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1 AFM BY93%88

[RFNRERER (AFM) 2 IBM ETEr2RtHARFTAIRIZESRR Gerd Binnig 1 Heinrich Rohrer
Fra%ER, anEH.

B 1: AFM RY3ZEA A Binnig(Z) #1 Rorher (&), EIJE: IBM[1].
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&l 2: (a)STM BITERER [2, 3] (b) Si(111) REH 7x7 EREFEFAHE (4], (c) AFM IRETERRFARE
BYEELER [5].

ftEFIERTE 1981 FERRIRIE T E—RIRMERERIE (STM) [2, 3], FAITFIBRIREREE
RIRFAGREASBRUFTENT, WAE 1982 FEIRAER Si (111)-(7CE7) REMIRFHEZ [4], BET
STM HUE A tERIREEE 0. ERIELMRAER, Binnig EAEIER 1985 FiE—H R HIRF7EH
= [5], JRARAIERFARBINEREFER, NE-2,

£ STM 1 AFM UERE £, ERHEFIRARBNABERMEEIER, Nt 7R ERmIRe
{~f#% (scanning probe microscope) 822, 1% SCM. SSRM. KPFM, cAFM &, {HEIRETRERIMAT
AEZRIRESME, MeeEEses. Rel. £YvMHESEgR LSRR ERNASRERF
B2 HMEEFEN, EtMAEGRET AR ERERZ2NAREE.
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2 KERTE

WNEBF, R FIEERER (AFM) B, IREt Btk R E EFRFEMAYIERE (Deflection)
SENBEREARGER, WEBIRAIRAIZESSR (detector signal), EEFSRAIEBSREIE (signal
processing) &, EARFFTEERETEE (setpoint) ELE, FR—ERRE(SEE (error),

BT HERIR ERRERERNIERE, AFM SFIA PG5S (Pl gain control) SREEEERE,
g H— (B HIEASREI S EEERAEE (high voltage amplifier) . IIAERINEERSEEEN XYZ #1788
(XYZ actuator), LANGERBEMERMEIRET, (FirEm/]\L.

EREBREYT, $TE XYZ =5 mRZETERERTANSEREMR, REFEK
AFM BU=4EHERZ SR,

BHIR, TR TR setpoint EFFERY, SO T T—ENEE,

PlGain | [High Voltage| !

| Control | Amplifier |

Laser
Signal XYZ
Processing Actuator
Deflection/RMNS

Detector Signal
9 Sample

3: AFM EEREERETREE., 2KR: Bruker [6].
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3.1 E#BIEI Contact Mode

1. Cantilever is engaged on sample.
Vertical deflection is at setpoint.

-

—

Cantilever

2. Tip encounters a particle. Cantilever is
pushed up and vertical deflection increases.

Y

— "
7~ Cantlever

3. Z peizo lifts up the cantilever and brings
vertical deflection back to setpoint.

1 .t

N Cantilever

B 4: #BEREE. 2KIR: Bruker [6].
BERULIRAR—EREE, TJLAR(BIESE, BILRE). EE@iElT, AFM SRR
RREZEIERITTRRFERE (Hooke' slaw) fiik:
F=—kx

Hrp: F 2R EGRIEIERN kK REERIESEL x ZRERIIEHE ((F8).
EMBIRIL AFM IJTERRIRISRASIRIZ THRIF. RERRGIRIE:

1. 8 (Engagement) : IEERBEE TEERFRRERE. FONEERNEERHER
=R (EFSCE SR setpoint,

2. FREHBEIFENIE (encounters a particle): ERSHRMEIENE, BHEAA/EES,
BERGWO L, EREmRE,

3. Ei¥/E (Feedback response) : Z [BEXHEIZE (Z-piezo) TRABEMNE (BEAEL®E),
LU Erh EEHHI R EE.

EREFRMERERRS, AFM T EMHSRERIMRMENEE, UMERHRH—X
mZERERARE. Z ARENERERmERETIUBEN, IHERRRANEESM, &
MEERER.
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3.2 EiEEfERC Tapping Mode

1. Cantilever oscillates in free air.
Amplitude is larger than setpoint.

2. Tapping on sample. Cantilever

— oscillates at setpoint amplitude.

3. Tip encounters a particle. Cantilever
oscillation amplitude drops.

4. Feedback lifts the Z piezo. Amplitude
- returns to setpoint.

E 5: BeiR~EE. RIE: Bruker [6].
EEEh, LR EM—EIRESE oscillator, AJLATESMNBIEESEZRERE FEIRSE
SEERAOIRED, LA T REEE MR IREREEEERIBRE:
1. EEfRE (Free oscillation) : BERETRFLU—EARIRIREE (setpoint) AHRIEEHIRE.

