EE213. Microscopic Nanocharacterization of Materials
Lecture 12. 2016

Scanned Tip Microscopies

a. Scanning Tunneling Microscopy
Atomic Force Microscopy

Near Field Optical Microscopy
Scanning Conductance Microscopy

Q00U

Today, final paper topic due by midnight
(list top three choices)
March 1, final paper rough outline due



Final Paper

1.

2.

Paper: due last day of class

Topic should be about a particular microcharacterization
technique and comparison with at least one other method.
From topics covered in course outline.

You must discuss the spatial resolution characteristics and
limits.

Abstract or summary of each paper listed as references.

Discuss typical application use, briefly.



Microscopy Through the Centuries

A
nsin®

d =constant e

To get better resolution:

1) Reduce A
electrons, xrays

2) Increase nsin®
better lenses, “oil”

3) Decrease constant
confocal

» 4) Take away lenses
near field
scanned tip



Scanned Tip Microscopy

Signal (X,y,z)

>< Scan

—»'e—— size

height I

Sample

*Resolution is a function of size, height and mechanism used

eno lenses are used

*Far field optics is not involved
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Metrology & Instrumentation : Stylus Profilers

DEKTAK 150

SURFACE PROFILER

The industry leader in performance,
repeatability and application versatility

Dektak 150 Surface Profiler 3D

High performance repeatability, versatility and value in a single system

Industry-leading performance, repeatability, and standard scanning range size are all built into the Dektak 150
Surface Profiler - the culmination of four decades of stylus profiler technology innovations.

The Dektak 150 Surface Profiler offers a variety of configurations and add-on options for superior repeatability,
programmability, low-force characterization, and detailed analysis. For power, performance, and reliability, there
has never been a more complete profiler at a better price.



Established types of scanning probe microscopy

» AFM, atomic force microscopy (1

s Contact AFM

« Non-contact AFM

« Dynamic contact AFM

« Tapping AFM
« BEEM, ballistic electron emission microscopyl?l
« CFM, chemical force microscopy
s C-AFM, canductive atomic farce microscopyl?]
s EFM, electrostatiz force microscopyl
e ESTM electrachemical scanning tunneling mizroscopel]
o FMM, i i1 i al®l
* KPFM, kelvin probe force microscopyl?]

o MFM. magnetic force microscopyd®l
+« MRFM, magnetic resonance force microscopyl®]

« NSOM, near-field scanning optical micrascopy (or SNOM, scanning near-field optical microscopy)li’]
¢ PFM, Pz oAt

¢ PSTM. o ; : ;
» PTMS, photothermal microspectroscapy/miCroscopy
s SECM, =2 P ,
s SCM, scanning capacitance microscopyl!?l

» SGM, scanning gate microscopyl 1l

« SICM, scanning ion-conductance microscopyl ¥l

« SPSM spin polarized scanning tunneling micrascopyl 18]
* SSRM, =2 >
« SThM, scanning thermal microscopyl ¥

orassamdld]

« STM, scanning tunneling microscopyl!®l
« SVM, scanning voltage microscopyl2d

* SHPM, scanning Hall prabe micrascopyle!l]
« SXSTM synopaoton

from Wi P‘AA“
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F1G. 5. Applications of field emission ultramicrometer; (a) strain
gauge, (b) differentiai thermal expansion cell for small samples (c)
mechanical vibration sensor, and (d) surface profile delineator.

R.D.Young, Rev. Sci. Instr. 37(3). 1966.pp.275-278.
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X )
X
CONSTANT CURRENT MODE CONSTANT HEIGHT MODE

M. Isaacson. Micorscopic
Nanocharacterization of Materials.
-ﬂau re 2, (Ommov STM aperaju.,\ra( mwudes  Cambridge University Press. 2016.
J ' |



Field Emission Tip

Single atom protrusion
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www.fkp.uni-erlangen.de/methoden/stmtutor/stmpge.html
T. Fauster




Atomic resolution of Au(lll)

www.fkp.uni-erlangen.de/methoden/stmtutor/stmpge.html
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Atomic Force I—IGHT
Microscope

PHOTODIODE
d> LENS

AN

CANTILEVER

f
N

\

Binnig, Quate and Gerber.
Phys.Rev.Lett. 56.930 (1986)

