©

30

20

Cnsur (asbl, rpan

|
—
S

| | | | J
150 200 250 300 350
Z, HM

Il
0 50 100

Puc. 4. 3aBucuMocTy aMIIUTYabI (a) 1 ¢assl (0) Ipu OT-
Bole (CIUIOIIHBIE JIMHMM) W TNOCJSOyIOIIeM II0ABOMAC
(TTyHKTUPHBIE IMHUW) 30HA.

omnpeneneHHy0 crnenuduky. Marepuaiibl, 13 KOTO-
DBIX M3TrOTaBIMUBAIOT MOKPBLITUS 30HIOB, COJAEPXKAT,
Kak IMpaBujio, KOOAJIBT WM Keie30. DTU BelllecTBa
BXOASIT B COCTaB KaTaJu3aTOPOB XMMUUYECKON peak-
nuu (rmpouecc @uirepa—Tporma [33]), B pe3ysibTare
KOTOPOI 00pa3yloTcs XKMAKUE yTiaeBoaopoabl. Hanu-
YreM MONOOHbBIX 3arpsi3HUTENEN BHOCSIT TOTIOJTHUTEI b-
HbIE CJIOXKHOCTU B MPOLIECC MATHUTHBIX U3MEPEHUA.
Crenyer OTMETUTD, UTO KPUBBIE 110JBO/IA, TPUBEIEH -
HbI€ Ha puc. 4, COOTBETCTBYIOT OYEHb CUJIbHOMY 3a-
rpsi3HeHuIo 3oH1a. Kak mpaBwio, BeiuynHa L He-
CKOJIBKO MEHbIIIE U COCTaBJISIET HECKOJbKO NeCsT-
KOB HM, 2 OCOOEHHOCTHU 3aMETHBI MPEXIe BCEro Ha
¢a30Boi1 KpUBOI, aMIUIMTYIHbIE 3aBUCUMOCTU Me-
Hee YYBCTBUTEJbHBI K NJaHHOMY 3ddekTy. CHUMas
CEepUI0 KPUBBIX OTBOA—IOABOA, MOKHO BUAETh, UYTO
3HaueHue L He cOBCEeM IOCTOSIHHO U MEHSIETCSl OT
SKCIIEpUMEHTA K 9KcrepuMeHTy. Eciu npu niepexoze
KO BTOpPOMY Tpoxoiy 3HaueHue H oKa3bIBaeTCsl MEHb-
11e L, MoJieKyJsipHasi 1ieTouKa MeXXy UTOJIKOU U 00-
pa3loM He pa3pbIBaeTCs U X B3aMMOJIECTBHE OTIpe-
JeNisieTcsl yXe He CTOJbKO MAarHUTHBIMU CHJIaMWU,
CKOJIbKO ynpyrumu. BciienctBue 3Toro Ha ¢a3zoBoM
MarHMTHOM M300pa*keHUU MOSIBJSIETCS] TeMHasl JIi-
Husi. BHayajge 3TOT mpoliecc HOCUT CIIyvYaliHbIN Xa-
paxkTep, N0 Mepe pocTa 3arpsi3HEHUsl OTHEJbHBIE
JIMHUU CJIMBAIOTCSd B MOJIOCHI U, B KOHIIE KOHIIOB
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Puc. 6. MCM-u3o6paxeHus1, MOJydeHHBIE TIPU MOCIIEN0BATEILHOM YBEJIMYEHUH BBICOTHI OTCKOKA M.

n300paxkeHrne MATHUTHOM CTPYKTYPhI ITOJIHOCTBIO
ucye3aeT. JIIOOOIIBITHO OTMETUTh, UTO, BO-TIEPBHIX,
3aMETHBIX MCKaXEeHUI Ha TororpaguyeckoM mu300-
paxkeHnM obOpaslia B cliydyae TaKOTO 3arpsi3HEHUS He
HabJomaeTcsl, a, BO-BTOPHIX, TaKOl 30HI MOXHO
NpoJIoJLKaTh MCNojab30BaTh B MCM, cierka m3me-
HHUB MpOLEAYypY CKAaHMPOBAaHUSI. YHUBEPCAJTbHBLIM
METOIOM YJIyJIIeHUSI Ka4eCTBa CKAHUPOBAHMUS SIBJISI-
eTcsl BBeJIeHUE B METOAUKY M3MEPEHUsI JOIOJTHU-
TEJILHOM OIepalliy: MEXIY IEPBBEIM M BTOPBIM IIPO-
XOIIOM CJieAyeT 00eCceYnTh OTCKOK — MOIBEM 30HIa
Ha 3HAaYUTENbHYI0 BbIcOTy H;, nopsiaka 200—500 HM.
Hanee, mocjie yMeHbIIEHUS BEICOTHI 10 H, HO He 10~
mycKast KaCaHUSI MIOBEPXHOCTU, MOXKHO BBITIOJHSITh
BTOPOI TIpoxo. JJist uyunocTpal Ha puc. 6 mpuBe-
JIEHbI TPY MaTHUTHBIX CKaHa, BHITTOJTHEHHBIX OJTHUM
U TeM Xe 30HIOM, MPU OJHUX U TeX Ke MmapamMerpax
CKaHUPOBaHMUs (B TOM YHCJE BBICOTHI /1), HO IIPU MO~

