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Abstract 

 

The Scanning Tunneling Microscope (STM) was invented by Gerd Binnig and Heinrich 

Rohrer and gave them the Nobel Prize in Physics 1986. STM can give us atomic resolution of a 

surface by applying a voltage between a very sharp tip (STM-tip) and the surface of a material 

that we want to examine. The STM-tip is moving over the surface and a computer is collecting 

the tunnel current in every single point to create a digital image.  

This diploma work is focused on the preparation of the STM-tip. The preparation method 

that is used is electrochemical etching of a tungsten wire. The sharper the STM-tip is the better 

resolution in the STM images we can get.  With the purpose to get as sharp tip as possible and 

with a well-defined geometry, we prepared several tips by systematically varying the etching 

parameters such as voltage, current, concentration and wire length. A new method has been tested 

to minimize the oxidation on the surface and finally the tips were characterized with scanning 

electron microscope (SEM).  
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Sammanfattning 

Sveptunnelmikroskopet (STM) uppfanns av Gerd Binning och Heinrich Rohner och gav 

dem Nobelpriset i Fysik 1986. STM kan avbilda ytor med atomär upplösning genom att mäta 

tunnelströmsvariationer när en mycket smal metallnål förs över en yta på ca 1 nm avstånd.  

Det här examensarbetet fokuserar på framställning av STM-nålar. Ju skarpare nål man har 

desto bättre upplösning kan man få. Den i arbetet använda metoden är elektrokemisk etsning av 

wolframtråd. Jag har studerat hur nålens skärpa och geometri beror på olika etsningsparametrar; 

ström, spänning, koncentration och längd. Jag har tillverkat ett antal nålar genom att systematiskt 

variera ovan nämnda parametrar. Jag har också provat några metoder för att skydda nålen mot 

oxidering efter etsning. Nålarna har undersökts med svepelektronmikroskop (SEM). 
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Περίληψη 

Σηα όξηα ησλ γλώζεσλ ηεο αλζξσπόηεηαο, ζηελ επηζηήκε ηεο θπζηθήο επηθάλεηαο ζήκεξα, 

ζπλαληάηαη ν ςεθηαθόο θόζκνο κε ηνλ πξαγκαηηθό, κε ηελ εθεύξεζε ηνπ κηθξνζθνπίνπ STM 

(Scanning Tunneling Μηθξνζθόπην). Τν κηθξνζθόπην απηό αλαθαιύθηεθε από ηνπο Gerd Binnig 

θαη Heinrich Rohrer θαη ηνπο έδσζε ην βξαβείν Νόκπει ζηελ Φπζηθή ην 1986.  

Τν STM έρεη ηελ δπλαηόηεηα απόδνζεο αηνκηθνύ ςεθίζκαηνο ηεο επηθάλεηαο κε ηελ εθαξκνγή 

δηαθνξάο ειεθηξηθνύ δπλακηθνύ (ειεθηξηθήο ηάζεο) κεηαμύ κηαο κεηαιιηθήο άθηδαο (STM-tip) 

θαη ηνπ δείγκαηνο πνπ ζέινπκε λα εμεηάζνπκε. Ελώ ε κεηαιιηθή άθηδα θηλείηαη, πνιύ θνληά 

(πεξίπνπ έλα λαλόκεξην), πάλσ από ηελ επηθάλεηα, ν ππνινγηζηήο καδεύεη ηεο ηηκέο θαη ηηο 

απνδίδεη ζε ςεθηαθή εηθόλα.  

Η ζπγθεθξηκέλε δηπισκαηηθή εξγαζία επηθεληξώλεηαη ζηελ παξαζθεπή ηεο STM-tip 

(κεηαιιηθήο άθηδαο). Η κέζνδνο πνπ ρξεζηκνπνηήζεθε είλαη ειεθηξνρεκηθή δηάβξσζε. Όζν πην 

αηρκεξή είλαη ε κεηαιιηθή άθηδα (ην ηδεώδεο έλα άηνκν) ηόζν θαιύηεξε είλαη ε αλάιπζε ηεο 

ςεθηαθήο εηθόλαο, εθόζνλ είλαη ην ηειεπηαίν άηνκν ζηελ άθξε από ην νπνίν δηαξξένπλ ηα 