XYZ TRANSLATOR
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Tip is in hard contact
with the surface;

repulsive regime Tip is far from the

/ surface; no deflection

Tip is pulled toward the
surface - attractive regime

Probe Distance from Sample (z distance)
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Tip is in hard contact
with the surface;

repulsive regime Tip is far from the

/ surface; no deflection

Tip is pulled toward the
surface - attractive regime

Probe Distance from Sample (z distance)




AFM Cantilevers and Tips

Cantilever Geometry

Cantilever base ¥
- ‘}*
F X
, ‘
e e e
i

h| B
{ Tipheighthis
to the mviddle of

the beam SEM image of cantilever

Microfabricated cantilevers with integrated tips

— Silicon nitride, silicon oxide, silicon
— Spring constants: 0.1-1 N/m (contact), 10-100 N/m (non-contact)
~ Resonance frequencies: 1-50 kHz (contact), 100-300 kHz (non-contact)

— Coatings depend on application: eg. conducting, magnetic,
functionalized (specific molecules)

http:/Iphysics.usask.ca/~chang/course/phys404/STMandAFM.pdf
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single Nucleosome Molecule

ho30.2 M salt

Scan Size 100 nm

n-situ observation of DNA and histone separation from a single nucleosome molecule due to increased s
salt concentration using a flow-thru cell.
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18 Noncontact Atomic Force Microscopy 249

Optical fiber

r___“/ r, Linear motion feedthrough (Lock)
m |!E Linear motion feedthrough (Shutter)

-
| Wires

Liquid nitrogen Dewar (3.81)
Liquid helium Dewar (4.6 1)

R Ar ion sputter gun
; Metal evaporator
Shutters 1. b=t |,
Sl e
View port T ] r _:%

e —

y Transfer rod
It

] Shields |_| SIP TSP
S.LP, TSP
3 r

R)bservatxon chamberJ Preparatlon chamber l

_q\

L 1

Fig. 18.2. Side view of the observation and the preparation chambers for a low-temperature
NC-AFM system

sample and cantilever exchange is performed even at low temperatures. The optimal
and reproducible positioning of the optical fiber with respect to a cantilever can
be performed with a specially designed three-dimensional micropositioner within
10 min.

As the force sensor, we used a conductive silicon cantilever with a sharpened
tip. The spring constant and mechanical resonant frequency were 40—60 N/m and
150-170 kHz, respectively. The nominal radii of curvature for the tip apex were
5-10nm. The silicon tip was cleaned by sputtering with Ar jons. There are the
dangling bonds out of the silicon tip apex. The NC-AFM image was obtained under
the constant frequency shift.

18.3
ldentification of Subsurface Atom Spedes

NC-AFM has the capability to identify or recognize atom species on a sample
surface, if we can control the atomic species at the tip apex. That is, we succeed in
identification of Si and Ge atoms by imaging the Si/Ge intermixing Si(111) surface



Pentacene molecule

Gross, L.; Mohn, F.; Moll, N.; Liljeroth, P.; Meyer, G. (2009). "The
Chemical Structure of a Molecule Resolved by Atomic Force
Microscopy". Science 325 (5944): 1110-1114.
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FAR-FIELD
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Fig 6 (a) The near-field point spread function, PSF(r) due to
an aperture of radius R The sohd line 1s for an aperture in a
perfectly conducting screen (neglecting the intensity increase
at the aperture edge), the dashed hine 1s for an aperture 1n an
aluminum screen with fimite dielectric constant assuming A =
488 nm The pomnt spread function 1s evaluated at the exit of
the aperture (b) The modulation transfer functions of the
near-ficld 1imaging systems giving the point spread functions
shown n (a) Again, the dashed line 1s for an aluminum
screen of fimite dhelectric constant
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18 M. Isaacson et al. / Resolution in near-field optical microscopy

with a contrast of the MTF of 9%. On the other
hand, the Sparrow criterion (in which the second
derivative at the center of the intensity sum from
two point objects is zero) [23] gives a resolution of

r=10.47x/nsin 8 (2b)

with an MTF contrast of zero. One should note
that the resolution criteria given above are some-
what arbitrary and the practical resolution limit is
related to a minimum detectable contrast, which
is related to the signal to noise ratio of the
imaging system. In addition, it should be stressed
that in all cases, the MTF of the far-field incoher-
ent imaging case depends upon the wavelength of
the radiation used. All we can do to improve
resolution is somewhat reduce the proportionality
constant in eq. (2), reduce A or increase the
numerical aperture 7 sin 6.