MOBEPXHOCTb. PEHTTEHOBCKHUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEJOBAHUSA ~ Ne 9

cJemoBaTeIbHOM YBeImdeHUN 3HadeHusT H;. OTMme-
THM, YTO Ha BTOPOM CKaHe MarHWUTHas CTPYKTypa
BUJHA Ha OTAEJBHBIX yyacTKax (I1oJjiocax), MOCKOJIb-
Ky BenimurHa H; 6;13Ka K L, pa3pbIB CBSI3U IIPOUCXO-
AT WIN He TIPOUCXOIUT CIIyIalHBIM 00pa3oM.

SAKJIIOYEHHUE

ITpoBeneHHbIE CCIENOBAaHMST TOKA3aIU, YTO YXY/I-
meHue kadectBa MCM-u300paxkeHuii MOXET ObITh
BbI3BAHO 3arpsi3HEHUEM TTOBEPXHOCTH 30H1a KaK MpU
CKaHUPOBAHUU, TaK U B TPOIECCE €ro XpaHEHMS.
Kunkue 3arpsi3HUTENU BBICTYIIAIOT B POJIU (DYHKIIM -
OHaIM3aTOpoB 30HAa. [Ipu OTBeAEeHUM 30H1a OT MO-
BEPXHOCTU Ha PAcCTOSIHME B HECKOJbKO COTEH HM
MEXIY HUMU MOXET COXpaHSATbCS MeXxaHudecKasi
CBSI3b 32 CUET MOJIEKYJISIPHBIX 1IETI0UEK, aIcOpOUpPO-
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BaHHBIX Ha 30HAe. Momudukauus CTaHIAPTHOM
npouenypsl MCM-u3mepeHuii — BBeJIeHUE TOTIOJ-
HUTEIBHOIO OTCKOKA B ABYXIIPOXOIHYIO METOOUKY —
IIO3BOJISIET IIOJTHOCTBIO YCTPAHUTD Hapa3uTHOE BIIUSI-
HHUe gJaHHoro 3ddekra. OTMETUM TakKkKe, 4TO U MPU
KCIIOJIb30BaHMU Ipyrux Meroguk MCM crenayeTr yam-
TBIBaTh BO3MOXHOCTb 0Opa30BaHUsI TTOAOOHOM CBSI3M.
Taxk nmpu CKaHUPOBAHUM IO MJIOCKOCTU (B pexXuMe
IMOCTOSTHHOIT BBICOTBI MOXXHO PEKOMEHIOBATh IEepPe
HavyaJIoM CKaHMPOBaHMs 00ECIIEUNTh OTXO/ 30HIa OT
MMOBEPXHOCTU Ha 3HAYUTEJILHOE PACCTOSIHUE.
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PaGora BeIIOTHEHA B paMKaX roCydapCTBEHHOTO 3a1a-
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Some Methods for Improving the Quality of Magnetic Force Microscopy Images

A. G. Temiryazev! *, M. P. Temiryazeva'
Kotel’nikov Institute of Radioengineering and Electronics of RAS, Fryazino Branch, Fryazino, 141190 Russia
*e-mail: temiryazev@gmail.com

Some factors affecting the quality of magnetic force microscopy images are considered. The main attention
is paid to the deterioration of the quality of scans caused by contamination of the probe. It is shown that con-
tamination can occur both during scanning and during storage of the probe. These two different sources of
contamination show up differently in images, and different methods must be used to eliminate them. A likely
source of probe contamination is the gel used in probe storage and shipping boxes. The magnetic coating of
cantilevers can be a catalyst for a chemical reaction leading to the formation of liquid hydrocarbons. The liq-
uid contaminants act as probe functionalizers. When the probe is moved away from the surface, mechanical
bonds can be maintained between them due to the molecular chains adsorbed on the probe. Depending on
the degree of pollution, the presence of such a connection can lead either to the appearance of stripes in the
image of the magnetic structure, or to the complete disappearance of the magnetic contrast. A modification
of the standard procedure for magnetic measurements, i.e., the introduction of an additional bounce into the
two-pass technique (lift mode), makes it possible to completely eliminate the parasitic influence of this effect.

Keywords: magnetic force microscopy, atomic force microscopy, scanning probe microscopy, MSM, AFM,
SPM, organic pollutants, hydrocarbons, Fischer-Tropsch, catalysts.
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