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Survey 
 
The Scanning Tunneling Microscope (STM) was developed in the early 80's at the 
IBM research laboratory in Rüschlikon, Switzerland, by Gerd Binnig and Heinrich 
Rohrer. For their revolutionary innovation Binnig and Rohrer were awarded the 
Nobel prize in Physics in 1986 (see Nobel prize lecture by G. Binnig, a review article, 
and noteworthy publications in the STM folder).  Selected books are on reserve in the 
Physics library for this course, including:  “Scanning Tunneling Microscopy I & II“, 
edited by H.-J. Güntherodt and R. Wiesendanser (QC173 .4 S94 S35 and S352); 
“Scanning Tunneling Microscopy and Spectroscopy – Theory, Technology, and 
Applications”, edited by D.A. Bonnell (QH212 S35 S365). 
 
In the STM a small sharp conducting tip is scanned across the sample’s surface; the 
separation is so close (approximately 1 nm) that a quantum mechanical tunneling 
current can flow. With the help of that current the tip-surface distance can be 
controlled very precisely.  In this way an enormous resolution is achieved so that the 
atomic arrangement of metallic surfaces can be probed. Related kinds of microscopic 
techniques soon followed, such as the atomic force microscope (AFM). Its 
microscopic tip can even be used as a working tool to manipulate single atoms and 
move them around on the sample surface. Nowadays, all these techniques have 
become essential diagnostic tools in current research (key word: nanotechnology).  
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4.1 The Working Principle of The Scanning 
Tunneling Microscope 

 
 
With the scanning tunneling microscope a small metal tip is brought very close to the 
sample surface, normally within about 1 nm, i.e. several atomic layers. The small gap 
between the tip and sample is a classicaly forbidden region for electrons. However, 
quantum mechanics tells us that there is a finite probability that electrons can tunnel 
through this gap. If tip and surface are put under a small voltage UT , a tunneling 
current IT flows (see figure 4.1). This current is strongly dependent on the distance 
between the tip and the structures on the surface. The surface can be scanned with the 
tip keeping either the height of the tip or the tunneling current constant. The tunneling 
current or the feedback parameters are detected. If the surface is scanned in parallel 
lines, similar to reading a book written in braille, then a three dimensional picture of 
the surface is generated. 
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 Figure 4.1: The principle of the scanning tunneling microscope 
 
The principle of the STM is easy to understand, but before an actual STM can be 
constructed, the physics of the STM must be understood and many technological 
problems must be solved. At first we will have a closer look at the physical principles. 
The technical realization will be described later. 
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  The Tunneling Effect with the Tunneling Microscope 
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 Figure 4.2: Simplified picture of the tunneling process with a tunneling 
microscope 
 
Figure 4.2 shows schematically the tip, the sample surface and the gap inbetween. In 
the current loop between sample and tip the magnitude of the current is constantly 
measured (approximately a picoampere). With the STM only electrically conductive 
materials can be examined. Actively involved in the imaging is only the very end of 
the metal tip nearest the sample. The smaller the structures to be observed, the sharper 
the tip has to be. Fortunately, it is quite easy to produce sharp tips. To get a spacial 
resolution better than the diameter of an atom, one single atom should be at the end of 
the tip. Very often such an atom comes from the surface itself. It is being removed 
from the surface by high electric fields and sticks to the tip. 
 
The conduction electrons of a metal are able to move almost freely inside the metal. 
However, they are unable to leave it because of the attractive force of the positively 
charged cores. For the electrons to be able to leave the sample, work must be done - 
the so called work function Φ. In a red-hot metal the thermal energy is sufficient to 
free the electrons, as first observed experimentally by Edison. However, at room 
temperature, according to the laws of classical physics, insufficient energy is available 
and electrons should remain in the metal. Quantum physics makes a different 
prediction. 
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The Tunneling Condition 
 