3. Near-field optics

If we relax the far-field condition, and allow
ourselves to investigate the spatial distribution of
the radiation in the near field, we can use the
same treatment as before to obtain a point spread
function and a modulation transfer function for
near-field imaging. It should be pointed out that
to properly deal with the near-field case we must
solve the 3D vector diffraction problem. Here we
will consider a simplified case assuming the Kir-
choff formulation [24] and will consider the more
rigorous case in a later paper.

Consider the schematic shown in fig. 4. Here,
plane wave radiation again illuminates an aper-

Fig. 4. Schematic representation of light probe formation
without a lens.

R

Fig. 5. Calculation of the power transmitted through an aper-
ture in an infinitely thin, perfectly conducting screen. The
incident radiation is assumed to be a polarized plane wave
incident normal to the aperture plane. The electric field is
paraliel to the x-axis and the magnetic field is parallel to the
y-axis. The intensity plot shows the power at a distance of
R /10 from an aperture of radius R where R= 2 /50, A =500
nm (from ref. [16]). ~

ture in an opaque screen. Only now we consider
the spatial distribution of radiation in the imme-
diate proximity of the exit side of the aperture.
The intensity of radiation here is just given as -

Le(r) = 1 A(p) A(p)" | = PSFyz(r) (32)

where r is again the coordinate in the sample
plane (which here is at the aperture exit and is
the same as p) and A(p) has the same meaning
as before. Thus, the intensity distribution in the
near field is essentially the geometric projection
of the aperture (or more accurately the modulus
squared of the aperture function). Note that this
is not exactly true, since a more rigorous calcula-
tion indicates an increase in the intensity at the
aperture edge. This has been shown before for
the case of apertures in thin perfectly conducting
screens and the result of such a calculation by
Harootunian [16] is shown in fig. 5. In fig. 6a we
plot a representation of eq. (3a) where R is the
aperture radius.

The modulation transfer function for the point
spread function given by eq. (3a) is again the
Fourier transform of the PSF.

MTE( f)ne = [ Ine(7)]
=#[A(p) A(p)"]
—slA(p] es[a)]” ()
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Near Field Scanning Optical Microscopy
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Near Field Scanning Optical Microscopy (Reflection)

aluminum on silicon

400nm

Shear force NSOM

Cline and Isaacson, Ultramicroscopy



SHEAR FORCE REFLECTION

Fig. 8. Shear force and reflection images of an aluminum-on-aluminum pattern. The images display the effect of the topography on the
imaging. The white scale bars are 2-pm bars, and the detector is oriented on the bottom on the image.

4874 APPLIED OPTICS / Vol. 34, No. 22 / 1 August 1995 J. Cline and M. Isaacson



NSOM Instrument Constructed at Cornell

ALUMINUM LETTERS fabricated on a silicon nitride substrate
M.lsaacson, 8/3/10 imaged with a near field optical microscope. The full horizon-
tal scale is 550 nm, the wavelength of the light being used.

M. Isaacson and E. Betzig, Cornell University
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RAMAN SCATTERING ( a chemical fingerprinting tool)
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Fluorescence is limited by the need to label and photobleaching.
> Raman spectroscopy provides molecular information

Raman: inelastic light scattering Raman spectrum of a single bacterial spore
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Raman spectroscopy provides
®m Fingerprint spectra (molecular identity)
®m Information about 3d structural changes (orientation, conformation)
®m [nformation about intermolecular interactions
® Dynamics

Raman scattering, however, is extremely inefficient

Only 1 in 108 incident photons are Raman scattered
Typical scattering cross-sections ~ 1030 cm2 (15 orders of magnitude lower than fluorescence excitation)
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In 1977, an interesting finding was reported, starting the “age of surface-
enhanced Raman spectroscopy”

® Flat surfaces give Raman enhancements W’ 2
in the range of 10°— 10 f ,““'m

B Jeanmaire and Van Duyne, J.
Electroanal. Chem., 84, 1 (1977)

B Albrecht and Creighton, J. Am.
Chem. Soc., 99, 5215 (1977)




Surfaced Enhanced Raman Scattering
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Figure 1

nm

(@) lustration of the localized surface plasmon resonance effect. (#) Extinction efficiency (ratio
of cross section to effective area) of a spherical silver nanoparticle of 35-nm radius in vacuum

|E|? contours for a wavelength corresponding to the plasmon extinction maximum. Peak
|E|?> = 85.



