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1 Introduction
The tips used up to now to make electrical measurements in an SEM at the SEM
laboratory of the Institute of Solid State Physics [1], are industrially manufactured
tungsten tips (see Fig.1.1). To make electrical contact, the tip has to be pressed very
hard on the surface of the sample and because the tip is very sharp (about 500 nm)
it bends. So the contact between the tip and the sample is not at the head of the tip,
but somewhere behind. It is also not possible to say how big the contacting part of
the tip is. So the aim of this project was to try and make very sharp Pt/Ir tips, test
their elastic and electrical properties and test if these tips are more suitable for the
electrical measurements which are currently done at the SEM laboratory. The project
is based upon the paper Very sharp platinum tips for scanning tunneling microscopy
[2].

The produced tips have a sharp shape and are about 60 - 150 nm thick at the
end. (See Figs.3.8 and 3.10) They also have good electrical properties, if the oxide
layer is being removed. It there is an oxide layer, however, there is then a problem
in making contact with the sample. During the project it was not possible to make
good contact between a Pt/It tip and the silicon samples which were analyzed at the
time, but there was good contact between the tips. The resistivity was about 30 - 50 Ω.

The elastic properties were not as bad as expected, but nor were they as good as
hoped. After crashing on the surface the tip went back a bit, but it was bent (see
Fig.3.7).

Figure 1.1: An etched Pt/Ir tip (left picture), compared with an industrially manufac-
tured tungsten tip (right picture)
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2 State of the art
2.1 Electrochemical etching

The electrochemical etching of very sharp tips is an established procedure for scan-
ning tunneling microscopy [5]. It is possible to make tips out of different metals, but
basically the process is the same every time. A wire is dipped in an electrolyte, and
a voltage is applied between the wire and a counter electrode [11]. The voltage - and
whether it is AC or DC - depends on the metal and electrolyte used and has to be
determined by experiment. Then the oxide layer, whitch appears during the etching,
has to be removed by another electrochemical step. This is usually done with a small,
negative DC voltage, where the tip is the ground. It is possible to do a further step
between the etching and the oxide removal, called micropolishing. This is actually a
second etching with an other electrolyte or an acid, and usually a lower voltage. This
reduces the diameter of the head of the tip again and produces a smooth surface [2].

lower tip. When the lower tip detaches from the upper tip, it
falls into the plastic tube, which avoids that the lower tip gets
damaged.

III. ELECTROCHEMICAL ETCHING PROCESS

In a 1 M KCl solution, Me �Me is for Co or Ni� oxidation
is thermodynamically favoured compared to water oxidation.
Upon application of a bias voltage, the following reactions
take place:

Cathode: 2H2O + 2e− → H2�g� + 2OH−

Anode: Me�s� + 4Cl− → MeCl4
2 + 2e−.

The current I flowing during the etching process is shown in
Fig. 2.

Two regimes can be identified in the electrochemical etch-
ing of Me: Point 1→2 and Point 2→3. This behavior is due
to a decreased charge carriers concentration, as a conse-
quence of the precipitation of the Me complexes.

When the electrochemical etching starts �Point 1�, hy-
drated chemical species forms around the wire, spreading
rapidly in the solution towards the Pt ring. These species
accumulate around the wire. As the electrochemical etching
proceeds, the hydrated chemical species saturate and precipi-
tate. Their salts remain suspended in the film by surface ten-
sion and the current decreases. After about 3 min for Ni andFIG. 2. Evolution of current in a Co �a� and Ni �b� wire electrochemical

etching.

FIG. 3. Optical microscopy images of Co tips �a� lower tip; �b� upper tip.

FIG. 4. SEM images of Ni tips �a� lower tip; �b� upper tip; �Magnifications:
�a�� 200, �a�� 2000, �a�� 11000, �b�� 300, �b�� 800, �b�� 3000�.

FIG. 5. �a� High resolution STM current image of HOPG surface obtained
with Ni tip in air; �b� STM topographic image with a Co tip on highly
corrugated iron thin film �VBias=800 mV, ITunnel=0.9 nA�; �c� STM topo-
graphic image with a Ni tip on high corrugated iron thin film �VBias

=750 mV, ITunnel=1.5 nA�.

