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Abstract

Atomic force microscope (AFM) has the ability to measure surface morphology
and mechanical properties at nano-scale, which is a powerful tool for studying
biological samples. Lipid bilayer is one of the typical biological samples, which is the
basic structure of the cell membrane. Although lipid bilayer has been widely studied by
using AFM, it’s in-plane mechanical properties are still rarely discussed. In this thesis,
a hybrid mode of torsion and tapping modes AFM was used to measure two types of
the lipid bilayers, 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) and 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC). The results show that significant
contrast can be obtained on both amplitude and phase signal between mica and the lipid
bilayers, and the phase signal of the torsion mode provided a higher contrast comparing
with the tapping mode. Moreover, by using the force volume mode, the contact point
positions between the cantilever tip and sample were calculated at each image pixels,
and the thickness of the lipid bilayers was about 2 to 4 nm. By analyzing both amplitude
and deflection force curve, an average thickness of 5 nm was obtained. Furthermore,

the slope of the force curve cab be utilized to distinguish the material stiffness.

Key words: atomic force microscope, lipid bilayer, torsion mode, force volume mode
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B 1. 9 1,2-dimyristoyl-sn-glycero-3-phosphocholine(DMPC) %8 & + = 35 % v

®l[22] -
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a b

S g

A )

¥
Distance

c d

Q i

S 8 %L
(o) >
(e E %

Distance Distance
Distance

B 1. 10 (a)15°C @ #% 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine

(POPE)(b)30°C % % 2. POPE(c)15°C % # 2. 1-palmitoyl-2-oleoyl-sn-glycero-3-

[phospho-rac-(1-glycerol)] (sodium salt)(POPG)(d)20°C % # 2. POPG » %=

359nm/s ~ % 930nm/s Z_ # B][26] °

1.3 =% B &

LM RT Ak R A e B2 AR A BER 8

e IR R R o BEARERS Lipid cip 1 R e T SRR T

SR T F B o frié b § %t Lipid Rl B F ] o A 518 TR HE R

DOPC %2 DPPC & » # ¥ it Jg B 3| 2 i) F g b cnE T 4o 100t gl o

14 RERA

Kb £ AT BRE AR IHA FRAEFLTE  REFHMR

A Y S TN R O RN
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3

» AFM R3Z > 5L A4 5 AFM A * ¥4 > B F & 5 X RIT v 4

REFAL > D RPERBENELE SR .
5=2F 59 56%—1—’]‘# BAFN AN BFRAL  BEFANLD KT TR
BIPR ARG 2R PR o

SR AEFEEG L RHBRT R BEMM - F ARE VE HOPG ~

DOPC N DPPC ,'J % /vb’f\i’"}"t j\m& /EJ 'L% ‘(E: f’f/ln\‘*frl Fjl )

>

%

FIFAEHEARRY RE AT R AR NFE DD

A KE:

o

¢
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=~ AFM Rh®

2.1 AFM % #

AFM * R¥ & 5+ 3 9%\&5;.,1‘117—%%’}#:_} = kg ¥ d 3 ebs 345 PSD
ZARERY Bk FARTER T BPERNEY S TR PORTREE
YRTE CRTEE PN A RTS8 L S 4o 2.1 AT

FEH R KSR A AT DI AT S 1 2 kR R R AT IR £ ik AT
FULLBRDRE BN IFIALFERH N EFIE A DL G YRS A

R

% i

PSD
—

# it

4, 4z
,J“ i«u

B 2. 1AFM ZE 21 LB -
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2.2 R ipHITiiBE

Bk AT N AFM ki 0 F S ER L SR LR E L o kE
SRS SEF STELH-H 47~ PSD ¥ B (TR o RN NIBATR 1 FIREE A RER
gkt PSD e B g2 § 0 4o 2.2 ()77 oPSD 5w f0U B R RIE
4oB] 2.2 (b)#75F o B iE KBS PSD F im B ch%d T ud 5021 2238 A
Einpr R s w > He A~B~C~D A% 5 PSDw B % "4 W4
P2 RE o hok kB A PSD A TR e g wIRFAR L THS S K
Pl e AL E 2 m OF M4k LB 2 13 e B EO PR L 226

FeB] UL S B A Rl L o

PSDY

PSD X

B 2.2 (2) %41 RIZ(b)e %' LkT & W -

PSD X=(B+C)—(A+D) (2.1)
PSD Y=(A+B)—(C+D) (2.2)

23 AW RE
ARANMFREN T O BASKEET RERA SERFORITEITL A
g 4B 2.3@)FTF o AL RN THRASELTET NS4 R HN L6 B A
H LR A TS AR A R R SRR SRRRA R

FLHAR 415 4 & o
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EETERES R TR IR AE BRSO FRAGSHFES BRI FES
BT L5 E N IREEE ED FAAT LA B 23 (D) o B ES TR
AR SRR AR T LG Rl Bt FIMSHREZ A G TR S RS
PR R ARAE S H AEE R K AR R T P S B SLRE R T A
MR R T E RS R B A S SRR FRR o d W IREE
FR e H R TR TP FEOTREE L S PR R BT R
» IR AR AR R

