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AHHOTaLHs. B 1a6opaTopHBIX HCCIeIOBAHU X C IIPUMeHeHHeM aTOMHO-CHUI0BOT0O MUKPOCKoIla Hauboee
MM POKO HUCIIONB3YIOTCSI KOHTAKTHBIHA U Pe30HAHCHBIN PeSKHMBI, [T03BOJISIIONHe [T0Y4YaTh CKAHbI 32 CPABHU-
TeJIbHO Majble BpeMeHa. C IPYroi CTOPOHBI, UX MUHYCOM SIB/ISIeTCS CJIOKHOCTb KOHTPOJISL CHJIOBOTO BO3Zek-
CTBHSI, YTO MOXKeT IIPUBECTH K He0OPaTUMBIM H3MeHeHHUIM B Mopdoioruu obpasua. B ocobeHHOCTH 3TO KpH-
THUYHO [IPH CKAHUPOBAHUM MSTKHX Cpef], HaIlpuMep 6aKTepur, KJIeTOK, [T0JTMMepoB. B KOHTAKTHOM PeKHMe
TaKoe B3aHMO/IeHCTBHe 00yC/IOBI€HO TaKKe HAIMUHeM CHJI TPeHHUS, yIIPABIISTh BeTHYUHOMN KOTOPBIX IIPH CKa-
HUPOBAHHUHU IIOBEPXHOCTH 0bpa3iia BeCbMa 3aTPyJHUTENbHO. B pe30HAaHCHOM pesKHMe BIUSHUe CHUJT TPeHHU s
HHUBeTHPYeTCs 33 CYeT BePTHUKAIBHOIO ABHKEHHS 30HA, OJHAKO BBICOKAs JOOPOTHOCTh KOoNMebaHUI KaHTH-
JleBepa He I103BOJIsIeT KOHTPOIIMPOBATh CHJIY €r0 BO3/IeHCTBHUS [IPH Pe3KUX Ieperaax peabeda HabnromaeMom
IIOBEPXHOCTH. [IJIsl IpeoioNieH U sl 3STUX MIPeMsTCTBUI HaMHU ObL1 pa3paboTaH pexkuM JeIHKATHOro 1 6epeskHOro
CKaHHPOBAHMS [IOBEPXHOCTH, IPHOPUTETOM KOTOPOTO SIB/ISIETCSI JIUIIB JIeTKOe IPUKOCHOBEHHe K Hell. Ha3BaH
OBLJI HAMH TaKOH peskUM QIUPT MOIOH.

KnroueBbie c10Ba: aTOMHO-CHJIOBOH MHUKPOCKOII, ®emTOoCKaH X, I[Ib€30OMAaHHIIYJIATOP, KOHTAaKTHBIN U peso-
HaHCHBIN pPeXXum, CI)JII/IPT MoJa, CKaHHPpYoas 30HA0BASI MHUKPOCKOITH A
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FASHION FOR THE FLIRT MODE
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Abstract. In the laboratory studies using an atomic force microscope, contact and resonance modes are the most
widely used allowing acquisition of scans in relatively short times. On the other hand, their disadvantage is the
difficulty of controlling the force impact, which can lead to irreversible changes in the morphology of the sample.
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This is particularly critical when scanning soft objects such as bacteria, cells, and polymers. In the contact mode
this interaction occurs also due to frictional forces which magnitude is difficult to control when scanning the sam-
ple surface. In the resonance mode the influence of frictional forces is smoothed out by vertical motion of the probe;
however, high quality of the cantilever oscillations does not allow controlling its force at sudden differences in
topography of the observed surface. In order to overcome these obstacles, we have developed a mode of delicate and
gentle surface scanning, which employs a light touch to the surface only. We have named this mode as flirt mode.

Keywords: atomic force microscope, FemtoScan X, piezo manipulator, contact and resonance mode, flirt mode,

scanning probe microscopy
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BBEJLEHUE

Ha3BaHue Ha aHIVIMICKOM si3bIKe - flirt mode. ®nupt
MOJIa peasiM30BaHa B OBICTPOAEHCTBYIOIEM ATOMHO-
CUJI0BOM MHUKpocKorie PeMToCKaH X C UCII0/Ib30BAHUEM
IIPOrpaMMHU PYe MO JIOTUYeCKOM HHTETPAJIbHOM CXeMBI
(TIJIKC). IIpruem 0CO3HAHHBIN BLI6op cIeaH UMeHHO
Ha ITJIMC, a He Ha MUKPOKOHTpOJIJIepe. AHaJIM3 CUTYya-
LU [TOKa3bIBAET, YTO CJIOKHOCTH aJITOPUTMOB YIIPaB-
JIeHUS U Nepeljaul JaHHBIX GaKTHYeCKH HaBS3BIBAET
HICIIOIb30BaHHeE IIPOLIeccOpa KaK LIeHTPAJIBHOI0 KOMIIO-
HeHTa 6710Ka yIpaB/eHUsl CKAaHUPYIOIIEro 30H0BOTO
MHKpocKorma. OTciofa, Ka3aaoch 6bl, ciaenyeT O4eBUA-
HOe pelleHHe ~ UCII0NIb30BaTh MUKPOKOHTPOJLIEP B Kade-
CTBe aIlllapaTHOM IIaTGopMBL. Briarogaps apxuTeKType,
OCHOBaHHOM Ha ITPOLIeCccope, JIETKOCTH ITPOrpaMMHUPOBa-
HUSI ¥ IOCTYITHOCTH MUKPOKOHTPOJLIEPHI HAIIUIH LT PO-
KOe ITPUMeHeHHe B IPOMBIIIEHHOCTH U ITPOU3BOJCTBE
MaCCOBOH ITPOAYKITHH.