J. Chem. Phys_, Vol. 116, No. 15, 15 April 2002
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FIG. 2. Typical optical spectroscopy measurements of individual silver
nanoparticles. The figure shows the spectrum of an individual red, green,
and blue particle, and the high-resolution TEM images of the corresponding
particle are shown above their respective spectrum. This example is a rep-
resentative of the principle conclusion that the triangular shaped particles
appear mostly red, particles that form a pentagon appear green, and the blue
particles are spherical.



The plasmon resonance of metal nanoparticles depends on
their size, shape and composition
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Computer model of E-fields
at triangular silver tip
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Figure courtesy O.J. F. Martin

Gold/silver nanoparticles Ref.- Chem. Phys. Lett. 341, 1 - 6 (2001)

- are polycrystalline and faceted

+ support surface plasmons excited with visible light

+ leakage radiation has evanescent nature at surface irregularities
- exponential decay leads to highly localized fields




Fig. 3. Surface-en-
hanced Raman spectra ] - -

of R6G obtained witha | y Nanoparicle || .
linearly polarized confo-
cal lager beam from two
Ag nanoparticles. The
R6G concentration was
2 X 10-" M, corre-
sponding to an average
of 0.1 analyte molecule
per particle. The direc-
tion of laser polarization
and the expected parti-
cle orientation are shown
schematically for each
spectrum. Laser wave-
length, 514.5 nm; laser
power, 250 nW,; laser fo-
cal radius, ~250 nm; in-
tegration time, 30 s. All R
spectra were plotted on —— ————————— —
the same intensity scale 1800 1600 1400 1200
in arbitrary units of the Raman shift (cm™)
CCD detector readout signal.
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Nanoscale Probing of Adsorbed Species by Tip-Enhanced Raman Spectroscopy

Bruno Pettinger."”* Bin Ren.!? Gennaro Picardi.! Rolf Schuster.! and Gerhard Ertl

Iong 2222222222 s
distance /
objective

gold sample

FIG. 1. Experimental setup for TERS using the 60° arrange-
ment. Olympus long distance microscope: 50 X magnification,
NA = (.5. He-Ne laser: 5 mW at the sample, A., = 632.8 nm.
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FIG. 4. Comparison of RRS and TERS spectra for malachite
green isothiocyanate adsorbed at a Au(111) surface. The laser
power in the TERS case is reduced to 0.5 mW; the spectral
intensities are normalized to full laser power (5 mW) and
acquisition time 1 s. The actual acquisition times were TERS,
1 s and RRS, 60 s. The MGITC dye is adsorbed from a 1077 M
ethanol solution for 30 min. Tunneling current: 1 nA; voltage:
—150 mV. Inset: Time dependence of the integral intensity of
the 1618 cm ™! band for the reduced laser power.
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FIG. 3. TERS and RRS for other tip-metal configurations.
Top panel: Ir tip/Au(111); acquisition time 30 s. Bottom panel:
Au tip/Pt(110); acquisition time 2 s. For both configurations,
the MGITC dye is adsorbed from a 107 M ethanol solution for

30 min. Laser power: 5 mW. Tunneling current: 1 nA; voltage:

—150 mV.



Tip enhanced Raman spectroscopy for chemical characterization of nano-structures

Mischa Nicklaus?, Andreas Ruediger’

'INRS-EMT, Université du Quabec, 1650, Boul. Liona-Boulet, Varennes J3X 152

Keywords : Near field microscopy, Raman spectroscopy, scanning probe
microscopy, ferroelectrics

Nano-electronics and biotechnology call for analytical methods with nanometer
precision. Common techniques that provide such high resolutions are electron
microscopy (SEM) and scanning probe microscopy (e.g. STM and AFM). Although
some of these techniques can probe the topography of the sample with atomic
resolution, the chemical and structural information remains unknown. Chemically-
sensitive methods like Raman or IR-spectroscopy are physically limited by the
diffraction limit of light and thus do not provide access to the nano-scale. With the
goal of making chemical characterization available at nanometer resolution, we are
working on tip enhanced Raman spectroscopy (TERS). This aperture-less near-
field scanning microscopy is based on an atomic force microscope that uses
localized surface plasmons at the apex of the microscopy tip (Figure 1) to generate
an optical near-field of a few nanometers in diameter. While scanning the surface
of the sample, the plasmons at the tip act as light source for the Raman
spectroscopy (Figure 2) and the chemical structure of the sample can he mapped
with molecular sensitivity. Our system is specifically designed to allow the
characterization of insulating and opaque samples. We are therefore using a
tuning fork AFM operated in shear force mode with electro-chemically etched gold
tips. The optical access for the confocal Raman measurement is established from
the side. We are presenting scans of carbon nanotubes with 15 nm optical
resolution and first TERS spectra of PbTiO; nano structures.