BB BRTRE BAK TR g e 0 LR §HFEE

PU X BT T olr R 4o 2.3()4 5 -

(d,

B IR &S ERBITE T
PR ng/f TR ERR R T ,,T;‘J?#ig‘;a TEIFRHEFEFT - X
4 BliFde doB 2.4 77 o BT 4 BIPF A AR AR T RE B4 22 PSD B0 B

HIER SS9 B DR TR APFeniE® 4 1 o M-k BL4 g] FLIE 7 18 M A

-
= »

TSR AL B R B ARG S S B A R A P 137

R4 B2 o8- %732 FHETR

(w“ (®) T ) PSD'Y 355

M
(
£

B2.3 @~ O~ (o WHFh T LH -
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TRV

n

5

Z #hiz#% (nm)

Yy

Bl2.4 A BT7AB > FJORFLFESLITHRS > 2 RFSHFELBREA -

24 PREIFHFELE LRHGIZ VR

d T RN R RRER A2 B R L B B TR IR SR 4 A L e
AR FARAE AL R ARESS B G AR AR S A ehL B
T 4 Vgl () o ¥R 2 B SFRLERPREZ R RS
HEw 4 5 il ¥R R L RS WG R W IR RTR OR
rd b d REFARERRE L ORT S e b B E R AL T DR AR T

o R R T B B FRAR IR B R R R P o HiE RS R

. v

B

GK 02¢(x, % (x,

¢
$(0,0) =0, = 0 (2.4)

He p(x,t) s & B¥IL eI > 4oB 2.5 #77 ~ G 5 F 4T > £ (Shear
modulus) ~ K % #F 8 & ## 2 & @ 3 ;% (Geometric function) ~ p. 5 HF 4 % AR ~L 5

FHEER CLAWHERE v 2R smlot) s 8 i E R o0 b B4 A i
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SN e 25 A cx PIEA 0D | i Fl B LA T

T
Z R Fe B

W R B2 2 {519 7

1

Bl0) = | 600x'10)arie @ 0) dx’ (25)
o sec[A(w)]  (cos{A(w)[1 —x']}sin[A(w)x],0 < x <x" <1
Gl x'w) = - Alw) % {cos{A(w)[l —x]}sin[A(w)x'],0<x'<x <1 (2.6)
T mpb* 2
Alw) = vaac,l (1 + 8oul, F(a))) (2.7)
n L?
tarive (X|@) = ﬁMdrive(xlw) (2.8)

BV IN(w)s 4 4 5 3% (Hydrodynamic function) H & 4§ 2.6 #r1 [27]°

B 2. 5 Torsion mode ++ % BI[27] °
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1000 [; (w) Hydrﬂd};llr‘a(llt;l}i)t: Function
10

01 ¢ o
{lﬂdﬂl [lhl i 160 10&00

Re

] 2. 6 Hydrodynamic function ¥ 7 3% #(Reynolds number, Re)2. &[27] °

FHEE- » kER S
kg = 0.1592pb*LQ,w?T} (w;) (2.9)
HPpi & %R b LAHETRZER Qi & FFF w5 FE

WY 2 S - pEEREES TS W 2.6 M4 382 B n[28]
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31 MEH

AR AR P 2 KA B EITA 2 ks R [29] 0 A E R ATk Sz
BForfad e ds 2 o ¥ o
311 R a3

BOTA 2 W AR B A 31 T AR B AR F s
TR P EE BRI R A RERE BEIFA T R o T B R

EEERE D o f IR AR VR BRI £ AT BL[29] -

Xk B kg e

):‘“%
2

PSD

R ESE

F st
TEBHT S
% B

PSD # # T

B

g

Bl 3.1 20703k 7 7 WRI[29] -
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HTA R AR BB S BER A  F AR R £ I E
ABE A 0 TR R R mdit T ) _F,Tio

FBoksrl— B XYZ 24T 2% PSD 2 F &4 H 4 850 4o B 3.2(a) 77 °
PUEIEF AT AR R PSD P v R L A PSD PR €l i 2 T gk
R SHAR Y 2R BB S F R 2 R € FREES N F BEL AT KSR A2
ZE o g o R MBHR R AL XY L L £k S R AT XZ T G
2 PSD > 4Bl 3.2(b)#77F o st 3R b e fg ARG S8 0 K ST H B B PSD >

F 20 149 PSD UL B LR o

| R

o P

B 3.2 (a)k i Su(b)AT % S PSD A8 T 5 R -

Bk ArZ 4R R Y BT Y R4 A R AR kA > 4ol 3.3() A o
PAHES NN R AEFA S e d R E AL R T ARG R
PSD 9@ 4 4 K435 B4R e a7 55 B - B0 55d (52 2~ > 135 B

BB sz AL A RER > IO AR P & K R EE (polyetheretherketone,
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PEEK)# &% © 2 B %4 > 4§ 3.3(b)*r7 o