2565 Albonetti et al.: Electrochemical fabrication of cobalt and nickel 2565

JVST B - Microelectronics and Nanometer Structures

(a) A nickel tip etched with a
KCl solution. [6]

3560 I. H. Musselman and P. E. Russell: Platinumliridium tips 

FIG. 5. SEM images of the same Ptllr tip shown in Fig. 3 after micropolish­
ing. Radius of curvature < SOO A. Cone half angle of 8". 

on the tip surface composition. Carbon was observed in all of 
the survey spectra. For the cut tip, Pt peaks were also ob­
served defining the upper thickness of the carbon contamin­
ation layer to be between 20 and 50 A. For two of the etched 
tips, however, Pt peaks were not observed suggesting that 
the surface C layer was in excess of the escape depth ofthe Pt 
Auger electron. 

The relative thicknesses of the surface contamination lay­
ers for the cut versus the etched Pt/Ir tips were determined 
by monitoring the intensity of the C Auger signal as a func­
tion of sputtering time (3 keY, 25 mA emission current, 
4 X 10 - 5 Pa Ar). For the cut tip, the C signal reached back­
ground after 45 s of sputtering, whereas the sputtering time 
varied from 30 s to 3 min for the three etched Pt/lr tips. This 
large variation in C thickness among the etched tips was 
reflected in their STM imaging unpredictability. Out of 20 
etched Pt/Ir tips, approximately 20% (those presumably 
with minimal surface C) successfully imaged sputter-depos­
ited Au on Si and a Au-coated poly(methylmethacrylate) 
(PMMA) lithographic test pattern. Atomic resolution im­
ages of highly oriented pyrolytic graphite (ROPG) could 
not be obtained with these tips. The Au images acquired 
using the remaining 80% of the tips exhibited random noise 
spikes as well as streaks in the scan direction illustrative of 
intermittent discontinuity in the magnitude of the tunneling 
current 

It was also observed that tips that produced reliable im­
ages prior to SEM or Auger electron spectroscopy (AES) 
analysis routinely failed to provide a recognizable STM im­
age after exposure to the electron beam. It is believed that 
residual hydrocarbon vapors in the SEM and AES vacuum 
systems are polymerized onto the STM tips by the electron 
beam.s 

The low percentage of working STM tips required that the 
initial fabrication procedure be altered to improve the sur­
face chemistry either by inhibiting C formation during elec­
trochemical etching or by removing C following etching. 
With limited success, the thickness of the C layer was re­
duced using an ion mil1 or an oxidizing oxygen acetylene 
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flame. Unfortunately, ion milling is a slow process requiring 
at least 30 min per tip.9 Even with careful calibration of the 
flame temperature, it was difficult to consistently oxidize the 
C without altering the tip shape via melting and recrystalli­
zation. The extent of surface C remained unchanged after 
precautions were taken to remove all sources of solid C from 
the etching setup. Carbon contamination was reduced to the 
level observed for the cut Pt/fr tip only after CO2 was eli­
minated from the etching procedure. Carbon dioxide, which 
readily dissolves in water to form carbonic acid, has a higher 
vapor pressure than water and can therefore be eliminated 
by boiling and subsequently cooling all water used to rinse 
the tips and to prepare the etchant. During the micropolish­
ing step, the contact of CO2 in the air with the tip and with 
the thin film of etchant made it necessary to polish in a glove 
box under a N2 atmosphere. 