Figure 1 - SEM Image of an electro-chemicaly etched goid tp for 3p enhanced
Raman spactroscopy.

65

604  ——Tipon CNT
5§54 | = Tip 30 nm next 1o CNT

G-Band (CNT

o
o
1

457

\L

Background (samgle holder) ‘

D-Band (CNT)

Raman Sgnal [Counts]

- N W W e
oo w;mo um o
Lo b o L .Ul Lol

.8 v Y
1000 1200 1400
Spectrum [em’]

ﬂg.rez-ﬂpenrmced Rznmspeaunofacamonnano:me(rem.muue
curve shows the loss of the G-band whan the carbon nanotube is positioned
wnmam'mmm.msmmmpwm&pmmmmm
high Iateral resoiution of TERS.

1600 1800



Decay of SERS Signal away from Object
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FIG. 3. (a) Dependence of the Raman scattering strength of
the G’ band (/) on the longitudinal separation (Az) between a
single SWNT and the tip. The solid line is an exponential fit
with a decay length of 11 nm. The signal is normalized with the
far-field signal. (b) Scanning electron micrograph of a sharp
silver tip fabricated by focused ion beam milling.

From Hartschuh, et.al. 2003
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Thermal Conductance Microscopy
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Figure 8 Experimental apparatus and details of the canalever thermocouple probe used for SThM
(22).

Majumdar A, Carrejo JP, Lai J. 1993 Appl.
Phys. Lett. 62:2301-3 _
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Figure I Schematic diagram of the scanning thermal profiler (13).
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Topographic Image Thermal Image

Graound

/

Drain

(A) ' So urce

Interconnect
X
20 40 60 80 nm 20 40 60 80 um
Height Range: 3 um Temperature Range: 32.2 - 328 °C
Topographic Image Thermal Image

(B)

5 10 15 20 pm

W

10 15 20 pm

Figure 14 Topographical and thermal images of a Si-MOSFET obtained with a diamond-tip wire
thermocouple cantilever SThM probe: (a) 100 um x 100 xm scan size and (b) 25 pm x 25 ym
scan size (25).

Nakabeppu O, Igeta M, Hijikata K. 1997.
Microscale Thermophys. Eng. 1:201-13



Scanning Capacitance Microscopy
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Figure 2 System drawing of a generic SCM with AFM topographic control.

C.C. Williams (Ann. Rev. Materials Science.29(1999).474-504.



Capacitance sensor
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Figure 3 Schematic diagram illustrating the RCA capacitance sensor.

From Palmer et.al. RCA Review.43(1993)194
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Capacitance Microscopy
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Figure I SCM 1mage of a cross-sectioned MOSFET device structure showing the key elements
From C.C. Williams. 1999
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Figure 17 (a) Companson of a converted SCM profile with a spreading resistance profile (SRP)

on a large stepped dopant structure. (b) Comparison of a converted SCM profile with a SIMS
measurement on a much smaller scale dopant profile with 50-nm steps.

From C.C. Williams, 1999
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FIG. 1. (Color online) (a) Schematic of a SICM setup, which is based on an electrolyte-filled nanopipette. The ion current, I, induced by an applied voltage
between the two electrodes, U, is measured by a nanoampere amplifier and used for feedback via a computer-based controller and an x-y-z-scanner. (b)
Three-dimensional schematic and (c) two-dimensional cross section of the pipette tip region that are modeled with finite element analysis, indicated by a red
box in (a), here shown for a planar sample with two cylindrical particles (radius r, height Ay, and distance d). The scanning process is simulated by changing
the relative pipette-sample orientation (x,y,zo). A series resistance R, suffices to model the remaining upper part of the pipette.



Scanning lon Conductance Microscopy (SICM)

Fig. 1. The SICM scans a micropipette over the
contours of a surface by keeping the clectrical
conductance through the tip of the micropipette
constant by adjusting the vertical height of the
probe.