BURR GRS G R T g

FRIEFERRER S X440 F B AE P REE £ AT R AL
(b)

PEEK 7 %_i*

Liquid cell

Bl 3.3@)% cb)FT c seiF 42 FT LB o

dONFRFELGE AR AN A R A REFRBERAF BT T
& fi

N

2

SRUSREEEL TR SRR LS EER S T

ERER A CAFROPHRT ORI AR T - BHE AR AR T
WH SRR TR K

RS TR KPR

B13.4 2%k Rt 3 AH -
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3.1.3 3cis 2 %
ATk LRI Z T W BAcB] 3.5 7m0 “f i b ke b EEREIL BT A R
B4 -
(a) - o8 BB
PSD X Py
IR ARE | R
PSbY & M
PSDY PSDX 2
¢ XY A #%
‘ 44 . ¥a
BRI
l BAAR KB ® XImREE
&
| — PXIejx | % % Ei A
XY £ #
e =
- L T
BERKRE [— &
| iR |

(b)

FHARESH
PSD

h g ~# T -

PSD =4 T 4 FHESS S
o
PSD& F 145

[l s

)
=3
o
s
W

FF o if 45

‘ )

3.5 % a(a)% HH(b)F R -
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32 PHKE
3.2.1 KRAEFFEE AR

A Y R F T 45 FMAuD(PPP-FMAuD-50, Nanosensors)[ fités A]14 %
CSC38(HQ:CSC38, MikroMasch)[ ¥4+ B]# f& - FMAuD 2. Z R AF ° + 5 225X
28x 3 um3 ~ S fa#kc i 2.8 N/m ~ -4 2 /2] % 10 nm ; CSC38 2 A & 3=
197 P HCRAR > Z AR RF 2 B g A 53251 um? s £ F JE0) 2 8nme B
Az A4E &R 5 250 pm ~ B % s 0.09 N/m ;5 @02 B4& & 5 350 um ~

S kB s 0.03N/m; C 413 a "ﬁiﬁ'a‘”  HE R 5 300 um ~ R HE 0.05

N/m -
% 3.1CSC38 & 45 4+ % #c% o
CSC38 | 3+ % #(N/m) | % - %3 Hz) | & (um) | F(um) | & (um)
A 0.09 20k 250 32.5 1
B 0.03 10k 350 32.5 1
C 0.05 40k 300 32.5 1

A B R A A 2% (Liquid cell MTFML, Bruker)4e @) 3.6 #7577 © %
# » 317 liquid cell P liquid cell } #0 O H&H# 225+ - PR B > £ 6

liquid cell + 2 # 3 v AIRIHF 202 » KB R @ J g ko

(b)

FR&R Y

B 3. 6 Liquid cell(a) * & (b)% & F 2§ -
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322 FHaw R RR

AT AT 2 F 5 kB BH(CPS635R, 635 nm, 1.2 mW, Thorlab)
eF B A BEES 30 mm 2 F K % 4 (AC080-030-B-ML, Thorlab) » 4= §]
3.7 %7 o w d LR p| %R * PDQSOA(Thorlab)4e ] 3.8 7 [*44% C] » 2 7 4

FEEE

B 3.7 (a) % 5F(b)% £i(c) 5 ¥ i W] [29] -

] 3. 8 PDQSBOA %4 @] -
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323 AFjghLitt E

d 30 PSD i 12 LT R 0 F S - TR E B AR o AT AT
i@ * 2 2% 3c+ B L SR560(Stanford Research Systems)+4c®] 3.9 #771 » H . F it
F 50000 i ek i s g~ SE 4 nV/VHz% 3 | MHz 598 5702 N %R

’E

ORD v \RCF () AS=—MOD _,__\v,,m,mr IR e Sl i

HiGH
n 3 3 0 300 3 30k 300k i
| 4 1 W 0 ko ko fok M ERUG BV .
9 s b A

LOW-PASS
X1

X102
x10

] 3.9 SR560 7 %@ -

324 G E

HiApe s TR TGS FEFIRAGLE JR g~ UELY AR BT S 5L
e o B 5 el o0 PSD SUSLEEHE S RIFR R A AR R R L GRS Sy
IR A ks AR R AT 24 4p it & B L easyPLL(Nanosurf) 14 %
HF2LI(Zurich Instruments)4- ] 3.10 #75+ ° easyPLL mﬁ;—l *AEF R & 10kHz -2
MHz ¥ ¥ § o+ 5.5mHz 59 & 247 & 5 HF2LI e » 4 5 § [ 3 DC - 50 MHz

F 3 4 Bt 0.7 pHz 598 5 245 B -

24

doi:10.6342/NTU202302794



®] 3. 10 (a)easyPLL(b)HF2LI § %4 B -

25

doi:10.6342/NTU202302794



325  FHHgs+
FTORFEE g I A AR (TRR PR BT TR AT R 2

TALFEE~-+ 5 USB 6259(National Instrument)4e 8] 3.11 #7757 « 2 B~k 47 5 5 1 MHz

14

16 bit tidfei {247 & 11 2 £10 Vi » TR o

“7 NATIONAL
’ INSTRUMENTS

@ 3. 11 USB 6259 % %4 @ -
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R AUE T