ειεθηξόληα. Με πξόζεζε λα επηηεπρζεί όζν πην αηρκεξή κεηαιιηθή άθξε είλαη δπλαηό θαη κε κηα 

ζηαζεξή γεσκεηξία ώζηε λα απνθεπρζνύλ ηαιαληεύζεηο ζπληνληζκνύ ζην ζύζηεκα, 

παξαζθεπάζηεθαλ πνιιά STM-tip κε ζπζηεκαηηθή δηαθνξνπνίεζε ζηηο παξακέηξνπο. Όπσο 

επίζεο δνθηκάζηεθαλ θάπνηεο κέζνδνη γηα ηελ θαζπζηέξεζε νμείδσζεο ηεο επηθάλεηαο θαη έγηλε 

επηβεβαίσζε ηνπ απνηειέζκαηνο κε SEM (Scanning Electron Μηθξνζθόπην).   
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Chapter 1 

 

Introduction 

Scanning tunneling microscope (STM) is an instrument that provides images of solid surfaces 

with atomic resolution. The operation of the STM is based on the tunneling current, which flows 

when a very sharp tip approaches a conducting surface at a distance of approximately one 

nanometer. The tip is mounted on a piezoelectric tube, which moves the tip vertically 

(perpendicularly to the sample surface) and horizontally (parallel to the sample surface) by 

applying a voltage at its electrodes. Thereby, the electronics of the STM system control the tip 

position in such a way that the tunneling current or the distance between the tip and the surface is 

kept constant, while at the same time scanning a small area of the sample surface. This movement 

is recorded by the computer which can generate an image of the surface topography. Under ideal 

circumstances, the individual atoms of a surface can be resolved and displayed. 

An important notice here is that the STM does not really probe the nuclear position of the atom, 

but rather it is a probe of the electron density close to the surface, so STM images do not always 

show the position of the atoms, and it depends on the nature of the surface and the magnitude and 

sign of the tunneling current. 

It should also be noted, that STM images not only display the geometric structure of the surface, 

but also depend on the electronic density of states of the sample, as well as on special tip-sample 

interaction mechanisms which are not fully understood yet. However, what is known is that the 

STM-tip has to be very sharp with atomically stable apex, it has to be free of contamination and 

structurally characterized since the tunneling current flows through the last atom on the apex. 

Ultrahigh vacuum is required to avoid contamination of the samples from the surrounding 

medium. Although the STM does not need vacuum to operate (it works in air as well as under 

liquids).  

This thesis discusses some selected preparation methods. It presents, how the electrochemical 

preparation method of a tungsten STM-tip, was optimized as determined by SEM. Two SEM 
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images from such a STM tip are shown in figure 1; a) is a 20 m wide image showing the large 

scale geometry, while b) is a zoom-in (one million times) on the tip apex. The width of the tip 

apex is around 10 nm. 

 

 

Figure 1 SEM-images of STM-tip, Sackis A. Revenikiotis, Material Physics, KTH 
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Chapter 2 

 

Introduction to Scanning Tunneling Microscope 

2.1 Basics of STM 

The operation of the Scanning Tunneling Microscope (STM) is based on the electron tunneling 

between the tip and the sample (Figure 2.1). Electron tunneling or in general quantum tunneling 

is the phenomenon that an elementary particle is passing (tunneling) through a barrier. Thanks to 

the wave particle duality an elementary particle has nonzero probability to tunnel through a 

barrier. The phenomenon can be explained by using the Heisenberg uncertainty principal  

     
 

 
 

 

 Figure 2.1 Working scheme of an STM. (1) piezoelectric tube, (2) STM-tip, (3) sample, (4) 

image, (5) control unit, (6) piezoelectric power supply. (1) 
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2.2 Quantum mechanical tunneling basics and the Schrödinger equation  

Considering the time independent Schrödinger equation for a quantum mechanical particle, such 

as an electron in the case of STM, in one dimension can be written in the following form (2) (3): 

 
  

  
 
  

   
 ( )   ( ) ( )    ( ) 

  

   
 ( )   

  

  
 ( ( )   ) ( )   

  

  
  ( )  ( ) 

Where z represents the distance in the direction the particle is moving, m is the mass,   is h/2π 

where h is the Planck’s constant, Ψ(x) is the Schrödinger wave function, V(x) is a time-

independent potential energy of the particle to a convenient level, E is the total energy of the 

particle. 