Auger survey spectra obtained from three tips in which 
CO2 was removed from the etching environment compared 
favorably with that acquired from a cut tip. Platinum peaks 
werc observed for all four tips demonstrating that the C layer 
for the cut and etched tips was thinner than the escape depth 
of the Pt Auger electron. A total of 35 s was required for the 
Ar + ion beam to sputter away the C layer from the cut tip 
whereas a range of 25-50 s was needed for the etched tips. 

c. Image acquisition with etched Ptllr tips 

Two sets of nine Pt/fr tips, fabricated using the two-step 
etching procedure while taking precautions to remove CO2 , 

were tested by imaging sputter-deposited Au on Si. Noise 
spikes or streaks were not observed in the images acquired 
using tips from either set. The Au features in the images 
acquired using 80% of the tips (14/18) were normal in ap­
pearance with round agglomerates approximately 200 A 
high ranging from 100 to 300 A in diameter (Fig. 6). The 
unusual features observed in the images acquired with the 
remaining 20% of the tips (4/18) were attributed to an un­
desirable tip shape rather than to problems with the tip sur­
face chemistry. 

Importantly, these etched tips can successfully image 
samples with large surface topography as is demonstrated in 
Fig. 7 for a Au-coated PMMA lithographic test pattern 
(grooves l.um deep and 0.75.um wide). The topview [Fig. 
7(a), lower right] and linescan [Fig. 7(b)] illustrate that 

FIG. 6. STM image (50 mY, InA, S()OOX 5000 A) of sputter-deposited Au 
on Si acquired with an etched Pt/Ir tip. Gray-scale height is in angstroms. 
Three-dimensional view (center). Top-down view (lower right) . 

......................................... } ...... . 

(b) A Pt/Ir tip etched with CaCl2/H2O/HCl.
[12]

Figure 2.1: Different kinds of tips.

A special method for etching tips is reverse etching [3]. Here the wire is not dipped
in the etch solution from above, but instead from underneath. This is carried out
with a layer of high-density electrically insulating liquid under the electrolyte. The
wire is in this liquid and protudes a little in the electrolyte. This way the tips get an
extremely slim shape (see Fig.2.2) [4]. However, because of the setup, doing this kind
of etching is a lot more complex then the etching from above.
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FIG. 3. Characteristic overall profiles, by transmission electron micros- 
copy (TEM) at low magnification, of tungsten tips of decreasing cone 
angle, sharpened by reverse two-step etching. They display many minitips 
and spikes of a structure that appears independent of their location along 
the tip. 

rinse them thoroughly with water and alcohol for remov- 
ing completely the irregular layer of electrolyte residue, 
and to store them immediately in an inert medium such as 
alcohol or vacuum to avoid oxidation or thin film deposits 
from the atmosphere until actual use. 

To identify their true atomic or near-atomic sharpness, 
the tips presented here were imaged with a high-resolution 
transmission electron microscope model Hitachi H-800NA 
operating at 200 kV and optimized for 0.26 nm point-to- 
point resolution. 

Three characteristic profiles of tips sharpened by re- 
verse etching and of progressively decreasing cone angles 
are shown in Fig. 3 at low magnification. They illustrate 
the presence of several ultrasharp minitips or spikes along 
the tip surface and the absence of correlation between cone 
angle of the shank and spike sharpness. The removal of the 
electrolyte residue by rinsing in water and alcohol does not 
seem to alter tip sharpness, as displayed by the very sharp 
minitips of near-atomic radius OS-l.0 nm and half-cone 
9”14” shown in Fig. 4. To put in perspective the tip profile 
and near-atomic sharpness yielded by reverse etching and 
the advantages they embody in comparison with typical tip 
features obtained by normal etching, a clean minitip of 
near-atomic sharpness (subnanometer radius) is shown in 
Fig. 5 superimposed, at the same magnification, on the 

FIG. 4. Examples of very sharp tungsten minitips of near-atomic radius 
(OS-l.0 nm) and small half-cone (y-14’) unaltered by rinsing with 
water and alcohol. 

FIG. 5. Tip of near-atomic sharpness of apex radius about 0.5-1.0 nm, 
formed by reverse ac etching (inside), contrasted at the same magnitica- 
tion with the outlined profile of a typically sharp apex of lOO-nm radius 
formed by normal ac etching (outside). 

outlined profile of an optimal tip of about 100 nm radius 
produced by standard etching. 