PXIe-8135(RT)

3.2.6  PXle(National Instruments, NI)

AR PXle (5 Poe bl o f AR ed SiApe st BR2HRG R
B AP TRE KA LB F o PSD X~ PSD Y SURLE B 01 2 b A5 U HL
IR BA B AT AR o PXle 5 PXlIe-1062 4o 3.12 #7771 » * PXle-
1062Q e p % § PXIe-8135 4t » 4| B £t H b 4% £ WP b s (Real
time, RT) ~ PXle-7961R £ PXIe-7962R & 3 3+ 42 ;% i B 48 [ L 5] (Field
Programmable Gate Array, FPGA)#i-ie » I >t 3k FPGA * “F 3 NIS781 # 1t ## &
BHCE o LGB RERE RT L > © 58 RT &5 5% FPGA 1L 5 #j » 5L
PIA 53 48 TpEehw B ed FPGA @1 RT#EH ¥ A7 503 % 5 217 4 H
RS ek B B A4 FPGA 2 ki L 31 (First In, First Out, FIFO):h= 3% 45 %

WFPGA R H LI RTRE: I N FREAEL T FTHA4 -

B 3. 12 PXIe #41] % 5o 40 ] -
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327 RBR#*AE

FRAE ) PXle 2 41 VIR 14200 VIERT REFR > o
AR T hF Rk B L F XY #hh TD250(PiezoDrive) 4 2 f § Z fhih
PD200(PiezoDrive)4- ] 3.13 #f77 © TD250 ¥ I i fc = ey » 3 5L 15 B 4%
P R N gwfuﬁﬁl VR A BT 2 gl > TD200 P s 2+ H -

MEL e 50 B Zphw R H WA ghE R IR R -7 phg Rk B

PiezoDrive
TI‘)/"!)\: Cix Cha "
TD250 # 4 ¢ 02505 g r

“7z

\

TD250

TD200
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328 Z#iH T

Zghi=H T 5 AR SR AT g A % M il 5 (110-502,

Mitutoyo)£? 12 i #.(SSEBS8G-40, Misumi)fie & AL & j #l @ & chZ phi T 5

4of] 3.14 #77 o HwmilE F 13mm 2 2 542 E 0P SR o] 0.5 um% & -

T il S L

B 3. 14 Z phi=#

T oo B29] -

fF sz XY 512 Z phw Benl (o AFTY AR Y 2R

7 %8 E 5 PICA(P-143.05)4c B 3.15 #77 -PICA 5 ¥ *» ;% 5 #* % (shear actuator)

AR aEA o H 2L TERL20V B XYZ 2w k5

wr

B 3. I5PICA 7 %48 -
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33 HkAEH

KAT 3 4116 % 2 & 5 DOPC(850375P, Avanti)2? DPPC(850355P, Avanti)» #
BN E P TAoL 3 om0 5T R HEFET 24 LG W SIB AT R T F
B @A WA BB G FA30] 0 BB Y L WK 24T L F AR R
shlipid 4 A 2 1 mM 2 kR B3 fR ¢ 5 Ryt F k& EF PN 4 » DOPC ~
DPPC 2 f§ i3 ife ¢ 384 5 1 60 °C -kig @ M-t ¥ FLf #3505 4o » TMAFH O
4 33 -k (Deionized Water, DI water) ¥ 3% 60 °C -k ¥ -K & 15 248 ; #3%H 2
A2 § A #7245 (1210R-DTH, Branson)!# 80 W, 47 KHz 4&i% 15 4~ 4895 it d? ;
KEEFREAIE BEFRE A4 B RTINAFRFINFE L RE

SHEH I B FHAoF 316 5 o

# 3.2 DOPC # DPPC % #

FEat ERER FIRP 18R R

o} o]
| ” -
- o . o F"‘*o/\/ N
K o
— g H
|

porc | T % | i f(liquid phase) | 20 °C
1,2-dioleoyl-sn-glycero-3-phosphocholine
0 0
/\/W\/\/\/\)\O/\,(\O’;‘Fl"o\/\w’
\/\/\/\/\/\/\/\"/d HoO ™
DPPC 0 b} # % ik (gel phase) 43 °C

1,2-dipalmitoyl-sn-glycero-3-phosphocholine
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25 AR

P
SE

e

B 3.16 Lipid 3 2 @l & B4+ B -

Frodne QG2 388030257 A%A 7 %, 2-Amino-2-
hydroxymethyl-propane-1,3-diol, TRIS 100 mM, # it 4+, NaCl 100 mM, # i 47T,

CaCl, 3SmM)™ 1 :20 2 f8A iR & S BRE2Z ZRPRIFIFLRATBY

H

TEA Lm o I ARAWUEYFEE 1) PF 4oB 317 A7 5 0 DILKE

4
She

7
“~

W

-

AL FFEFLG G IRMAT &~ AFM#H4H o

Sk

P

W
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5;34
ER(ZkF®)
B 3.17SLB& % @& F 58 -
34 P EiAE

T3 PSD T RAGE R FRITL R OM B> gAFREFLE 2 KT

S AR TN AT HREEA B RS ST R A Y 5

%];%mjlﬁﬁ‘;\ B BN ) R iR R4 B 'Eﬁf%ﬁ“\‘ °

341 £33 FIAR

i

ETIAS
=

i

=

[l

-F G 2 FATR A PRGT- 4 B R FSRPIR A

EERAFF T BT L HITAPSD B TR A E M BiEE H A
< 9

%

Pl M G2 it 5 o fF 4 LE 5w FAOR 4oB] 3.18 #77 o
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PSDY it 5.

