
Introduction 

 

- Scanning Tunneling Microscope (STM) 

 Invented by Gerd Binnig and Heinrich Rohrer in 1982. 

 An atomically sharp tip is placed sufficiently close to the 

surface of a conducting sample that tunneling of electrons between 

the two is possible. 

 The images, which can have atomic resolution, give a 

measure of the local density of states of the electrons whose energy 

is at the Fermi level. 

 The atomically short depth of focus of the STM distinguishes 

it from scanning or transmission electron microscopes, whose high 

resolution images derive from the projection of the chemical 

structure of a sample along the direction of their electron beam. 

 Also, in contrast to electron microscopy, the STM, through 

the atoms at the apex of its probing tip, does exert a force on the 

surface of the sample which is of the same order of magnitude as 

that of interatomic forces. 



 This new effect gave rise to a novel direction put to good use by 

Gerd Binnig, Calvin Quate and Christopher Gerber in 1986 when they 

published the first atomic-force-microscope (AFM) results.  

 The tip, acting as a cantilever, exerted a force on the sample the 

same way that the STM tip does, except that now the minute deflections 

of the lever with its force sensing edge were of importance. 

 Since the mass and frequency of vibration of a typical atom are  

≈ 1013 rad and m = 10-25 kg, the atom equivalent spring constant is k = 

2m = 10 N/m. 

 The spring constant of an AFM cantilever should therefore be 

smaller than 10 N/m to avoid damaging the surface of the sample. 

 Microfabricated Si, SiO2, and Si2O3 cantilevers having a spring 

constant on the order of 1 N/m and a resonance frequency of several tens 

of kHz, high enough to enable rapid raster scanning. 

 By displaying the deflection of the cantilever as a function of 

position across a sample that is not necessarily conducting, they obtained 

atomically resolved images. 



 In contrast to tunneling, x where only electrons with 

momentum k+ = kF contribute appreciably to the tunneling current, 

atomic forces involve electrons for k < kF.  

 The next step in the development of the AFM came about 

when other methods for monitoring the deflection of its cantilever 

were invented. 

 Although the AFM cantilever could be made sufficiently soft 

to avoid damaging the biomaterials (acting force F ≈ 10-9 N), better 

methods were still needed because the tunneling tip that monitored 

its deflection exerted a large force on it (F ≈ 10-7 N). The existence of 

contamination layers between the AFM cantilever and the tunneling 

tip made this monitoring method unreliable. 

 Optical methods proved to be a better alternative to the STM 

tip for monitoring the deflection of the AFM cantilever, because the 

force they exert on the cantilever is negligible, the deflection that they 

measure averages the rough surface of the cantilever, and they are 

not sensitive to contamination layers on the cantilever. 

 Most AFMs currently employ optical sensors of some sort. 



 Scanning electron microscopy (SEM) requires vacuum, clean 

surfaces, and lengthy accession times. 

 Lorentz microscopy (TEM) requires vacuum and thinning of the 

sample for transmission of electrons. 

 For probing electrostatic stray fields on a semiconductor structure, 

for example, one can use a scanning electron microscope that bombards it 

with high-energy electrons. 

 Vacuum requirements and the charging of the semiconductor 

structure, however, make it a less attractive method. 

 AFM usually operates in the tip-sample contact mode by 

electrostatic or magnetostatic fields are probed in the noncontact mode. 

 Vibrating the cantilever for these applications can increase the 

sensitivity by several orders of magnitude because 

   (1) the operating frequency is removed from the region where I/f noise 

has a significant contribution,  

   (2) use of a phase-sensitive detection method increases the signal-to-

noise ratio, and  

  (3) it is possible to use lever resonance enhancement to increase the 

sensitivity.  



 Martin et al. (1987) demonstrated a sensitivity to forces of 

3l0-13 N and force derivatives of 1.510-4 N/m. 

 In a magnetic force microscope, for example, the two 

degrees of freedom make it possible to partially isolate topographic 

and magnetostatic information (Schonenberger and Alvarado 1990a 

and Schonenberger et al. 1990). 

 Electric force microscope, the application of both dc and ac 

fields between tip and sample makes it possible to distinguish 

between the polarity of charges deposited on the surface of a 

sample (Stern et al. 1988). 

 Excellent reviews of topics in atomic force microscopy have 

already been published. For the contact mode of operation, Binnig, 

Quate, and Gerber's original paper (1986) can serve as the basic 

introduction to AFM, as well as the papers by Martin et al. (1987), 

McClelland et al. (1987), and Hansma et al. (1988). 
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