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Otner emerging dAFM Tecnniques

High-speed/video rate AFM
Multi-frequency AFM
Sub-surface imaging
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| The driving Torces
Primary needs

High speed
High resolution

Material contrast - mechanical, electrical, chemi
cal, thermal to distinguish a variety of samples

Quantitative metrology

Newer needs
Subsurface information
Live cell imaging
Combined instruments (Raman, IR/thermal etc.)
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= High speed AM-AFM HFﬂhd§Ef z

T. Ando et al, 2001, PNAS, Successive images of myosin 3 / T 'ﬂ -
V on mica in buffer solution. 240 x 240 nm? was imaged
50 times with 100 x 100 pixels. The tip speed is 0.6 mm/s
(scan rate, 1.25 kHz), and the frame rate is 12.5/s. The
tapping frequency is 620 kHz, A,=12 nm, A=11.5 nm.

= M. Miles et al.

* T. Fukuma et al
" 6. Schitter et dl
" 6. Fantner et al.

www.sclsensortech.com e

wmews | Enabling technologies

e HIgh bandwidth Scanner, Z piezo,
_— “ Fast phase detection
" = Small cantilevers (< 20 microns)

“ Excitation mechanisms (photothermal, high
Prove =heer pandwidth magnetic)

UNIVERSITY

Specimen

4



Fligh-spzed AFM

T. Ando et al, Kanazawa (Pflugers Archiv, 2008)

Fig. 3 Movement of kinesm—gelsolin along a micrombule. The
number attached to each image mdicates the tme (s) elapsed afier
imaging began. The armowheads point at kinesm—gelsolin. Scale har,
100 nmy; imaging rate, 0,64 s/frame

M . J. Miles, Bristol, (APL, 86, 2005)
® TInfinitesima Inc.

Fig. 7 Three-dimensional mages of actin filament shidmg movement
captured by high-speed AFM. The number attached to each image
mdicates the ime (s) clapsed after imaging began. Scale bar 30 nm,

Tuning fork provides fast scan axis (~20kHz).

FIG. 1. A schematic of the HSAFM. The sample is mounted on a quartz
crystal resonator that generates the fast scan axis and is driven in the or-
thogonal slow scan axis by a piezo actuator. An optical lever is used to
measure the deflection of the microcantilever. An additional “direct force™ is
applied to the end of the cantilever, forcing the tip to maintain contact with
the surface. By tuning the magnitude of the “direct force™ and the degree of
damping of the cantilever, a high bandwidth passive feedback loop is

~reated

magmg rate, 180 ms/frame

FIG. 2. The images show the surface of crystallized
poly(ethylene-oxide) (PEO) on a glass substrate col-
lected using both conventional AFM and HSAFM. (a)
and (d) were collected using HSAFM over a period of
14.3 and 15.8 ms with a tip velocity in the centre of the
image of 224 and 168 cm/s, respectively (128
* 128 pixels). (b) and (c) show the same area of the
sample as image (a) and were collected using conven-
tional AFM displaying the height and deflection of the
cantilever (error signal), respectively. (e) and (f) show
the same area of the sample as image (d) and were
collected using conventional AFM displaying the height
and deflection of the cantilever (error signal), respec-
tively. The surface of the soft polymer sample showed
no degradation after repeated imaging using both con-
ventional and high speed AFM. Scales bars are 1 um.
Black to white in (b) represents 200 nm, and in (c) rep-
resents 180 nm. The information in the HSAFM images
are a combination of topographic height and slope in-
formation, so the = scale does not have a defined unit or
calibration.



Multi-Trequency AFM

Bimodal or dual AC
Key insight is that T
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Rodriguez and Garcia, APL,84(3), 2004
Lozano and Garcia, PRL, 100(7), 2008
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Multi-frequency AFM
" Bimodal or dual AC
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Figure 1. Companson between amplitude modulation and bimodal
AFM. (a) AM-AFM (monomodal excitation). (b Bimodal AFM.
{c) Schematics of the bimodal AFM instrument. The bimodal
exciiahon/detection umit performs the mulofrequency excitation and

the multicomponent signal processing while the control unit runs the
feedback.

PURDUE Martinez et al, Nanotechnology, 19, 2008
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Multi -frequency AFM
* Bimodal or dual AC

Figure 7. (a} Bimodal AFM phase images (second mode) of lgM
antihodies in water. The objecis that show a pentagonal shape ane

i ) 3 4
Time (ua)

Figure 3. Comparizon between AM-AFM and bimodal AFM images miarked by circles. The inset shows the frequency spectrum of a

of IgG antibodies. (a) Topography and (b} phase images of an 26 commercial cantibever in water. The dashed lines indicate the
obtained n AM-AFM. (c) Tip osallation in AM-AFM (top) and frequencies of the first and second flexural modes of the cantilever.
bimodal AFM (bottom). (d)} Topography n bimodal AFM. (e) Phase They were determined by measuring the thermal noise spectrum.
shift image of the first mode in bimodal AFM. (f) Bimodal AFM iy TDPDE‘IEPh\' of an IS-I:;l..I].il.'.il a.nul:-nd_'.- {c) First mode phEI.E-C |rr|.-agv:
phase image frrq:cun-:l mode) of the same antibody. The image shows and (d) bimodal AFM phase image (sccond i) of the asme

a Y-shaped objecL antbody.
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Multi-frequency AFM

= Blmodal or dual AC

FIG. 2. (Color online) HOPG graphite surface, 30 pm scan. The cantilever
was driven at its fundamental (~69.5 kHz) and second eigenfrequency
(~405 kHz). (a) shows the topography and (b} is the fundamental amplitude
channel, used for the feedback error signal. The fundamental phase image
(c) shows an average phase lag of ~34° indicating that the cantilever was in
repulsive mode for the entire image. The second mode amplitude is shown
in (d). The three dimensional rendered topography colored with the second
maode amplitude is shown in (g). This method of display allows easy spatial
correlation of the two channels.