N

342 kT AR
AORPHREZRT 2 e ARG R UHF I AT IRERT @ IFE K
TEBHREHITE 22 - Z Y FLHEFRM FH g HFE - AR
Pt LG P MRS R B § ERFS T RS A2 e ki § Flidir
EBEREFIEY 4 g ERFL XA LRALG I AT - 3 o R 4o R
X #5570 5B BRI PE PSD X B2 R 4R EAB SR TR TE @ FHEE

KT 2 FACR AR 3.19 5 o

33

doi:10.6342/NTU202302794



'y

> PSD X 5L

5

/X B 73 ‘_

<
[ ]
B 3.19 KT FaREERTLE -

343 R EERE
PR T dfF 5 CSC38-A 0 H R ABl4cE] 320 17 o § A MEA
22 SLB 2%t A {4 o & #-liquidcell K I i e 5 7 FERRBEHP - S
A il 4 F3T liquideell T O BB HR AR - AAFRBEHPF BB ERE
N E_FE A DI A% ZFRPIFEERI P IR 2R RCRE A
PR o TRE ~ K58 T S I IES  FERF Skie» PSD ¥ ik * PSDY
BLIT L w A RAR AT T FR AT o EHE Y PSDY ELw 4 £ F] L TR Rig
ME BEFVRARGA TR T 20/ fE T840 Y R4 RITE A o B
FHITHRAL G SR GY P Ty Z I 2 X LR AR
G0t AT A NNRT I 9 PR AR IR S W 504 W 2GR A 2 o4 Bl VR

2 TRARIRITL w4 > 57 BT - gy~ oo H B R
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BAE IS LA

l }
# & .17 liquid cell S R
I
ok PSDY £ 7 T ==
R
OM # & 1 ¥ 4 [
! |
T BT AL kR FEIAR & £ JRAE 5
! !
> 24 AL BLE B3~ PSD FETOAR TG 4 R
SUM 2.7 2 ¥ R
B R w 4%
+ 3l
v
# % Pl gain &1 ) e
Bl 3.20 = /g gk fiN S AR ] o
344 4 WHHES

PR BRATIE Y ehdF 4ts §_CSC38-A 0 AR B ACE) 3.21 it o S BR R RE
it AR o rESF R BN 5 R ERA BN 0 I A IR 4R AT IR S trigger FMEL

dele B R A B E T - U B
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A I KA
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# A 317 liquid cell Bk A FiTIEES (e
I
q_
BB v 4R

}

FERRAR &% JRAR

!
E

S

=F
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B ETw 4R

B 3.21 4 WA B AZE o
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. RREFEHG

AR FAF AP EFIR ¢ FRIRE B2 2L e R IF
£-F Atk o # 154 HOPG ~ DOPC ~ DPPC % 4k A2 {7 £ | ¥ #31# & VR & TR
P&

2.7 e

w oo
&3
KA
ko
A
W
b
L

4.1

AR PGHRETAGHKA>E I REHZ luym ¥ F 100nm 95F R >
4ol 4.1 97 o B S FMAUD F 4 N isd i\ e 7/ K B E A2 5 02Hz
deBl 42 257 o B (@Q~(d)E Y 2wt HF (e~ E v 2 HF K (Q)C)e)g) s v
T 5 (D)D) E L L S (a)e) ~ (b)(D) ~ (0)(g) ~ (D) A G - X
PA BT e BB LAEHE A Fod BV UFREEHEHSE S 57
otk 0 3 R WA W RGN IR RS A APk AT
FAEIAB AW > P EHBR REARA L B A FR PR AT L INE
PN R EERBT Az FE e FAARREF L cF A LR S
FRFIZRIREGEAWIFAE L GufL 2 ZLF AR 2 hzb R ot R %
PRERMBBHFLE I F 2 o B0 0 LBFFESTEEE 7 R 40

DA FRE YRt Had B G R A A LB Pl
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B4 2PGHES 2 G FHBAD G B° B ifFHh e o

42 FEFT 2 L

LB AN TG L e 2 B AP T R RE A iRt H TR £ R4
TR £ 3R47 ¥ 2 VR $53% % > 4 £ 3] PDQSOA 4 % i 150 kHz> % ¢ * FMAuD
AJEE S 57 RS2 f R AT A