OIHAaKO MUKPOKOHTPOJITIEP UCIIONMHSET IIPOrPaMMy
T10C/Ie/IOBATEIBHO, B PEKMMe "0 Ha HHCTPYKLIMS 33 OOUH
TaKT', ¥ He MO>KeT 06pabaThIBaTh HECKOJIBKO CUT'HAJIBHBIX
COeIMHEHUH Cpasy. ITOT GaKTop BMecTe C HeobX0oqMo-
CTBIO 0OCITY>KHBATh 6OIBIIIOE KOTTHYECTBO YCTPOHCTB CO3-
JaeT B CHCTeMe Ha 6a3e MHKPOKOHTpoJuIepa "0y ThII0Y-
HOE€ TOPJIBIIIKO", IIPUMEPOM KOTOPOTO MOXKET CIY>KHUTh
HeoOXOMMMOCTb 3aITyCKa HeCKOJIBKUX ITPOLIECCOB, YacTh
13 KOTOPBIX MOKET UCIIOTTHSThCS JIUIIb I10 BBIIIOTHEHHH
OIIpefie/IeHHOr0 YCJIOBH S, B TO BpeMsI Kak Jpyrasi MOIia
OBl Ies1aTh 3TO IIapaJlIeNbHoO, "Ha dpoHe'. HeobXomuMocTh
I10CJIe/IOBATEIBHOTO HCIIOJTHEHHS IPUBOIUT K YMeHb-
IIeHUI0 CKOPOCTHU PabOoTHI CUCTEMBI, a 3HAUYUT U K
YXyZAIIEHHIO KadeCTBa I10/y4aeMBbIX Pe3y/lbTaToB IIPH
CKaHUPOBAHMH.

K cyacThio, [151 CJIOKHBIX 33/1a4, TPeOYIOIHUX BBICO-
KOY ITPOU3BOIUTEIBHOCTH, ITAPa/IJIe/IBHOCTH HCIIONHe-
HUS U MHOTOKAHAJIPHOCTH, & UMEHHO TaKOH 3afjaveit
SIBIseTCS pa3paboTka CUCTeMBI KOHTPOJISI K 06paboTKU
NAHHBIX MUKPOCKOIIA, CYLIeCTBYIOT IIPOrpaMMHUpye-
MBle JIOTHYecKue UHTerpanpHble cxemsl (IIJIHC). OHM
[I03BOJISIIOT HEIIOCPEACTBEHHO M3 JIOTUYECKUX SUeeK
(LUTs) Ha 0HOM KPHCTaJIIe COOPMHPOBATH U ITPOLIECCOP,

INTRODUCTION

The name of this mode in English is flirt mode. Flirt
mode is implemented in the fast atomic force micro-
scope FemtoScan X using a programmable logic device
(PLD). The deliberate choice is accomplished with the aid
of a PLD, not a microcontroller. Analysis of the situation
shows that the complexity of control and data transfer
algorithms actually imposes the use of a processor as a
central component of the scanning probe microscope
control unit. Hence, the seemingly obvious solution is to
use a microcontroller as a hardware platform. Thanks to
their processor-based architecture, ease of programming
and affordability, microcontrollers have found wide-
spread use in industry and mass-production.

However, the microcontroller executes a program
sequentially, in a "one instruction per clock cycle” mode,
and cannot handle multiple signal connections simul-
taneously. This fact, together with the need to handle
a large number of devices, creates a "bottleneck"” in a
microcontroller-based system, exemplified by the need
to run several processes; some of them can only be exe-
cuted when a certain condition is met while the others
can be executed in parallel. It reduces the speed of the
system and, hence, the quality of the scanning results.

