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B SR EHEERR

1982 4F, HHR%iE 544 (Scanning Tunneling Microscope, STM) [L31fja] 255 1}
G, KRR PP REAE I RS SR A RL R T A5 S B SCES  E N IR ST AN S F AR T 1]
B BE 2 AR BB AL BB o LR BEAT AR, A AATT 26— R BENS SEI MO 5L IR TAE) B R
T I HEFRES A5 R AT A R B, B, ERTRFE . MBS Al
SIS 7 b A R R SORI™ ] B SE B 55, BREA R A DO A A ARAR
TRBHEORZ —. STM BRI, IBM A7 753221 5256 % () Binnig A1 Rohrer, T~ 1986
AR T DR B2

B STM [ LAR SR R E 18 S RERT F RS R AT AL, TS e 2 S Ak 35 1 ik
AT A T 53R # STM IX—AN 2, 1986 4 IBM A ] [ Binnig FTHH4E K 2] Quate f Gerber
AERM T R TF /1 EM%5E (Atomic Force Microscope, AFM) M, AFM A DIEE %S, KA H
IR HERAE, BRI AR SRR, tn] DU 8 2 A T, TR R R Fe it A
YRR EE T A,

7£ STM £ AFM 286 L, MAHGE KR T i3 2% B 8% (Scanning Near Field Optical
Microscope, SNOM) B, 94 s B4 (Scanning Capacitive Microscope, SCM) [, # 7
S (Magnetic Force Microscope, MFM) U1, k] /1 4% (Lateral Force Microscope,
LFM) B, % Hi /7 i3 43445 (Electrostatic Force Microscope, EFM) 1, JF/R R4t 84445 (Kelvin
Probe Force Microscope, KFM) 10155 I BT ERET UG I AU R SN RER £ 2
%% (Scanning Probe Microscope, SPM).

SPM BA LM mi: TR RIS HE . SE BAR . T LB R 7T R 1 Ry Ik
Joi o E R PSR O S O R R AR Y SN AV Bl KRS R AR RN
— R BAT R B R R S A . AT SPM FE M LA, BTN T
FEARE TR AU, W FERE R 2 TR SR AE B RPR R VT 04, AAPRERL A 34 dr it
%, SPM BB E M AT FEAAR R 7 1A T Bk (B 2 T

1.1 SPM W IT{EE#E
SPM & —JMXBRIN G, I EE) SPM & STM FILL AFM AR K434 1y B ik
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(Scanning Force Microscope, SFM) . SPM 5 A~ I H 8 A4 2 A%+ (Probe ) FT4=14 % (Scanner),
BRI ST B — e R, IR N 2 08 R H BEER - i PR B SR AR A R A B
B P=P(z), MAaizWFET LT RI%ZS (Feedback System, FS), lidf$i% K5k
PEBREN-FE R I BE RS, TR APR R T e s . ] 1-1 & SPM AR [ ) 7n 2

K 1-1 SPM TAEJEHUREE. B A RIETSCHk[11].

CIOES S B, 9 T3 RIRIEFIESE R, AR E R HIRE AR RE B MR I 2
UG VE I N R Bl R PIE 2RI AR, fEVE VA, IREH™ A MG 5 REFORBEE IR
- ot BE S A [FIAE ELAE RN, IXAME S HOIRIIE S (Detector Signal). Ay 1 fili &
WAES 5B E AR, &EBGEBESHBE (Setpoint), A E R s E S RETHEA
BAGR DR, RGUSIRNE S S BMELLEL, PSR, TR,

FA R R EAE i R T _E TS B 4 IR PO R E 5l , HIREHE B TR AL
PRI, F TSR AR i 18] FOAH LA AR AL T, S ERIIE 5 203, PRI S5 R ™ A — A 221
Y {5i% 245 5 (Error Signal) . SPM i I Z 1] [ R ARAIE BRET BE 058G ff IR 157328 T T 3 e R
Z Jri) [ 45t I S AN T R R A 5 AR BB A L, AR P ANEE, RS B n — e
{1 HL T R K Bl MRS S i BB, (IR EMS S IRF . R, BAFRSM Tt
(LA 5ok A2 SPM EIH& .

BRI mE AFM, JATAT PHEBEA M R LRI . R LR RIEVE A S 5t
55, ARITHN, SEMIRESE TRE, SRR NESARR, KRRk S,
WIS SmE T BMEN 4 T IRERES. RGUET PID EHIGHRRER S, JEAME
frigzlh, MMCR THEMIES. B ARM R2G011E 1-2 Pros.
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—————————————————————————————————————————————————————————————————————————————

. Setpointl Error

K 1-2 AFM TAEEHRERE,

1.2 SPM BB

Signal
Processing

Control Amplifier i

PlGain | [High Voltage| |

Laser
XYZ
———~  Actuator

Deflection/RMS

MF &G HEE P AE, SPM REHEAFAR, R 1-14H T SPM [ LA A K

[ S
F 11 AFERYEE T SPM I R GER 5 7 i i fg 5 2
HT RSt e P HARBER
B& 7 B ST™M
EEIRE A B AFM (Tapping Mode AFM)
SELHMED Befii st AFM  (Contact Mode AFM)

Bt

L SLREIX AFM (TRmode AFM) 112151

TRAT-FEA AR F

Wf# /3 AFM (PeakForce Tapping AFM)

H TR Z SRR A BORER R N ARM TR, FRATIX BT B4 — T AFM )

JURPHEA A5 K

BRI AFM: S8 A Ab T IR SIS RS BT ISR AR it R AT R el SR A OB S
B SRR, B P IRIERE R SR T SRR T AL, AT s e HE TS5 (R AR
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HAR KGR ER T SR il i A 05 9 B AR R 20 FE 2 AR 1) 520, I EL AT AAS A2 LK
IR TR SR PR IR BRI R IR o B s e 4 2 LU A = Al 18— 28

PRI AFM: SREMET IR S S ORFF R . BHARAL T 58 1 R BRI A B Ao
BERE G SRR LT (RS ER R RO RS I, Bl R kR
T, AT SR TSR R AR . FHR SR W] LUABIR i 2 6, R R AT T BEXS AR R T
AR, M (K BT ) AN SR 14 B4 7 # 2 RER UA

FEREARE ARM: RIS, PRET B AERE SR I ML AL T RSN o BHR SHEdh HATH]
BEIE AL LA AK BN, FEIX — XIS B SR b J5 1 8 PR ELAE T 0 R B s 4R 51
HAR RUR SR AR A 1005, SRR AR, SRS, Oy 7 Gl i R T R K
AL, AR TR .

IR ARMEZST, B DR Ao OO RS, RSB AL TR RS
HEHRAERE R TE B 00, R g8 aT Ul B8 AR AR AL, RIRNRE i &
TSR AR o FAE RO IRME N B i L /N, 03w, kU & B3R B4 )
RIS

PeakForce Tapping AFMU6:271: 35X & Bruker 2~ &) & A0 I — R (P 2E A g =0, BRIACR
H1 2 kHz AR R -2, AW AE s bt i 4 RO RS SR R KRB AN
Pf TR VAR e, AT S SR T TS o FLAR AU B B2 FH S ot A A R4 R o ]
FRIAEELAE F AT AR, IR RE A SR RAR B RE it AR s[RI, () 1 B s, T
DAEHE BRI R 1245 R .

MBA B LR A AR, SATAE VR 2 40 23 IR B =X, T ARSI B8 2 3 i
BT WA 7 BRI SR S5 AR 1-2

#* 12 JUMH UL SPM i1 7y R A

TR Mo BB
wEIRSNARGL o KA R
EFJR-FE SR ) L B 1 BB LFM
BEIRIMLL @ BIE o LT W7 B EFM/IMFM
FE RIS V FEIR SCHRET AR KFM
BHAR-AF: it (B AR FELIAT 1 SRET . BT R EE cAFM/ITUNA




it LA A2 A2 i I (AR AL 3% dCldV A9 FL A B SCM

1.3 SPM HyFEHIAI M. PID #&4128, LAY MBR oW

AT ARATE A M T SPM A2 (8] 262 40 T TAE A 3 BLE— DR 40t 530 SPM
S5 Rl B ) A SR

PID Ffil %% CEPEGI-Fo- P i 2%) 181, ol LAt e Py RRLASH3h 2T | A
Sy PEH 570 D AR, a0 K] 1-3 B o I 2R A A J S AT WA 3 7 #5cafs A — 18 B ( Setpoint)
AT EUAL, A P 2 RR 2505 5 LRG3 Ko, ALAMERE K R3S Ko =25
FOOUR 7 L T O AR, ST AR ) S T LA LR R BB A B sl (R R E B
PID Fl 8% R AT B PR 0P b A o E Rt IR BB, i LR, A
TR ORI R IR 2, MRS S ST .

—» P !\'Je[r)

k.

Sctpoint a Error - | K.I e(r)dr {E} — Chutput —s

-

Bl 1-3 PID #fil#n Bl #2630 4 10 Output FBE A Setpoint HEAT LA, HAEMANRERS
Error. Zeid FLEFHI 0 P, BUMEHIE T | ML 20150 D RT, tHEE BT A E, A TTiE 2
Brigzs, EARGRBIRFFERE. B A RIET SCHR[18].

FELE B o0 Py A2 T | AR 610 D =FH 461, & E R BUH
LA AR

MV (1) = K,e(t) + K [ e()d7 + K, % (L1)

Hrf Kp, Kiys KapBONLEGIEaE . ARG AL G 2, e(t) iR ZE RN 18] t 2240 ) R 2

14 HBIETAAR DT T B RBAHRZED]
AR GAE LLGIIE a1 T, RESS IR RS0 BLR Z MO OB, FAR ZE BRI R A2 10
IR R



ot

errort) e 2 —P_[cost)+ (402 +4Q%p—1)7 si ngt) + —— (1.2)
1+p 1+p

Ho 2], oo RIREFBEIRSMIR, p RHHIEG, Q ZMINT, wil AL RN

TR
1 X
o =a,(1+ p—Asz)2 1.3)
ATLVE ], EIRXRFHEOT, RARAASRHERRE, MEARSIRE
1
error, ;= —— (1.4)

1+p

RGN LI 23 42 ) T s s 1-4 Fror.

(a) P Gain only (b) s P Gain only
15 T . . i ; ’
— referece — referece
— height — height
— error — efror
1 1|
2 L
© o
c c
k=l k=
o “
05 05
0— i 0
0 0002 0004 00068 0.008 0.01 0 0.002 0.004 0.006 0.608 0:01
time(s) time(s)

K 1-4  RGAE GG a8 O3] P EEAT IR SO0, T UUE Y, fERXFIEOL T, RGO R AL &
RARPE, (Hif TR EIELETRER S, FrodCH el s TR SRS IR Z B EH k. (@) i
W, RARERK. (b) HEERERN, RESRERD.

ARGAERR D 28 PR R, RENE BSR4 B AR Z2 050 HH S BT, L3R 22 B I ] 22
GALPS /IR

)sin&t)] (1.5)

erro Kt) :e—agt [co skt) +(4I a_b%

Horh t 2N E], w0 RGBS IRSIIIAR, | ZHAIEE, Q MK T, ofl Ui
A

1
c()za)o(L—O.ZS)E (1.6)
Wy

ALVES], ERXMHLT, REGmATLUERRE, RESREST 0, B



eror ;=0 (17)

Is

RGAER 1 2 72 F AT Q1 1-5 Fro.

| Gain only | Gai I
@ e (b)) ain only ,
— referece — referece
— height — height
—— error —— error
1 f 1
= @
g g
2 =]
L aaw = "
05| Critical | gain | 05 )
Low | gain
0 0
0 0002 0004 0006 0008 001 0 0002 0.004 0.006 0.008 0.01
time(s) time(s)

K 1-5 RGNS G a8 FOFEh] R AT RN I Ol WG I, AR T, RGO R AR R
JS2LE A 2 B0, (H i TR E B B Tt ZI AR T A IR ZERIAR Ty, T DU T DU R A R 22 S8 4T R
() BUMIEad BB U, R URPHBHERIRSIRE. (b) B Ea R RN, RENIRENIS
Wi AR, S BN TR, RS T I BR AR A IR 22

EL I S5 ANAR 0 I 2 BB KR, 2SR RGEARE ARG, KIZEA BRI

15 BN ERBARK RS

1.5.1 B

PR T PREEAORE (B AR AR R D LEROR (BRI
HEZRAA:

(D 5L, SR T g . /£ MM8 o, it s — iR i s e 7
0.7Hz 3] 1.5 Hz, &t =—M&7E 1 Hz 3] 2.5 Hz,

(2) bR AR IR LR RE i — A LA 5

(3) —SERFIRINI A, WgKZIM, 9PKEIR. AR AR MBS, DAL
EAWSE 2 B

(4) AP 2T — A S G ARE,  EBUR IR A R o U 5 22
AL TS 3l A5, DRI Bt A 42 ) b A s o

T F A 2K 3 Bk A

(1 RGBSR VI IRER, TR EERERER.

(2) FEZ Pl AR BRIy W B EARF 2 T P /K - BB 40 0 ) 1 Aok
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FHEREHAURE i (8] AR LA D BBOR, A AT RESRATI R it o
(3) BRI 170 T3 7] 3 A R A A 3CA BE FH 3000 i ) RS AR

15.2 BREER

e A 2 45 o 0 3 P F) — o AR A 2 B A (0 (B 70 A i 5 (PeakForce
Tapping Mode) fEHY, Fmoti sOR BT E BE TE U D0 PR 8 0 Bt s AR o AR
AW EER A

(1) SiEfEALE, T RUE R B R R A 2 5% (49 1nm 2] 5 nm).

(2) SHEAAHLL, TRETARE G R 0 — a2k, DRLAT DU — SR AR X
FIRE it R o

(3) BAMFAVER, B A & IR bR .

HEZEH A

(L 5L, ARSI 2SR,

(2) IERFHEILIRIAR NI RS, EABREsh 15, IR R U R 2%

(3) fERZAHETHRAE.

(4) T HRAE LEB R AE

(5) FRETAIAE: dh AOAH FLAT A A8 I 42 B R IR OR [ A2 ), 0 SR 2 1A & HF
MR AR, AEM.

1.6 MultiMode 8 SPM [y AAE 440 %,
AT T B A D LR =AN LB R R, P SRR M . MM8
FlAh . [ 1-6 5 MMS [5E A4 Ak [



MultiMode 8 SPM System Components

K 1-6 MultiMode8 SPM ARG . /o i 2 il S AR BT & 70, A7 300 FU & 0 o

1.6.1 EEfX
MM8 [ FE I P AT, FLHA MM8 HiJi {8 ] Windows XP #:/E %2 4t, 1247 Nanoscope 8
R AR A HIHT H ) FRU i 3548 Windowss 7 64 £ #:FE 545, 1247 Nanoscope 9 iz (1) #144

E" . .
Power # . 6
Swnch' | e

Keyboard

RN T 98 ) e B 1-7 s

Power Cord

Mouse

uss
Camera

& 1-7 MultiMode8 SPM Hi fxi 15 #64 H1. (Windows 7 64bit Version)



1.6.2 Nanoscope V #5552
MMB8 {i ] Nanoscope V (NSV) =il 8%, $2 il ds T 42 B s HLLL L FUI AR
kit Ra AR, K 1-8 y NSV £l g8 R & K .

A

-
37 Pin Adaptet

LALLLLLLLLL//ZZFF AR R R LA VRARLOOUOOOOOOOONNSN,

e ceree 7y N N N U T U R L LR SRS S SRR RRRNNNNNANNNNNNNNNN

1-8 MultiMode8 SPM Nanoscope V il &% .

1.6.3 MultiMode 8 Base
MMB8 [¥] Base W1~ Fi~ . Base A7 Syl il DL R AR K U4 (15, DL — /N R BT
TSRS RRSH R RERE AR S BE ES  D)4e R R A DL A B R SUM,

Vertical F1 Horizontal {Z%-.