>

Fe ¢ =2 TR %3R4 42 1) PDQSOA 2 #F 5 > Flpb 24 i g * fgr 2. CSC38-

"

* AFM i $v(MultiMode 8-HR,
Bruker) & /R H 3k ¢ BB FAEHE > SR AoB 43 AT o d AT IFEET T F Y 2%

- XA E 20kHz 2~ kP 8% - 3R A B WD VR ¥ - £ 4k

I
P

#p X 49.92kHz 11 2 % = 2 &H4F 5 149.9kHz ; TR £ J=H#F R+ X 5 132.8kHz > 42

®

#F 150kHz 2. 384 B3 5 34 o d 30 45442 % = VR 23R4 TR 2. % - £ 3&

HEAR S 2R 51T 0 § R AR A TR R 4R4E P o R R D R

EARBE o ¥ ehd PR Kk ERM AFHFRE X DFHERAT FY 4
VG RIS R IAFH BT R IR R R SR A
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arb. unit

arb. unit

10"

102

NPt anm A AN

132.8 kHz

435.1 kHz

10°

10?
frequency(kHz)

T T T T

49.92 kHz

T

149.9 kHz

W/\J\ y

T T T T

312.7 kHz

10’

102
frequency(kHz)

108

B 4.3 CSC38-AfF4& £k > PRI X5 > TR G YIE o

43 KT b FIR

50 RRIEFERT S e AR 0 AF R Y CSC38-A 4 U EPH

500 X 500 nm?&5 ff & PFiedr PSD X 38 0 B % 4B 4.4 #77 o
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Sensitivity

X(nm) | X2(nm) | AX(nm) | Y(nm) | Y2(nm) | AY(nm) [Sensitivity(mV/nm)|Thickness(nm)
lipid(mV/nm)
248.834 | 241987 | 6.847 | 29.1045 | 25.8706 | 3.2339 1.12858 3.981541 0.560364
252.215 | 242.624 | 9.591 30.3483 | 25.6219 | 4.7264 0.948786 4.609476 0.695645
248.208 | 236.87 11.338 | 30.8458 | 25.1244 | 5.7214 1.01879 5.722122 0.465914
244.15 | 235.26 8.89 29.3532 | 26.1194 | 3.2338 1.0426 5.788331 0.710545
245862 | 236.046 | 9.816 | 34.0796 | 26.6169 | 7.4627 1.03975 2.638602 1.13728
250.692 | 234.338 | 16.354 | 33.3333 | 26.3682 | 6.9651 0.897151 8.590424 0.742065
247.064 | 238.123 | 8.941 30.8458 | 25.6219 | 5.2239 0.994824 3.68992 0.511982
250.626 | 242.125 | 8.501 31.3433 | 26.8657 | 4.4776 0.987581 3.967093 0.844948
249.452 | 242998 | 6.454 | 30.0995 | 26.8657 | 3.2338 0.93937 3.01148 0.353695
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241.19 | 234.351 6.839 | 29.1045 | 26.6169 | 2.4876 0.931312 4.16793 0.483357
Average(nm) 4.616692 0.65058

Standard deviation(nm) 1.724353 0.227598

% 4.4 FigH BN HRB2EF10ZFEFRL -
Sensitivity
X(mm) | X2(nm) | AX(nm) | Y(nm) | Y2(nm) | AY(nm) [Sensitivity(mV/nm)|Thickness(nm)
lipid(mV/nm)

251.984 | 244.622 | 7.362 | 29.1045 | 24.8507 | 4.2538 0.955422 2.909727 0.845946
252.449 | 242.842 | 9.607 | 29.8507 | 24.8756 | 4.9751 0.958864 4.418464 0.771789
246.732 | 235.399 | 11.333 | 29.3532 | 23.6318 | 5.7214 0.967946 5.422133 0.786322
249.758 | 239.943 9.815 | 28.1095 | 24.3781 | 3.7314 0.920932 5.763235 0.627735
250.131 | 239.354 | 10.777 | 32.4627 | 25.0746 | 7.3881 0.943067 2.94288 0.833756
247.392 | 238.066 | 9.326 | 29.1045 | 253731 | 3.7314 1.07179 5.844534 0.673579
249.225 | 242.265 6.96 28.4328 | 25.7463 | 2.6865 0.893798 3.954287 0.465599
249.821 | 238.793 | 11.028 30.597 | 24.6269 | 5.9701 1.01186 5.127875 0.808642
248.666 | 238.143 | 10.523 | 31.0945 | 243781 | 6.7164 0.97745 3.651651 0.81526
245.741 | 236.653 9.088 | 29.5522 | 24.1791 | 5.3731 1.02743 3.858349 0.65943
Average(nm) 4.389314 0.728806