Fortunately, programmable logic devices (PLDs) are
available for complex tasks requiring high performance,
parallel execution and multi-channel capability, such as
the microscope control and data processing development.
They allow of forming, directly from logic cells (LUTs) on
one crystal, both a processor which is carrying out real-
ization of high-level control algorithms of microscope
modules, data processing, and low-level modules neces-
sary to form the control signals of DAC, ADC, a frequency
generator and other devices. This approach offloads the
CPU, parallels the execution of microscope electronics
tasks, and reduces the number of external signal connec-
tions and components of the device, thus increasing sys-
tem performance. The greater programming flexibility
and lack of a fixed command structure, like in microcon-
trollers, allows for more complex signal processing with
the PLD, while the ability to re-flash enables expansion
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Fig.1. Typical appearance of force curves in AFM measurements

OCYILeCTB/ISIOMMNK peasr3alHi0 BEICOKOYPOBHEBBIX
AJIFCOPUTMOB YIpPaB/JeHKUs MOILY/ISIMH MHKPOCKOIIA,
11 06paboTKy JaHHBIX, U HU3KOYPOBHEBbIe MOJY/IH, He0b-
XOIMMBIe 1J11 QOPMUPOBAHM S YIIPABJIAIOIINX CUTHAJIOB
LTAII, ALITI, reHepaTOpa YacTOTHI M IPOYHX YCTPOHCTB.
TaKkol oA X0[, pasrpyskaeT LeHTPaJIbHBIH IIPOLeccop,
pacmapasienvBaeT MCIOAHEHHe 3a1a4 37IeKTPOHUKH
MMKPOCKOIIA, a TaKKe I103BOJISeT COKPATUThH YKCIIO
BHEIIHHUX CUTHAJIBHBIX COeITHUHEHHUHN U KOMIIOHEH-
TOB B YCTPOMCTBE, IOBbIIIAsg TAKUM 00pa3oM MIPOH3-
BOAMTEIBHOCTh CUCTeMbl. Takke 6onbmas rubkocTh
B IPOrPaMMHMPOBaHHUHU U OTCYTCTBHE GHUKCHUPOBAHHOU
CHCTeMBbI KOMaH/I, KaK B MUKPOKOHTPOJI/IEPaX, II03B0-
nseT ¢ moMonipio I1IJIKC ocymmecTBasITh bojiee CIIOKHYIO
06paboTKy CUTHAJIOB, a BO3MOKHOCTB II€PeIPONIHBKH
II03BOJISIeT PACIIMPATh CUCcTeMy 6e3 3aMeHBI ITpoliec-
COPHOIO YCTPOMCTBA, CyIeCTBeHHO 3KOHOMS [eHeX-
Hble cpencTBa. TakuM ob6pasoM, HeCMOTps Ha boree
BBICOKYIO CTOMMOCTb M Heob6X0AHUMOCTh B 6osiee Tpy-
JO@MKOM ITpolLiecce IIpOrpaMMHPOBAHMUS, YIIOMSIHY-
ThIE BBIILIE II0JIOKUTE/IbHbIE CTOPOHBI Ie/IaI0T CUCTEMY
Ha ocHoBe IIJIMC 6oee ONITHMaJIbHBIM pelleHHeM
B [IOJICOCPOYHOM ITepCIIeKTHBe.

MMeHHO TaKoH IyTh U 6T BEIOpaH HaMH BHa4aJsIe
npU pa3paboTKe CKAaHUPYIOIIEro 30HI0BOIO MHUKPO-
ckoma "®emTtoCkaH X" U B manbHeHIIeM IIPH peanu-
3aLMHU JeIUKATHOIO PesKMMa CKAaHUPOBAHU S ~ QIUPT
MOZBL.

OMUCAHUE PABOTbI ®/IUPT MO/1bl
B CcKaHUpyIOI[eM 30HJOBOM MHKPOCKOIIE
"®emrtoCkaH X" [1] mas ciieskeHU S 3a [OJIOKeHHEeM
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without replacing the CPU, saving significant amount
of money. Thus, despite the higher cost and the need to
initiate the time-consuming programming process, the
positive aspects mentioned above make a PLD-based sys-
tem the better solution in the long run.

That was the way we first chose to develop a
FemtoScan X scanning probe microscope and, later, to
implement a delicate mode of scanning - the flirting
mode.

DESCRIPTION OF THE FLIRT MODE OPERATION

The FemtoScan X scanning probe microscope [1] makes
use of an optical circuit to track the cantilever position
during scanning. The laser beam, after reflection from
the cantilever surface, falls on a photodiode, which sig-
nal corresponds to the cantilever bend.

Firstly, let us consider a process of bringing the canti-
lever to a sample surface. In the ideal case at first, when
the probe is retracted from the sample, a signal from the
photodiode that corresponds to the cantilever deflection
(we will call it deflection) remains constant (Fig.1). Then,
when a cantilever is lowered, in the simplest case there
is a peak or pit corresponding to the Van der Waals inter-
action between the needle and the sample. Then the sig-
nal begins to rise linearly with the cantilever bending
longitudinally. Correspondingly, at the reverse stroke
the pulls away and the deflection signal reaches its sta-
tionary value.

In reality, the situation is somewhat more compli-
cated. Firstly, the signal from the photodiode can fluc-
tuate during the feeding process due to thermal move-
ment of a cantilever, noise in the electrical circuit or
other factors (Fig.2). Secondly, the sloping parts of the
power curves may not coincide due to plastic deforma-
tion of the sample. Third, when the probe detaches from
the surface, oscillations can be observed, which can be
additionally analyzed, but it is also possible to ignore
them by quickly lifting the probe in order to save scan-
ning time and wait for some time in the upper point of
the movement trajectory until the oscillations subside
already after retraction. Thus, the scanning mode must
be designed to take all these features into account.