10



/"Motor Control |
Switch

(Mode Selector ™

Switch
i ' RMSNVERT
-~ (Tapping/Contact)

—  VERTHORZ |
j (Tapping/Contact)

‘ Signal Sum
Display J’

%] 1-9 MultiMode8 SPM Base.

1.6.4 MultiMode 8 Head
MMB8 (1] Head 411 F EF7c. Head b EAE R 7O CIEAKE I RS, FHAENRE M
SCHR. Head AT HOCHAIRNARAL B DR E I F AL B 5 e .

Laser Y-axis
. Adjust
l—hﬁ;:ﬂ:de \ 4'- o e Laser X-axis Adjust
| O ST O\
| | | ey \
| =S | . | '
‘ : -
\ o 1 Laser
| N 2. Mirror
I X5 { 3 Cantilever
AL <) | 4. Tilt Mirror
S U — | o 5 Photodetector
P ol
J = A -
Aeo Head Y-axis
Head X-axs Stage Adjust

Stage Adjust

MultiMode SPM Head and Major Components

& 1-10 MultiMode8 SPM Head.

1.6.5 FH#iR

MM8 [ tias a0~ B s . MM8 s TS S RIS v B2 (R R0 A v e 4
FISRAT A5 2R M K = 48725 . MultiMode $3 68 2 Mg, MRAEFRTVEEIAR, F2n]
IR, ERRNA RS

J BRI AS - ) RS PR AR ISV 2 125pm X 125pum X Spm. i I 88 A7 —Fi

11



RIS A xxxxI S AT BT HI SO — AN B BT SR RS
T xxxxJVLR®, A — A3 N0 E o XA B K 3 Bt i .
A — M A S TR oo VHC s SX R #82 F T A A

E Rigtids: B RS HOAS R 2 10pm X 10pum X 2.5um. % B 4% A W
e — R FE A5 TR AN xxxxE®, A PT80S — D E ST SR . — T
FI S xxxxEVLR®, A — S A i BN . XM 2Bk m . 35 B4
i

3

A B AR A BRSSO PR PRI 1V A2 0.4um X 0.4pm X 0.4pm.. %R {41945 17 1)
FIBATxxxx A, A A FB TSR —AS SR TSR EERRAS STM A1 AFM
JZ TR

AS-12V

(vertical E) or

AS-130V AS-130 (J)

(vertical *J") AS-120E7)
or

AS-05 (A7)

Model Scan Size Vertical Range
AS050AY 04um x 04pum 04um
AS-12(CE") 10pm x 10pm 25um
AS-12V (“E” vertical) 10pm x 10pm 2.5um
AS-130 (T 125um x 125um 5.0um
AS-130V (T vertical) 125pm x 125pm 5.0um

K 1-11 MultiMode8 SPM 548 2% J H: 1 BRIk .

16.6 SXFHIRG

MMB8 G Z2 i B F Ge i T BT 7 O 2 5l Bl R G I ROUL S i, $R38) 3 g B [X sk
TR ERELFIRE S L M A XL B, DA At ST 2

12



Optical Stage
Adjustment Knobs

K 1-12  MultiMode8 SPM 245t 255 .

1.6.7 &k

MM8 GRZAREN e, T AR SER. EERRE e N B R . $REF )
TN R EIRE, RSB IR T B IR R R R, ARG ERE I

H AT B T E i R B 5 — MR e SR 24577, Fi) MM8 #FRiC EFM $84t
J&o EFM EREHJemT DU T2 S4B 718/ Application Module ft B 2= SRS FEE L PRI
X AR UM HAB AT . Force Modulation #£%T 3¢ Fl -T2/ (1) 11 1 il A
TR MR 2 T2 O (R SR B . AP Mod #4138 I T3/ i Application
Module F LA, S T BB (CAFMD, BE5 RTS8 (TUNA), HfimH
AEME (SCM), MY B M (SSRM); RN TR R, FEitwr LT
IR TR T B (TR-CARM) R SLIRES 27 J5 7 71 238 (TR-TUNAD;
e BT L WA 0 3R RS o SR T 0 A (PR-TUNA) R i 5 i 4t i el L2
M (PF-SSRM). Fluid #REF ] T/ T HESINE . EC $R%1 AT sl 2 i1 0 B4
(ECAFM).

13



Contact and EFM
tapping mode

Force Modulation

)

Top View

(Stamp) ‘
Top View of a "“’ )
AP Mod 1 EC
(translucent body) ' ’

Various Cantilever holders for the MultiMode SPM

& 1-13 MultiMode8 SPM #4}3%.
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#FF4  MultiMode 8 SPM RZ A #A/E

AR KB B T3847 T Windows XP £4i2 I f#) NanoScope 8.1x LA K iz
17T Windows 7 £ %i 2 F[#] Nanoscope 9.x A o PR AR Wi AR AN [, A Sl 4 P R e L8 22 1
HFTH S50 B A A .

2.1 HEeHBHEA (ScanAsyst Mode)

2.1.1 FFHL

a. WA SEbR R S RGVOE I TAE BT &, AT A MZSIH CIEER . #iIRERE
IR & 2R HPT R 6 AT IR % TARIRE:

b. ITIFHENLEN. BamEAIEI;

c. =g

VEE: X s {rWindows XP #9525, TFBLNTFLAE LT IFiT RN FFHTIFIE#)A

2.1.2 ZEFE AR

a. EFERL: W EAE S B RORE BN A BEVE RO i S b, SEHR AR e AR . T
RIS & B, T SRR i B3R A B R T Head L S RUTIER , DART Ik 22 2
Holder s #R41 EL#2 H FIRE § 2R T b MR IR

’ Top of Scanner Tube
g | (place sample puck here)

Retaining

16



b. whREN: RIREH A Holder . 2Rt , JEHolderflFe /R b, BE TN, fHE
T IR P ) e A i . RS RANIRET, RN T m A I R R SE IR R R
Holder < 7EHead % H ) 5 i EIBRCTAR,  2RJE 17 B Head 1 1 14 [ 5 e«

Apply gentle
downward pressure to

lift spring clip

Probe flush against
groove edge

2.1.3 B3

a. X7 5[ Nanoscope &4 K r «

b. BEASLIEFEI I, RIS, AR AT IR, BRI R, &
TOPTRPESINING, BB e RS AR B AR R

c. 4R ERBIIE, M A R 7B breLoad Experiment”, #EN BARSZIGEE AU o

© selectFrom: Microscope: MultiMode 8

[£ %} " A
[C) £ Use previous experiment
Piezoresponse - Vertical & Horizontal Domains - 09/14/

Or

Choose an Experiment Category:

Scan
isls} s'; s
ScanAsyst Tapping Contact
Mode Mode
E & =
—” < -~

Electrical & Mechanical Other SPM
Magnetic  Properties

>> Change Microscope Setup

Experiment Description

ScanAsyst?is the worldig first relable automatic

>

- image optimization technology for atomic force [
o Select Experiment Group: microscopy (AFM). Ths innovation frees
researchers from the complex and tedious task
ScanAsyst in Flud of adjusting scan parameters, such as setpont,
feedback gains, and scan rate. Inteligent
algorithms continuously monitor mage qualty to |-

makes imagng as easy as simply selecting a scan
area and scan sze for aimost any sample in
either ar or fiuid.

make appropriate parameter adjustments. This 3

. ScanAsyst is based on Bruker's new general-
o Select Experiment: purpose maging mode, Peak Force Tapping?

. - This proprietary mode performs a very fast force
curve 3t every pixel in the image. The peak
ScanAsyst-HR in Air force of each of these curves is then used as
the Imagng feedback signal. Unlke
TappngMode? where imaging force is 3 complex
function of the setpoint and other varizbles,

'I'_oad'éxperi'ment

l1gnore Probe Parameters
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2.1.4 RS
a. (ERA P M) A diSetup”, FRFN MG E
b. e BEE LA E, A B AT A NS SR R

3 i
C. FAEBIEFI NIORE SR, R & 55 s
d. W HE A UP/DOWN” 4k F“DOWN?”, (H 5B Hi L ff i R, FRE A
Wi (—EARNRESEETEWD 511k,

e. AR AR b AR B U T B T AR ALY, RBIBORTE
f. {dHIHead 1 #8 P17 1 A0 T 19 i ELARS O'G 6 DEST 76 808 il o

2.1.5 VYIS AT 2%

a. HHead /5 ROGE, ISUMIE K

b. 3 88 2 PR BE I PR BT 2 AFM&LEM” &, I 8 JSE R TR 22 _E A1 PR KT S 41
c. ¥ Head AP YRR Bed], {33 9 Al T LCD Eor B EIVERT 2540, HORZ R

18



7R N0.

2.1.6 FIEAEHSH

FTFF Microscope A Engage Setting, 7F Engage Parameters 41 & Peak Force Engage

Setpoint 17T

18 Engage Parameters
B General Engage

= Sew tip Yes

[~ Peak Force Engage Setpoint 0.1500

— Engage int. gain 10.0

B Tapping Engage
B Stage Engage

= Sample clearance 537 prm

= SPM safety 100 prn

~ 5SPM engage step 0.972 ym

[ Withdraw Z Pos Smart Lift

— Load/Unload height 3000 prn
B Smart Engage

- Engage Mode Smart

- Fast engage velocity 50.0 %

- Fast engage threshold 100 %

— Fast engage height -5000 prn

B Height Engage
B Actuated Probe Engage

[ Cancel ][ Ok, ]

ScanAsyst Air FERENE I ERIN(E 0.1500V BRI ] Pk R K 4R £ 1K & 4 0.0500
V~0.0800V, A&kt iy REHFIRE i (8] AR ELAE Y it KPR ERE

a. ¥ Scan Size ¥ & NO;

b. #Scan Anglei% & 4~0;

c. 4 X offsetflY offsetis & N0,

2.1.7 Bt
a. 18 fiHead R AN AR 2 Head i B, AFERAH AT T-HE 5 b BT & 1 X 15
b. s A MK “Engage”, ZEFFRERIAFE MR

2.1.8 FHERK
a. Y77Scan size (FVEHD, EFAIERFEMIGHE. XTI K U, ScanAsystr] LA

EEIRIARA & CCEHI DR s SRR

19



2.1.9 REERK
a. s B P CaptureSZ #i b Capture /£ &, Capture file 3 & 11 FEAF i #5415

2.1.10 B4t
a. A Withdraw(s 1785 - PR 4 B A T 3R T, W] LA YR s i Withdraw;
b. #“UP/DOWN”H J 3% B|“UP 513z B b 5 2 1 5 B HiHolder, B JEHU N AL .

2.1.11 =AL

a. KPS 5

b. SR8

c. KIATHENL. ToRaAIIEIR .

JEE: Xz {rWindows XP AT A2, RPN F LT LK AR 7, AR ATTFPL

2.2 B (Tapping Mode)

2.2.1 FFHL

a. FINSEPR LS ARG BOE 0 AR AT &, BIATA RGE AR O IR ERL . Hi R AT
BTG BOR HPT R G 4 T 1% TARIRES

b. ITIFHHENLEN. Eonas AL

c. FTIFFA 4%

JEE: X FAE{rWindows XP #7525, TP A2 6T I il SEHL L, FEATIF 2 s o

2.2.2 ZEEMAHEE

a. LEEFER: W EAE S B RORE BN A BEVE RO i S b, SEHR AR e AR . T
R ATRE S G R, R SRR BRI A IR & T Head BRI ST ATIES, BARS 1R 224
Holder s #R41 EL £ He BIRE f R 1 B MR R

20



/ Top of Scanner Tube
| (place sample puck here)

Retaining
Springs

b, ZRERER: KGIREM 23 EHolder b 22250, HHolderfidk e b, B TE, R
TR N &8 il . B R B NARET, R TSR B R BIREr . 52 iR ET e ¥
Holder-R7EHead %S H 137 & L3R CFAR, AR5+ B Head T T 14 [ 2 i@ »

i ‘ Handle probes
4 ‘ | with tweezers

Apply gentle
downward pressure to
lift spring clip

[ Spring Clip

2.2.3 B3

a. X7 5[ Nanoscope &4 K br «

b. NSRS, RIGLINTT R, LR PIREATERTE, B PEERmITR, 8B
OB SIO ISR, R DR RS AR AR R X

c. 4R BB IE, MR A T 7 EldsLoad Experiment”, i3E N HL S50 B B AL .
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© SselectFrom:

Microscope: MultiMode 8

S N 2
[ §5 Use previous experiment
Piezoresponse - Vertical & Horizontal Domans - 09/14/

Or

Choose an Experiment Category:

Scan
Asvst > =2
ScanAsyst  Tapping Contact

Mode Mode
S — z
- Sl -

Electrical & Mechanical Other SPM
Magnetic  Properties

>> Change Microscope Setup

Experiment Description

ScanAsyst?is the worldig first r?ab!e auto{matic -
. image optimization technology for atomic force [
Select Experiment Group: microscopy (AFM). Ths innovation frees
researchers from the complex and tedious task
ScanAsyst in Fluid of adjusting scan parameters, such as setpont,
feedback gains, and scan rate. Inteligent
algorithms continuously monfor image qualty to
make appropriate parameter adjustments. This
makes imaging as easy as simply selecting a scan
area and scan sze for aimost any sample in
etther ar or fiuld.

. ScanAsyst is based on Bruker's new general- —
° Select Experiment: purpose maging mode, Peak Force Tapping?
IR This proprietary mode performs 3 very fast force
ScanAsyst n Ar | curve at every pixel in the image. The peak
ScanAsyst-HR in Air | force of each of these curves is then used as

the Imaging feedback signal. Unlke

TappingMode? where imagng force is 3 complex
function of the setpoint and other variables,

J

Cancel , B] load Experiment
"I 1gnore Probe Parameters S

2.2.4 A EE
a. EBAE A A S Setup”, HREIEGE O,
b. e BB LM E, A LM N EERE .

Foe_ pemere Movoge Som Comae Soge Cotee Took .

& 6@
©  Losd Prabe n Probe Holder
= 0 S Pt St
2 ScanAsyst in Air 13 Ancommended Probe Hoider: — MMEFNCH
T setatn
wl
<L Chockpaam || [ @ Plce Crosshar
[N ————
& Engope Y
B san
Z ranp
& Wt

BB
C. ARSI T AURE IR, AR S AR T

d. B JE A (K1 <“UP/DOWN T 53R B“DOWN™, (HHREF W B bE 5 2210, 13 B L AT
W (—@ NRESEAIEMWD 5 1% 1k,

ef

\
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e. AR AR b R B U T R U T B AR AL, REBIBORTE
f. {s HIHead 1 #8 P17 1 A0 1A 7 LA O 6 6 BEST 76 808 il o

2.2.5 T IR FRA I 2

a. % Head [FHISOGEL, ISUMIE R K

b. H 2 J8E A2 U AR SR B AT BI“TM AFMY |, st 35 8 i 1T 22 b A (4R AT S £
c. V% Head AR AN DU R R BRsH, 2% e i 1 LCD 27 5 L IVERT 27550, HORZE

N A0s

2.2.6 & (Cantilever Tune)

a. A A “Setup” 5

¢ ManoScope - TappingMode in Air - Standard.wks
File Experiment Miroscope Scan Capture Stage Calteate Took Help

L4400

© LoadProbe in Probe Holder

{3 Recommended Probes: TESPA
FESPA
OTESPA

{

:-; Tapping in Air .4 Recommended Probe Holder:  MMEFCH

a . Tip Serial #:

©  Place Crosshair
& Check Parameters
2.1 Click on the tip position on probe image to locate crosshair

é, Engage
©  Tune Cantilever
< Scan ) . )
# 3.1 Configure | drive freq y and P
—
< Ramp

& withdraw

s 88§

(1 h

)

["_‘"'
———
Menudlme
40 20 260 300 10 M0 %0 390 400 kMg
Refresh
Drive Amplitude: 122.4 mV

23




b. #EFE“Manual tune”;

c. #EFLH 5 % A\ Start Frequency A1 End Frequency CHii ANAE N AT FHARET IR E & L2
HifoIyu D

5 Auto Tune
Start frequency 185,000 kHz
End frequency 455,000 kHz
Target amplitude 500 mV
Peak offset 500 %

TR NG AETHR

d. HidiAuto Tuneifelil, 545k BRI S mH th“Zero Phase”;

.Auto Tune

GETRGL BT ACTNE

e. M “Exit” iEHituning A1 .