Using the energy-time uncertainty relation ΔEΔt ≥ h, one can derive the „tunnel 
condition“ 
                      d2(EBarr) ≤ 2h2/m , 
 
where d is the width of the potential barrier, EBarr the height of the energy barrier, and 
m the electron mass. Let’s now test whether the tunnel condition is satisfied for the 
STM.  The width of the potential barrier corresponds to the distance d between the tip 
and the sample, i. e. about 10-9 m. Its height EBarr is given by the work function and 
amounts a few eV, i. e. about 10-18 J. 
From the left side of the tunnel condition one has: 
  d ! EBarr " 10

#9
m ! 10

#8
J "10

#18
J ! s ! kg

#1/ 2  
From the right side: 

  h !
2

m
" 7 !10

#34
J ! s ! 2 !10

30
kg

#1
"10

#18
J ! s ! kg

#1/ 2  

This rough estimate shows that we can understand electron tunneling in the STM 
merely by considering the uncertainty principle. 
 
 
The Tunneling Current 
 
Electrons may not only tunnel from the tip to the sample but also in the opposite 
direction. Figure 4.3 demonstrates this fact: in the energy diagram below, where it 
assumed that tip and sample have identical work functions, the effect of an applied 
voltage U is that the electrons on one side of the barrier have more energy than on the 
other side. The former electrons are now free to move to the other side as an electrical 
current. The slope of the potential is drawn with a slanting potential barrier. 
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Figure 4.3: Depending on the direction of the voltage, the electrons tunnel to the 
sample or to the tip 
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Quantum physics allows a quantitative estimate of the tunneling current and its 
dependence on the distance d between the sample and the tip: 
  I

T
= c

1
!U

T
!e

" c
2

#!d  
The tunneling current decreases exponentially with the distance. The constant c1 
depends on the electron densities inside both the sample and the tip. The exponent 
contains another constant, c2 , and the work function of the metals Φ. If the tip and the 
sample have different work functions, the mean value should be used here. Typical 
working parameters are: IT = 10-9 A, UT = 100 mV, Φ = 5 eV and d = 10-9 m.  
 
If you take a closer look at the relation for the tunneling current, perhaps you see the 
following. The tunneling microscope does not simply measure the height of the 
structures on the sample surface, but also gives information gives information on the 
electron densities of the tip and sample at the measuring position. You will use this 
fact when trying to interpret the scanning picture for the graphite sample or the rings 
in the scan on the title page where 48 iron atoms form a „quantum corral“ on a copper 
surface. With the STM you can not only see atoms but also the ring-shaped maxima 
of the electron density inside: a standing wave of the probability density of the 
electrons!  
 
The above idea of bound electrons with a given energy is an oversimplified picture. In 
reality there are electrons of different energies up to a maximal energy, the Fermi 
energy, inside a metal. The number of electrons with a given energy may change 
rapidly with the energy, as indicated in figure 4.4. In a metal only electrons up to a 
given energy Emax are present (in the figure only in the hatched regions). If electrons 
with a given energy want to tunnel to the other metal, only as may electrons can do so 
as the energy distribution of that metal allows (unhatched region of the energy 
distribution). In the graphic the tunneling process of the electrons at a given energy is 
shown with arrows. 
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Figur 4.4: The tunneling current depends on the frequency distribution of the 
electrons inside a metal 
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If there is a particularly large number of electrons at a given energy present and there 
are a large number of unoccupied states with this energy in the other metal, the 
tunneling current will be particularly large. The constant c1 in the relation for the 
tunneling current, therefore, depends on the energy distribution of the electrons. If 
you change the external voltage, you may gain information on the energy distribution 
of the electrons inside the sample. It is possible to make visible the electron shell 
structure of individual atoms, i.e. an STM can also carry out scanning tunneling 
spectroscopy! 
 