From P. Hansma, et.al.
SCIENCE.243 (1989).641
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Fig. 2. Resolution test for the SICM. A pipette
with an ID of 0.71 mm and an OD of 1.00 mm
was scanned at constant height over three
grooved plastic blocks with spacing of (a) four
tumes, (b) two tumes, and () the same as the [D of
the pipette. A 0.1M NaCl solution covered the
blocks and filled the pipette. Note that even the
grooves spaced by the ID of the pipette could be
resolved.



From p. Hansma,
et,al. 1989

Fig. 4. (A) A SICM topographic image of the
0.8-pum diameter pores in a Nuclepore membrane
filter (24). (B) The same image presented in a top
view, (C) A SICM image of the ion currents
coming out through the pores. The false colors go
from black at the background level of current, 8
nA, up to white at the maximum level of =40 pA
above the background. The imaged arcais 7.8 pm
by 4.5 pm for all three images.



Korchey, et.al. 1997
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FIGURE | Diagram of sensing mechanism of the scanning ion conduc-
tance microscope. (A) The micropipette tip/surface interaction. The posi-
tion of the micropipette tip relative to the sample surface strongly influ-
ences the access resistance (R, ) and, consequently, the ion current (1)
flowing through the pipette. The current value at a distance (d) that exceeds
the radius (r) can be used to control the vertical position of the tip to sense
neighboring structures that are higher than the vertical sample/probe sep-
aration. During the scan, the tip of the pipette, with its “spherical current
sensor” of radius d, “rolls” over surface irregularities of the specimen
without damaging it. (B) Companison of expected and actual values of tip
current (/) as a function of the sample/tip separation (d). The theoretical
curve was calculated for a simplified model of a frustum (truncated
cone)-shaped tip of known geometry approaching a flat, nonconductive
surface. The experimental data show the approach characteristic of a tip of
similar geometry. The vertical arrow indicates the value of current (control
point) used for the scanning protocol in the feedback control circuit,



Korchey, et. al. Biopphys.J.73(1997)653.
SICM

FIGURE 3 (A, B, D-F) Scanning ion-conductance microscope images, in real time, of a confluent monolayer of a human colon cancer cell line (Caco-2)
in a 11 mixture of phosphate-buffered saline and medium (RPMI 1640 with 20% fetal calf serum). During the 8-h period of continuous scanning
(monitoring), the cells remain viable and motile. A and B, separated by 140 min, show movement of the “junction” between five cells. The nuclear regions
of two cells are discernible under the membrane as the lighter areas, and the boundarnies between cells (arrows) appear to be raised. At higher magnification
a variety of surface morphologies were observed in the five adjacent cells (D-F), One cell (rop left in D, and at higher magnification, E) showed filamentous
structures, reminiscent of microfilaments, converging on the “junction.” Other cells had numerous surface projections, possibly microvilli. The projections
(top right in D, and at higher magnification, F) can represent a developing brush border. (C) Scanning electron micrograph of Rama 25 mammary carcinoma
cells in culture. The cells were grown on plastic in culture medium with serum (Bennett et al., 1978). Microvillous cell surfaces, with denser microvilli
marking cell boundaries (arrows), can be observed. These cells grow in culture as a single layer (monolayer), similar to the human colon cancer cells. (This
scanning electron micrograph was kindly provided by Dr. D. C. Bennett.)
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Scanning lon Conductance
Microscopy

FIG. 2. |Coler online) Cross sectica through the pipetts showing the caku-
lated distribution of the ica current density in the tip region. (2] When the
pipsttesample distance is much larger than the inner pipatte radius Izp
% r,), the current dersity below the tip has spproximately spherical isosur-
faces  I(white  lines: equally spaced coatour lines  at
02,04,...,20 pA/nm®). (b) When the tip comes into the vicinity of a
planar sample (7,=167,), these isosurfaces start deforming. [(c) and 1d)] At
even smaller pipette-sample distances |z;= |17, and 7,=0£r, respectively),
a ring-shaped area of high currert density is formed below the pipetis walls.
Parameters used for this Agure: inner pipette radius r,=25 nm, outer pipette
radius r =27, conductivity o=1 Sm™, and applied voltage U=1 V.

From Rheinlaender, et al. curent donssy J (pAY)
J Aol Phve 105(2009) ' §



Scanning lon Conductance
Microscope (SICM)
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