2.2.7 WIBMBR#ESH
a. ¥4Scan Size % & NO;

24



b. #Scan Anglei% & ~0:

c. X offsetflY offsetis & 0.

& NanoScope - TappingMode in Air - Standard.wks
File Experiment Microscope Scan Capture Stage Calibrate Tools Help

£JHQ ®e S, 9T

Workflow Toolbar

B Scan
— Scan Size - 0.00 nm =)
— — Aspect Ratio 1.00
— X Offset 10.000 nm
v L v Offset 0.000 nm
— Scan Angle 0.00°
[~ Scan Rate 0.996 Hz
— Samples/Line 256
= ez o B Feedback
~ Tapping in Air (— Integral Gain 1.000
(= Proportional Gain 5.000
ii] Setup - Amplitude Setpoint 150.0 mV
— Drive Frequency 320.0000 kHz
 Drive Amplitude 124 mV
L B Limits
B Other
sé, Engage
55 Scan
v
3 Ramp
£, withd
£~ I raw

2.2.8 HH4t
a. fliHead N B edlf s Head i B, (3 T-RE S b BT 0 & 11 [X 358 5
b. fidi £ M “Engage”, S4Bk R R .

2.2.9 ALEH#SH

a. WHESEMFRTEE, M2Chanel 1 (Data Type: Height) " TraceflIRetracej 2% i £k 1) &
aE:

b. Jk/NAmplitude Setpoint BL 21| ) 2% F71 1 28 3% A iz it [R]BE R S SRR AL 5

c. fitfkintegral gainflProportional gain. Jy 1 il 35 58 R KPR SR, —BAE )y
N BEH Kintegral gain, UG MRE Y, A5/ Integral gain B EIRE % HE K,
e T >R FHARTR 19 75325k T Proportional gain . 8 i 8 5 1 25 SR AE P A R B A G 9 HOk
HIRRZIZES N1k, R Amplitude erroriEiE & i /)N

d. 5 Scan rate (FHHEZ) ., B Scan size GG B R, 738 R 20 AH B PR

2.2.10 REEME
a. midi B CapturesZ #rb Capture £ 18], Capture file i B3B8 42

25



2.2.11 B4t
a. s diWithdrawfs (b5 - ERET i SRR R TI, 7] PAZ IR S T Withdraw;
b. #“UP/DOWN”H 4Kk B “UP R £ B A% 5 2R 1 f5 B Holder, B 5 HUC TR .

2.2.12 =ML

a. KPS 5

b. %P8

c. RHIFHEAN. BRI,

JEE: Xz rWindows XP AT R 2, RPN TFUTE LK AR 7, XA

2.3 Bk, (Contact Mode)

2.3.1 FFHL

a. FINSEPR LS ARG BOE 0 AR AT &, BIATA ERGE AR O IR ERL . Hi R AT
BT E BOR HLBT R G 4T 1% TARIRES;

b. ITHTHENLENL. EoRas AL

c. FTIFFA 4%

JEE: X FAE{rWindows XP #7525, TP A2 6T I il SEHL L, FEFTIF 2 s -

2.3.2 ZEEMAHEE

a. LEEFERL W EAE S B RORE BN A BEVE RO i S b, SEHR AR R AR . T
R ATRE S G R, R SRR BRI A IR T Head B ST ATIES,  BARS 1R 224
Holderltf PR B £ B 5t 2 1 B MR R S
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/ Top of Scanner Tube
| (place sample puck here)

Retaining
Springs

b, ZRERER: KGIREM 23 EHolder b 22250, HHolderfidk e b, B TE, R
TR N &8 il . B R B NARET, R TSR B R BIREr . 52 iR ET e ¥
Holder-R7EHead %S H 137 & L3R CFAR, AR5+ B Head T T 14 [ 2 i@ »

‘ ‘ Handle probes
o with tweezers

g N2

Apply gentle
downward pressure to
lift spring clip

2.3.3 B3I

a. X7 5[ Nanoscope &4 K br «

b. NSRS, RIGLINTT R, LR PIREATERTE, B PEERmITR, 8B
OB SIO ISR, R DR RS AR AR R X

27



c. 4R ERB )G, B A A T 7 EAreLoad Experiment”, 3 N HAKSZIG W E AL .

=

@ SelectFrom:

Microscope: MultiMode 8

) . .
[0 ] Use previous experiment
ScanAsyst in Air - 05/17/13 | 09:36

Or

Choose an Experiment Category:

Scan
v &

ScanAsyst Tapping Contact|
Mode Mode
n\'

p— ?
L4 <7 <
Electrical &  Mechanical ~ Other SPM
Magnetic  Properties

>> Change Microscope Setup

Experi Description

Contact Mo?e |5§ stagdard Atomic Force

i - Microscopy (AFM) technique where the
o Select ExPe"ment Group. sample topoaraphy (height) is measured by
monitoring the deflection of the
Contact Mode in Fluid cantilever as the probe is scanned across the
Lateral Force Microscopy (LFM) sample surface. A
feedback loop maintains a constant deflection
between the cantilever and the
sample by vertically moving the scanner at each
(x,y) data point to maintain a =
“setpoint” deflection. By keeping a constant
cantilever deflection, the force

. between the tip and the sample remains
© Select Experiment: constant.

Contact mode in air requires:

- MutiMode Contact Mode Cantilever Holder
(MMEFMCH) (others work as well)

- Probes with low spring constants (typically
~0.01 -2 N/m)

[foad Experiment
Ignore Probe Parameters W‘

2.3.4 AL
a. EBAE A e St Setup”, HEIEBGE O,
b, AF e e sk E, B Em N E SR A

20

o gt \oveng e Copun 3oy Gt T
&JH 9
ot
Load Probe n Probe Holder
— ° g
D Focommnted oo Scmdop it
-~ s
5% ScanAsyst in Air 1 incommended Probe Hoider:  MMESMCN
a l o soan
| ok || | @ Pace crosshar
21CHk m et poion o s et onte vl
& engage i
3 scan
S rap
3 v

C. RAEBNEFIRTAORE R R, SERE S AR T

d. REEE A K “UP/DOWNJF K 4R 2| “DOWN?, AHHREF W B e R 1, 15
i (—EARETEAIEMT ) S5k

s B AAT



e. (AL b A Ar B T e I T B AL, REBIBORHE
f. {s HIHead 1 #8 P17 1 A0 1A 7 LA O 6 6 BEST 76 808 il o

2.3.5 T IU BRI A4

a. HEHead /5 ROGEE, ISUMIE B K

b. B3 A ] (AR T BU“AFM&LFM” |, I 56 SR i T 22 _E A (4R R AT SR 40 (0
c. % Head FARFI AU RERfEdH, A RATIHLCD S rbE LIVERT 278 8-2, HORZ

N A0s

2.3.6 VI EHSH
a. #Scan Size & NO;
b. #Scan Anglei% & 40;

c. X offsetf1Y offsetis & 0.

B Scan
[~ Scan Size 0.00nm
— Aspect Ratio 1.00
— X Offset 0.000 nm
— Y Offset 0.000 nm
— Scan Angle 0.00°
— Scan Rate 1.99 Hz
— Samples/Line 256
B Feedback
— Integral Gain 25.00
I~ Proportional Gain 50.00
— Deflection Setpoint 2000V
B Limits
H Other

29



2.3.7 4t
a. flifHead N A edl A siHead hr B, (FIR4E AL T-RE bbb BT 00 & 11 X 15,5
b. fidi A M “Engage”, 2 fFia4t Bk ke K1 .

2.38 MALFHSH

a. WiEAIEMIScan Size, M%<Chanel 1 (Data Type: Height) ' TraceflIRetrace 2% fi £k ff) &
ERE

b. 4 KDeflection SetpointEL £ # 5 i £ FE A S R [F] RE I TE SRR AL :

c. ftfkintegral gainflProportional gain. A T #3625 58 &R H FPIRSHTF, — RAET 7
N B Kintegral gain, BT MR7E Y, A5/ ntegral gainELEIRE % K,
e T >R F ARTR 1 75325k T Proportional gain . 8 8 5 1 2 K AE P A R B A G 9 HOk
AR ZU 2% 9 1k

d. Jd¥iScan rate (33K, [ Scan size TG ARG, $3038 R U L A .

2.3.9 REREK
a. i B P CaptureSZ #i b Capture /7 &, Capture file 3 & 11 FEAF & 545

2.3.10 B4t
a. s drWithdraw s (b3S - EREZ B AR R, ) PAZ IR A5 i Withdraw;
b. ¥ <“UP/DOWNF I3k B “UPH FRET 28 B FE i 2R 1 5 B H Holder, B 5 BT A

2.3.11 =H

a. KPS ;

b. KP4

c. RHIFHEAL. BRI,

JEE: Xz {rWindows XP AT R 2, RPN TFUAEE K LR 7, R
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FE=#4r MultiMode 8 SPM & F#4E

AR KB B T3847 T Windows XP £4i2 I f#) NanoScope 8.1x LA K iz
171 Windows 7 54t 2 1] Nanoscope 9.x %1 o PRI A Wi A AN ], A1) 28 B PT REAT L8 22 1),
HFTH S50 B A A .

3.1 FFHL

a. FIIFHENL. BoREADEIR.
b. FTOF# 4%
YER: X FaE{rWindows XP #9525, IPILNFUTE LT IF il P, FETIF12H) 4%

—

c. X7 Nanoscope 4l bx “@ » JEBERAE .

3.2 ZIHRET

3.2.1 HREFIEFE

HEFAAE A V R RS SRS, 1 NP, SNL 4.

TEE: SERRIEIITERET PRI I IR 15 ) 28 75 KA 2 7o AT LIS RN G 3 IR E T RS C B 77

HIEREF AT AR o

3.2.2 Witk
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BURHERAE TS, RET ZRAE AT A o IR AR — (U, TS IR —
MIAEEIN L2, ST /D EEAE, T e 2RE

3.2.3 WEREH

a. —TERWRN, FTHRIEIE PR AR 4% 5 TR AN 22 T

VLR BRI E TR, A ERGIRE KB TR LS
b. B TREIGIRE ARG A, Fa T THUE L A AN 22 e A PRET 3 7E

C. FANERE AL BE, N AR 73 ) T MR B 3 3 5%

' Wire Clip

3.3 WIHEOL

3.3.1 HBOLERITESE A RA E

TitE—: (U=ZAEEE IR A

a. fifEfE EHead A5, JFKrHeadHU T ;

VEE: AR LA ead A, 2 25— I I AHE I 1 TR 1L, B2

Head.
32



Retaining Springs

b. 5K 48 E T-Head 1 1E N7, BOBYEBERE HIUE 48 L o aniseAy LU I £1ie e Head
A i O LR B TR ) Adjust Laser in X, BANRAXERR), BLEIREE BDGIE.

{bhotodetector AdjustmentJ ‘ Adjust Laserin Y J
([(A+C)-(B+D)] signal) . -

C. T XBOCI e, W13 A7 I 22 e B v 2% AR A1 2= 0638 B (LR I I RE D
d. TR B B33 I B e e 5 22w 1) 73— NROG IR EEH (Adjust Laser in'Y, LR EAYARER, i
JeBE ETNLED, BEEIEPIBOCOCTERGERI I 8 B PO GBS B O A R,
BOCRIZATE =M E B R b CREIM RS RE2) . Sy e gt , w7 DU 1S
{1 e B SR 2 PR /DN

e. W EHIeFEX ORI, B 2IE BIBOOEREEAEE 5 X R B MU A e X ot
i, ERBOOCRNIEFEA CRER RS, HREO6RZ TR 8 1T,

f. RKiHead BL¥TAe I, JFNUF#TE
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Reflections on Laser
View Screen

On cantilever leg
or tip
0—
1
Mear cantilever
tip
(Optimized for
Sensitivity)

T

a. WAL BRI E, A B N BIETERE . FEd.

b. RAEREFIT IR R .

c. WATHHE Fun P A FAIE (=SCAUERED MCUP/DOWNIFX (F AEVEIVH
fli#%, M EBHLUP/IDOWNIT ), fiEE t AR AE,

3 : |}|pDown

d. 1] Base b A7 B I 15 e g I 15 B, REIEOLEHE.
e. fiifHead E3BAPIANTT I BGBOG TR A OCRIY) K BOt e BEST 75 2008 Jirvi »
f. A E OG5 R 4 0 ] B M R AE R DN 28 ECE — 5K AR, IESEHOE S A — AL [

\\\\\
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3.3.2 AR IREHEMEE (HF: FRFBOCITENRIBHO):
a. Head 5 4 OGELigdH (T KIPhotodetector Mirror Lever), {#SUM/{E & K.

Photodetector
Adjustment
(C-D svgnal)

Photodetector
Mirror Lever

b. ¥ Base F[rfEstik 4t (R E S ¥ Mode selector switch) 3T F|“AFM&LEM” |, A |
FIe AT BRI 24t

-

Red = Contact
Green = Tapping

Mode Selector
Switch

c. ViHead B#BPAND L IR iedl CFEF R R D, ffiBase I E xIVERTFIHORZHZIL0
b N VERTE B AT -2 724D
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d. IERITT 5SS, T8 SO R REE (A T Tapping #X% RTESP #£4t),
SUM HIHFE 1.5V ~ 3V, X T ¢ & S S 2 RS (Al T Contact #2507 NP 5 SNL
#EF) , SUM fESIAE 35~7.5V,

JERE: L SUM B A BEREERET HLAHI AT LR HITE T Z T ZER T T HEREHT
SUM & B GEAE_ LB TE AP -

3.4 HEFES

T TR CMER O BD

a. KRR EEAERE AT VBN D b, FRISFERFEBONEE i & o I R PR

b. ilid ik KTt Head, 813 Head JIEHR-F I A SHE M R IR

TR ARSI 5 SR A A E, RIS EATBZ BT, Head ZTHS A<
S T

C. TREFPTERM AR LT 7 b, VST S ESRET A BALR N 1-2 WA, FRRSR A R TH e
NIET, SRR DA B0 & TIRET FTEEAL B o B0 PT B LE PR BT B e e o 2 T P9 A
I 77 A S T S AL

d. K B W AR E Head B, 7% Head B30 U hE4L CF B ) clamping screw)




XA, RO SUM E B TR 5 R e B R 3T, 228
X BT Head 5 5 165, ¥ SUM (S5 8TR N 1E 5 H - 28 Ja TR 8 A0 e 4L, 8 VERT
1 HORZ &4 0.

TE=: BHEAKR (R OB
a. K O R NV & A M L

O-ring

b. KR B ERERIT ORI/ A b, PR FTBONRE & Ldd me v A .

c. MBI A FF Tt Head, 75 Head JEHST- I HEA S FE SR I

TERL: IRIEIET ) G IR KA A, A LR 7.2 7, Head ZH 781254
LIS E

d. KRR ATE Head B, 7% Head T #BIIREL. AR O RBIFS EHNTEREM b, WA
B R AT TR SR IA 2%

e. [ Base _L[f) Up/Down JFICB#{% Head, 1 O &AL 5K 2 B S —A A 25 1]

£ ST 38 PV A A A TR W VR LS O SUM B 2 B SR8 /1 o IX I 351715 Head
TG ROGE:, 4 SUM I EFT A IEHH. SRS HE /MR EE, 4% Vert #1 Horz {515 0.