Let us describe the scanning process in the flirt mode
(Fig.3). Further, for the sake of convenience, it will be
described in the sample reference system, i.e. as if the
probe is moving, however, it is necessary to remem-
ber that in FemtoScan X scanning probe microscope
it is actually the sample that is moving. This is done
in order not to disturb the precise alignment of the
laser beam. At the beginning of scanning a probe is
smoothly brought to the first point on the sample sur-
face by means of a piezo manipulator (it is supposed that
the sample is in the height range accessible to the piezo
manipulator, and in this case the height difference of its
surface points is not too big and allows only scanning of
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KaHTH/IeBepa IIPHU CKAHHUPOBAHUU HCIIONB3yeTCs
OITHYeCKasl cxeMa. JIa3epHBIH JIy4 IIOC/Ie OTpasKke-
HUSI OT IIOBEPXHOCTH KaHTHJIeBepa IoaaeT Ha GpoTo-
IOUOM, CUTHAI C KOTOPOrO COOTBETCTBYeT H3THOY
KaHTHIeBepa.

PacCMOTPUM CHadaJia IIpoLecc MOABOAA KaHTHIIe-
Bepa K [I0BePXHOCTH obpaslia. B u/ieaIbHOM C/lydae BHa-
YaJie, KOIZIa 30H, HAXOAUTCS BAAIH OT obpasLa, CUTHal
c oTomMOA, COOTBETCTBYIOLIME OTK/IOHEHUIO KAaHTHJIe-
Bepa (bymem Ha3swiBaTh ero deflection) octaetcst mocTosiH-
HbIM (pHc.1). 3aTeM, IIpH ONYCKaHUH KaHTHIIEBEPA,
B IIPOCTEHIIIeM C/Ty4ae HabIIoaeTCs ITHUK HIIH SIMa, COOT-
BETCTBYOIIAsl BaH-lep-BaanbCcoBy B3aHMMOAEHCTBUIO
MeKy UIIoN U obpasioM. Ilocie curHaa HadyMHaeT
JTMHEHNHO PaCTH C IIPOZIOJIBHBIM M3rH60M KaHTHIIEBepa.
COOTBETCTBEHHO, IIPH 0OPAaTHOM XOJle CUTHAJI TMHEHHO
Ia/IaeT, IOKa CH/IBI afiTe3U U YAEePSKHUBAIOT UITTy Y ITOBEPX-
HOCTH. 3aTeM OHA OTPBIBAETCS], M CUTHAJI OTKJIOHEHH S
CHOBA BBIXOAIUT Ha CTALIOHAPHOE 3HAUeHHe.

B peanpHOCTH KapTHHA BBIITISAUT HECKOJIBKO
C/IOKHee. Bo-TIepBEIX, B Ipoliecce MOABOAA CHUIHAJ
¢ poTommosa MoKeT GIyKTYUPOBATh KM3-3a TEIJIOBOTO
IBU>KEHMSI KaHTH/IeBepa, IIYMOB B 3JeKTPHUUECKOM
LIeNTH MJIH IPYTUX GaKTOPOB (PUC.2). BO-BTOPBIX, HAKJIOH-
HBIe YaCTH CHUJIOBBIX KPHBBIX MOTYT He COBIAfATh M3-3a
ITACTHYeCKOM JedpopManiuu obpasna. B-TpeTsux, mpu
OTpBIBE 30HMA OT IIOBEPXHOCTH MOTYT HablIOmaThCs
KonebaHMsI, KOTOPbIe MOSKHO JIOTIOTHUTE/IbHO aHATH3HU-
POBaTh, HO MOKHO U He 06paIlaTh Ha HUX BHIMaHHS,
OBICTPO MOAHUMASI 30H C LIeJIbI0 SKOHOMUH BpeMeHH
CKaHUPOBAHUS, H KAATh HEKOTOPOe BpPeMs B BepPXHe
TOUKe TPaeKTOPHH, ITOKa KoyebaHUS He 3aTyXHYT ysKe
ocsie 0TBoAAA. TaKMM 06pa3oM, peskuM CKAaHUPOBAHHS
HY>KHO CTPOUTB TaK, YTOOBI y4eCTh Bce STH 0COOEHHOCTH.