  
Two Operation Modes 
 
The STM can be operated in two different modes: 
1. Scanning at a constant height (figure 4.5 a): the tip is probing the surface in a 
straight line. At the same time the tunneling current is recorded. 
2. Scanning with a constant current (figur 4.5 b): the tip probes the surface in a way 
that the tunneling current is kept constant. The change of the tip height is being 
recorded. 
The easyScan  scans in the constant current mode. However, it is possible to scan at a 
constant height. If this is done, the controller must be adjusted to move slower so that 
it is able to follow the gradual changes from thermal expansion effects. 
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Figure 4.5:  Probing at a) constant height and b) constant current 
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4.2 The Setup of The Scanning Tunneling 
Microscope easyScan 
 
We want to demonstrate the principles discussed above with the example of the STM 
easyScan made by the Swiss company Nanosurf. We will also learn how the many 
experimental difficulties were solved. 
 

ComputerElectronicsTunneling Microscope

Sample

Tip

Scanning 
Device

 
 
Figur 4.6: Schematic setup of the easyScan 
 
The easyScan  consists of three parts: the tunneling microscope itself, the electronic 
equipment and a computer (figure 4.6). The original STM is a small instrument that 
you can easily hold in your hand and that weighs about one kilogramm. Its core 
includes the tip and the sample on a small metal cylinder. For the tip a specially cut 
piece of a platinum-iridium wire is used. The cylinder holding the sample is first 
brought to within approximately 1 mm of the tip by hand. To allow the tip to 
approach the sample to within 1 nm, a method must be developed which prevents the 
tip from crashing into the sample. 
 
 
Coarse Approach 
 
For the sample and tip to approach each other to within 1 nm from the initial 
separation of 1 mm, it is best if this relatively large distance is covered in many very 
tiny steps. easyScan  solves the problem as follows: the metal cylinder with the 
sample is magnetically held inside a smooth metal guide. Its back end rests on two 
ceramic parts which themselves are attached to vertically standing tiles (see figure 
4.7, not to scale!). This tile bends if a voltage is applied to a piezocrystal (see the 
following section). A sawtooth voltage train is now applied. As the voltage rises 
slowly and linearly: the tile bends and the sample holder that lies on top of it is moved 
forward. After the voltage has reached its maximum value, it drops abruptly to the 
initial value. The tile is able to pop quickly back to its initial position at a rate which 
is too fast for the sample holder to follow. The cylinder thus does not move 
backwards again, but remains a little closer to the tip. With this "friction motor" the 
sample holder can approach the tip micrometer by micrometer. As soon as the 
electronics detects a tunneling current in the range of nanoamperes, the approach is 
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stopped. The sample and the tip have the right distance from each other and the 
measurement may start. 
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Figur 4.7: The tip is approched by the sample holder with the help of a 'friction motor' 
 
 
With Piezocrystals You Get Atomic Resolution 
 
Perhaps the most difficult question to answer concerning the development of the 
scanning tunneling microscope was the following: how is it possible to scan over a 
surface at such a close distance and obtain an accuracy of less than 10-11 m? In other 
words: how do you move a macroscopic instrument in steps that are smaller than the 
diameter of an atom? In addition you need this accuracy in three dimensions! The tool 
for such small movements are the piezocrystals. Without efficient piezocrystals the 
STM would not be possible. As often happens in physics, one invention makes 
another one possible. 
 
We now want to briefly discuss the piezoelectrical effect because it is the basis for the 
operation of a STM. The piezoelectrical effect was discovered by Pierre Curie in 
1880. In some crystals, like quartz or barium titanate, you obtain an electrical voltage 
on opposite sides of a crystal if you put a mechanical force to the crystal. The pressure 
applied causes a displacement of the charge inside the crystal. Opposite charges are 
collected at the opposite sides of the crystal. 
 
 

- -
- -

- -
- -

- -
- -

+ +
+ +

+ +
+ +

+ +
+ +

- -
- -

+ +
+ +

+ +
+ +

+ +
+ +- -

- -

- -
- - –

+

F

F

 
 

Figure 4.8: Piezocrystals (e.g. quarz: Si positive, O negative) cause a deforming force 
when put under voltage 



 

 
 Is it possible to see atoms? 