3.5 FHFEEEK

3.5.1 ScanAsyst &3

a. marSEIT RIEFEEbR , FTOTFSRER TSR T A
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© SelectFrom:

0 ﬁ' Use previous experiment
Tappingiode in Fd - 11/22/10 | 21:04

Or

Choose an Experiment Category:

>> Change Microscopo Sotup

© SelectExperiment Group: PU—

[T Miodo in At |
ﬂ’%‘m_ TappngMode AFM in flid reles on the oscllation
anpitudo sonal to track changes
In topograptly, Just 3 n ar. The fud nterface
between the to and sample
elminates attactive forces, making this
techrique peeferred for magng biclogeal o
other dalcate samples.

TappngModa Yn fuid ’ﬁ?:
- . W0 e ton

© selectExperiment: apoos - Sy Mody

TeorgodanPid « Sieon e cantievs

' Note: To peotect efactacal sons of the

scanner froen coming in contact with
fusd, ths eaperienent should bo performed with
wpropiate Auid scesscans.

)

Cancel o — ’ EE floadExpenment

b. S AR , ScanAsyst.

c. EFESLIGIEL, Fluid.

d. #E S5 A

e. i 1iBase L “Up/Down”JF XA A Faies (=3R4 (RS mE .
f. fidi Scan”Elbr, HENSEGSHLE .

9. ¥ LR 2% Scan size /N1 1 um, X offset fil Y offset ¥4 0, Scan angle ¥} 0,

ScanAsyst Auto Control A4 ON.

h. s Engage h HEEr .

i FEESE R ITIATE] . # Scan size % B ACEFARAITEHE .

3.5.2 Tapping =,
a. R SIS Rk EAR , FTOFSLIR T Rk A .
b. EFELIG B ,  Tapping Mode.

C. EFFILINIABE, Fluid.
38



o

- HEON SIS ST
7 Base L [“Up/Down” FF AN Fa el (=L AHME) , R SEaE SR,
Rdi“Scan”BlbR, SENLISELE .

g. WELL T3 3. Scan size /M T 1 um, X offset A1 Y offset X4 0, Scan angle ¥4 0.

@

-h

. Tapping M aURE FRIRET A JRBNIR . miil ElbR f/ , #EX TUNE £F5tf .

>

| Typical Cantdever Tune

I Cantilever T | Response in Fluid 3
= (showing muitiple peaks) L‘E‘

)
[y Moo
e, 0t OZoemn Ozion0u V2l

0 0| [Sve Curve)
0 CONTROL NOT ACTVE
Ture
s [Fast Tt Ture

1:

i. % Drive frequency ¥ A 10KHz, Sweep width ¥4 20 KHz, fnidk F = f 24 S04k fik 2 i
HEF (WINP, SNL), JLIRIIFIEF1E 7-12KHz,

J. WA Tapping B, B SESIE LA, Fahlid Offset FILIRMZR (Al Jt: () “Fast
Thermal Tune”JReH B FIWILIRIGEALE , W _E K LIHE) .

VERE: LA G FE LRI Q0% e i (i B AL HI AT o

k. 475 Drive amplitude SRR ZEHE A& FRIE . QURMNKPORE B, 38 7T DR R eI
E AR 150mV. AR AL RERE i, U8 fEDR] LA 15 2] 300-600mV .

l. TUNE $Fd R85 G, RAHZE H, IR [E AR A

m. i Engage I B,

n. BEEFEER AR ¥ Scansize B REFRIESIAN.

0. M%E Height EIFF %2 Trace fl Retrace P2k HhZR [ E A 15

p. 1tttk Setpoint. 7ETappingt=~, T Amplitude setpoint B 3| Trace MRetrace Py 5% 4714 2k %t
j—(—‘ﬁo
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q. fifk Integral gain 1 Proportional gain. —MxHIWE™TJ72:8: 9K Integral gain, {# Trace
F1 Retrace B TFU67E, RGN Integral gain EEE W, BN R AR K IpERIH
1 Proportional gain. 8 3G 25 R AT KRR A E S H HEA RS-

o TR E AR R . R ERTEE RO, SR A R SRR . RS
R ERIG, BTN B AR & .

s, WSRFERARSE, ATLAE Mk Z limit (RS, X8R Z D7 i B

3.5.3 Contact 3

-
"

a. RUTSRE T BRI, FTHRSER T RiksE T I

b. WEFESLE A4AEL ,  Contact Mode.

c. EFESLIIAEE, Fluid.

d. HEASEG S .

e. 77 Base L¥“Up/Down  FFRLFM A Fa el (=S mfafiliE), (R SEITFE MR .
f. Sii“Scan” bR, HEASLIESEE

g. WELL T340 Scan size /M T 1 um, X offset A1 Y offset X4 0, Scan angle ¥4 0.

BCEAIAG Setpoint B, %A N ELREET AT Base MiAR R s I Vert R 1-2Vo

h. /& Engage « HEE .

i EEFEEHRITF IR 4 Scan size #E REH AN,

j. Wi%E Height EIFFW%E TracefIRetrace Wik kM= A5
k. 14t Integral gainfl Proportional gain. — %A 28 - Kintegral gain, {# Tracef!
Retrace i Z T UA7E ¥, SRJG /D Integral gainBLEE M 2%, 4321 Sk AR R 7R3k 8 =Y
Proportional gain. I8 75 1 ai R SRR A B A I HIRA TR .

. ffkSetpoint. fEContacti&zi, iffiDeflection setpointE ¥ TraceflIRetracei 4 $14iliZk %
A

m. TR AT R . B G RGO, SR A A B A R
R ERIE, A2 T NEE R PR .
n. WERFERARSE, ATRLOE Mk Z limith80E, Xk R 207

af
=F
5
N
—RF
i
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3.6 A

st Pt O s, T bl B 4 PR

3.7 B4t

§
pwithdraw P SEER. S A TS AT T5Up/Down™ T RIFA T ekl

(Z3CREME) , R AR

3.8 B A
HUF A, FHZ MK e i, BT, By Y.

3.9 XM

a. XHINanoscope %14,

b. J%HINanoscope %] #%.

C. FMITHENLALGE 7~ 28 IR B G I8

VERL: X TAE{rWindows XP #9555, BLNIFA ALK ITEE 75, AT 5P
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F U4  MultiMode 8 SPM J7 i £R B A ¥ 4E

AR KB B T3847 T Windows XP £4i2 I f#) NanoScope 8.1x LA K iz
171 Windows 7 54t 2 1] Nanoscope 9.x %1 o PRI A Wi A AN ], A1) 28 B PT REAT L8 22 1),
HFTH S50 B A A .

4.1 WE Deflection Sensitivity

3 #h 2 B E ) DY RE RN AR ) 2 B AT Mo AR SR THEE, ST
Deflection Sensitivity BEATHIE . FSE 7 EZEUEROCAN SR 2 )06 B £2 & S5 5
REME AL R e bR i, W MREAT J)E MU 7T o

Deflection Sensitivity JIl & )P B EEAHE. 1. BN NEEA, A B3R

JIiZk; 2. HC g ih S EERE SRR SRRl X 3505 Deflection Sensitivity .

4.1.1 FERERIE LIREU I i 2%

a. WEPE—MERE, W¥EEA, B, 7E Contact B FEEHH.

VER: TR AR 30 N 3T 1200 98 - BRARTE ScanAsyst 151 3025 3L - PeakForce Tapping(PFT)
AR Tt A] L& Deflection Sensitivity, {H7E PFT #XF, Z MM (G538 5
Trigger Mode 3% A P o %FT MultiMode Rk, JFHIAHEE A2 L5400 o

b. riifi Ramp #, X RErafF LA, WREBEZAMG OB, FE, 2R
H B Ramp S5t -
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£ NanoScope - Contact Mode in Air.wks

File Experiment Microscope Ramp  Capture Stage Calbrate Tools Help

{0 $O8R9TH0

i

B Ramp
= Ramp size 515.6 nm |
I~ Z scan start 1.027 um
— - Ramp Rate 1.03 Hz |
v = Number of samples 512 |
= Tip Radius 0.999 nm |
- Sample Poisson's Ratio 0,300 |
L Tip Half Angle 18,09 |
— i A B tode
- Contact in Air — Trigger mode Relative |
- Data Type Deflection Error |
N | — Trig threshald 0, 5000 W

LT Y

=5| Check Parameters

= Scan

—
-l
o Withdraw

c. W& Ramp S4:

1E SRR S B H R, A% Trigger Mode 3%63%, 23 5l /&<Off”, “Absolute”, LK

“Relative”, LK.

H Ramp
— Ramp size 600.3 nm
— Z scan start -1.584 um
— Ramp Rate 103 Hz
— Number of samples 512
— Tip Radius 8.00 nm
— Sample Poisson's Ratio 0.300
— Tip Half Angle 18.0¢°
L Plot Units Metric

BH Mode
— Trigger mode Iﬂm 'l
— Data Type i
— Trig threshold .ﬁbsulule

Hr Absolute 1 Relative #5/2&% HI BME 1% 1 (775K 545 F1 2 . P35 1) DX 590 2 B e
No
Relative 5 )4 it 2 N ARPR B80S T I ER A2 (ERETIZ BRI R 00D 2 181 ) 22

EAE AR, FIEE FE G, Relative 5L K Trigger Threshold %4 0.3V, &2 E 5
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MR R 1A B A Ak AR Deflection Error B2k 25 JE 26 407 B 1 2 /2 0.3V,

Absolute $& 172K M ZE R ALAR LB X ENE NI &, Y IABhZER, RECEA
FHEEEFEA, MAFIEFLRERE . #lan, £ KA, 2%+ Trigger Threshold ¥4 0.3V, M
BREF SEITRE S BT A B BN 2048 KR Deflection Error 244 % 0.3V .

Deflaction Errer (mV)

Charvl 1

Dota Ty [Detechon Emo = Oiata Scam

£

B Ramp
— Ramp size 1031V
— Ramp Position -54.35V
— Ramp Rate 103 Hz
I Forward Velocity 21.2V/s
I Reverse Velocity 21.2V/s
— MNumber of Samples 512
— Tip Radius 200 nm
I Sample Poisson's Ratio 0.300
— Tip Half Angle 18.0
— Plot Units Volt

B Mode
— Trigger Mode
— Data Type
— Trig threshold
[~ Threshold Safety
— Start Mode

B Ramp
— Ramp size 103V
— Ramp Position -5435V
— Ramp Rate 1.03 Hz
— Forward Velocity 21.2V/s
[~ Reverse Velocity 21.2V/s
— MNumber of Samples 512
— Tip Radius 20,0 nm
— Sample Poisson's Ratio 0.300
— Tip Half Angle 18.0
— Plot Units Volt

B Mode
— Trigger Mode C_@
— Data Type Deflection Error
— Trig threshold
— Start Mode Calibrate

" 1" 0
2{v)
W Dat Typa Z -
Crarvwl 1 Data Type: Dwelechon Eno ™ Data Scale 2500V
L I p= -
=
B
(7]
: {
T !
] f
/
-/
5 10 15 2
Z{V)
X Data Tyoa z -

HIELELIN H, Relative 36X P8 32 71 AOICIR SE OV EDWAAER,  HERER T 1207 i%.

JitE—

Trigger Mode On

¥ Trigger mode Z%ik A Relative, 15 B AN () Trig threshold 1, iZ{E 7~ /1 HI2E
IR B S g K25 . 7F Ramp Size L E IF Ramp FUTEH, 40 F B

B Ramp

— Ramp size

— Ramp Position
Ramp Rate

Forward Velocity
Reverse Velocity
Mumber of Samples
Tip Radius

Sample Poisson's Ratio
Tip Half Angle

Plot Units

BH Mode

— Trigger Mode

— Data Type

— Trig thresheld

— Threshold Safety

— Start Mode

103 Hz
21.2V/s
21.2V/s
512
200 nm
0.300
18.0
Volt

Deflection Error
03000V

oo v
Calibrate

Channel 1

Data Type: Data Seale 25004

Deflection Eno v

Deflection Error (V)

08

-09

2 4 6 8 10
Z(V)

% Data Type

z =
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Y |

T RR T O, SRR AR B K Z DL S Ak h5 257 Deflection Error, A
Bl X E DS # A k. WIS R 2R, 1A Ramp Size, ELFH AR RAR X 5,

HHE R,
=] T — e N L

B Ramp %H ‘E@l/'@‘\’} gg‘\f_\fo‘@ ‘
— Ramp size ?
- REI‘T‘IFI Pasition .ty Channel 1 Daata Typs dgenecumgno vb Data Seale 2500
— Ramp Rate 103 Hz o
I~ Forward Velocity 21.2V/s
— Reverse Velocity .2N/s | 09
— MNumber of Samples 512
— Tip Radius 200 nm <
— Sample Poisson's Ratio 0.300 | E !
— Tip Half Angle 18.0 NINE
L Plot Units Volt [ B

B Mode =
= Trigger Mode Relative |
— Data Type Deflection Error | 4
= Trig threshold 0.3000 V
— Threshold Safety 2000V 1 ! . 1 at
L Start Mode Calibrate | Z(v)

®DataType (Jz vp
J7¥E—: Trigger Mode Off

7f Ramp 7L B, Trigger Mode i%+% Off, Ramp size Al Z scan Start(Ramp Position)H

NABLIE, 70 AR FT I Zert Z 5 R4 BBl A 308 2 T iafi &, WRAR

h—— A -
NEHE.

T B IEBRER AR S R S %, BT LAY Z Scan Start(Ramp Position) 7E#) 46
PRl b, &N, DA ERE B AR SR T

Retracted

Ramp Size
S I Piezo Voltage
I { [ 4560V
Z5can Start
Extended
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B Ramp Channel 1 Data Tupe: [DeflectionEna ] Data Scale 2500V
— Ramp size LOSLY 03
~ Ramp Position Quaevy | o
— Ramp Rate 103 Hz
— Forward Velocity 21.2V/s .
[~ Reverse Velocity 21.2V/s 06
— Mumber of Samples 512 EI
- Tip Radius 200 nm £
I~ Sample Poisson's Ratio 0.300 H 4
- Tip Half Angle 180 £ a9
L Plot Units Volt =
B Mode
— Trigger Mode 'H
— Data Type Uetlection Error 13
[~ Trig threshold 0.3000 vV
— Start Mode Calibrate ? ¢ Z(SV) "
X Data Type: z =
e

_ﬂ
SR O, BRI R AR BE A Z L SR\ AAAR A Deflection Error, s = |

B, WMEERR L, 3 Z scan Start(Ramp Position) LA &% Ramp Size, ffi R4 & 5EIL L
MR, ELEII A& IR R R X, N E TR

o

FIRS 77 AT PR AT

Channel1 Data Type: DeflectionEro = DataSeale 2500V Channel 1 Data Type: Deflection Era = Data Scale 2500V

-121 03

04

-05

06
= S

[ — 07
5 ‘ &

< c 08
= S
T 3

2 2 s
5 T
(=] a

-

-1
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2 4 [ & 10 2 4 8 10
(V)
KDataType 2 B XDataTye: [z -

d. sidi“Capture”

e. s Scan”, RGN PIFFHAIRE.

4.1.2 18 Deflection Sensitivity

a. KOehate 2 i 2 LA M ARARAL, B BDEFR IRy 4P o B s SR e B T A% 8)
BbR, PISRIZLCEL . EREIZ AR — R . KPR R A% 2 70 2 A R 2k
B3 o VE R HEL IR 0 ) i 2 ISR SERL A, BRI PR RE 2  [A) AN R SR A5 3

ok
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Charael 1 Diala Type l“‘"“““"' Eng v Dats Scale 155.0 ren

-20

-30
= 40
E
=
=
(i}
= 50
.2
H
=
= £0

-0

L] &0 100 150 200 250
Z (nm)
¥DataTwe: [z -

b. M Elbr, 4 EEhH 5 Deflection Sensitivity. 884 BEH AXS HEHE B Ay
OK, RAZHHRXANSH, HEnESEERY .
B K TR, ZA FEN A EERZ L, H-H IR E R i 257 5% L

Ao

AN AR e (7]
2 | Yo | - —a| %
Channel 1: Data Type: Deflection Ema * Data Scale: 25004
-0.5 | |
- H H
06 Set Realtime Channel Sensitivities g
The measured Deflection Error sensitivity = 75. 74 nm/V
-0.7
Deflection Sensitivity & TM Deflection Error Sens.
(need for thermaltune)
-0.8
E [] ™M Deflection Sens.
2 0.8
] [7] amplitude Sens. and Amplitude Error Sens.
=
% -1 Click OK to update the sensitivities of checked types
= (It starts to affect next live curve)
@
o 1.1 I oK I ’ Cancel l
-1.2
-1.3
| |
1 1
2 4 6 2 10
Z(V)
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42 HHSEHERT K

HI D0 M F=-kx AR, EAG AP REEE R ET A2 01800, KR T F R PR & 2
THELIAN, IEAG R RET B R k.

