(SPM)

) SPM

17
(optica microscope)
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SPM

SPM

(confocal microscope)

Z
Abbe (Ernst Abbe,
1840 1905 )
0.2 um 1934
Emst Ruska
(
TEM) (
SEM)



SPM

AFM

Lennard-Jones pair-potential energy

o

r

Resolution | Resolution | Circumstance | Pretreatment | Magnification
XY Z required
Optical 0.2 um 1um air, liquid none 10°
Microscope
Confocal 170nm | 500nm air, liquid none 10*
Microscope
SEM 2nm N/A vacuum hard, 10’
drying,
coating
AFM 01nm | 0.01nm | air, liquid, none 10°
vacuum
Waas ( nN
1980
(scanning tunneling microscope, STM) @
(atomic force SPM
microscope, AFM) AFM
1990
(scanning probe microscope, SPM) 1 SPM
SPM
AFM
SPM STM 1.
1979 IBM Binnig  Rohrer
1982 function
(6}
o 12
EP'(r)=4e (—) —(
1986 STM r
1985  Binnig ¢
Quate  Gerber AFM r
van der £

J
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4 Repulsive
component
‘/ ) atom a Expulsive
Intermittent-contact force
1. t+—> . atom e
o Contal _ ~ll6c Tr
= r=2 -
[o% |
w
"\ atom °
Attractive
Attractive ‘ force
component atom
on-contact
\J
Contact mode Tapping Mode Non-contact mode
PN WA WP S N W A e~ e~
2 5nm
5 100 nm
A few nm
2 bttt

1 (intermittent-contact mode)
(semi-contact mode)

@3

@ 2
(contact mode)
A 2.
3
@ 1
(noncontact mode) (cantilever)
A 2
(©)) (position sensitive photo-diode,
(tapping PSPD) 3
mode) (piezoel ectric scanner)
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Feedback
system

Z
Piezoelectric bx

scanner \% Topography

Piezoelectric
scanner

Feedback
— system

Image
Topography
SPM
PSPD ( 3)
PSPD 4)
(
)

(suspension model) (
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Set point =

[-251:-
s \ Deflection 'i"..::";i .

i / sz
Scanner \ —

Force image

Sample

PSPD (set point)

(error signal image) (Park Scientific
Instruments Corp., PSl) (force image)

PSPD (NT-MDT) z

1)
(lateral force microscopy, LFM)

@

(i) (iii) (iv) (v)

5.
SPM
SPM
1.
1)
(constant force mode)
4
PSPD
(topography)
(2)
(constant height mode)
6.
LFM
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<

‘ Piezoelectric

=

|
AC signal 7
FMM
PSPD SPM
PSPD
6 (C)
orce modulation microscopy, phase image
f odul ati i FMM h i
7 SPM microscopy)
AC 8
@
(force vs. distance curve, force
curve)
z ( 9@)
Detected
Magnitude | Phase-lock phase
-in-amplifier
Phase image
phase —_— 8.
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@ PSPD (b) Force curve
Laser .
c .
S K’ Ad: deflection
& '0..\‘;\ AZ: scanner
3 o displ t
S | g \’\:‘ isplacemen
o Fe=l S
8 A*d “‘ :—__.)
2 8 s 2 AK—
o\ i
__%” Az i A S }Adheswe
9 g 2 force
' = B
(a) Scanner distance (‘— up)
Hook’s law F = k*d, Solid line: scanner extend,
(b) In hard sample, AZ = Ad Dash line: scanner retract.
(force vs distance curve, o 6=AZ-Ad
force curve) 9(b) AZ Ad
Ad AZ Ad
AZ Hertz model
Sneddon model €0
9(b) A (snap-in - 2Etan() o,
2
point) n(1-v?)

F =loading force, 6 indentation
E Youn module of sample,

v Poison ratio (~0.5)

o half coneangleof tip

F
9(b) B
(snap-out point) B i Conical apex
a M o
: of tip s
i
AZ = Ad Elastic sample
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(7

10 (force
volume mapping microscopy) (muscovite mica [(KAI, (OH)
(pixel) AISIL00)]) (highly oriented
(approach line) pyrolytic graphite, HOPG)" SPM
protein  DNA
Sneddon model RNA chromatin chromosomes  polysaccharides
SPM DNA
(retract line)
AFM
SPM .
Lin 1990
1. (phosphate-buffered
sdine) G (immuno-globulin
G, 1gG) 1gG
AFM 1gG
19G
( ) 1l € 1gG,
COOH (metal-chelating
@ peptide, CP = His-Trp-His-His-His-Pro) 1gG.-
CP (nickel-chloride
Q) solution) 1gG1-CP
AFM
(b)
10.
% s, Approach <—
@ % Retract ¢ZZzp
° (a)
(3]
ks
Q
‘s
Image Pixel Scanner position
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(His-Trp-His-His-His)

19G
Droz
1994
HOPG (glow-
discharge)
1gG HOPG
AFM
Warkentin albumin 1gG
fibrinogen ( )
12)
Walivaara
1gG 13
tapping mode 1gG dichlo-
rodimethylsilane
(methylation)
19G
SPM
Miyagawa AFM
(collagen fibril) D-period a
Feninat
(15
DNA
1984 Binnig  Rohrer STM
DNA DNA (Si
wafer) @ Lindsay 1989
AFM DNA @ AFM
DNA
DNA
DNA
1993  Hansma” (butanol)
DNA DNA
1995 DNA n-propanol
DNA (helical structure)
(19)
DNA DNA
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DNA
50 100% DNA
DNA
( base pairs )
DNA e

SPM
( polyethylenimine,
(complex)
Wolfert AFM
poly-L-lysne  DNA

(20)

poly-L-lysine) DNA

Dunlap
AFM DNA polyethylen-
imine @
)
( 1 um
)
1990
@2 Zachee
(27)
Braga
AFM (Escherichia coli)
cefodizime
®  Kotra SPM
(lipopolysaccharide, LPS)
(ethylenediamine tetraacetate,
EDTA) LPS
LPS @ 11
AFM

(Staphylococcus aureus)



0.8 um
0.3 um AFM

AFM

Z
force curve

J Domke M. Radmacher™  AFM
(force curve) gelatin
(gelatin) 300 nm
300
nm

B. B. Akhremitchev
© Sneddon equation

Radmacher®
AFM

Lehenkari®
polyethylene glycol
RGD (Arg-Gly-Asp)

integrin receptor ( )

11
AFM

(Staphylococcus aureus)

(b) (3

M

(30)

Fang

(SiaN,)

AFM
SPM FMM  phaseimage

12 SPM

(35)

12(a)
FMM

(network) (N )

(single) (S )
FMM

force curve
force volume image microscopy

(36)

Haga
(fibroblast, NIH3T3)

(actin filament)
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