9 

 
The inversion of this effect is also possible (figure 4.8). An electrical field may 
deform a piezocrystal, i.e. stretch or compress it. The change in length is almost linear 
to the exterior voltage. Piezocrystals make use of this inverse piezoelectrical effect. 
To characterize the crystals, the term conversion is used. This term describes the 
relation between exterior voltage to attained elongation. Typical values of conversions 

are 
!U

!h
=
100V

1µm
 (for the easyScan one finds 24 V/µm). The very small changes in 

length can be used for an exact positioning with the scanning tunneling microscope. 
The vertical resolution is only limited by mechanical and electrical disturbances. 
Values down to 5·10-12 m have already been reached. The horizontal resolution is 
about 2·10-11 m for a one atomic tip. 
  
 
Vibration Damping 
 
The piezocrystals allow a very precise positioning of the sample and the tip. To obtain 
this accuracy it is necessary to eliminate another problem: the mechanical vibrations 
transmitted to the sample or tip through vibrations from the STM or through the air. 
The amplitude of these vibrations may be larger than atomic dimensions and thus 
make atomic resolution with the STM impossible. It is essential that the STM be 
vibrationally isolated from its surroundings. The first tunneling microscopes had 
cleverly thought-out damping systems. In the meantime, simpler but nevertheless 
efficient methods have been developed. The easyScan  is a good example. It is placed 
on a soft rubber mattress that rests on a two kilogramm block of granite with foam-
rubber feet. The rubber mattress dampens the high frequency vibrations, while the 
feet dampen the low frequency vibrations. This simple vibration damping together 
with the rigid construction of the scanner is sufficient to reach atomic resolution. 
  
 

4.3 The Sample Surface 
 
“The volume of a solid has been created by God, its surface by the devil.” was once 
said by Wolfgang Pauli. What made the famous physicist say this? Basically there are 
three reasons that are responsible for the surfaces being so difficult: number of 
particles, cleanliness and the arrangement of the surface atoms. 
 
 
1. Number of particles 
The number of atoms on a surface is much smaller than in the bulk. An easy estimate 
shows: one cubic centimeter of bulk material contains about 1023 atoms (≈10-1 mol), 
whereas in one square centimeter of surface there are only about 1015 atoms (≈10-9 
mol). This is the reason why many material analyzing techniques only give 
information on bulk properties. 
 
2. Cleanliness 
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To study surfaces they have to be kept clean. At atmospheric pressure 1023 gas 
particles hit one centimeter of the surface every second! That means that each atom is 
hit about 108 times per second. Even if only a small fraction of these particles stick to 
the surface, the time a freshly cleaned surface stays clean is very short. 
 
3. The arrangement of the surface atoms 
An atom in the bulk of a solid is completely surrounded by neighboring atoms. An 
atom on the surface is adjacent only to other surface atoms and the atoms that lie right 
underneath. The surface atoms can, therefore, arrange themselves completely 
differently than the atoms inside the solid. The properties of the surface can thus be 
very different than those in the bulk. 
 
The above three reasons are responsible for our limited knowledge of the surface in 
comparison to the bulk of a solid. Even though the surface is of great importance: 
most chemical reactions take place at the surface (think of catalysis and corrosion!), 
biological processes often take place in areas with large surfaces (e.g. inside the brain, 
stomach lining or skin) and the surface is important in many technical applications 
(e.g. friction, adhesion, sensors etc.). The development of the STM has allowed us to 
greatly expand our knowledge of the properties of surfaces. 
 
 
Samples You Can Easily Examine with the easyScan 
 
Before we examine several samples with the easyScan , it is important to first become 
familiar with the structure of these samples and think about what is observed with a 
tunneling microscope. In this discussion we will restrict ourselves to two samples, 
namely graphite and gold. 
 