M(z) can be positive or negative and that gives different solutions of the Schrödinger equation. If 

we consider the case that M(z) is negative, the Schrödinger equation takes the following form: 

  

   
 ( )  

  

  
  ( ) ( )       ( )                 

  

  
  ( ) 

With a solution which represents phase-constant traveling waves with +k or –k. At the case of 

positive M(z), the Schrödinger equation takes the following form: 

  

   
 ( )  

  

  
  ( ) ( )      ( )                

  

  
  ( ) 

With a solution which increases (exp(+kz)) or decreases (exp(-kz)) exponentially.  

The STM takes advantage of these quantum mechanical properties by keeping constant the 

current or the distance on the z-axes constant between the STM-tip and the sample. Under ideal 

circumstances the STM can measure the tunneling current which gives a representative value of 

the local density of states (LDOS) in every specific point on the surface of the sample. 
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Chapter 3 

 

Optimizing the preparation method of Tungsten Tips  

Through the years several methods of preparing STM-tips have been tested. Many different 

materials have been used (4) (5) (6) (7) (8) (9) (10) (11) (12). Some of the most common 

materials used today are tungsten (W), platinum iridium (PtIr) and gold (Au). In our case we used 

electrochemical etching of 0.3 mm polycrystalline tungsten wire. Our goal is to establish a 

technique that with good probability and reproducibility can prepare STM-tips with a radius on 

the apex less than 10 nm. To achieve that goal many tips (around 80) has been prepared with 

different parameters and techniques. There exist various methods for preparing STM-tip and a lot 

of different set-ups (13) (14) (7) (5). This chapter will be explained in detail the set-up and the 

method that is used to prepare an STM-tip from tungsten (W) wire. The preparation of the tip is 

an important step of STM experiments. As mentioned before, under ideal circumstances one can 

get atomic resolution or molecular as depicted in figure 3.1. 

 

Figure 3.1 STM image from cuprous oxide Cu2O(111). 
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3.1 The set-up of the Electrochemical Etching 

A common electrochemical etching technique which routinely has been used for etching metal 

wires uses a holder filled with electrolyte, a metal (Pt) ring (cathode) and the metal (Au) wire 

(anode). A voltage is applied between the ring and the wire (electrodes) until the wire dissolves to 

a sharp tip (Figure 3.2). 

 

Figure 3.2 Schematic of the electrochemical tip-etching set-up (6)  

Another technique which uses much less electrolyte exists, when it comes to small dimension that 

so-called “Drop-off” technique (8). That technique uses a ring with small diameter (~ 5 mm) as 

shown in figure 3.3. When the ring is dipped in the electrolyte the solution builds a lamella with 

electrolyte in the ring, where the electrochemical reaction can take place. 

 

Figure 3.3 Schematic of the electrochemical tip-etching set-up for the drop-off technique 
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a) 

 

b) 

Figure 3.4 Image from the set-up with an optical microscope. a) Before starting the etching.      

b) After the etching, the lower part has “dropped-off”. 

That technique was already tested in the lab before as is shown in figure 3.4 and it seems possible 

to get good results. It has been used tungsten (W), gold (Au) ring and an electrolyte concentration 

of potassium hydroxide (KOH). It is also common to use sodium hydroxide (NaOH) (7) (13) 

(14). 

 

3.2 The Electrochemical Reaction 

When a voltage is applied between the tungsten wire and the ring, the following reaction it takes 

place in the lamella:  

 ( )          
          

    (Anode)  

          
           ( )    (Cathode) (1) 

   ( )                
      ( ) 
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At the anodic side the etching process takes place at the air/electrolyte interface. Solid tungsten is 

oxidized to dissolve in water as tungstate anions (   
  ). At the cathode side water molecules 

are reduced to hydroxide anions and hydrogen gas which can be seen during the etching as 

bubbles coming out of the solution. 