In summary, a new procedure has been developed for 
the production by electrochemical etching of ultrasharp 
tungsten tips of nanometer and subnanometer apex dimen- 
sions and its mechanism based on bubble dynamics briefly 
discussed. Tips are etched in NaOH under ac voltage in 
two slow steps: In the first, a narrow cone with a fairly 
blunt tip is produced, and in the second, the final sharp- 
ening is accomplished in a modified configuration in which 
the wire is immersed pointing upward. 

The procedure can be extended to other metals with 
appropriate electrolytes. 

More broadly, beyond scanning probe microscopy, ul- 
trasharp tips also have applications in nanolithography, 
low-voltage cold-cathode field emitters, nanoelectronics, 
electrochemistry, field-ion and electron microscopy, and 
cell biology. 

The author is greatly indebted to Professor Noel A. 
Clark for use of the STM and etching setup in the Con- 
densed Matter Laboratory and to Professor Arnold0 Ma- 
jerfeld and Dr. Tamsin McCormick for use of the Hitachi 
H-800NA transmission electron microscope in the Atomic 
Resolution STEM Laboratory on the Boulder Campus. 
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Figure 2.2: A reverse-etched tungsten tip. [3]

2.2 Tips for resistivity measurements.

Sharp tips are also used for resistivity measurements in an SEM [1], where the current
distribution of small devices is being measured. To do that, sharp tips are mounted
in micromanipulators, are installed in an SEM. The tips are placed on the device, to
make electrical contact, a voltage is applied and the drop measured. In general, there
are two ways to make these measurements: first the normal resistivity measurement
with two tips, and secondly the four point resistivity measurement. For the four point
measurement the tips are placed in a row, a current applied between the two outer tips
and the voltage drop measured between the two inner tips (see Fig.2.3). In addition,
the problem with this measurement is the tips. As mentioned in chapter 1 they bend
when they are landed on a sample (see Fig.2.4). Because it can only be estimated
where the tips make contact, it is that way a relatively inaccurate measurement. For
further information concerning this method, visit the hompage of the Institute of Solid
State Physics from the TU Graz [1].

Figure 2.3: Diagram of a four point measurement [1].
.
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Figure 2.4: Four point measurement with four Pt/Ir tips produced during the project.

One kind of measurement avoiding the bending problem is the spreading resistance
profiling, in short ”‘SRP”’. The sample is ground diagonally and two tips with a
constant distance are pressed rectangular to the surface on the sample with one mil-
lion pounds per sq inch [7], so that they mechanically deform the sample surface (see
Fig.2.5). But the SRP is only good for making measurements of carrier concentration
in semiconductors like silicon or germanium, so for making measurements on with
sharp tips, the resistivity measurement has to be used.

Figure 2.5: Illustration of the spreading resistance profiling [7].
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3 Experimental methods
3.1 Spot welding

A short piece of 100 µm thick Pt/Ir wire was spot welded at the end of a tungsten
wire. The tungsten wires used were 0.5 mm in diameter and between 2 and 4 cm long.
The welding was done at two spots (Fig. 3.1) to make sure that the Pt/Ir wire was
fixed on the tungsten and that there was good electrical contact. The wire was cut so
that a 2 to 3 mm long piece was left over for the etching step.

Figure 3.1: A finished tip.

3.2 Etching

The electrochemical etching was done with a CaCl2/H2O/acetone solution [2], namely
20 ml distilled water with 20 ml acetone and 7g calcium chloride dihydrate. The solu-
tion was over-saturated with acetone, in order to create a thin film of acetone swimming
on the top of the solution. Using a syringe to put the solution from the storage bottle
into the the box where the etching was done, ensures that there will not be an acetone
film which could influence the process.

For the etching, the Pt/Ir wire should be dipped in the solution about 1 mm deep.
It is not important that the wire is dipped in perpendicular to the fluid surface. A
graphite rods was used as the counter electrode [8](Fig. 3.2). Experiments with copper
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Figure 3.2: The graphite electrode (the big one) and the pencil lead (the small one).

