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Scanning Probe Microscopy



Schematic of a generalized SPM
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Basic Principles of SPM (STM & AFM)
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electron tunneling current (STM),

interatomic forces (van der Waals force, AFM),
magnetic force (MFM),

capacitive coupling (SCM),

electrostatic force (EFM),

thermal coupling (SThM), etc.
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Scanning Probe Microscopy

Position sensitive detector

Laser \

Braille for Scientists
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SPM kol <1324

eScanning System

*Probe (tip)

*Probe Motion Sensor

o 52 sibaama S0 - Gl S 58 plaials 6



Scanning Tunne!ing Microscopy
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* |In 1981, the Scanning Tunneling microscope was
developed by Gerd Binnig and Heinrich Rohrer — IBM
Zurich Research Laboratories in Switzerland (Nobel
prize in physics in 1986).

* This instrument works by scanning a very sharp
metal wire tip over a sample very close to the
surface. By applying an electric current to the tip or
sample, we can image the surface at an extremely
small scale — down to resolving individual atoms.
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Scanning Tunneling Microscope(STM

\ tip
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For tunneling to take place, both the sample and the tip must be conductors or
semiconductors.
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Two Scan

Imaging of surface topology
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Piezoelectric tube

with electrodes

Sample

———— Tunneling

——

voltage

Control voltages for piezotube

Tunneling
current amplifier

Distance control
and scanning unit

Data processing
and display
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Atomic Force Microscope (AFM)
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AFM senses interatomic
forces that occur between
a probe tip and a sample.

Piezoelectric sample
scanner

Optical lever detection of cantilever deflection
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Silicon Nitride-Contact Mode AFM Probe
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The properties and
dimensions of the cantilever
play an important role in
determining the sensitivity

V v and resolution of the AFM.
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Contact, Non-Contact and TappingMode AFM

Contact Non-contact Tapping Measure topography by

a.Sliding the probe tip across
h LRI, surface

- b.Sensing Van der Waals
attractive forces between
surface and probe tip
| held above surface
T ¢ .Tapping  the  surface
with an oscillating probe

tip

.-h

Contact mode imaging is heavily influenced by frictional and adhesive forces which can
damage samples and distort image data.
Non-contact imaging generally provides low resolution and can also be hampered by the
contaminant layer which can interfere with oscillation.
TappingMode imaging eliminates frictional forces by intermittently contacting the
surface and oscillating with sufficient amplitude to prevent the tip from being trapped by
adhesive meniscus forces from the contammant Iayer The graphs under the |ma§es
represent likely image data resul’f“ng@#gm the three *cechnlques




LiftMode AFM
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| | Force image
LiftMode is a two-pass technique for measurement of magnetic and
electric forces above sample surfaces. On the first pass over each scan,
the sample's surface topography is measured and recorded. On the

second pass, the tip is lifted a user-selected distance above the recorded

surface topography and the force measurement is made.
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Image Insulating Surfaces at High
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Advanced SPM Techniques

Lateral Force Microscopy (LFM)

measures frictional forces between the probe tip
and the sample surface

Magnetic Force Microscopy (MFM)

measures magnetic gradient and distribution
above the sample surface; best performed using
LiftMode to track topography

Electric Force Microscopy (EFM)

measures electric field gradient and distribution
above the sample surface; best performed using
LiftMode to track topography

Scanning Thermal Microscopy (SThM)

measures temperature distribution on the sample
surface
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Advanced SPM Techniques

Scanning Capacitance Microscopy (SCM)

measures carrier (dopant) concentration profiles
on semiconductor surfaces

Nanoindenting/Scratching

measures mechanical properties of thin films and
uses Iindentation to Iinvestigate hardness, and
scratch or wear testing to investigate film adhesion
and durability

Phase Imaging

measures variations N surface properties
(stiffness, adhesion, etc.) as the phase lag of the
cantilever oscillation relative to the piezo drive and
provides nanometer-scale information about
surface structure often not revealed by other SPM
techniques

Lithography

Use of probe tip to write patterns
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Examples of AFM Images

80nm tall elevated features in a Si/SigNg
substrate

Grain growth studies

Lateral force map of a patterned, monolayer,
organic film deposited on a gold substrate. The
strong contrast comes from the different frictional
characteristics of the two materials. 30 pum scan.
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N | metal-foil

Nanoindentation

Using a diamond tip to indent a
surface and immediately image
ot . the indentation. Using
o |« indentation cantilevers, it is
- possible to indent various
samples with the same force in
order to compare hardness

properties.

Indentations on two different
diamond-like carbon films
using three different forces
(23, 34, and 45uN) with four
incidents made at each force
to compare difference in
hardness.

Indentation depths are deeper for the
softer thin film (right).

o 52 sibaama S0 - Gl S 58 plaials 21



STM - Seeing Atoms

STM image showing single-atom defect in iodine
adsorbate lattice on platinum. 2.5nm scan

Iron on copper (111)



Atomic force microscope topographical scan of a glass surface. The micro and nano-scale features of the glass
can be observed, portraying the roughness of the material.
Constructed at the Nanorobotics Laboratery. atiCarnegie Mellon;Wniversity (http://nanolab.me.cmu.edu). 23




image (left, 3D plot) and

brresponding optical

ope image (above, bright
field) of a

cantilever with
v agar spot
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