PURDUE | ¢ icch, apL, 89, 2006
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FIG. 3. (Color online) Dense mat of DNA imaged in buffer, 750 nm
scan. The 60 pgm Bio-Lever was driven at its fundamental resonance
(~~8.5 kHz) and at its second mode (~55 kHz). The topography (a), funda-
mental amplitude (b), and fundamental phase (c) all show very little differ-
entiated contrast. The second mode amplitude (d) shows clear, high contrast
images of what appear to be strands of DNA molecules. The second mode
amplitude was painted onto the three dimensional rendered topography (e)
to allow spatial correlation of the two data channels.



Subsurfrace imaging using ulrrasound
Heterodyning prmcuple for AFM first developed by
Cuberes, Kolosov, Briggs (Oxford)

Later used by Dravid et al (Northwestern), and

Passian and Thundat (Oakridge)'™ probe exciation f, (MHz
Sample surface vibration f =

= — ) j@;jjjj@jfff;i:;;
- P
HF piezo excitation f; (MHz) HF piezo excitation f, (MHZz)

Tip sample gap d(t)=(.)cos(f1)+ (.) cos(f,t)
Tip-sample force F..is a nonlinear function of d, so
it contains frequency components including fs- fp

EURDUE ‘Measure amblitude and bhase of fe-fb <ianal



Subsurface imaging using ultrasound

Nanoscale Imaging of Buried Structures via Scanning Near-Field Ultrasound Hol...
Gajendra S Shekhawat; Vinayak P Drawid

Science; Oct 7, 20035; 310, 5745; Research Library Core A B
( Silicon Nitride
pg. 89
A P
Folymer 500 nm
ﬁﬂhﬁ::ﬂiﬂh ! 1 |'rl"'| 15-20 nm F‘.rnhhl*ri:r';_n
PV 53 nm
Arid ! Fig. 3. (A) Schematic of the model
ﬂﬁ'ﬂﬂ test sample for detecting embedded
defects/voiding in shallow trenches.

(B) Typical AFM topography image
shows a coating of low-dielectric
material [benzocydlobutene (BCB)],
500 nm thick, uniformly covering
the trenches. Trench width is ~400
nm and height is ~1 um. (C) Phase image of SNFUH clearly reveals the surface elastic contrast and
embedded voiding in polymer coating over nitride and hardening of it at the trench walls, a result of its
curing. This is evident from the contrast at the trench walls. (D) The line profile across the void, marked

mrmmes W W i 1EL Damardkahlu bioh cohoidfacs nhaca recnlittinn e arhisusd
Fig. 4. AFM topography A
images (A and C) and
SNFUH phase images (B
and D) of malaria-infected
RECs. In (A) and (B), ob-
tained after 24 hours of
incubation, the topography
image shows typical sur-
face features of RBCs with
scan size of 10 pm by 10
pm, whereas the SNFUH
phase image shows re-
markable contrast from

parasites inside the RBC at

| nanoscale spatial resoilui Malaria

: o PRI tion. The images in (C ‘ parasiles
C_ami_hlusuhsurfam : and (D) show early-stage
feature is present feature is present parasite infection after 4

hours of incubation.
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Imaging nanoparticles in cells by
nanomechanical holography

LAURENE TETARD'2, ALI PASSIAN'#*, KATHERINE T. VENMAR', RACHEL M. LYNCH', BRYNN
GAJENDRA SHEKHAWAT?, VINAYAK P. DRAVID® AND THOMAS THUNDAT"2

' Bigsciences Division, Dak Ridge National Laboratory, Oak Ridge, Tennesses 37831, USA

*Depariment of Physics, University of Temessee, Knowille, Tennessee 37996-1200, USA

*Materids Science & Nor Niinois G0208, USA
*g-mail: passianan@oml.o o
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Agure 3 Nanoparticles detectod inside red blood cols. a-d, AP togogmpty fa.c) and SFLM ghase () images of rybrocytes obtained from e BAL i o
a0 SWONH-xpeed mouss 24 h pet-apiaion. o, Profes biken dong ', and ', acrs nnchoms buried i ¢ nd d, respctvly, show Lt SNFLH can resole

fampartiches that am ingide the call.

Challenges

“ Not clear how mm wave length
achieves high resolution

“ Not depth sensitive

® Image formation not understood
PURDUE
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Figure 1 Intracelular imaging of aspirated nanoparticles using ultrasonic
holography. The signal access module (SAM) povides he instantaneous
wcation of the refiected laser beam 28 monitored by a pesition-sensitive
detector (PSD). The dynamics of he cantilever is presenied al e input of a

ok in amplifier. The local perturbaion in he coupled oscillabons of the
ullrasanic- driven microcantikv e - macophage syslem is manilored wilh he
lock-in using he dffemnce requency I, -1, as refemnce. By mapping the
strengt of the coupling in a scanned area of the cell, a phase image emenges
thal comtains inormation on the buried SWONHS.
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