3.3 Experimental details 

Some STM-tips has been prepared with the “drop-off” technique which is shown in figure 3.3 

during this work. As the STM-tips characterized with SEM (Scanning Tunneling Microscope) is 

been confirmed that the upper part of tungsten wire had a larger geometry on the apex, more than 

one order larger diameter, compared to the lower part (figure 3.5). This phenomenon occurs 

because the upper part is still in etching process after the “drop-off”. The electrochemical 

reaction does not stop after the “drop-off” until the applied voltage is turned off (7) (15) or the tip 

is mechanically moved out of the etchant. There exist advanced controllers that can manage a 

very short delay time (~0.5 κs) for cutting the current (8) after the “drop-off”. People have 

designed all kind of electronic circuits to minimize that switch off delay (16).  However at the 

lower part the electrochemical etching stops instantly after the “drop-off”. That is a good reason 

to collect the lower part as a STM-tip. 

a) b) 

Figure 3.5 SEM images of the apex after etching. a) Upper part. b) Lower part. 
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Experimental observations show that the etching is stronger close to the upper surface of the 

lamella as the arrows shows at the figure 3.6. In the case of 0.3 mm tungsten wire that point is 

located almost 10κm under the surface of the lamella. 

A major problem by using the lower part is the shape. The taper of the lower part is becoming too 

long, with the risk to generate mechanical resonance, when used in the STM. The reason of this 

deference on the taper of the tips, can explained by a difference in the density of electrolyte (17). 

Since the electrochemical reaction takes place on the upper surface of the lamella, this region 

consumes more electrolyte, as a result the lower region of the lamella becomes heavier and 

moves downwards. In the same way the upper surface of the lamella moves upwards and that is 

why we have to follow the process continuously and adjust vertically the position of the wire to 

keep the strongest etching rate at the same point. 

 

 

 

 Figure 3.6 Etching of W tip in lamella. 
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That problem can be overcome by turning the wire upside down (figure 3.6) some minutes before 

“drop-off”. A good moment to do that is when the thinnest part of the wire can be evaluated with 

the optical microscope at about 0.1mm thick and it is stable enough to be taken out from the ring 

with tweezers and rotated through 180
0
.  

 

 

 

Figure 3.7 Unexpected geometry of the tip. 

 

  

 

3.3.2 The shape of the tip 

At this point of the STM-tip preparation process one has the opportunity to influence the 

geometry of the tip, some of the results are presented at the figure 3.8.  

3.3.1 Unexpected effects 

Once the wire has turned the etching 

process can be continued by positioning 

the wire, in the middle of the ring. An 

important notice here is to vertically adjust 

the wire for etching at the thinnest point. 

This time is quite important to choice that 

point and avoid moving it until it drops 

off. That’s because the vertical position 

can cause unexpected effects. An 

unexpected result can look like the tip in 

the figure 3.7. In that case after the 

electrochemical etching started some 

seconds later the wire was moved 

vertically. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Figure 3.8 SEM images from STM-tips with different shapes. 

The “etching point” can be approached by vertically adjusting the wire and observed with optical 

microscope. When the “etching point” is positioned in the thinnest region but far from the thick 

region the most possible result will look like the tip in the figure 3.8(b). By positioning the 

“etching point” closer to the thick region gave as result the tips in the figure 3.8(a, d and e), a 
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positioning exactly at the point where the thick and the thin region meets gave the tip in the 

figure 3.8(f) and a positioning in the thick region gave the tips like that in the figure 3.8(c).  

 

 

 

 

Figure 3.9 SEM images from tip 

destroyed from dirt under the 

preparation process. 

 

All these tips had a radius on the apex close or 

less than 5 nm, except that one at the figure 

3.8(c). Which means that the positioning of the 

“etching point” in that case (at the thick 

region), influenced the result in an undesirable 

way. 

3.3.3 Cleanliness 

Cleanliness is a very important issue in the 

STM-tip preparation. In every step of the 

process the wire and tools (tweezers, tongs, 

etc.) has to be cleaned with deionized water, 

acetone and isopropanol. The ring (cathode) 

has also to be cleaned in the same way and 

make a control with the optical microscope 

that the lamella is clean before every step. 