2. BEwtkmm (Tapping on the sample) : EfRETFEIEARMERER, HISHEMAYRE—RmE
B{ER, BERNRERESZSR), BREREEETS.

3. REHBZIEEREL SR (Tip encounters a particle or elevated feature) : EiREHEEEIER
BHEREEER, RIEZE—S TR,

4. EEfE (Feedback response): [EHEHZHISEEIRS Z MEEXESS (Z-piezo) HINUE, F
REIRIEEHS R EE.

EEEEMERERES, AFM sesuiE—EIEERIRENRIE Amplitude, FECREVEGIFIRE
BExm BB FRREETEE. BaiElaEXR. ETIRGRAREEIRE MR, ERET,
IRBSFERAFERBERNHIRER T2 5
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3.3 I&{EHEER] PeakForce Tapping Mode
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6: IBENERIEIEE: . ZKR: Bruker [6].

PeakForce Tapping BI2ERNREIRHFIRRREBEERMRNAR. SFEERERAE
MY AFM B EEEHEEM, BIERERNG, OFERRIFEAEEHMR, PeakForce Tapping KI5
FAMERI & TSRS,

ZIRIBEHEE (Controlled Peak Force Feedback) ORI B E R EIRT AR :
BREtNRIRERE, MEENEEEFHNES—RRH—EnEE(ERERRPREINNEXD
(Peak Force), LATRREtEXORERIARMRAL "EE", ARFIEmHRmREEIBRE:

A. FEtEEtRmIRE, —EBZEERNDRN, BIRSIA.
B. REtiZHhEintkm, —EBNREINESIERE,

C. BYR—GRRIE, W3|N0RS>, MEBELAHFD, BHFRNDZMENZIRSE. s
"FEAE #iRss, MBUAREERSEERIFIIEE.

D. PAMRRENZENERRR, HRFRDZERL, BRI | OMmERS &L EX,
E. BYR—RFRER, WEINNELRNERSS.

EERREIBEAR, RAE SRR ERREBFINRRRAXIERN. —([ASEREIEREERE
RS AERE 7 BEMEEEOMNE, IIFIEENERFERTEE. A, R-—kmRBaERD
IRAETERE. OJ1E, EKIERHESRREIREEMEEER. S8 75TUF PeakForce Tapping
BETEER(ENYME4E tapping & contact mode A NETEBITERE.

PeakForce Tapping #2I{EESIKIEEIL AFM 4E, RREEPIUE, FRELFTEHERIEER,
S2EIRIESZES EE TSR, BesTiRT ARV E R E=E MY HavsHIEER—, R
kB RIRE MRS IRE NS, AR EF RIS RIRE N, T8 REEEIR
PR ESESMRHEIEE (NREEN. 1RE. 3FNTF), TETEEMRUSFMEIREY (Quantitative
Nanomechanical Mapping, QNM),
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AFM S5 RRIINEEZ —BETHRMRENS (topography) RIERI. & 7 RRT{EMR AFM &
AIREE PVD BIENRERR, FTLABEREPRRERAGINGS. WARAZRILALA— % (2D) 8
=4 (3D) EAER. W5+, FRERERHNETAEFIIEEE.

2D image 3D image

267 nm
240 nm

RMS Roughness (Sq) = 3.521 nm
Mean Roughness (Sa) = 2.792 nm

B 7: AFM S RERE PVD SRR, WoHrEksE.

PR Sa = & Y, |2 — 2, SUSIRKERSEE Sq = \/ & Y0, (s - 2% Heh, N BEH
BEMESY, -, BE | ERIBNSE, : STSE,
AFM - Topogfiphive =
7 Fh T F

[l 8: AFM #1 KPFM FBRSGEIGRING. ZRiR: Bruker [7].

SN 8 Fi, AFM EMEMEHAR P EEESIES. RTEMBEEANESFRESR
THEMHENEESS, ERLESSRIRERI, STAREEMRNEMYIESEE, fINThREE
24.
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BARHIIATER. FE8. SEfCERIES, BEMEMRZ L. #RRMEHEE
RERBEERDIRE, MHDTTRIEMRELSSIHERIRIFAIRRE SR, ThRE—ERRE S
MRSTE, RitemE. BlAmmIoiike, IEEFMSER. BMESRERT
HETHoTh, hESEMSITEARN. (TEINE. RPIREFRGEBA—EaRTIImN
R AR,

=

HEREABTRAFTEM.
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