Graphite 
 
Graphite is – like diamond – one chemically stable form of carbon (allotrope). As you 
can see in figure 4.9 graphite is built in even layers with regular hexagons that are 
combined in a honeycomb lattice. The lattice planes are only weakly bound together 
to form a layered structure. The shortest distance between the carbon atoms of two 
neighboring layers is 3.35·10-10 m, whereas the nearest-neighbor atoms in the same 
layer are only 1.42·10-10 m apart. The lattice constant of graphite can be measured by 
electron diffraction. The weak binding between the lattice planes is a big advantage. It 
allows us to easily obtain a clean, planar graphite surface before mounting the sample 
in an STM. One simply has to cleave the graphite crystal between two lattice planes! 
This can be done by sticking a piece of scotch tape onto the surface and removing it 
again, thus pulling off the topmost graphite layer. 
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3.35·10-10 m

1.42·10-10 m

 
Figur 4.9: The layered lattice of graphite 
 
With the tunneling microscope it is possible to see the carbon hexagons of the 
topmost lattice plane! Unfortunately, it is not that easy. You will only be able to see 
every other carbon atom. But where are the missing atoms? Take a good look at the 
graphite surface again, this time in top view (figure 4.10). You will see that the lattice 
planes are slightly staggered above each other. Therefore, only half of the atoms have 
a close neighbor in the second lattice plane. Let us name these atoms A. The other 
half of the atoms (B atoms) has the middle of a carbon ring underneath. We mark the 
point in the center of the hexagon in the topmost layer with an H. Now it is apparent 
that not all atoms are the same. Because some differ in their neighbors they have 
different charge densities: from the discussion above, this means that the tunneling 
current depends on the electron density. The charge density is lowest at point H and 
highest at the B atoms. At the A atoms the charge density lies at an intermediate value 
because of the binding to the atoms in the second plane underneath. That is why these 
atoms cannot be seen in the STM image. 

 

 
 

Figure 4.10: Graphite from top view. Open circles mark atoms of the topmost lattice 
plane, filled circles are atoms of the second lattice plane. The shortest distance a 
between two atoms is 1.42·10-10 m. 
 
As mentioned above, surface atoms sometimes arrange themselves differently than 
the atoms in the bulk. With graphite the topmost lattice plane sometimes shifts half 
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the atomic distance, in figure 4.10  a/2 upwards. This leads to slightly distorted STM 
images with atoms appearing to be flattened to the side. 
 
 
Gold 
 
The variations in the charge density of graphite are especially large, making it rather 
easy to view individual atoms. Gold has a much more even electronic structure. This 
is connected with the fact that its conduction electrons move very freely in all 
directions. In addition, gold cannot be cleaned by simple means like graphite; kept in 
air there is always at least one monolayer of contaminants on the gold surface. To 
resolve gold atoms, the scanning tunneling imaging must be done in ultrahigh 
vacuum. It is still possible to study many different arrangements of atoms on a gold 
surface. An ideal planar surface like with graphite is rare. Only small regions with 
planar surfaces are found with gold. These terraces are separated by large steps, 
sometimes with the height of only one atomic layer. One can also find adatoms at 
such steps. Also there are small “defects” on the surface: one or several additional 
atoms on a terrace, missing atoms and small displacements. 
 
 
 
 

4.4 Problems and Solutions 
 
 

 
 

Problem 4.1 
 
a) Draw an energy-position diagram for a metal surface interfacing the 

vacuum.  Draw in the work function Φ.  How is dependent on Eo 
and EBarr?   

b) Using the above diagram explain why classically an electron at 
room temperature stays in the metal and leaves it at very high 
temperatures. Draw a diagram of both electrons at their respective 
kinetic energies. 

 
 

 
 

Problem 4.2 
 
How big is the factor of change in the tunneling current if you scan 

over an atom on the surface? Use c
2
!

10
10

eV "m
. 
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Problem 4.3 
 
a) If you scan the same sample with two different tips, do you get 
identical tunneling images? How do you explain this?  
 
b) Do you know a condition for a suitable tip material? 

 

 
 

Problem 4.4 
 
For every operation mode think of one advantage or disadvantage and 
write it down in one to two sentences. 

 
 

 
 

Problem 4.5 
 
a) Try to explain why the sample holder can follow the slower but not 
the faster movement. Remember that the accelerating force to the 
cylinder has to be gained from the adhesive friction. 
 
b) Try to elucidate this fact with a small object (e.g. pen) that you move 
along a piece of paper - like the sample holder on its supporting 
surface. Write down your observations in three to four sentences. 