Standard deviation(nm) 1.101264 0.120691

4.5 BAT B RS 1 EZB 10 B8 TR o
Sensitivity
X(nm) | X2(nm) | AX(nm) | Y(nm) | Y2(nm) | AY(nm) |Sensitivity(mV/nm)|Thickness(nm)
lipid(mV/nm)
197.752 | 183.494 | 14.258 | 25.8706 | 19.7015 | 6.1691 0.697678 5.415669 0.663951
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195.114 | 186.358 | 8.756 | 22.6866 | 19.7015 | 2.9851 0.714549 4.5784 0.397605
199.338 | 190.422 | 8916 | 23.4826 | 19.3035 | 4.1791 0.703626 2.976623 0.4217
201.447 | 190.161 | 11.286 | 24.0796 | 20.0995 | 3.9801 0.72987 5.832837 0.779806
195.339 | 187.594 | 7.745 | 20.2985 | 17.3134 | 2.9851 0.690683 3.423046 0.434873
196.812 | 185.252 11.56 | 20.0249 | 17.7612 | 2.2637 0.725603 8.44025 0.304045
200.818 | 190.96 9.858 | 21.2438 | 17.7612 | 3.4826 0.749986 5.214447 0.372596
200.797 | 189.15 11.647 | 21.7662 | 17.0647 | 4.7015 0.68099 4.743081 0.610011
198.862 | 189.193 9.669 | 21.0697 | 17.5871 | 3.4826 0.686263 4.594269 0.485936
200.02 | 189.452 | 10.568 | 20.6965 | 17.7114 | 2.9851 0.688046 6.229482 0.599284
Average(nm) 5.14481 0.506981
Standard deviation(nm) 1.528937 0.149937
% 4.6 BATA B HRE 2 EZEB 108 T o
Sensitivity
X(mm) | X2(nm) | AX(nm) | Y(nm) | Y2(nm) | AY(nm) |Sensitivity(mV/nm)|Thickness(nm)
lipid(mV/nm)
192.351 | 178.777 | 13.574 | 13.7313 | 11.6418 | 2.0895 0.667304 10.44274 0.321894
195.749 | 185.949 9.8 15.9701 | 12.2388 | 3.7313 0.70764 4.527121 0.716109
200.518 | 182.121 | 18.397 | 21.7662 | 12.3632 | 9.403 0.650197 3.935229 0.666109
193.127 | 181.608 | 11.519 | 17.3134 | 12.6866 | 4.6268 0.697139 4.88216 0.597772
186.367 | 177.73 8.637 15.8209 | 13.1343 | 2.6866 0.672325 4.641016 0.531766
188.901 | 175.891 13.01 15.3234 | 12.0149 | 3.3085 0.673319 8.096282 0.592232
187.028 | 178.13 8.898 14.9254 | 12.5373 | 2.3881 0.668932 5.327981 0.654527
182.95 | 176.016 | 6.934 14.3284 | 12.0896 | 2.2388 0.659116 3.537329 0.603405
179.264 | 168.704 10.56 16.8905 | 13.5821 | 3.3084 0.685441 5.733326 0.596637
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184.707 | 177.936 | 6.771 13.7313 | 12.2388 | 1.4925 0.683841 4.588475 0.379645

Average(nm) 5.571166 0.56601

Standard deviation(nm) 2.11876 0.124684

%47 TRV RE -

o 1 i
% 1 4.616692 nm 5.14481 nm
% 2 4.389314 nm 5.571166 nm

34,8 TIORK RACR A o

CAES i P g T
1 0.65058 mV/nm 0.506981 mV/nm
T2 0.728806 mV/nm 0.56601 mV/nm
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“téc A FMAuD 5 -3+ %
PPP-FMAuD

Cantilever data:

Property Nominal Value Specified Range
Resonance Frequency [kHz] 75 45-115
Force Constant [N/m] 28 05-95
Length [um] 225 215 - 235
Mean Width [um] 28 20-35 Pomtproﬁgfi 3";3 AR
Thickness [um] 3 2-4

Order codes and shipping units:

Order Code AFM probes per pack Data sheet

PPP-FMAUD-10 10 of all probes

PointProbe® Plus AFM tip
closeup

Product description

PointProbe® Plus Force Modulation Mode - Au coating (Detector side)

The PointProbe® Plus (PPP) combines high application versatility and compatibility with most commercial SPMs. The typical AFM tip radius of
less than 7 nm and the minimized variation in AFM tip shape provide reproducible images and enhanced resolution.

NANOSENSORS™ PPP-FMAuD is offered for force modulation microscopy. The force constant of this AFM probe spans the gap between
contact and non-contact mode and is specially tailored for the force modulation mode. Furthermore non-contact or tapping mode operation is
possible with the FM tip but with reduced operation stability.

The AFM probe offers unique features:

* guaranteed AFM tip radius of curvature < 10 nm
* AFM tip height 10 - 15 pm

* highly doped silicon to dissipate static charge

* Au coating on detector side of AFM cantilever

o chemically inert

A metallic layer (Au) is coated on the detector side of the AFM cantilever which enhances the reflectivity of the laser beam by a factor of about
2.5. Furthermore it prevents light from interfering within the AFM cantilever. As the coating is nearly stress-free the bending of the AFIM cantilever
due to stress is less than 2 degrees.