KT ke SR CFEEARGE T 2 MR 5. HRZEBONEAESLIRM A THA I R,
HARZERB K.

NPT i KU E T R

4.2.1 Thermal Tune &

Thermal Tune = ZEHEEXTEE RAIRZNBER M 0T, I &SP 250 R H k. %
JHEIR T BB TR, MAERAEE . A — M mRE. IR R IAE X AH
SRR RHRET b, ZINERNRZESRR. TR R BRI AR RIE A/, RGN R iR
ZEREK . Rk Thermal Tune 757 K& A F k<l N/m (8REF. A 4h, IR BB RS HEHEZ,
VU SRR s B O ME 524Kk, XA R T Thermal Tune J7 ik I HERE .

ZITEN L BRI F

v—

g
a. TE52/% Deflection Sensitivity H#i)m, BERIRA T, A E B KRN E .

adiTpa | [l e b5 v 06 @
N o — T =

Thermal Tune P50

Thermel Ture Data Cagture

b. 7E Thermal Tune ¥ 7 1H B, & &7 %14
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FEAFE:

<~ Thermal Tune Range, F]ZH4RE & EhRvE R HIRIE fo.

Deflection Sensitivity Correction, — 2Bk 1.144, BB %L 1.106.
Temperature 35T .

2R N ERAE— L Lorentzian (Air), WA T #/E— Bk Simple Harmonic
Oscillator (Fluid).

s+ <+

1@ Lorentzian (Air) (7) Simple: Harmanic Oscillator (Fluid)

B Thermal Tune
Thermal Tune Range
PSD Bin Width 7.63 Hz
Deflection Sensitivity

Deflection Sensitivity Correction ﬁ
C210° 3

Temperature (Celsius)

Spring Constant 4200 Nfm
L Median Filter Width 3
B Markers
|- Start Frequency 0.00 Hz
L End Frequency 0.00 Hz
B Fit
A0 5.38949e-027
Vo 65294.551 Hz
Ade 0
Q 0.000
a 6.03882e-019
L 197623 Hz*

c. miifi Acquire Data, 1] L7532 Thermal Tune 4k

e e — I || o

Power (proiviz)

=
Frequency (kHz)

Therml Tune Computstion Done:

— el e
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d. SRR E A AN, BEARERN €, bR Btk BT REFN,
PR 00 2T T, DK B N R0 LLJ Py . 4 Fit Data, 401478
B G902, FART SN (EL) . BWAMALE, THXESNE, &
A

‘
i
i
; :
‘ i
= ; _J L i

E)
Frequency (iHz)

Thermal Tune Computston Done:

¥ i e
‘ s ‘ izt
e ——

e. siili Calculate Spring k, 345 it HARNE k, midi“Yes” RA XIS HL.
ManoSoope EJ

J Caloulated Spring Constant (K) is 0.,7358 N/m,
¥ Do youwant te use this value?

Yes ] Ne

4.2.2 Sader FiE
Sader A LU TR BT k 5. HARXN

B 27r/)/f0w2

k=17.5246p w'LOf;T;(Re) Re :
; 0

HZANXATH, REFIESEROKE L, 52w, JRIE o, SBET Q, winlk
RGN RE ko NHAHIZ U SERIUTT -
TN R AR

a. HiE RSB IMKEEMTER . PR AT iR A CHME bR R, Ao B i i B %
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Bt WTFE. 206t (VGRP-15MD (DY 10um, 38 I & B G M58 F o 1 A o 391k
HIAH RSB RORS sAh, i 2R T DR 33 B WL R R

b. g &5 T Q AIE A4 fo: 7T Thermal Tune 51 (% 5 Thermal Tune #:4F),
WEIFSH, WFK. %&F# Simple Harmonic Oscillator  (Fluid), 75 M# 2455 Q A1 k 1)
fE.

Lorentzian (4n)  Siple Harmoric Oscltor (Fd)

B Thermal Tune

Thermal Tune Range 5 - 2000 KH:z
— PSD Bin Width 47.7 Hz
— Deflection Sensitivity 31.50 nm/V
— Deflection Sensitivity Correction 106
i~ Temperature (Celsius) 2.0¢
Spring Constant 0.7558 N/m
— Median Filter Width 3
H Markers
— Start Frequency 0.00 Hz
End Frequency 0.00 Hz
B Fit
— AD 319177027
— Vo 293820813 Hz
— Adc 1.13893e-020
- Q 455686
- a 0
- 0.00 Hz*

C. 1E#H“Acquire Data”, HIIRIESS, H Ctri+/£ 8K IERCR, Sd“Fit Data”fl & 1%10&.

W TFE, A1&% 75 Thermal Tune 25§,

o
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i
L e

....,_..'__ iy
]

L

h—o—r:| L

< i

M—J\MMWHHMMI b A i o

L - - v
s Frgameny W

d. SEMME A, B ERIRIER vo LM T Q, IWTFA.
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Lorentzian (Ar) @ Smple Harmonic Oscilator (Fluid)

B Thermal Tune
— Thermal Tune Range S - 2000 KHz
PSD Bin Width 47.7 Hz
Deflection Sensitivity 31.50 nm/V
Deflection Sensitivity Correction 1.06
Temperature (Celsius) 210°
Spring Constant 0.7558 N/m
L Median Fitter Width 3
B Markers
|- Start Frequency 280102 Hz
'~ End Frequency 308041 Hz
B Ft
AD BE%1e-0
o
— Adc 9. de-021
a =2
- Q 0.00 HZ*

e. THE KAE: FTHFMHE http://www.ampc.ms.unimelb.edu.au/afm/calibration.html#normal, 75 ¥i.

BT ER T . SR I

Online Calibration

¢ Normal spring constant
+ Torsional spring constant

To use these Java applets to perform an online calibration of the normal and
torsional spring constants of rectangular AFM cantilevers, just enter the length and
width (in microns), the appropriate fundamental resonant frequency (in kHz) and
the corresponding quality factor, and press the calculate button.

Normal spring constant calculated using the Sader method
J.E. Sader, J. W. M. Chon and P. Mulvaney, Rev. Sci. Instrum., 70, 3967 (1999)
Length (microns): Width (microns):

Freguency (kHz): Quality factar:

1.18 1.86E-5

Fluid Density (Kg/me): Fluid Viscosity (kg/m/s):

Calculate Narmal k (N/m;

BRI, R, SHRBER, BLEERIR TN, midi“Calculate”, RIW]J5 fFH175
ik AH

4.3 Jy £
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http://www.ampc.ms.unimelb.edu.au/afm/calibration.html#normal

4.3.1 JRTTE

77 M AR TR 1.1 TEREAE S BRI Hh 2

WEA5E RS 1 A5 2 #5420 %F Deflection Sensitivity A& k #21E, 7 LLEL R M £k rh 75
AR WK, RFTESHI M HH Plot Unit ty Force.

£ Ramp

L Ramp size 5000 Channel 1: Data Type Deflection Emo * Data Scale 73.40 rm
 Zscan start -1.682 um 0

— Ramp Rate 103 Hz

= Number of samples 512 |
-~ Tip Radius 8.00 nm {
I~ Sample Poisson's Ratio 0300 -10 j

= Tip Half Angle &

E Mode

— Trigger mode Relative
— Data Type Deflection Error 2 I
Tnig threshold 2400 nN J;
-30

40 ¥

100 200 300 400 S00 600 T00
Z (nm)
XData Type z

4.3.2 JyHHERAIAEE
JIHER BRI AR B R A A it (F-Z fiZk) Z Rk &R MadiE1G
BN SREC-FERIERBIMOC R (F-D #IZR), 8% AeTE 9 BLHE S WAA R WU AR -

contact non-contact

——

F-Z
——r
4‘
l"I F-D
e 3
0 D

F-Z 145 F-D HZAEREHFEMRE T, BhZRIE 2 —BU . A FE TR R &
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LU, Hflids Z J7 i p et &0 24 T v a B 2N =S it AR R R M, IR S
B H MRS D S TR LA . F-D IR E WS ) SRR S AR B 2 R {55
o EBAFH, F-D #hiZiH Ry Force-Separation 55 % .

FES KGR E (Adhesion) AT LA Jyih4k (F-Z 5k F-D #h£k) (¥ Retract #i5r (140)
R fIRAL SR 2 IRl 22k e, N BT o

G AR RN IR R E R IR H R R R rh B 2 B 51 i KIS DL 1 1 i, 1R
BFRERSIRIGE S| I /) ZRIE B LA B o R 1 SR it ARG, 12 20 0 R S IR i
SETHRIER .

Farce [ni)

} Y / rd g
N T / Adhesion
..\ -

2 3 40 0
Ql Saparation (nr)

T
W = J F evdt = JF- dZ
0

R, B R ) 518 ik SRR I TR) SRAR 73 B2 s 3 A I T B HL K g AR K
(Dissipation). f£/7HiZkr, HiZ T BRI . RREMAR T ZERW 728820
HAE, %5 B SRR A %
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Forze {nl)

150 150 A0 180

Lk
Z Heighl i)

i F-D #iZh h SRR RZ KRR, @G T LU TR IR R 5.
40T B ) SR B AT T DMIT #2844 RO 40L& 1 5

DMT modulus L\
. —2_).,' \
fit region 5 |
e I B ——
| ""--._\_‘ T H_,___ad' J—
S| //'/ F
adh
\lI //
\ Y
-100
\__ L
@ Fl 40 L m) L] 00

£ F-D #iZkrh, JEANES CREEEL) B30 A5 RN BIR . 2 8] RS AL bR 8] 5 2R 7~ kR
RN R PR E AN B O, BIFE N EAS & (Deformation). #ih2AE4H WA T
o ot AR R ) S
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PaakF Deflection (nm)

Ihdentation from defl

0 2

ection vs. separation plot load curve
* * Separation {nm) = = *
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FEHES  MultiMode 8 SPM PFQNM E A #/E

AR KB B T3847 T Windows XP £4i2 I f#) NanoScope 8.1x LA K iz
17T Windows 7 £ %i 2 F[#] Nanoscope 9.x A o PR AR Wi AR AN [, A Sl 4 P R e L8 22 1
HFTH S50 B A A .

5.1 PFQNM E A 73

PeakForce QNM (PFQNM) J&—#fJ&F Bruker & F4K PeakForce Tapping Hll &
B, B REAE RIS AR A RS Y Rl SRAFAT R e B PR 72T . I 5 e, Dok, e
R EEEL, BEARTRIPUK 12 M E R AR R R
VEE: IZRIE TR, SR RTE oA R AR K T 2

PeakForce QNM 5l PeakForce Tapping HiARIAG — R 5| ik, SRXJ5@ET DMT
BRSNS 77 AR REAT NG 0 H B, AT ERASAE: i FR) S8 B K 722 P

DMT Modulus &I id 46l & /7 28 # Retract #7043 21K HARIF:

[ay

F. = ;-‘E*Jfad3 +F, 5

tip
150
100 I\\
a |
DMT modulus Y
fit region T i —
g . i
20
Fadh
A
.| L] B al L]
el ian g

5.2 PFQNM HLHR AL & B PR AERE f RTERET
FRUER PFQNM R & 8 AMPRAERES , #F IBSTER AT, B4 52
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PDMS-SOFT-1 (Tack-0 PDMS) — 2.5 MPa, X VEFRAERE i
PDMS-SOFT-2 (Tack 4 PDMS) — 3.5 MPa, AH®HEFRUERE

PSFILM (Polystyrene 2K Z4%) - 2.7 GPa, FHXTIEARAERE &

FSILICA (Fused Silica A 5EH¢38) - 72.9 GPa, FHXTVEbRAERE &
SAPPHIRE-15M (¥ 5 A i), I TK:#E Deflection Sensitivity ¥R i
HOPG-15M (Fi 24 A1 58) - 18 GPa, HHXHEARHERE T

RS-15M (Roughness Sample, Tip Check), F-FHpE HREN il 212 HIFE
PS-LDPE (Harmonix Training Sample), FT IhREHE R IIRE 5

I T TR SR S S

PRAERT PFONM BIEELE 4 FhERER, 70 3 T AN [RIAE 2 (R it B o D SR
PFQNM-HR #55, A8 — ARG A PR DA B AT & . IR BEIRAT O REAC RN &
T A6 200 A 08 PR RSE LA ORAIEAE it ™ A AR 05 R TR AR B s 8 B I A0 AL 06 (R DA PRAIE A 8 PO PRI SR BB
FATHER AR A [ O FE B L L F 5 0E IRE, W MR

. _ . Nominal
Sample Modulus (E) Probe Spring Constant (k)
1 MPa<E <20 MPa ScanAsyst-Air 0.5 N/m
5 MPa < E < 500 MPa Tapl150A, P/N MPP-12120-10 5 N/m

200 MPa < E <2000 MPa | Tap300A (RTESPA), P/N MPP-11120-10 | 40 N/m

1 GPa<E <20 GPa Tap525A. P/N MPP-13120-10 200 N/m
10 GPa < E < 100 GPa DNISP-HS 350 N/'m
5.3 PFQNM RS 1

PeakForce QNM il & 75 ZEAEREAT SLIR R it (DI B 2 RN RGEHHATRLIE, A RedEm Il &
SKEBRIIAE A IR R . BIETT IR AIRHE R A X, HARAE AR

5.3.1 AR

FAVEE EXS kYR BIELR, FrUlEAESRH EX, A RS CABCE AR HERE Al 2 IE
K/ VR AR . Z7ETG TR ERH kK R, HFEHfe H LA RI AT o (R 077 7 B4R 3 5 5
BRI R i B A A AR UERE o RS IE IS R HH ) Deformation SR/ S 5 SRR i & DR
—
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FRNERRIE TR U «
a. WAL, EHFAENRE, AW HEOL, W& G IER) Peak Force Engage Setpoint.
b. 5 EATBRE S 0 B, S S TH AR S R B (Poisson’s Ratio) . #VHAA EL A O,
1531 2L IR EX,

41
E* = 1_V§+1_V‘2"’
o) E .

s tip

v, SNFE L] Poisson’s Ratio; E, SRR A R Vip NIRE T Poisson’s Ratio; Etip R

EHm IRi &,
B cCantilever Parameters
Spring Constant 0.3000 Nfm
Tip Radius 10.0 nm
 Poisson's Ratio 0,330

BT DA IR FORAG TR A BVARA LE .

E, Vs

E <100MPa —P05

01<E =1GPa 0.4

&

1GPa<E <10GPa |03

]

c. RIFREHEE ) Deflection Sensitivity (3% 4.1).

d. HobrAERES (S 5.2 i PR R R B S AR AR IR AR, AT B 2

FIFRERE S ), TEARMIERES: | Engage, % :

a) ScanAsyst Auto Control: Individual;

b) ScanAsyst Auto Setpoint: Off;

c) T PeakForce setpoint 2 &i&EH{E, ff Deformation Z£/04 2nm, Jf BN GEHET
FEM R 2 —, AR SRR G I & 1Y) Deformation 15 € B R #F— 2

d) 75 Tip Radius #1/8% Cantilever Spring Constant B %] DMT Modulus Data [#]~F¥3#% &

{85 FRAERE i OB A — B

B cCantilever Parameters
': Spring Constant —> 0.3000 Mfm
Tip Radius —> 10.0 nm
L poisson's Ratio 0,330
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e. 1C3IFARELT Y Tip Radius A1/8% Cantilever Spring Constant, T SZBrfe i A & .