 
 

 
 

Problem 4.6 
 
a) Is it possible to reach a precision of displacement of one single 
atomic layer with the above mentioned conversion of the piezocrystals? 
 
b) How would you allocate the minimal and maximal voltage of the 
control electronics if you want to examine a square sample with a 
sidelength of 350nm? 

 

 
 

Problem 4.7: Scanning Force Microscope  
 
The scanning force microscope is a development of the scanning 
tunneling microscope 
 
a) Read the three articles about the scanning force microscope (Atomic 
Force Microscope, Abstossungskraft-Mikroskop) (Wickramasinghe 89 
(only p. 62 to p.65), Neubert 88, Fricke 90). On one to two pages 
describe the way the scanning force microscope functions. 
 
b) Write down one advantage and one disadvantage of the scanning 
force microscope with respect to the scanning tunneling microscope. 
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Problem 4.8: Applications 
 
a) Find two to three fields where the scanning tunneling microscope or 
the scanning force microscope is used or is done research with. Look 
for it on the internet (mainly in english: Scanning Tunneling 
Microscope, STM or Atomic Force Microscope, AFM), in the 
“Physikalischen Blättern” or in “Spektrum der Wissenschaft”. Describe 
every application you found in a few sentences. 
 
b) What kind of additional “aids” (e.g. vakuum chambers, attachments) 
are needed? 

 
 

 
 

Problem 4.9: Nanosurf on the Internet 
 
You will find additional information on the easyScan-STM and some 
tunneling images on the website of Nanosurf (www.nanosurf.ch). 
Summarize the main points that are new to you. 

 
 

 
 

Problem 4.10: Nanotechnology 
 
Inform yourself about this term in the ETH-Bulletin and/or on the 
internet. 
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Problems 
 
Have you understood everything? Now you can check! 
 
 

 
 

Problem 4.11 
 
Is the scanning principle anyhow connected with quantum mechanics? 

 
 

 
 

Problem 4.12 
 
What has the tunneling effect to do with the scanning tunneling 
microscope? Try to make a correlation in about five sentences. 

 
 

 
 

Problem 4.13 
 
What is responsible for the limitation of the resolution considering a 
scanning tunneling microscope? 

 
 

 
 

Problem 4.14 
 
Name three difficulties of the technical realization of the tunneling 
microscope. How have they been solved? Only main points! 

 
 

 
 

Problem 4.15 
 
What is a piezocrystal and what is it needed for with the scanning 
tunneling microscope? 

 
 

 
 

Problem 4.16 
 
a) Explain in three sentences why you can only see half of the atoms on 
tunneling images of graphite. 
b) Do the tunneling images of gold look the same? Explanation please! 



 

 
 Is it possible to see atoms? 

16 

Solutions 
 
Solution 4.1 
 
a) In the diagram you can see the work functionΦ . It corresponds to the difference 
between EBarr and E0, i.e. ! = E

Barr
" E

0
. 

 

Position

Energy

Metal Outside Space

E0

EBarr

!Electron 1

Electron 2

Ekin,1

Ekin,2

 
 
b) The electron 1 of a metal at room temperature has a kinetic energy of Ekin,1<Φ , in 
comparison to the electron 2 of a redhot metal that has Ekin,2>Φ. Electron 1 therefore 
has too little energy to get over the potential barrier and stays bound inside the metal 
according to the laws of the classical physics. Compared to that the electron 2 can 
change a fraction of its kinetic energy into the energy of the work function and leave 
the metal. After leaving the metal its kinetic energy amounts only Ekin,2, after= Ekin,2, 

before−Φ. 
 
 
Solution 4.2 
 
The radius of an atom is about 1·10-10 m. Using this value you get the following ratio 
for the tunneling current on the atom (IT,1) to the current in front of the atom(IT,2): 
I
T ,1

I
T ,2

=
c1UT

e
! c2 "d1

c1UT
e
!c 2 "d2

= e
! c2 "#(! (d2 ! d1 )) $ e

101 0

eV #m
# 5eV #10!1 0m

$ e
2.2
$ 9  

The tunneling current changes by almost one order of magnitude. 
 