Otherwise it has to be washed several times 

with deionized water until it is clean enough 

that at least dirt cannot be seen by the optical 

microscope. Dirt in every step of the process 

can destroy the tip. Some results due to bad 

cleanliness shown in figure 3.9. 
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3.3.4 The etching parameters 

As mentioned before the shape of the STM-tip is very important to avoid mechanical resonance 

in the STM system. Another very important issue is the size of the apex. The apex has to end at a 

single atom to make possible atomic resolution. As the apex of the prepared STM-tips, 

characterizes with SEM (Scanning Tunneling Microscope), could be evaluated to have a radius 

less than 5 nm at some cases. To achieve this result I systematically varied the applied voltage, 

the concentration of the electrolyte and length of the lower part. Some example and their results 

are shown at the table 1.  

 
 

Figured in 

 
 

Geometry 

 
 
Voltage (V) 

 
El. Conc. 
(Molar KOH) 

 
Length  
(mm ±0.3) 

 
 

Radii (nm) 

3.10(a) Not promising 3 2 5 (< 3) 

3.10(b) Not promising 3 2 6 (≈ 4) 

3.10(c) Promising 3 2 8 ≈ 6 

3.10(d) Not promising 3 2 10 ≈ 7 

3.10(e) Not promising 3 8 8 > 20 

3.10(f) Not promising 3 8 8 > 20 

3.8(c), 3.10(g) Not promising 3 4 8 > 15 

3.10(h) Promising 3 1 8 ≈ 7 

3.10(i) Very promising 5 1 8 ≈ 5 

3.8(b), 3.10(j) Promising 8 1 8 ≈ 7 

3.8(d), 3.10(k) Very promising 4 1 8 < 5 

3.8(f), 3.10(l) Very promising 4 1 8 < 5 

Table 1 

3.3.4.1 The concentration 

Experiments were carried out using four different concentrations of electrolyte (1, 2, 4 and 8 

Molar of potassium hydroxide (KOH)) as presented in table 1. The high concentration of 8 Molar 

KOH, cause a very fast and uncontrolled reaction and resulted in a very large radius. As the 

concentration becomes lower the reaction gets more controlled and fine. This gives a very small 

radius on the apex. But unfortunately increases the etching time and for the concentration of the 

one molar KOH, it takes around 30 minutes to complete the etching. Using lower concentration 
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will further increase the etching time and maybe needed to adjust again the wire or get dirt from 

the air on the etchant. Which will it turn, increases the risk of getting a bad STM-tip. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

 
(g) 

 
(h) 

 
(i) 

 
(j) 

 
(k) 

 
(l) 

 Figure 3.10 SEM images of the apex from some STM-tips 
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3.3.4.2 The length of the lower part 

The length is a parameter, which comes in play when somebody using the “drop-off” technique 

to etch a wire. The force pulling down the lower part of the wire and at the end, is forcing it to 

drop down, is the force of gravity, which is proportional to the mass. With purpose to optimize 

that mass; the length of the lower part was varied. As shown in table 1, several tips have been 

etched with different length (5, 6, 8 and 10 mm). For the case of 5 mm and 6 mm wire length, it 

shown that the mass is not enough to draw the lower part down and the forces from the 

electrochemical etching inside the lamella are becoming too strong and comparable to gravity. 

That emerges vibrations on the lower part, which starts to oscillate like a pendulum. These 

oscillations bend the apex as shown in figure 3.10(a). For smaller length than 5 mm read more 

under risks page 23. For the case of 10 mm figure 3.10(d) the tips start to get larger radius of the 

apex. A good explanation is that the gravity force becomes large enough to overcome the 

ultimate tensile strength for tungsten per the area of a few square nanometers. The wire length of 

8 mm, shown to be close to optimal (figure 3.10(c) and 3.10(e-l)) 

3.3.4.3 The voltage and current 

In every case I kept the voltage constant and the current decreased during the etching as the wire 

dissolved. The values of 3, 4, 5 and 8 V (Volt) have been tested (see table 1). The high voltage of 

8 Volt caused a great number of hydrogen gas which bubbled up and disturb the homogenous 

etching on the wire surface. The lowest voltage of 3 V resulted in a larger radius of the apex. 

However the experimental results shown that the optimal value is around 4 V. 