5.3.2 #NE
ZITEEESR T k MR, BIUCTCREFRERE Al 708 TR R R R . RN
REIEGREL i 2 AR 75 ZE T B BORE AR HOARS, 218 BB IRET IR, BT DAREAE: (ot /S8 PR T
PR RZATT DME A Z 1. B IEEFE (1) Deformation K /N8 5 S BRAt f U & AR FF— 3. 1%
TiEHIR D BRI T -
a. WAL, EHAENRE, A HEOL, W& A 1ER) Peak Force Engage Setpoint.
b. 7 7 EA BRI i, A THIIRE R VARA L (Poisson’s Ratio).
c. RIEREHEE ) Deflection Sensitivity (5% 4.1).
d. RIEREEE R k (275 4.2),
e. MEHREH MR YA, L ELUT PIRIAT
a) EFEEH R IEAR M (RS-15MD.
b) % & Scan Size: 1.5 f#CK; Sample/Line: 512; Aspect Ratio: 2.0
c) H ScanAsyst & HaIH&, FREEIZ .
d) RAFEIE.
e) F Nanoscope Analysis 17 &% Height Sensor, F Plane Fit, 1storder 4b#H.

r 1
00 1: Height Sensor 15um
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—

TN

f) i Tip Qualification —— T Tip Qualification % 1 . 7£ Cross Section 1+ f¥] Height
from Apex T4 N\ SZ46 75 B Deformation B (0 A28 & S2iGRE SN, #i%E T Deformation
BHIE, BRANZE: HEMEBK Ry HELIRHIE, 452 ORFFR E AR & I & 1
Deformation —%0).

g) miifi Estimate tip A1 Qualify Tip 3K154%1 29 ¥-42{E Estimated Tip End Radius 1. 3% 4%

{Ei %1 N3] Cantilever Parameters 1.

N2l 7] S

SUSPECT

EEEEEE w | s | sew |

B cCantilewer Parameters
': Spring Constant 0.3000 Nfm
Tip Radius 10.0 nm
 Ppoisson's Ratio 0,330

f. RIESF K FI R 5, #EIIESEIRFE .

5.4 ZELL
5.4.1 ISR’ E

a. 1% ScanAsyst Auto Control: On (ERIA)

62



b. ¥T7F Microscope H'[f'] Engage Setting, ff Engage Parameters H1i% & Peak Force Engage

Setpoint 1R :

B Scan

— Scan Size 500 nm
— Aspect Ratio 1.00
— X Offset 0.000 nm
— Y Offset 0.000 nm
— Scan Angle 0.00°
— Scan Rate 0.977 Hz
— Samples/Line 512
B Feedback
— Peak Force Setpoint 0.1000 V
— Feedback Gain 5.000
— ScanAsyst Auto Control On
B Cantilever Parameters
— Spring Constant 0.3000 Nfm
— Tip Radius 10.0 nm
— Sample Poisson's Ratio 0.300
B PeakForce QNM Limits
L pmTmodulus Limit 1024 Arb
B Limits
Lz Range 7.42 pm
8 Other
L Units Metric

% Engage Parameters

B

General Engage

= Sew tip

[~ Peak Force Engage Setpoint
— Engage int. gain
Tapping Engage

Stage Engage

= Sample clearance

= SPM safety

~ SPM engage step

[ Withdraw Z Pos

— Load/Unload height
Smart Engage

- Engage Mode

[~ Fast engage velocity
- Fast engage threshold
— Fast engage height
Height Engage

Actuated Probe Engage

fes

01600 Y

10.0

537 pm

100 pm

0.972 ym

Smart Lift

3000 pm

Smart

50.0 %

100 3%

-5000 pm

[ Cancel ][

Ok

|

ScanAsyst Air (KR £ 8 FZRAME 0.1500V Bl Al 31k R BRI B4 % B 4 0.0500
V~0.0800V, VAG it &t SRR AR 18] AR ELAE A KR #R 8t

5.4.2 #4HEHRSERE

a. Engage J&5, WHE:

a) ScanAsyst Auto Control: Individual;
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b) ScanAsyst Auto Setpoint: Off,

b. 5 PeakForce Setpoint || &i&)ME, ffi Deformation & F|&EHIE CBRFE G Force
monitor % 1) Force-Z M4k, ALK Deformation Channel, 1%/{E R 58 IE )
Deformation ¥ & {6 — 0.

c. [FIIHLEE Force Monitor & 1, #5377 26 A IE# B [R5 W@,  {E Force Monitor I

rihi s, %% Auto Config 2 1E Jy B2k,

PaakForce ONM in Air : Forca Monitor T Paaklorce OMM in Air : Forco Monitor =

o8
=
B
5 S

\.\ Va I’

L/
\ -
180 200 220 240 260 280 300 30 340 = 265 20 275 280 285 290 295
Z (nm) Z (nrm)
Display Type: [Force vs z ~]| Display Type: |Force vz [m]
Data Scale, l200nM | Data Seale: 108,30 i

= & PeakForce QNM in Air : Farce Monitar —J= EI

= .
= 0.s
50 —
=
25 i
Time (ps)
Display Type | Force vs Time [~] >
Data Scale: 10230 ni
suto Cortia Copture Line T
L = Z{nm)
— e =
Data Scale: [2.00 nN |

d. 7EAEEEE PR P AR 0 T IE R RO kL, T LLIEEE DMT #2403 Tim40, mrel
¥ Snedden FAY

e. mitd Capture /7K.

f. 7 Nanoscope 8.15 r3sr3 LAJa A, #iifiin 1 PeakForce QNM Capture Jhfg. ity
PeakForce Capture [&1F5, A DATESR I 3018 K (K [RII , ELRORAFAE — Nl o5 AR R
JIMER. BL TS, FTITARRL IR, o UG R o B W] DU 7 A S s i) A7 il 2K

te Tools Help : ]
)T %\ﬁlllﬁﬁ PR

r s
nable PeakForce Capture

= - 1 gn
@0 @, [0ren LooP PRGN

Sean & PeakForc
hopac Rati 00 o[ @] iy [ winerin
X Offset 0.000 nm
¥ Offset 0.000 nm g
Scan Angle 0.00¢

C scan Rate 0.977 HT < 100
samples/Line 512 E

Feedback 2 O

[: Feedback Gain 40.16 5 0

r Peak Force Setpoint 3.000 Y 200
ot fsbn b P
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5.5 BL&AHr
PeakForce QNM & 47 #r Dk 3 2 A T 70 i3 1l High Speed Data Capture
(HSDC) SRHUHIEHE, AT LA A3 B A1 25 H AH S 1) 7 #h 22

5.5.1 HSDC ZREXHHE
a. JTUh ScanAsyst/Peak Force Tapping 33k H &4

b. 7RI X I8 it Capture Line #%4H
:ﬁ Scandsyst in Air : Force Monitor E]@
1
0.5
=
@ 0
[
=
w
05
50 100 150 200 250
£inmj
Display Twpe: | Force ws Z v/
D ata Seale: | Auto Seale |
15
1
0.5
=
@ ]
[
=
I
0.5
-
100 200 300 400 S00
Time [ps)
Dizplay Tppe: | Force wvs Time [V]
Data Scale: |Auh:| Scale |
‘ Stop ‘ Auto Config Update Senz| || Capture Line
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c. HSDC Capture ¥3TH, ERPEIEIRIGER,, Status K4z .

e

High Speed Data Capture

Channel Selection

Channeld Data Type: |0FF M

ChannelB Data Type: |0FF M

CharinelC Data Type: |DeFIectinn Error M

Rate 500 kHz
Channell Data Type: |Height M
Trigget Conkrals
Event: ECL .
Arm Trigger []auto Re-arm Channel: Height -
Level: 0.00 Y
- . — .
Force Trigger Delay Upload Slope; _
Delay: 512 ms
Duration: 1536 ms
Status: Failed
d. st Upload Data 5¢ Uk (1%
Trigger Controls
Event:
Upload Data []auto Re-Arm Channel:
Level:
, Delay Upload Slope:
4
Delay:
Duration:

Status: Data Captured. Click "Upload Data" button to start data uploading.




55.2 BERMTHE

b. T Z i {R-1EH) PeakForce QNM HSDC ## x4«

c. miii QNM-HSDC Force Curve-Image %4l .

PeakForce QNM Offline

History Help

Deflection Ertor (vm)

0 0 30 “o 00
Time (ms)
E)
15
10
g
E,’ s
S
i
0
3
2 “ @
Inags Line Selection
C8 oree [ o |[tosdimsoe .. ]
PAtA O B il
@ pae © Mgl |3 67 Restoce Qefok
B PeakForceQNM Input Parameters
Force Curve Type Both
Defo s 168 /v
Defl 24,5 NtV
Spri 21,50 Nim
Hd Lay Chany 1
Retrace image from: PS+LOPESO-film 014

e. s Load Image %4, ¥ HSDC FrkBUEHEAH N AFM B4 .
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Image Line Selection I:
Al & Oneline I 1 <= Load Image ... |

Force Curve Selection Export Curves ...
(G Pair " pultple |334 |667 Restore Default

B PeakForceQNM™ Input Parameters

Force Curve Type Both |

Deformation Sens 168 nm/vV |

Deflection Sens 24.5 nm/fv |

Spring Constant 21.50 Nfm | :

Hsdc Display Channel 1 | CopyClpbodd
L Retrace image from: PS+LDPES0-film.014

00 4: LogDMTModulus

f. G 2 PL— 4 2 1 5B s 2Z BT A RZ Y Capture Line.

& glajelo

Captured line

0.0 1: Height

9. fEEG b d A EE, EBEAHR channel B4 .
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1
0.0 4: LogDMTModulus 4.0 pm

82

h. 4 Force Curve Selection Hi%&# Pair I, P45 B 1K) W5 (0 5 28 th 2> P4 4 o sk -,
[A]}, Deflection Error vs. Time 45 H 20 2% 21 € 1) g 2k 3R s AR L A7 B o

P E
€
=
3
D
b
2
100 0 300 «o 0
Time (ms)
20
15
10
=
€
- s
2
3
i
0 - -
5
20 %0 &0
Imae Lire Selection
i~ e [T |
@ pae O Mg |34 67 Restoce Qe
B PeakForceQNM Input Parameters
Force Curve Type Both
Deformation Sens 168 nm/V.
Deflection Sens 24,5 ne(V.
Spring Constant 21,50 NIm
Hsde Display Channel 1
Retrace image from: PSeLOPESO-film. 014
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5.5.3 B&MTEHIFSHE
a. PR
o All: BIRFTA Sk

e OneLine: ToR—23RIU 2R 1028

—Imange Line Selection
Load Image ...
 al % one Line I':' == [mad
—Force Curve Selection Export Curves ...
 pair  Mukiple 461 [462

Restare Default

b. 7 £RAIE R
e Pair: &I AFM [RHGH PAR IR (08 B R 2oxt T B — X ) i 2

[ ]@NM tsde ForceCurve Tmage

Deflection Efror (nm)

00
Time (ms)

Force (nN)

O -
20 « @

Image Line Selection

CN Goretre |1 < Losdimage ...

Force Curve Selaction ABVSS <>

e o il

B PoakForceQNM Input Parameters

Force Curve Type Both
= Deformation Sens 168 nm/V
Deflection Sens 24,5 nealv.
Spring Constant 21,50 Nien
Hedc Display Chanmel 1
Retrace image from. PSLOPESO-film 014

N6
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o Multiple: 7R AFM BG4 0 4 BB 2R 2 (W ) BT J1 28, Deflection Error
vs. Time JEIE, W LLEE Ctrl FlE AR e s, 7ER LMK &R .

1
€
S 0s
:
z‘ 0
25
40
0
2
3
3
& 10
2
2
o
10
20 0 &0 100 120 140 160 180
2 (rm)
Image Line Selection
TEET Losdimsge .|
mam . m o = M‘O‘m.u
Cpoe @ pigle [0 [5% Restore Defak
B PeakForceQNM Input Parameters
Force Curve Type Both
Deformation Sens 163 nm/V.
Deflection Sens 24,5 nen/V.
Spring Constant 20,50 N/
Hsde Display Channel 1
Retrace image from: PS+LOPESO-film 014
r d
0o 4: LogDMTModubss 40pm
82
c. Fili/HhLR

i Export Curves AJ L3 H —XF (Pair) 23 1R% (Multiple ) BT/ /iih4k (ASCII
S, AT RLAH T R A A

5.5.4 B4k ONM HiEBIE
WG AR B ERA TSRS R S, W Tip AR E A 715 % Image Math
Thie ] LA B S IEFRA T RS A EUE . RA:
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EocL

JR
ol FRATA BAE LI H Tip FAAM 10nm AL E] 20nm . HAH B 1) IE B
=1/sqrt(2)=0.707

BIEL IR

a. TEHMEZIER T A

.
i
b. #T7F QNM #EEAHEE, 5 Image Math

ver Image A |

Equaten

c. 1o Load HAhEI%, 7E Scaling Factor A i A\t H i1& IE K 1
d. s Execute BIRSRAHME IE J5 1 B4
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Urdt Mot 10,

00 3 OMTMoSAs Dgm
0o
et Irsage A
Equaten

(071 breage A = 0.00 Ursk Matiw in MP'y.
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Load Imape
2!
Im-#%.45- 240N
3
wWa
o \
b image B Uit Matrts
j= Chamn |
|~ Scaling Factor 8
s .
8 o

N2 Error




FANE4  MultiMode 8 SPM EFM/MFM FE A #4E

AR KB B T3847 T Windows XP £4i2 I f#) NanoScope 8.1x LA K iz
17T Windows 7 £ %i 2 F[#] Nanoscope 9.x A o PR AR Wi AR AN [, A Sl 4 P R e L8 22 1
HFTH S50 B A A .

6.1 SPM RAE FLME A R A2 A JR 2

EFM/MFM 52 WA R AFM KR T SR — i BRARASE 2, P DA it 2 T ) L 3 /T 3
AT . AE MM8 IR R Interleave AR SEHLA o

XL EFM BRI, MFM 5 EFM JREE-F53 250, AR R ZTE Interleave 94
2 LA, TSR R DR SRR IR B ALt (W] AR ELAE . EFME SR FH IS 1 8 )
T3k, B (E43HE,  Main Scan) Sk RS ARG RITTE S, 55 — X435 (Interleave
4, Interleave Scan) HFIREHAEE —E =, FFARE N — M, AHSE k5
FITEAE B AR ERET FIRE S (B R BE RS AEE , X F AT AT 34 . AN R N B 6-1
TN IXFNIY AT TR O R R (Lift Mode) .

NN NN

Electric Scope Data (Interleave Scan)

| Electric Fields |

Topographic Scope Data {(Main Scan)
K 6-1 EFM fgidfenmEil. SB—4, T, WERIEH, 820, Rk g 520,
Interleave 19, & FELI7 70 A o

EFM Hdd s, WOERIRSIIERE 322051 I1EH, BB R R BRI, SRR
Wby ZBFIMER, BEARENERESEIN, RIAPR G, XA SRR IE-
ML RIREE. W 6-2 Frar. EFM A PRI A X A il i ds o SR FAIRIE . S slA]
R . X2 EFM AR JEEE . MFM () 25 0 58 A )
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Amplitude

Amplitude

f

m

Drive Freguency
K 6-2 EFM il fE b aRET 2 0 5D A R R B, A SBURSIIIR KA. IRSIFIERE 32 215
TIWER, B A RN BB, IRSIPRRECN (EED: ZRFIER, S8 ARG REO08N, R
R CRED.