Figure 3.3: The setup for the etching. Bubbles can be seen appearing as a white shape
around the tip.

and steel as the counter electrode did not yield the desired results. Using these metals,
an oxide layer appeared and because of the change of the resistance these etchings were
not successful. Etching with the lead of an ordinary pencil as the counter electrode
produced almost the same results as with the graphite rod, because pencil leads are
made of graphite mixed with clay [9] (see Fig. 3.2). Although the graphite does not
react with the CaCl2/H2O/acetone solution, the electrode has to be cleaned after 10 -
20 etchings. Usually it is sufficient to flush it with distilled water. During the etching
process PtCl is formed. That is a black precipitate which adheres to the graphite.
The influence of PtCl depostits on the resistivity of the graphite was not measured,
but when the graphite electrode, after 20 etchings, was put in a fresh solution, a black
cloud appeared around the electrode.

For the electrochemical etching a sinusoidal voltage was applied between -20 and 20
V at 40 Hz [2]. The etching had to be stopped when the current intensity fell below
20 mA. For our setup, a Keithley Source Meter 2636 A was used as the voltage source.
The program used for the etching can be found in Appendix A4.2.

During the etching bubbles can bee seen appearing around the Pt/It wire. Because
of the acetone in the solution, they stay very small (around 0.1 mm) [2]. But after
etching a few tips the solution becomes more viscous and thereby the bubbles bigger
and more stable. It turned out that when the viscosity of the solution exceeds a certain
value, the bubbles became so big and stable, that the contact between the tip and the

8
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Figure 3.4: A well etched tip compared to a tip etched with an over-used
CaCl2/H2O/acetone solution.

solution is no longer the surface of the solution, but rather the membrane of one or
more bubbles. That means that the contact is higher than the solution surface and
thereby the sharp part of the tip is etched away. Such a tip is shown in Fig. 3.4. How
many tips can be etched before changing the solution depends on how deep the Pt/Ir
wire is dipped into the solution, so on how much material is etched away. For etching
4 tips which were dipped in the wire about 1 mm, a solution of 17 - 20 ml was used.
It wasn’t possible to make more than 5 tips without changing the solution.

After etching, the tips should be cleaned with distilled water. They should be dipped
in a bowl filled with water, and moved left and right a little bit. If done carefully, they
can be flushed, if the water is allowed to flow too quickly while flushing, the tips can
easily be bent.

After the etching step the tips are usually around 200 nm thick with a slim shape(see
Fig. 3.5).

3.3 Annealing

The annealing is carried out for two reasons. Firstly, the surface of the tip after the
etching is not very smooth (see Fig. 3.5). But more importantly, the heating of the tip
reduces the amount of dislocations in the Pt/Ir, and thereby the grains in the material
get bigger [2]. Thus the elastic properties of the tip are changing. An unannealed tip
just bends if it is pressed on a surface. This will be discussed in section 4.1.

The annealing was done with a bunsen-burner, the wire was heated to red-heat for
10 - 20 s. This step slightly enlarged the diameter of the tip (see Fig. 3.6).

Test of the elastic properties were tested by bending one tip at the right edge of the
silicon sample which was in the SEM at this time (see Fig. 3.7). The elastic properties
were not as bad as expected. The tip was deformed, but after taking the tip away
from the silicon it bent back to a certain value.

9
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Figure 3.5: Two tips after the etching step. The right picture shows the same tip as
the left with higher magnification.

Figure 3.6: Two tips before and after the annealing step. The pictures on the right
show the same tips as on the left but with higher magnification

The tips should be cleaned again after the annealing as with the etching (Section
3.2).
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Figure 3.7: Test of the elastic properties of an annealed tip. The upper left picture
shows the tip before the bending. The three pictures on the right show two
careful crashes, and the two lower on the left a brutal crash on the silicon.