 
Solution 4.3 
 
a) The tunneling current depends also on the frequency distribution of the electron 
energies inside the tip material. Different tips may therefore 'create' different images. 
 
b) The tip material should therefore have a rather even distribution, i.e. no dominant 
structures in the electron shell. 
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Solution 4.4 
 
The scan mode at constant height has the advantage that one gets an image very fast 
(one second per image of faster). To scan with constant current the tip has to follow 
the surface what takes much longer (typically: several minutes per image) 
 
Scanning with constant height is only possible with a smooth sample surface. This is 
the reason why you scan at a constant height at most applications and also at 
easyScan. 
 
 
Solution 4.5 
 
The supporting surface is accelerated slowly during the gradual raise of the voltage. 
For the cylinder to be accelerated, too, the accelerating force has to be gained from 
the adhesive friction ( Facc =mcyl ! a = Fadh " µadh !Fn ). The adhesive friction is not 
enough for any acceleration at the fast drop of the voltage (large acceleration means 
large accelerating force). It reaches not more than the adhesive friction coefficient 
times the force normal to the surface. The supporting surface glides under the cylinder 
with the normal force active. However, that force is much smaller than the adhesive 
friction force and can accelerate the cylinder only little. 
 
 
Solution 4.6 
 

The conversion is 
!U

!h
=
120V

1µm
= 1.2 "10

8 V

m
. 

a) One atomic layer is typically 1·10-10 m. 

Needed voltage: !U = !h "1.2 "10
8 V

m
= 10

#10
"1.2 "10

8 V

m
= 12mV  

This voltage is still well adjustable. The precision that is asked for can be reached. 
 

b) U = 350 !10
"9
m !1.2 !10

8 V

m
= 42mV  

A voltage of ± 21 mV is needed started from the center. 
 
 
Solution 4.11 
 
The principle of scanning has nothing to do with quantum mechanics. For example it 
is also used for televisions. 
 
 
Solution 4.12 
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The appearance of electrons in the empty space between the tip of the microscope and 
the sample is classically forbidden. According to the quantum physics electrons can 
tunnel through this region. With a voltage put on a tunneling current is flowing, which 
depends exponentially on the distance between the tip and the sample. Very small 
changes in the distance (only a fraction of the dimension of the diameter of an atom) 
lead to large changes in the current. Are these changes recorded during the probing of 
a surface you can portray atoms. This is the basic principle of an STM. 
 
 
Solution 4.13 
 
The vertical resolution, i.e how the precision of changes in the height can be detected, 
is only limited by mechanical and electrical disturbances like electronic noise or 
vibrations. The horizontal resolution, i.e. the maximal width of a structure you can 
still resolve, is limited by the extension of the atom at the tip end what is the width of 
this atom. 
 
 
Solution 4.14 
 
Controlled approaching with the tip over a relatively long distance in very small steps 
-> solution: friction motor. 
Changes in the distance that are smaller than the diameter of an atom -> solution: 
piezocrystals. 
To reduce the influence of vibrations to the resolution -> solution: damping of the 
vibrations, e.g. an instrument with a rubber mattress and a base of foam material. 
 
Solution 4.15 
 
A piezocystal is a crystal that deforms when put under a voltage because the charges 
inside the crystal are displaced. The change in length is about proportional to the 
exteriour voltage. Tiny changes in lenght can be reached (smaller than the diameter of 
an atom). Piezocrystals are used for the exact positioning of the tip of a scanning 
tunneling microscope. 
 
Solution 4.16 
 
a) The lattice planes of graphite are shifted against each other in a way that only half 
of the atoms have direct neighbours in the nearest layer. These atoms have a low 
charge density. Because the tunneling current depends on the electron density, you are 
only able to see atoms without nearest neighbours. 
 
b) No, gold possesses a different structure. With the STM operated in air you can see 
larger structures mainly steps . 