AL | AR ] LK IR R )8 f) =i i AN g v o n SRR R T R R B AR
RAEFHRIB RIS, WMESEZNES, BOEPEE] (Frequency Modulation, FMD; 4
T E AR AR IR AR AL, BIOAHRIERS I (Amplitude Detection); 1 5Ll 5 AHAZAS Ak, BN
HAALATIN (Phase Detection). 7EHRMEA®| VI FES, KIGRIE SRR K, HARMAAGIE
SR RV P AT, PR s i 0 ) ) SR AR A T AR A A ). ) 6-3 &1
BB AR LA I B R L B IRIEAS I ) s = R

180
HH"-L_ c
H'*-. i"FIZI
Y
Y
.
- \
kA %
@ 5
i L 90
)
=
¥ .-:'.'I'¢ A
s ~
=
=% ~
Y
-
S
~
-
T
"-|._‘_
li]

Drive Frequency
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Aamplitude

Amplitude

Drive Frequency

K 6-3 EFM iadllidone . LI s AR aei. FE: JRIge.

6.2 REHEFE

EFM ZLEF T HIREN, H FHMREN 880E SCM-PIT #REHRI MESP 84T .t m] LIS H
9% E K FESP #R%, (HET SRS BB MG — g ZAR M. RGN T, SRR
AU T EFM & .

MFM — € L A ML RS, &R FH & MESP 484t .

6.3 EAXHK EFM/MFM BES R

6.3.1 FESEKIRE

TEIRFESLIG ) S % $F Electrical & Magnetic Lift Modes*  [\)”’MFM & EFM — Phase
& Frequency“. ZH AT 2.2 41, LUREHHIEEREE RGN SEL, /15 R
2T

6.3.2 BERE (MFM FiES B E)

EFM 7 ZEEREHFIRE i 181 —AMEE LT o XA B R BE AT DOINEE SR & bt ml e
FEfh Eo 7E “Other” SZ#rr, ¥ “Tip Bias Control” 1 “Sample Bias Control” 435I ¥% & N
“Tip Bias” Al “Sample Bias”, X#£frl LLi% € Tip Bias 8(# Sample Bias [ . £ EFM 1,

FAT—fBLE Bias fEABV AN . 1L K BT AT RE KA iR TR AL o
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B Other

— LP T Deflection Enabled |
— LP T# Friction _Enabled

— Tip Bias Control _Tip Bias

— Sample Bias Control Sample Bias |
— Units wetric I']
— Tip Serial Number Unknown |
— Output 1 Data Type Off |
L Qutput 2 Data Type off |

Tip Bias {155 Fl /£ +2V, Sample Bias /)76 F & £10V.

6.3.3 Lift Scan Height

— %7 EFM A1 MFM H, Lift Scan Height %% v 50 £ 100 nm . [f]. ik K [¥ Lift Scan
Height {855 B#{K; 1L/ME Lift Scan Height A AT BEIREHEFRE 5 IR 2 R FE i R 1T iE
RS . LER ] LLA % Interleave (1) Drive Amplitude it — 5 i % Lift Scan Height.

H Interleave

0 mv
66.33045 kHz
224.0 mV
-B4.41 ©
Interleave Mode Lift
Lift Scan Height 50.00 nm

6.3.4 EFM/MFM {5 5 f13K75

TN T35 A AR AN AR S DAL ) = b 77 o — AR R AR A T vk

a. AR

RE—AN B ¥ @3, 40 Channel 3, ¥ Data Type #% y”Phase”, Scan Line ¥ 47 Interleave*,
Direction %A Retrace*. 1% &Ry iE b T M3 B 306 FE MARALE 5

b. FRMEA

B AN EIEEIE, 0 Channel 3, ¥ Data Type ¥ A”Amplitude, Scan Line ¥
A”Interleave,  Direction ¥ 4 Retrace,

c. BERIAH

7E Interleave 3% H.H7, #4 " Input Feedback i A Frequency*. i 15 Input Igain A1 Input Pgain
f# Interleave Phase Error £t/ o B —AN %4 i@ 18, 41 Channel 3, ¥ Data Type ¥ ”’Frequency*,

Scan Line % A Interleave™, Direction % ~”Retrace”.

77



L4  MultiMode 8 SPM KPFM FE: A #4E

AR K e B T3847 T Windows XP £4i2 I f#) NanoScope 8.1x /LA K iz
17T Windows 7 Z%i 2 I (1] Nanoscope 9.x A o IR AR Wi AR AN [, /> il 4 P R e L8 22 1
HFTH S50 B A A .

7.1 KPFM HIZEAJHE
FFORSCHREE 71 B4%8% (Kelvin Probe Force Microscopy, KPFM), & —FhdE T4 54T
SO U R B SR F A Y i . KPEM BESSTEGN K R I R T Fi 3, AR s i 4

B, R MOE BRI
MultiMode 8 SPM _E#REC 3T Tapping Mode [HRNE A HI) KPFM (TP-KPFM-AM)
5 EFM/IMFM K481, /R 0 757%. 88— 34 (2434, Main Scan), #id 4%
A R IRAF AR SR TS 58 k338 (Interleave 434, Interleave Scan) K#RETHAL—
SEMTEE, FERREFBRE S EIn— A SCRHLE Vac sinot, FIF 8 — AR 2R 5UE B4R
FREREF R ot 2 0] B 2 ELBE BAEE , WP RE S R T A B b AT DI . N AR an ] 7-1 o

NN NN

Electric Scape Data (Interleave Scan)

| Electric Fields |

Topographic Scope Data (Main Scan)

K 7-1 TP-KPFM-AM gl fEnEl. H—2, A, MERmES: B0, HEihE—Em,
=75, Interleave 394, W& F T HH

BERAEARET A i Z IR 523 1) 3 T2 AR AE 2 CE RS RURE fi T B — AN SR T v
W1, WmishESE Rk WERREH IR AZETE, BABEEIER o Ak
A, FURIEHR 2N MRS, RGESAERE AR & RN — 4 B
FOAME LT, SR R T XA R AT R PR BT A i R AR B F 3 22, (R B B IRIESE T %,
MDA it =3 i ) R T R 3 A, AR BIERAET A il Ry A A FL B 22
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KPFM 25T Kelvin J7 iR EHREN AL G RIS 22 . RSk e 3EH] Kelvin 75
EREEL A SR AR, T SRR AR R T RE R AR, S ER T
MR, &S R el KAES (Fermi Energy LeveD S F. $KBESUE R T /1%
R, 0T eJERU, RIREAXN TR, By pree S Emied. RIHERTERS
BE AN S K RE R I RE R 25k N Th sk Bl (Work Function). R, B2k R4 1 4 o ok B0
M BORBERARMI R I BBt o P9 T B BN [R] ) <5 SR AR EL R AP Iy {6, PR ek
S AN R BB 1) < JR A 1 Ty bR e < o FELAS 2 O RIS AR bl 7ty b B AR 45 i A
(R HLAT,  DRCAE AR TRl ™ A T i B %5 22 (Contact Potential Difference, CPD). 4i1[&]
7-2 Jin, FEWASEEBRA AT, BT ARRTORRES (En2emi 1 M3ORRESR,
Er RE BN 2 MPKAESD . EvRERE SR, Ev Al Er ZRMREE Z 2R @ . T
Er<Erp» FTUAFTLARE| D> @po ML EEAHLIERLR, @mik 2 LR A E
A AERE, MaRAEER 1. $ER 1 B TERE T i, SR 2 Kk a7 HE
FIEH, BB A T HAR A 2 Verpe  ANRAE AN G B AR IR BRI —AN B R
B Ve, I Vae RIS BIRZ B T2, 2 Vae=Vero I, PINEERZ
Al L3 2R o AERXSIRE TS, R AR IR EBCR QR @1, MEREFS 2] 53—
AN BT R EL P o= D1-eVepp, € PMHITHIHE. Xt/ Kelvin 7572,

B 7-2 Kelvin TErERE.

FATAT A KPFM R BT -FE AL R G — S P AT R A A5 R B T , PREE
HURE S 70 I AH =5 T AR — B IR . £ KPFM B 7 — MM B AME f R
Ve Fb, TETREFFIRE i (B E I — A SR SREH IREN I ZZ A L RN o, JRIEN Va).
PATHR A S IURER U=12C(AV)? , C REIREFAIFER Z BRI, AV 2P H ZEFH
FZE o TREDRIRE T IR (1 L3 0 v b R B0 PR B SR 245 2
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F= -dU/dz= -1/2 dC/AZ(AVY?

BT FRREEFRE S RN A EFH 0851 T 322 AV B B AMES F AN 5E A8 FL s 93 38 4
Ul A R TN Vac sinot, o —BRIE LR I ILIRIZE ML, DRI ECR M IRIE . AVoe
ALFE N B AME . CR B BRI ARRI % 3422, AVbc =Vae-Verpo ATELR
BRI fih TR R L A 22

AV = AVpc + Vac sinot

WA R I
_ 2 ldc
F = ?g%(é\ be T 1\ Ac)— %A\DC Vyc sinot+ 4;\- %Ccos: 2emt)
N J\ A J
N 4 '
DC term o term 20 term

FREAE4M ) F o2 Foc, Fo FH Foo =P80 H AR R o AHTHS ) Fo fEN—NIESR

(3R B0 RO B IR E 2R T RSN o I BB 7T LB IR IR o ALH)

B IREN RN Lo LR RSy, 8 A SR B A A A i I35 X )y P P AR 8 2 i EL A1)
KA ££ TP-KPFM-AM 1, BEAEIR o RTINS Fo HXEDIT PR B LB 5% 2 1 -

o [ —
az2VocVac

M A T A RN i A B A 20T, B Vae=Vero I, AV 181755 1%, Btk
MR o A% TE, HTEEAIRERETZBI ST, 2R FHRIE 2 IR RIE R
N . KPEM Sei5t [l #0575 SN AMES LSS Ve, (8BS THRETANEE fh Z RT3
fil 372 (AVpc=0), BEIER RIE N . T OB R A I8 IR0 9 % 1X — R b
HL Vo, AT LA ZIRE h BRI FE 30 A1, XA KPEM B AR it 2R T R 30 A A% 00 8.

I*IE o

amplitude of F | =

TREFFIRE MR S 22 0K, B I RIE oK. B2 RAIRIEX — %0 R AL
ToEFIR AT T A S . BN A E R FUEIE 2 B, IRIBIRZGZ IEE, DAUKIR
Mg afe LL—MHALHIAF S 1E 7 KPRM B BHE 5, A BE LA B 15 4h 2 B 7 1) R
7E TP-KPFM-AM [ AE it f2 o, IEAf T Lock-in Phase /&1 B 2.

7.2 FERHIE
HEEEWNERIBESR, FHESHTFESHERLEG SE. TSR EN T R
FEDIAE AR ERE R & b il 7-3 Fiw.
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Conductive Epoxy
or Paint

Sample Chuck

7-3 KPFM Ff i il & on S .

7.3 BEMERE
KPFM 5 ik S HAREr. & HERENZRTAE MESP #4841 F1 SCM-PIT 4t

74 EXHK TP-KPFM-AM #A4E B

741 EXBHLIE
a. BENSZIRIE RN, K% E Electrical & Magnetic,  Electrical & Magnetic Lift Mode,

Surface Potential (AM-KPFM), s Load Experiment.
seectoperment Omensonicon | e

o Select From: Microscope: Dimension Icon

O &7 Use previous experiment
Contact Mode in Air - 09/14/14 | 13:11

Or

Choose an Experiment Category:

Scan
Asyst -._/'- -./"
ScanAsyst Tapping Contact
Made Made
=~ - =
- < -

Electrical & Mechanical  Other SPM
Magnetic Properties

*> Change Scanner

=> Change Microscope Setup

Experi Description

Surface Potential Detection is a TappingMode -

Select Experiment Group: interleave technique where the surface B
o P P topography is obtained in the first pass and the

Application Modules local surface potential is measured on the

Electrical & Magnetic Lift Modes second pass. With the topography known from
Piezoresponse the first pass, the surface potential may be
Scanning Tunneling Microscope (STM) measured by rescanning at a constant height =
above the sample whie applying both an AC and

a DC signal to the probe. The DC signal applied

to the probe is adjusted by a feedback loop to
keep the physical oscilation amplitude of the
cantilever at zero. This occurs when the DC

offset potential is equal to the local surface

e Select Experiment: potential. The DC offset is then displayed as an
image, representing the sample surface
MFM & EFM - Phase & Frequency potentil.
PeakForce KPFM
PeakForce KPFM-AM Surface potentizl is closely related to EFM
PeakPorce KPPM-HY (obtained by turning off the Patential Feedback
loop and observing the phase signal in the

Surface Potential (FM-KPFM)

. L :
oad'Experiment
[Tl 1gnore Probe Parameters \EF] P
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b. ZHARE, WATHOL. BOCHTINESHE AT 2.3 7.

C. HMEFEM.

d. A G, DREAEAR D REGE RS, SHEATN 2727

e. Engage, AbZ%, A8 RGMIESHE.

f. B EE O H K Interleave T, 3t Interleave Mode ¥4 Lift,  Lift Scan Height ¥4 50
FJ 100 nm  [a]. 13K Lift Scan Height 2§15 5 F#{%; /NP Lift Scan Height 4 ] fe#R %t
FEAR LIS AR 2R B RE A R TG AR 5

g. miii Set Phase 4441l

ie NanoScope - Surf tal (AN

File Experiment Microscope Scan Capture 5tage Calibrate Tools Help

¢ SRRy 9T %A

o netPhase

h. @i 3 ) Data Type %A Amplitude 2, Scan 2584154 Interleave, RT Plane Fit A1 OL Plane
Fit #1%y None. WERIER GHGE T % (—BRIE/ANT 50 mV), JRIEEE T2 150 B St
[l ERAEIE W TAE . WRIRIEIR K, & FHZEUL Lock-in Phase, IRALT77EZ% T30, (8.10 &
LR ACE ] Interleave Amplitude JHiE ) .

82



[z] pad|P= 16mv

1
00 10.0um 7]

Trace Retrace

Channel 3 Scan |Intedeay v| Scale 1.600mV  RT Plane Fit
Data Type [AmplitudeZ v}Direclion[Ramce v] Center 0.5188mV 0L Plane Fit

i. JHIE 4 1) Data Type % Potential, Scan 28%!% 7y Interleave, RT Plane Fit A1 OL Plane Fit
#B)y None. Potential 753 fEUEZ PREF AL M Z BRI ZE Veppe fE TP-KPFM-AM
HRT, RGRIALTEEEMES R EA (Drive 2 Routing N Tip), ArLLERIAE T
Vcpo=Vsample — VTip; W5 Drive 2 Routing 134 Sample, M| Vepp= Vip— Veampleo W15 2245 ]
RO RS, I FHEMERG RS T Au BIARAERE SRR HER BT 1 FL 3,
Au ZIRREIRZ A 5.2eV. IR RPN E SRS, T DUEBASRE (R T . 4R
Ja AT AR R T e i i DI

j. # Potential JBIE (MR, AT LAE 24390 Drive 2 Amplitude. (8.10 LA 56 Hi AR A
A 18 1] Drive Amplitude) . Drive 2 Amplitude 75 Hl— £ 500mV~3000mV . #; Potential
] Trace F1 Retrace FLR 147 2135870 AN RE S WA [R) (1 L AR AL ga Ay, AT L& 243890 Input

Igain A1 Input Pgain.
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Channel 4 Scan (Interieay | Scale 007000V RT Plane Fit
Data Type [Po[enﬁd v]Direction[Rmce vJ Center 0.3387V  OL Plane Fit
B 5can
— Scan Size 10.0 #} |
— Aspect Ratio 1.00 |
— X Offset 0.000 nm |
— ¥ Offset 0.000 nm |
— Scan Angle 0.00 |
— Scan Rate 0.996 Hz |
L Samples/Line 256 |
B Feedback
- Integral Gain 0.8865 |
— Proportional Gain 2.000 |
— Amplitude Setpoint 3124 my |
— Drive Frequency 67.02803 kHz |
L Drive Amplitude 1104 mV |
H Interleave
— Interleave Mode Lift |
L Lift Scan Height 100.0 nm |
BH Potential (Interleave)
— Potential Offzet av
— Potential Feedback On
— Input Igain 5.000 |
— Input Pgain 10.00 |
— Freq. Control Automatic
-126.6
67.02803 kHz
499.9 mV |

Lirnits




7.4.2 Lock-in Phase HIH5E

XF T TP-KPFM-AM, - J 157 [ i 368 1o 3 15 AN AE SR AT R it 2 18] IR FRL B SRARIE BEATTHY
Pefih A 78 Ml A I S A HUE I, B RRIE S T AR, R
o FYE B IR 3N B PR M 36 LAIR B AR AL B 55 S IS 5 SRR S B I 2 B A2 rE 3
DRI, 3B R N AESRET L A2 i FAAHAT Lock-in Phase 1 1A 208 PR sl (AR X6 T
LR KPEM OBRE . JEEAE 8.15 LURHIEAFA (& 8.15) v, TP-KPFM-AM (1]
KPFM S 15843 B4 i) & N B Lock-in 2 k4%, Jir LAES 5 1¥1% 59 Lock-in 2 Phase.
7F 8.10 ZATIIEAERRA (F 8.10) H, TP-KPFM-AM [f) KPFM 530 43 i 4% il 35 P 2 11
Lock-in 1 R fzki], Bt AZHHATE TN Lock-in Phase.