OmmuIeM IIpoLecc CKAHUPOBAHUS B PIHPT pesKUMe
(puc.3). [lanee a1 ynobcTBa oH 6yJeT OMcaH B CUCTEMe
oTc4eTa o6pasla, To eCTb Kak 6yATo OBI ITepeMeInaeTcs
30H/I, OJHAKO HEOOXOMO IIOMHHTb, UTO B CKAHHPYIO-
IeM 30H/I0BOM MHUKpocKore "PeMToCKaH X' Ha caMoM
Dene IepeMellaeTcs MMeHHO obpaser. Jlenaercs
3TO 151 TOro, 4YTO6Bl He BO3MYIATh IIPEIIM3HOHHYIO
HACTPOMKY JIA3€PHOro Jiyya. B Hayane CKaHUPOBAHUS
30H/I, IJIABHO TIOZIBOSUTCS K IIEPBOK TOUKe Ha II0BEPXHO-
cTH 06pasiia C IIOMOIIBIO ITbe30MaHHUITY/ s TOpa (ITpeAirio-
naraetcsi, 4To obpasel; HAXOAUTCS B JUAIIa30He BBICOT,
TOCTYITHBIX JUIS IIbe30MaHHUITY/ISITOPA, U ITPH STOM IIepe-
I1aJ] BBICOT TOYEK €ro II0BEPXHOCTH B 06/1aCTH CKAHHUPOBA-
HUSI He CJIMIIKOM BeJTHK H IT03BOJIsIeT CKAHHPOBATh K
JIMIIB C IIOMOIIBIO ITbe30MAHHUITYIISTOPA). [I/Isl yMeHbIIIe-
HUSI BIIMSIHUS PA3IMYHBIX IIYMOB CUTHaIa ¢ GOTOAMOA
IIPY €T0 M3MepeHHUH B ITPOLiecce II0ABOAA UCIIOb3YeTC s
yCpeIHEeHHe [10 HeCKOTIbKUM 3HAUeHHSIM.

[IpH JOCTHKEHUHU CUTHAIOM C GOTOLHO/A 3apa-
Hee BBIOPAHHOTO IIOPOrOBOTO 3HAUYEHMU I PeTUCTPU-
pyeTcs moyioskeHHe obpasiia o BepTHKaNHU. IIpu
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Fig.2. Force curves obtained at measurements with (a) Escherichia
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Fig.3. Probe trajectory in flirt mode
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Puc.4. O630pHbIll 8ud 8KAAOKU Scanning npozpammbl-KAUeHmMa
"®emmoCkaH X"

Fig.4. Overview of the Scanning tab of the FemtoScan X client
software

3TOM MBI MOXeM OCTAHOBHUTBCS B IIpOLiecCe IIOA-
Boja B 110601 MOMEHT, HallpuMep IpU BaH-mep-
BaabCcoBOM B3aMMOJEHCTBUU MU I/le-TO paHblIe
Ha KPHUBOM, €C/IH B CUCTeMe JeHCTBYIOT 371eKTPO-
CTaTUYeCKHe CHJIBI, a TAKKe MOKeM KOHTPOIHUPO-
BaTh 3a7laBaeMBbIH YPOBeHb CHIIBI B3aHMOJEHCTBHUS
30HA-06paselr, 4YTo, HAIIPUMeEP, HeJJOCTHKKMO B Pe30-
HAaHCHOM pe>XKHMe, TaK KaK B HeM KaHTHJIeBep KoJle-
6y1eTCsI B YCIOBUSIX MeXaHHUUYECKOro pe3oHaHca. TaKUM
06pa3oM perucTpUpyeTcs IepBasi TOUKA [IOBEPXHOCTH,
II0CJIe Yero 30H]] OTBOAUTCS Ha BbICOTY h. IIpu oTBOZE
MO>KHO aHAJIM3HPOBATh KollebaHU S KAHTHIIeBepa, BO3-
HUKAIOIIHe [IPH OTPBIBE 30H/1a OT IIOBEPXHOCTH. Ilocye
OTBOJA 30H/]I CMEIaeTCsI B IFIOCKOCTH X-Y K CJIeyIoIer
MO3ULIMH B KaJipe, C KOTOPOX HauHeTCSI HOBBIH IO BOJ,
K 06pasiy. IIpu 3TOM MOKHO 3aJaTh BpeMsl OKUIAaHHS
B IAHHOM TOYKe JIJISl TOT0, YT06bI KosebaHM S KaHTHIIe-
Bepa yCIIelTH 3aTyXHYTh IIepe/i HadaJoM HOBOTO JIBH-
SKeHHUSI K TOBEePXHOCTH. HTaK, IIpoLecc IIogBO/-0TBOA-
CMelIlleHHe IIOBTOPSIeTCSI BO BCeX CJIeAYIOMIUX TOYKAX
KaJpa, II0Ka OH He 6y/eT CHSAT L|eJTHKOM.

TakuM 06pa3oM, IO CPAaBHEHHIO C KOHTAKTHBIM
M pe30HaHCHBIM peXXHMaMH QIHPT Mozma obecre-
4yrBaeT 60mee TOYHBIN KOHTPOIb CHJI BO3JEHCTBUS
Ha obpasel], Tak KaK OIlepaTop caM oIpefenserT,
Ha KaKOM YacCTH CHJIOBOM KPHUBOM KOHTAaKT 30H[Ia
c obpa3mom JomKeH ObITh 3adHUKCHPOBAH. JTa 0CO-
6eHHOCTh pa3paboTaHHOrO peXkHMMa KpaKHe Ioe3Ha
I71s1 CKAHUPOBAHHUS MATKHX 06BEKTOB, HallpUMep
OaKTepHIl 1 KIIeTOK KPOBH, 4TOOBI 136e3KkaTh X Aedop-
MaIU¥ U Heo6paTHMBIX H3MeHeHUH B MOP(OIOTHH
HCC/Ie[yeMbIX 06 BEKTOB.