3.4 Micropolishing

To reduce the diameter of the tip after the annealing and keep the surface smooth,
an electrochemical micropolishing was done [2]. See Fig. 3.8 for the result. The mi-
crowire was etched with an H2SO4 solution diluted to 1% with distilled water. A gold
wire-loop, with 4 mm in diameter, was dipped into the solution so that a thin film
appeared. The gold wire was mounted in a micromanipulator and under a optical
microscope it was moved so that the microwire was in contact with the H2SO4 film
(see Fig. 3.9). Because of the capillary action [10] the film coated the whole microwire.

For the micropolishing a 3 V square wave voltage at 1kHz was applied for 12 s. The
electrodes were the tip and the gold wire. During the micropolishing it was possible to
see bubbles appearing around the microwire, sometimes even without the microscope.
It turned out, that this is not an indicator of the quality of the reaction if the bubbles
are big. Sometimes it is an indication for that the contact between the H2SO4 film

11
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Figure 3.8: Two tips before (left) and after (right) the micropolishing.

and the tip is not at the microwire, but at the ”thicker” part, where more material
is etched away. That might mean that the microwire loses contact with the film and
protrudes on the other side. This can be seen using a microscope and focusing on
the tip. There is no problem when moving the gold-loop back and forth a bit during
the micropolishing to make sure that the microwire is being polished completely, or to
polish some of the ”thick” part to make grain boundary visible (Fig. 4.2) - this will
be discussed in section 4.1.

There is a problem, however, with the lifespan of the H2SO4 film. If there is only a
gold loop it does not last long enough to finish the polishing. To have a longer lifespan,
the loop has to be at the end of a twisted part (ours was 1.5 cm long - see Fig. 3.9),
and the wire has to be tilted, so that the loop is below. The wire has to be dipped
into the H2SO4 solution completely, so that there is enough solution available at the
twisted part to keep the film existing. This way the lifespan is about 1 - 2 min.

It is not necessary to clean the tips after the polishing if the next step is done im-
mediately afterwords. If there is a break in between which is long enough for the tips
to dry, it’s better to clean them afterwords, as with the etching (Section 3.2) and the
annealing (Section 3.3).

12
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Figure 3.9: The setup for the micropolishing. The gold wire with the H2SO4 film can
be seen; when the picture was taken there was no contact between the film
and the microwire.

3.5 Removing the oxide - ”reverse polishing”

The micropolishing causes oxidation of the platinum [2]. The oxide layer prevents
electrical contact with the tip, so it has to be removed. To do that, the tip hast to be
put in the same setup as in the micropolishing step, and a -1.1 DC voltage applied for
2 min [2]. The ground has to be at the gold wire. During the process bubbles appear
again, but a lot smaller than during the micropolishing. Here they can be seen only
through the microscope and they slowly decrease with time. But when the oxide layer
is removed, etching of the platinum should be continued slowly so that the occurrence
of bubbles does not stop after the oxide is gone. After 2 min reverse polishing there
was good electrical contact between all tips. The tips also became a little sharper after
removing the oxide layer (Fig. 3.10).

Because this is the last step, the tips had to be cleaned afterwords with distilled
water, as with the annealing and the etcing (see section 3.2).

13
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Figure 3.10: Two tips before (left) and after (right) the removal of the oxide layer.

14
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4 Tip properties
4.1 Elastic properties

One of the main intentions of the project was to produce flexible tips, so that after
pressing them on the sample surface they return back to their former shape. The
crucial step for this property is the annealing. Before that the tips have very little
flexibility, they just bend (see Fig.4.1). After the annealing, the tips get some flexibil-
ity (Fig.3.7), but for making electrical measurements they have to be pressed so hard
on the surface that they still get bent. So in this respect the same problem occured as
with the tungsten tips.

Figure 4.1: Test of the elastic properties of an unannealed tip.