N HE A PR E Lock-in Phase H757%. SEPR#RER LY, XMFITVAREIEH

1. Feedback Off 7%

a. ¥ Potential Feedback %> Off, B4 Input Igain /% Input Pgain 24 0, %M1 KPFM 5t
/ .

b. ik & Electric Sweep

c. ¥ Tip offset ¥ A Lift Scan Height ({8, i OK.

Start Sweep On Surface ? £

Tip offzet: ~ 100.0 nm

[ ok ] [ Cancel ]

d. 7£ Electric Sweep Ft1H Hi% % Interleave, SR 7E5# H IXHEHE H 5 Yes.
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MNanoScope

4% You are about to tune the interleave line. Some parameters may be
@ linked or unlinked to their equivalent parameter used for the main scan
ling,
as indicated by the background color of the parameter title,

Would you like to unlink interleave parameters before proceeding?

l Yes ]] No ] [ Cancel
4
o ——
-150 -100 50 o 50 100 150
Zero Phase
Cursor Mode
@ Mone () Offset ) Zoamln () Zoom Out | Execute

Auto Tune Exit
Fast Theimal Tune

e. 4 Channel 1 [1J Data Type %A Amplitude 2, Channel 2 [1J Data Type ¥4 Phase 2, Graph
) Sweep Output %4 Lock-in 2 Phase. 51 1 1)~ #]3¢ 7~ Phase 2 vs. Lock-in 2 Phase [ 9% &
F e 5 K AT LS 24380 Drive 2 Amplitude é Cursor Mode %y Offset, #Ezh40 (A R4 4
Phase 2 (Z\fl) Jy+90 & l#-90 FE M B (KT B EfEE4b), s Execute, ZAFIRH
i RGO AW B 4 T Lock-in Phase. #5°4 8.10 LARTIRIARAFRRA (% 8.10), NI 4x#fik$Ext

MifF Lock-in 1 @i .
e I

f. HLHr4TJT Potential Feedback Bl Input Igain F1 Input Pgain N AEEAL, f# KPFM it A]

HEAERL

s o F) 0
Corses Pook
A
N
\
|
|
rvA'{J.‘-
'\"?‘
A “.z
A A al
- AM
o
" \',n'r“
W
A
o
W
s ) ©
ZeoPhace Mode
Cusa o
£ Zoomin © Zoom 0
© Intedeave
S
= Fost Thamal Tune Mo




9. WRMINLIESE LR, Amplitude 2 JEIE FEHE A REGE TF (AT ED . LT DUER 3R
ARmHE A,

mV 1 2 3 4 5 g 7 8 5 um

Channel 3 Scan Scale 1.200mY  RT Plane Fit
Data Tupe | Amplitude2 w | Direction Center 0.5951mY OL Plane Fit

h, WSRAHALEFEAIER), Amplitude 2 EIEMEESLER (WFED. XA HESER
B AL Lock-in 2 Phase fi_ BBl s 180 &, ARG IERAR KPFM 45t

EllmTrﬂce Hefrace
400

300 —
200
100
0
-100

mV 1 2 3 4 ) 8 7 8 8 um

Channel 3 Scan Scale 600.0mY  RT Plane Fit
Data Type | Amplitude? « | Direction Center 152 4mV 0L Plane Fit

2. Feedback On 77t

i .
; Electric Swee
a sd @ P

o

b. # Tip offset %y Lift Scan Height fI1E, midi OK.

Start Sweep On Surface tp_ =B

Tip offzet:  100.0 nm

[ Ok ] [ Cancel ]

C. fE Electric Sweep J-1H F1i%#% Interleave, #RJ5 767 H X UGHE A &5 Yes.
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MNanoScope

I" '\.I You are about to tune the interleave line, Some parameters may be
Y linked or unlinked to their equivalent parameter used for the main scan
~ ling,
as indicated by the background color of the parameter title,

Would you like to unlink interleave parameters before proceeding?

m No | [ cancel
4

S

-150 -100 -50 0 100 150
Zero Phase
Cursor Mode
@ Mone () Oftset () ZoomIn () Zoom Dut

d. #% Channel 1 ] Data Type ¥ Amplitude 2, Channel 2 [1J Data Type ¥~ Phase 2, Graph
f*) Sweep Output ¥~ Lock-In 2 Phase. 5% [fiiH 1) b & %7~ Amplitude 2 vs. Lock-in 2 Phase [
KFH. ¥ Cursor Mode 132y Offset, izl th)ELk % Amplitude NEIAME (LK H R
FIRELL D, sih Execute, #A/Fi1RH. W RECAEEELF T Lock-in Phase. # 4 8.10 LAY
FIERAFRRCAS (25 8.10), U4 5ot M) Lock-in 1 &4 i 1E

oo RN WY AUYERETOYV I

150 -100 50 0 50 100 150

O CONTROL NOT ACTIVE
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B\ ERRHLAEEAE

XF ARM T REU SR 6 BR D9 7 RAG B TARZE A R i A B i, JRATE 2k
i B R FEAT A DL AL, AR5 REAT R B 7o LAR B0 KA 48— S0 Y 1 P AR Ak 2R
Mo ri.

8.1 HHEBLHE NS

8.1.1 Flatten

X EEERYL, BT EEE Z WISIER, MRS IR, DL Bow SR
PR, JRATIHA 0 SRAT 4 e v PR Bt e o _E i B 17 AR it XY SEEBRTE 0 e BT RAFRAT T 500 S e 15
BEATZNIE . Flatten SR X J7 61328 2 A B4 F 2k i1 5 200 R BEAT 21 1
a. FTIFHA R R SO
b. riii Flatten #4H.

B Inputs )

Flatten Order 2nd b4
1366 nm Flatten Z Threshholding Direction  [Oth

Find Threshold for 1st

Mark Excluded Data

Number Histogram Bins o1z

Threshold Height ~0.00000 nm |

L Use Histogram _Off |

.F- - . - . . - - . Execute
IEBEEEEERE [T
gllll.l.,“

-229.0 nm

1
00 Height Sensor 925um
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Oth: Zx Z J5IMIERE, 1 Z iR BEE) 0 mifhik.

Ist: 2 IEFE S AR ER 2 (8] AR R o
2nd: A IR 35 RN KT

EifibLnae

3rd: R IE, RESiEREGE S, EAERSHH.
=B ) Flatten £ 2 TARMY R Flatten, 51140 2 B ab 3R g6 & 17 1 B AT 0 B Flatten.

Oth QOrder
220V ,, Jasesss
Z ov // X
+220V

1st Order
250V

z oy /“'__—"H,n\ X
+220V
2d QOrder
-220V aaenes
Z ov _— - X
*220V

d. Wb EAERIE EIEFAHN. Mas

k CEAERPRZBIER), Xy 1Ak df B T3

LRI E . B BT RITECE o0 R T 5 2 Mask.

TPy

B Inputs
Flatten Order 2nd
41V Flatten Z Threshholding Direction  No thresholding

Find Threshold for each line
Mark Excluded Data No
Number Histogram Bins 512
Threshold Height 0.00000 V

L Use Histogram Off

743 um x 23.93 um
b Execute |

MOTE: Flatten will fit each line individually to center data [Oth order).
remove Lilk [1st order] and remove bow [2nd, 3rd order)

00 Height

90



e. A Execute 52J% Flatten.

8.1.2 Plane Fit
I, AR LR Plane Fit, XtEHE XY J7 RN BT IE, — B R &
BRI, ks EMAESESE. Plane Fit FEFHER Flatten 28181, (HILE A 1) 2 DU
k.
Plane Fit FJFEADIRINT -
a. FTOTAHRLA EHGR S
b. siddi Plant Fit %4

c. IEFEAHM K Plane Fit Order.
|77 Plane Fit

N l8l-l L] = s
E Plane Fit Mode XY

- - . 0 - :

Plane Fit Z Threshold Direction

Plane Fit Z Threshold Percent
Add Higher Order gfj

L Mark Excluded Data

Execute

r 1
00 Height 26.3um

d. 7EEME B FHIRL X H0E X Plane Fit fIXR (R AT AR 2 B A9, AL BRI A NIXAE X
o — P, RJRHEATA IR

Image hefore Planefit Use cursor to select areas Image after 1st order plane-
to be included in planefit fitin X and Y using selected
calculation areas
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e. B Execute 52J% Plane Fit.

T KA EEEA 72207 Flatten 2¢ Plane Fit 2627, HMHIIEIG I, 15 RAFIRAGEH7,

BRIER B2 TR HI IR ZE 5 o

8.2 FBSH

a. s RS L

b. BLHE T I R SR

ddledI e

%, Journal Quality Exp

Taparary

00 Height

5 Inputs

— Export Type

I Dots Per Inch

I~ Frame Width (inches)
I~ Frame Height (inches)
I~ Keep Original Pixels
[~ Font Size

— Font Name

I Show Caolor Bar

[~ Show Data Scale

I Show Scan Size Bar
I~ Show Scan Size Text
= Show Data Type

— Show Annotation

Export |

r~ Image Export Recommendatiors

Movies:

Dots Per Inch = 96

K.eep Original Pisel: = 'Na'

Do not compress if dizplaying text

Pawer Paint:

Export Type = TIFF

Dots Per Inch = 160

Frame ‘width [inches] = 4.40
Frame Height [inches] = 3.60

c. ity Export, & AHMN A PRAFRI AT

8.3 BB

Export Font

Fant... |
Text Color... |
Background Color... |

Select Parameter... |

PG T AT 522 D2t BT TRENAOAEEE, SRAS T FE i ) SR sl »

8.3.13D %
a. it 3D BB Hrigtl.
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s R4glesdT e

b. & B LT Mbs 2 B, FRAFELAR AN YT 3D HLA .

'» 3D Image
B Inputs
— Projection Parallel
[ Plot Type Mixed
— Skin Type Ch1
[~ Rotation 282
— Pitch 42,5
— Light Rotation 45.0
— Light Pitch 45.0
— Light Intensity 50.0 %
— Specular light 80.0 %

— Specular reflection  80.0 %
— Specular exponent 20

— Label Type All
— Background Color  Black
— Zoom 1.00
— xTranslate 0.00
— vTranslate 0.00
Export...
25 um Left Mouse [pitch and rotation)
20 Ctrl + Left Mouse [vert drag = zoom)

Shift + Left Mouse (% and y translation)
Right Mouse (light pitch and rotation)
Ctrl + Right Mouse (vert drag = illum)

c. mith Export, ¥ B AN SR RAZRI T,
8.3.2 Section (&) 4#T

a. R AT L.

Bl BN eld Yo

b. fE4714 section A b {25 1 HB LGRS OALE, 7L T T AT DA BUAR R 145 R .

%, Section
NPl
EEEEEBERER '
EEBEREEENBEE
EEEEEEEER
BEE=E=EZESSE S
EEEEEEERER
EEEEESERER .|
Speciral Period 0.00 %] Spectral Frequency 0.00 Afj
EEEEEEREEE Speciral RMS Ampitude 141 nm Temporal Freq: 0.00 Hz
EEEEEREEER 150
E R EEEEREEES 100
ED 1: Height Sensor BS.Bum‘ o
nmi, i, coalheoo Lo, e WL . el .
-192.3nm 02 04 06 0.8 1 12 1.4 fum
Hurizontal Distance | Vertical Distance | Suface Distance | Angle Rz Court_| Rims Ra [Freguency Cutaff] | Frequency Cutoft | Radius Fadius Sigma_|
1 6.001 @) 181050 (nm)  6.024 () 1728 (7 181958 (. 0000 ("m) 0.000 89929 ("m) £6.979 (nm) 0.000 (¥) 3.664 () 0398 ()
0.000 @) 0000 (Nm)  0.000 (¥ 00007  0000(nm) 0000 (Nm) 0000 0000 (nm)  0.000 (nm) 0.000 (1) 0.00p.2 aoco oo
0.000 i) 0.000 (Nm) 0.0 (1) 0000 ( 0,000 (nm) 0000 ("m)  0.000  0.000 (nm) _0.000 (nm) 0.000 (i) ool = I
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8.3.3 MREE T
a. s AR B A b L

Bl o ley d Y

b. Mg 5 sz 6T AORLREEE . Image Rq AT Image Ra BT A SR 1A F (LR 550805
C. WIIRTE MG IR BRI X 3k (H2AF BRbR A BEHEPA), At mT DAGSE HE A B2 X 3 P A MEL

B Results |1
— lmage Raw Mean -0.222 pm
— lmage Mean -0.222 pm
— lmage Z Fange 0,256 pm
— Image surface Area 10,0 prmé#
— Irmage Projected Surface Area 7.67 pm?
— Image Surface Area Difference 304 %
— Image Rg 00818 pm
— lmage Ra 00,0321 pm
— Image Rmax 0,255 pm .
— Raw dean -0.214 pm
— Mean -0.214 pm
— Z Range 0,693 pm
— Surface Area 10.5 pm?
— Projected Surface Area 7.83 pm?
— Surface Area Difference 33.5%
— Rg 00777 pm
— Ra 0.0440 um ]
— Roughness Rmax 0,684 pm
— Skewness 3.88 N
— Kurtosis 222
— Rz 0,00 prmn
- Rz Count 0,00 w]

Rq KR AR, Ra R T MRERE . HAh 2406 ity Help SCRS ) Roughness

Parameters.

8.3.4 Depth 43#7
a. il Depth #4440 .

B Sl |RoM S e d T

b. $% AT Fl b 2 S I B3 A (0 X35
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|# Depth :

REElel-] 56.5mm | |E Grid Markers
- e e e E ... - Marker 0 189 nm
& Marker 1 8.20 nm
sSEEEsEEREE
Number Histogram Bins 512
Histogram Filter Cutoff 0.00 nm
BEEEEDR BEB - Min Peak to Peak .00 nm
Left Peak Cutoff 0.00000 %
Right Peak Cutoff 0.00000 %
". . - . . . . . - Data Range Pad 5.00000 %
& X Aods Relative

EEEEEEEER <

8 <

i
T :
SEEEEEEEES : ‘
5 i
SEEEEEEEEDR |

e o

o
0 50 0 150 200
7
SEEEREEREREER] -
Peak to Peak Distance 181.271 nm
bo 1: Height Sensor 0.0um Minimum Peak Depth 11.5010 nm
Maximum Peak Depth 8.20 nm
192.8rm Depth at Histogram Maximum 819531 nm
- Number Peaks Found 136

c. EHY Peak to Peak Distance {H Rl .

8.3.5 HAhsrtrmibiE
sk HO AL, e FLSREEE Bk, 5 BSOS R R R BRI 7 Vs
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