This AFM probe features alignment grooves on the back side of the holder chip. These grooves fit to the NANOSENSORS Alignment Chip.
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ek B CSC38 4F 444 4

HQ:CSC38/Al BS

20110714 kHz @ E]
) =2

AFM Probe with 3 Different Contact Mode
AFM Cantilevers

AFM probes of the HQ:CSC38 series have three different soft contact mode AFM
cantilevers on one side of the holder chip. They can be used in various
applications.

The HQ AFM probes offer high consistency of the AFM tip radius, the AFM
cantilever reflectivity and the quality factor.

The aluminum reflective coating enhances the laser reflectivity of the AFIM
cantilevers by approximately 2.5 times. For operation in liquids we recommend
using the HQ:NSC38/Cr-Au BS with a reflective gold coating.

Coating

Reflective Aluminum

AFM Probe Specifications

AFM Tip
SHAPE HEIGHT FULL CONE ANGLE RADIUS
Rotated 15 pm (12 - 18 pm)* 40° <8nm

AFM Cantilever

CANTILEVER SHAPE FORCE CONST. RES. FREQ. LENGTH WIDTH THICKNESS
Cantilever A Beam (00 IU-UI?I:‘NEJT'N:’ (8 -zgzktlez; 1 o (29 gz-gﬁug]lm-' (0.5 -11ur:’n\,'1-‘
Cantibregty Beam 0 g UaM:mN m)* { 1'07'(5';23 (29 22 ?5@.m- 05 711ur5nm-'
Camtibvegl Beam :.::g qumm e 1;3@;2_‘ 1 30«?\uTn (29 32;“1”.\11 05 711ur5nm-'

* typical values

0.315 mm
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i C PDQSOA .4 4

Position-Sensing Detector

PDQB0A
Description oQ v

The POCAOA detector is a segmented, position sersing, silicon, guadrant detector for precise path alignment of
tight in the 400 ta 1050 nen range. The device &5 capable of meassring beams with 3 spot size smaller than 7.8
mm, whvich is the diameter of the guadrant photodiode array. Mowever, to prevent beam walk-off, we
recommend that the beam diameter be les than 1.9 men. Also, since the detected signal strength decreases
signiificantly when large portions of the spot cross the boundary between the quadrants, beam diameters
greater than 1 mm are suggested_ Therefone, we recommend this device to be used with beams with 3
diameter between 1 mm and 3.9 mm.

Specifications

_Electrical Spocifications | Value | Physical Specifcations | Value
“Wavelerath Range. A0 - 1080 ren Gensor Size &7.8 mm

0.4 AW @ b33 nm Clear Aperture @1/F (@LT mm)

Peak Responsivity 0.4 A'W @ M nm__ “Aperture Thread | 0535 -}
Transimpedance Gain 10 Y/ A .00 x 127 x 0.65
Max Phatocurrent 200 uA Dimersions (50_8 x 30.5 1 16.5 mm}
Output Yoltage Range 22 Vo Miounting Thread B-3T x 0.35 Min Degth
ignal Output Orffset 100 iV W4 to &-11 Adapter
Bandwidth 150 kHz Matric Adapter [Item £ ASAMEE)
[T SpotSize [@10mmio@3.9mm Cable Length S (1.5 m|
Lupply Yoltage Connecior ;ﬁ Hirose G T0A-TE-GF
Requirement BVDC0 H1IVIC pin Receptacis oz HRTDA-TH-AS
Operating Temperature 18 ta 40 € Weight 0.25 lbs. (114 g
Storage Temperature - ko 80

Instructions

Urpaci the POOB0A sermor. install the adapter i metric mounting is preferred.

Plug the connector into one port af a FOQBIST hub.

Fallow the directions for aperation of the huh as described in itz operating manual.

Place a spot onto the detection window for measurement. The input beam spot stze

should be between 0.2 mm and &7 men. For best results the spot shouwld be located

within B0% (7.2 men x 7.2 mm) of the center of the detector. Adjust the power level [ ]
0 that the sum output voltage is less than or equal to & V. This will ensure the best

ignal tn naise ration and that the Tystem iz not saturated.

ok ol ol o

Application Note

For best results low power levels should be used for the position sersar. For the
POQE0A the max
photocurrent 1s 2V / 10 kV/A « 200 uA. Using the photosensitivity curve below, the
system saturation power can be calculated as:

5 200 pA
The POQA0S1 hub has a sample resolution of 12 bits with an input voltage range of
+5V (10 V range), or a voitage resolution of :

v,_,.l;ﬁ! 244mv
PDQSOA Responsivity

| — Vium «244 nA or
=" TORVIA

From this the minimum power required can be
determined based on the required accuracy. For example
#f the user requires an accuracy of 1% then the reading
must be accurate to 1 part in 100. The minimum
photocurrent 15 therefore the lsws x 100, or 24.4 A, Use
the Formula below to find the minimum optical power for
2 ghven wavelength.

Responsivity (AW)

41 0 S0 TO) O 930 1O 1100 1300

Pix 24.4 pA Wavelength (nem)
= Photosensitivity (A/W)
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