
Scanning Tunneling Microscopy (STM)

--- G. Binnig, H. Rohrer et al, (1982)

Near-Field Scanning Optical Microscopy (NSOM)

--- D. W. Pohl (1982) 

Atomic Force Microscopy (AFM)

--- G. Binnig, C. F. Quate, C. Gerber (1986) 

Scanning Thermal Microscopy (SThM)

--- C. C. Williams, H. Wickramasinghe (1986))

Magnetic Force Microscopy (MFM)

--- Y. Martin, H. K. Wickramasinghe (1987) 

Friction Force Microscopy (FFM or LFM)

--- C. M. Mate et al (1987) 

Electrostatic Force Microscopy (EFM)

--- Y. Martin, D. W. Abraham et al (1988)

Scanning Capacitance Microscopy (SCM)

--- C. C. Williams, J. Slinkman et al (1989)

Force Modulation Microscopy (FMM)

--- P. Maivald et al (1991) 

Scanning Probe 
Microscopy (SPM)



Scanning Tunneling Microscopy
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Near-field Scanning Optical Microscopy (NSOM)

Shear force detection is used to regulate 
the tip/sample separation



Probes for NSOM



Imaging modes for NSOM
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Polystyrenes of 100 nm on glass



Electrochemical STM



Fabrication of Tip for EC-STM



Sulfate desorption on Cu (111)
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Interaction between the probe and sample

Lennard-Jones potential φ(r) = - A/r6 + B/r12

Short-range:
1) Bonding
2) Repulsion

Long-range:
1) Van der Waal
2) Capillary
3) Magnetic
4) Electrostatic



Probes of various functions

thermocouple tip

sample



Lateral Force Microscopy

(A+C) – (B+D)

Topography
Nature rubber/EDPM blend

LFM

• LFM is sensitive to friction and chemical forces.

• Image contrast depends on the scanning direction.

• Surface roughness will contribute to the contrast.



CFM scan of well-defined regions that terminate in either methyl or 
carboxylic acid groups. When a carboxylic acid-terminated tip is used for 
imaging (left), the carboxylic acidterminated regions exhibit greater frictional 
force (lighter color) than the methyl-terminated regions. When a 
methylterminated tip is used (right), the friction contrast is reversed. No 
differences are revealed by the topographic AFM scan (not shown) since the 
functional groups are structurally quite similar. Image courtesy of Dr. C. 
Lieber, Harvard University.

Chemical Force Microscopy



Scanning Thermal Microscopy (SThM)



Scanning Capacitance Microscopy (SCM)



SCM CV Curve



Scanning Capacitance Microscopy

AFMSCM

InP/InGaAsP
Diode Laser



1. Most SCMs are based on contact-mode AFM with a conducting tip.

2. In SCM, the sample (or the metallic tip) is covered with a thin 
dielectric layer, such that the tip-sample contact forms a MIS 
capacitor, whose C-V behavior is determined by the local carrier 
concentration of the semiconductor sample.

3. By monitoring the capacitance variations as the probe scans across the 
sample surface, one can measure a 2D carrier concentration profile.

4. One usually measures the capacitance variations (dC/dV), not the
absolute capacitance values.

5. No signal is measured if the probe is positioned over a dielectric or 
metallic region since these regions cannot be depleted.
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Magnetic Force Microscopy (MFM)

F = ∇(m • H)

Tips: silicon probes are magnetically sensitized by sputter 
coating with a ferromagnetic material. 

Resolution: 10 ~ 25 nm. 

Applications: hard disks, magnetic thin film materials, 
micromagnetism. 
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Lift mode of AFM



MFM Images

mT = mZ

mT = mx + mz

Fz = ∂(mxHx + myHy + mzHz )/∂z
Tip as a point dipole

Tip as a long rod

Fz = mzHz



Bits (50 nm) on a magneto-optical disk

Scan area (5μm× 5μm)

AFM MFM



P.D. Wolf et al., J. Vac. Sci. 
Technol. B 18, 361 (2000).



1. All SPMs are based on the ability to position various types of 
probes in very close proximity with extremely high precision to the 
sample under investigation.

2. These probes can detect electrical current, atomic and molecular
forces, electrostatic forces, or other types of interactions with the 
sample.

3. By scanning the probe laterally over the sample surface and 
performing measurements at different locations, detailed maps of
surface topography, electronic properties, magnetic or electrostatic 
forces, optical characteristics, thermal properties, or other 
properties can be obtained.

4. The spatial resolution is limited by the sharpness of the probe tip, 
the accuracy with which the probe can be positioned, the condition 
of the surface under study, and the nature of the force being 
detected.