YrnomsiHeM HeKOTOPble aHaJIOru pa3paboTaHHOro
peskumMa. K HUM MOXHO oTHecTH PeakForce Tapping™,
B KOTOPOM KOHTAKT C 06pa31iom oTpabaTeiBaeTcs meT-
ner obpaTHOM CBsI3H, U ringing mode (2], B KoTopom
aHANIU3UPYIOTCA KonebaHUS KaHTHUIeBepa Iocie
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Puc.5. Obaacmb napamempos paupm pexxuma: 8bl60p HA-
YaAbHO20 YPOBHS 8bICOMbI PACNOAOXEHUST KAHMUAesepd, no-
poz 0451 0CMAHOBKU, 8eAUYUHA WAzd No ocu Z, 8pems 0XKuod-
HUSI 8 8epXHeM NOAOXKEHUU KaHMuAesepd, KoAu4ecmao omcye-
moe npu ycpedHeHuu 80 8pems 08UXKeHUS 30HOA 8HU3, YUCAO
omcyemos ycpedHeHUs Npu usmepeHuu 0aHHbIX

Fig.5. Flirt mode parameter area: selection of initial cantilever
height level, threshold for stopping, step value, waiting time at
top cantilever position, number of counts when averaging dur-
ing downward probe movement, number of counts when probe
is brought to sample

the frame by means of the piezo manipulator). To reduce
influence of different signal noise from the photodiode
when measuring it during the approach process, averag-
ing over several values is used.

When the signal from the photodiode reaches a
pre-selected threshold value, the vertical position
of the sample is recorded. In doing so, we can stop
the approach process at any point, e.g. during Van
der Waals interaction or somewhere earlier on the
curve if electrostatic forces are acting in the system,
and we can also control a given level of probe-sample
interaction force, which is, for example, unattain-
able in the resonance mode, as the cantilever oscil-
lates under mechanical resonance conditions. Thus,
the first surface point is recorded and afterwards the
probe is moved to height h. When retracting, we can
analyse cantilever oscillations that occur when the
probe pulls away from the surface. After retracting,
the probe moves in the X-Y plane to the next position
in the frame at which a new approach to the sample
will begin. It is possible to set a waiting time at this
point so that the cantilever oscillations have time to
fade before beginning to move to a new point. This
sequence of the approach-release-displacement is
repeated at all subsequent points in the frame until
the entire frame has been shot.
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Tabauya 1. Mapamempbl Gpaupm moobl
Table1. Flirt mode parameters

HasBaHue onuumu uau napameTpa
Option or parameter name

KpaTkoe onuncaHue
Brief description

Height above sample BbicoTa 0TBO/A 30HAa h OTHOCUTE/ILHO MEePBOM TOYKM MOBEPXHOCTM 06pasLa. Ecim

3a4aTb 60/1bLUe, YEM MOXKET OTBECTU Nbe30MaHUNYASTOP, 30HA, 6yAeT OTBOAUTLCS

Ha MaKCMMasibHYH BbICOTY

Probe retraction height h in relation to the first point of the sample surface. If you pre-
set more than the piezo manipulator can deflect, the probe will retract to the maximum
height

Approach level 3HaveHve curHana c dotoamoaa deflection, Mpu LOCTUNKEHWM KOTOPOTO PErUCTPUPY-

eTCs NOABOL,
The signal value from the deflection photodiode at destination of which the approach is
recorded

Zstep LWar 30Haa dz no ocv OZ. [lo/mkeH 6biTb OTpULATENEH

Probe step dz in the OZ axis. Must be negative

Z step delay 3aepykKa nocae Kaaoro wara no Z

Delay after each Z step

XY step delay 3aepykKka noce Kaaoro wara B naockocTu XY. HyskHa A8 3aTyXaHus KonebaHum

KaHTWeBepa, B 0COBEHHOCTW NoJie3Ha Npy BKAOYEHHOM onumm Remeasure start level
[NS NepensMepeHmnsa Hy1a curHana ¢ poroamona

Delay after each step in the XY plane. Required to attenuate cantilever oscillations;
particularly useful when the Re-measure start level option is enabled to re-measure the
zero signal from the photodiode

Down motion averaging KonM4ecTBo 3Ha4eHNI, Mo KOTOPLIM YCPEAHAETCA U3MEPEHME CUrHaNa C GOToAMOAA

npv noasoae
The signal from photodiode is averaged by a number of measured values

Data averaging KOIM4eCTBO 3HAYEHUIA, MO KOTOPbIM YCPEAHAETCS M3MEPEHUE BbICOTbI U APYTrUX AaH-