The reason for the change of the properties is that the amount of dislocations in the
Pt/Ir is reduced during the annealing, so the micro-crystals (grains) get bigger. The
longer the annealing is done the bigger the grains should be; however, this was not ob-
served in great detail, so a relation between grain size and endurance of the annealing
cannot be given. After the micropolishing of an annealed tip the grain boundaries are
visible (see Fig.4.2). They can be seen on one hand because of their different color,
and on the other because they are separated by thin lines, as clearly shown on the
right, upper picture in Fig.4.2. In the best case the micro-wire should be a single
micro-crystal, it wasn’t possible for us to prove that, because the resolution of our
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Figure 4.2: Grain boundaries after the micropolishing. The upper right picture was
taken with the back scattering detector, the others with 5kV acceleration
voltage. On the lower pictures the same tip is shown; the picture on the
right shows that there is a grain boundary at the point the micro-wire
begins.

SEM was insufficient. In the right, lower picture a grain boundary can be seen at the
point where the micro-wire begins. We expected to see smaller grains on micropolished
unannealed tips, but we did not (Fig.4.3).
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Figure 4.3: The surface of two micropolished, unannealed tips. It is not possible to
locate any grain boundaries on the surface.

4.2 Electrical properties

Because the tips are to be used for electrical measurements, the electrical properties
of the tips have been studied. The resistivity between two tips is about 30 - 50 Ω, if
the oxide layer has been removed. If there is an oxide layer, there is a bigger chance
of melting the tip than breaking through the oxide. More important though is the
contact to the sample. It was impossible to create such a contact. Fig.4.4 showns two
EBIC measurements of two PT/It tips in contact with a silicon sample. It can be seen
that the contact between the tip and the sample is not at the head of the tip. Three
IV curves are shown in Fig.4.5.

Figure 4.4: EBIC measurement of two Pt/Ir tips on a silicon sample. A separate
EBIC measurement was made for each tip. For an unknown reason both
tips could not be measured at the particular time. For the corresponding
IV curves see Fig.4.5.
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We also tried to electroform the tips, in order to melt them onto the silicon sample.
But the voltage source used was unable to produce a high-enough voltage. The highest
voltage applied was 200 V.

Compared with the industrially manufactured tungsten tips, the electrical proper-
ties between two tips are more or less the same, but with tungsten tips better contact
with a sample can be made. That is because on the one hand tungsten is a a much
harder material than platinum, and on the other hand, the industrially manufactured
tungsten tips are thicker than our home-made Pt/It tips, so they are more stable. We
could have tried to make contact with a comparable thick Pt/Ir tip, but that would
not have been reasonable, because we wanted to have sharper tips so that we would
know more precisely where the contact with the sample was made. With Pt/It tips
the same size as the tungsten tips, there would also be the same problem. Probably it
would be even greater because Pt/It is not as hard as tungsten, and moreover, plat-
inum is more expensive than tungsten. So one could try to make very sharp tungsten
or even silicon tips [5].
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Figure 4.5: Three IV curves of two Pt/Ir tips. They were always at the same position.
For the corresponding EBIC see Fig.4.4
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Sine loop program for the etching
amp_v = 1000

m_delay = 0.001

list_v = {0.309, 0.588, 0.809, 0.951, 1, 0.951, 0.809, 0.588, 0.309,

-0.309, -0.588, -0.809, -0.951, -1, -0.951, -0.809, -0.588, -0.309}

-------------------config SMU A-------------------------

smua.reset()

smua.measure.autorangei = smua.AUTORANGE_ON

smua.source.func = smua.OUTPUT_DCVOLTS

smua.source.levelv = 0

smua.source.limiti = 50e-3

smua.measure.nplc = 0.001

smua.nvbuffer1.clear()

smua.nvbuffer1.appendmode = 1

smua.nvbuffer1.collectsourcevalues = 1

smua.nvbuffer2.clear()

smua.nvbuffer2.appendmode = 1

smua.nvbuffer2.collectsourcevalues = 1

smua.measure.count = 1

display.smua.measure.func = display.MEASURE_DCAMPS

------------------measurement-----------------------

smua.source.output = smua.OUTPUT_ON

smua.measure.delay = m_delay

i = 1

reading = 1

repeat

smua.source.levelv = math.sin(i)*20

delay(0.0008)

i = i + 0.25

if i > 360 then

i = 1

end

if i == 90 then

reading = smua.measure.i()

print(reading)

end

until reading < 0.020
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