3.3.5 A method to minimize the oxidation 

Directly after the “drop-off”, I tested to put the freshly etched STM-tip in isopropanol with the 

purpose to minimize the oxidation. After characterizing some of those tips, in SEM shown that 

the apex was in good condition and not deformed from growth of oxide on the surface. That gave 

the opportunity to make a better planning of the work. To make schedule with time for SEM and 

etch several tips which could be characterized in SEM at the same time. 
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3.3.6 Risk to fail 

During the etching process there are plenty of risks in every step that can give a failure. There is a 

risk that the lower part is not dropping down, when the wire length is shorter than 5 mm. As is 

mentioned the forces in the lamella can be comparable or stronger as in the case of figure 3.11(a). 

The tip float in the lamella after the “drop-off” for a moment but it looked promising by the 

optical microscope. Figure 3.11(b) shows a STM-tip which it came in contact with the tweezers. 

These are examples to avoid and a suggestion is in any case there is any doubt or skepticism that 

something went wrong one should make a new etch.  

 

 

(a) 

 

(b) 

 Figure 3.11 SEM images of unsuccessful STM-tips  
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Chapter 4 

 

Conclusions 

This work has studied preparation and characterization of STM-tips of polycrystalline tungsten. 

The aim was to optimize the preparation technique for reproducibility. It has produced several 

tips with systematically variation of the parameters. The results evaluated with SEM. In the 

optimized case an apex radii of a few nanometers with a well-defined geometry was confirmed. 

A major issue through all steps of the process is cleanliness. Everything used in the process 

should be cleaned with acetone, isopropanol and DI-water to avoid unwanted result.  Another 

important issue is the various parameters which are influencing the electrochemical etching of the 

tungsten wire. After investigation the following conclusions can be drawn. When the length of 

the lower part is becoming shorter than 5-6 mm is not heavy enough to case “drop-off” and when 

it is longer than 10 mm the gravity force becomes too large to break the bonds between the 

tungsten atoms before the tip is as sharpest. For the electrolyte concentration of 8 Molar KOH the 

reaction becomes very fast and uncontrolled. The lower concentration of 1 Molar KOH gave in 

our case the smallest apex radius but increased the etching time. Even lower electrolyte 

concentration can be a good choice. The applied voltage of 8 volt creates a large number of 

hydrogen gas molecules which bubbled up and disturb the homogeneity of the etching. En 

optimal value of the voltage was around 4 V in our case and at the lowest voltage of 3 V was 

observed larger apex radius. Notice that this was an experimental work and a different 

combination of the parameters can give the same or even better result. A possible natural 

extension of this work could be to reproduce some STM-tips with the optimized parameters and 

use them in an STM experiment. 
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Appendix 

Recipe for STM-tip preparation with electrochemical etching of Tungsten 

polycrystalline wire in KOH 

Start with filling fresh DI-water from the system put on gloves and clean everything (i.e. tungsten 

wire, ring, tweezers, tip holders, holders and reservoirs) with acetone, then isopropanol and then 

DI-water. 

 Prepare 1 Molar KOH concentration. For 100ml DI-water interfere 5,61 g KOH. 

 Measure a length of 7-8 mm (can do that with the optical microscope) and make a “mark” 

with a razor blade. 

 Mount that side of the wire as the upper part. Adjust the wire in such way that the “mark” 

is in the middle of the ring. Observe with the optical microscope (see set-up, fig. 3.3, 3.4). 

 Wash the ring several times with DI-water. 

 Arise the holder with the electrolyte concentration so that the ring coming in the solution 

and builds a lamella. 

 Adjust the wire again. Evaluate with the optical microscope that the “mark” is located 

almost 10 κm from the lamella surface. 

  Start the electrochemical etching by applying a voltage of 4 Volt. Keep an eye on the 

process and adjust only if it’s necessary. That step should take about 20-30 minutes. 

  Turn the wire upside down (rotate 180 degrees), when the width of the etching point is 

about 1 κm. 

 Put a holder under the wire to collect the lower part (the tip). That holder can be the 

backside of s needle filled with DI-water. Wait for ”drop-off”. 

 Collect the tip with tweezers, carefully put it in a tip holder and then in a holder filled 

with freshly and clean isopropanol. 
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