HbIX, KOTAA 30HA y>Ke noABeAeH K 06pasLy
This is a number of values by which the height measurements and other data are aver-
aged when the probe has been already brought to the sample

Re-measure start level Ec/iv onuums BK/KOYEHa, mepea HavanoM KaXkaoro noAsoAa 3oH4a byaer nepevisme-

pATLCSA HOMb CUTHaNa ¢ oToAMOoAa, OT KOTOPOro byaeT oTcymnThiBaTbCs Approach level.
Ecnv onums BbIKIOYeHa, A5 permcTpaumm noABoAa NCNo/b3yeTcs HEMOCPeACTBEHHO
camo 3HavyeHue Approach level

If this option is enabled, before each probe starts to approach, the photodiode zero
from which the Approach level is counted will be re-measured. If this option is disabled,
the Approach level itself is used to record the approach

Inverted signal

Ecnum onums BkAOYeHa, cnctema byaet oxxmnaarth yobiBaHve, @ He pocT curHana ¢ ¢oTo-
Anoaa npu conmkeHmm obpasua 1 30H4a

If this option is enabled, the system will expect the signal from the photodiode to
decrease, not increase, as the sample and probe move closer together

OTpbIBa. K3-3a 6osee cl0XKHOM 00paboTKU AAaHHBIX
BpeMsI CKaHUPOBAHUS B 3TUX PeXXKHMax B CpeflHEM
HECKOJIBKO bosIbIlle, ueM B I PT MOZIE.

MAPAMETPbI ®JINPT MO/1bl

PaccMOTpUM criellUUUHbIe [J/IS1 peKHMa IIapaMeTpsl
cKaHHpoBaHUs (puc.4 u 5). [lonpobHoe omMcaHMe Mapa-
MeTpoB GJIMPT MOJBI IPHBeZieH B Tab1.1.

CKAHWPOBAHUE B ®/IUPT MOAE

JlIst IeMOHCTPALIMK BO3MOSKHOCTEH U IIPeHMYIIeCcTB
bnupT Monpl 6611 BEIOpAaH 06paszer; KPHUCTAUIOB Hoga
Ha [I0BepPXHOCTH CIoAbL. Hog Gbl1 BbIGpaH B KauecTse

Thus, as compared to the contact and resonance
modes, the flirt mode provides more precise control of
the forces acting on the sampl, because the operator
himself determines at which part of the force curve the
probe-sample contact should be fixed. This feature of the
developed mode is extremely useful for scanning soft
objects, such as bacteria and blood cells, to avoid their
deformations and irreversible changes in morphology of
the studied objects.

Let us mention some analogues of the developed
mode. These include PeakForce Tapping™, where the
sample contact is handled by a feedback loop, and
ringing mode [2] where cantilever oscillations after
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Puc.6. Pe3ynbmamel CKAHUPOBAHUS KpUCMAAAOB U00d. d — KOHMAKMHbIU PeXKUM, KaHAA 8bicom; b — paupm pexxum, KaHaa bicom;
C - KOHMAKmHbIl pexxum, kaHaa deflection. o = 1,3 x 1072 B; d - paupm pexkum, kaHaa deflection. 0 = 3,5x 1073 B

Fig.6. Results of iodine crystal scanning. a - contact mode, height channel; b - flirt mode, height channel; c - contact mode, deflection
channel. 0 = 1.3x 1072 V; d - flirt mode, deflection channel. RMS = 3.5x 1073V

XPYIIKOTO MaTepHaa [Jyis CPAaBHEeHHS BO3IEHCTBHUS KaH-
TUJIeBepa B Pa3IUYHbBIX peskuMax. CpaBHEHHE PO~
BOJIMJIOCH JIJISI KOHTAKTHOTIO PEKUMa U GIMPT MOJIBL.
JUIst KOHTAKTHOTO PeskuMa OBUTH 11006 paHbl 3HAUe-
HUsI 3BeHbEB 00PaTHOM CBSA3H, Jakoie Hanbonee Kave-
CTBEHHBIH pe3y/IbTaT CKaHa. I10 pe3ynbraTaM CKaHHUPO-
BaHMUS BUJHO, YTO B KOHTAKTHOM PesKHUMe KPHUCTAIIBI
OBUTH CMeILeHBl 30H/I0M B IIpoliecce CKAHUPOBAHUS,
B TO BpeMsi Kak B QJIUPT pesKUMe OHH OCTA/IUCh Ha MeCTe
(puc.6).

[Ioka3aTepHbIM KPUTEPHUEM JJIsI OLIEHKU Kaye-
CTBa CKaHUpoBaHUs CAyRUT curHan deflection. Ipu
HJleaIbHOM 0OPATHOM CBSI3U 3TOT CUTHAJI JOJIKEH CTpe-
MUTBCS K HY/II0. OTKJIOHEHHUS 3TOT0 CUTHAJIA YKa3bl-
BAIOT Ha OUIMOKY B LIeITH 0OpaTHOM CBSI3U. BenuuHy
CHUTHajIa 06PaTHOM CBSI3U MOKHO OLIEHHBATh I10 TAKUM
rmapaMeTpaM, Kak pa3Max 3HAUYeHHUH U CpPegHEeKBa-
OpaTHYHOe OTKJOHeHMe. V3 CpaBHeHHUS NaHHBIX
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detachment are analyzed. Because of the more com-
plex data processing, the average scanning time in these
modes is slightly longer than in the flirt mode.

FLIRT MODE PARAMETERS

Let us consider the scanning parameters specific for the
frirt mode (Fig.4, Fig.5). The detailed description of the
flirt mode parameters is brought together in Table 1.

SCANNING IN FLIRT MODE

A sample of iodine crystals on the mica surface was
chosen to demonstrate the capabilities and bene-
fits of the flirt mode. Iodine was chosen as the brit-
tle material to compare the effects of the cantilever
in different modes. The comparison was made for
the contact mode and the flirt mode. For the con-
tact mode the values of the feedback links were cho-
sen to give the best scanning result. It can be seen
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puc.6¢ u 6d BUAHO, YTO OBIIMI pa3Max 3HAUEHUH CUT-
Haia deflection 1 KOHTAaKTHOTO peskUMa IIPUMEPHO
B 10 pas 6osibllle, YeM 14 &aupt Moabl. CUIBHO OT/IH-
YaIOTCA TaKKe U CpeJHeKBaJpaTU4YHble OTKJIOHeHHU !
B KOHTAKTHOM peskuMe 0 =1,3x 107 B, Bo QJIUPT pekuMe
0=3,5x1073B.

BbIBOADI

B maHHOM paboTe MpUBe/eH JIUIIb OAUH U3 BO3MOXKHBIX
HaIJISIAHBIX IPUMepOB, Koraa GIupT Moja AaeT Ipe-
HIMYILEeCTBO IIPU HCC/IeIOBAHUY 06BbeKTOB HAHOMETPO-
BOro pasmepa. OCHOBHbIe JOCTOMHCTBA GIHUPT MOJBIL
IIPOSIBJISIIOTCS [TPU M3y UeHHH MSTKOM MaTePHH ~ SKHUBBIX
KJIETOK U TKaHeM, II0JIMMepHBIX rejiell, skeneobpasHbIX
MaTepHasoB U MHOTUX APYTHUX Pa3JIHUUYHBIX CUCTEM
1 06BeKTOB.

B HacTosmel ny6IuKalMK IIpeICTaB/IeH IPOCTeN-
MK BapUAHT peanusaluu GIUPT MoAbl. [pyrue
BapHaHTBI ee UCIIOJTHEHU I MOT'Y T IOIIOIHUTE/IbHO BK/IIO-
YaTb pas/IMuHble MOJY/SLIMOHHBIE METOAUKH, U3Mepe-
HHSI Ha HeCKOJIBKUX YaCTOTaX, CTATUCTUYECKUI aHA/IH3
CHJIOBBIX KPHBBIX I10 COBOKYITHOCTH IIapaMeTPOB U MHO-
roe pyroe.

®nupT Mofa, paBHO U Kak CaMa CKaHHPYIOMIast 30H-
IoBasi MUKPOCKOIIH S, HAXOAUTCS B COCTOSIHUM HeIlpe-
PBIBHOIO yCOBEPIIEHCTBOBaHHUS. M, KOHEYHO, 9TO He IIPo-
CTO MOZIa Ha QIIHPT MOLY, a YCTOMYHBBIK UHTEpeC K Hel
U ee yCIlellTHOe IPUMeHeHHe B HCC/IeIOBAHU X KUBOK
IIPUPOJIBL.
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from the scanning results that in the contact mode
most crystals were shifted by the probe during scan-
ning, while in the flirt mode they remained in place
(Fig.6).

The deflection signal is an indicative criterion for
judging quality of the scan. Under perfect feedback
this signal should tend to zero. Deviations in this
signal indicate errors in a feedback loop. Magnitude
of the feedback signal can be estimated from such
parameters as range and root-mean-square deviation.
From a comparison of the data in Figures 6¢ and 6d, it
can be seen that the overall magnitude of the deflec-
tion signal for the contact mode is about 10 times
greater than for the flirt mode. The RMS deviations
are also very different: in the contact mode RMS =
1.3x107?V and in the flirt mode RMS =3.5x1073 V.

CONCLUSIONS

This paper contains just one possible illustrative exam-
ple where the flirt mode has an advantage for study-
ing the nanometre-sized objects. The main advantage
of the flirt mode becomes evident in the study of soft
matter - living cells and tissues, polymer gels, jelly-
like materials and many other various systems and
objects.

This publication presents the simplest implementa-
tion of the flirt mode. Its other versions may addition-
ally include various modulation techniques, measure-
ments at multiple frequencies, statistical analysis of
power curves by a set of parameters, and much more.

The flirt mode, as well as the scanning probe
microscopy itself, is being improved continuously.
Certainly, it is not just a fashion to use the flirt mode
but a sustained interest in it and its successful applica-
tion in wildlife research.
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