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Description

[0001] The present invention relates to a metal tip for
scanning probe applications and to a method of produc-
ing such a tip. In addition, the present invention relates
to a scanning probe microscope sensor.
[0002] In scanning probe applications such as, for ex-
ample, scanning tunnelling microscopy, atomic force mi-
croscopy, and related techniques, atomically sharp tips
are used for sensing tunnelling currents or forces such
as electrostatic forces, magnetic forces, etc. between the
tip and a surface to be probed. In a first mode of scanning
probe applications tips are located at the end of cantilev-
ers that are brought near to, or in contact to, the surface
to be probed and the measurement signal is derived from
the deflection of the cantilever. In another imaging mode,
an oscillator is used which oscillates at or close to its
fundamental resonance frequency or a harmonic thereof.
An interaction between the tip and the surface to be
probed modifies the amplitude, phase or frequency of
the oscillation. Hence, changes in the oscillation frequen-
cy, the amplitude or the phase contain information about
the surface to be probed. By scanning the sample and
monitoring the modifications of the oscillation of the os-
cillator an image of the sample surface can be derived.
[0003] In particular, if an oscillating sensor is used in
a scanning probe application a high quality factor (Q-
factor) of the oscillation is desired. The Q-factor is a
measure for the band width of the oscillator, i.e. the range
of frequencies for which the oscillator resonates, and for
the degree of damping of the oscillation. The higher Q-
factor is the lower are the band width and the degree of
damping, which leads to a higher quality image of sample
surface.
[0004] Production of atomically sharp tips, as they are
necessary for scanning probe applications, can be done
in different ways. In a first way, a tiny metal wire is cut
by a pair of scissors or a scalpel. However, this method
of producing the tip requires testing of the tip before using
it since the result of the cutting is difficult to reproduce.
Another technique of producing tips is etching. Various
etching techniques have been described, for example,
in US 5,630,932 or in M. Kulawik "A double lamellae drop
off etching procedure for tungsten tips attached to tuning
fork atomic force microscopy/scanning tunnelling micro-
scopy sensors", Review of Scientific Instruments, vol. 74,
No. 2, February 2003. Etching techniques usually rely on
immersing a metal wire as a first electrode into an elec-
trolytic etching solution and applying a voltage between
the wire and a second electrode located in the etching
solution. When the voltage is applied material is removed
from the wire in a boundary layer between the etching
solution and air. After a while the wire becomes so thin
in the boundary layer that the part immersed into the etch-
ing solution drops off. Then, the current flowing through
the wire and the etching solution is rapidly switched off
to stop further etching of the wire, which then is used as
the tip. Such etching techniques are, for example, de-

scribed in M. Kimball et al, "An improved probe sharpen-
ing technique (microelectronics failure analysis)" 1990
iIEEE/IRPS, March 1990, pages 69 - 71 and J. P. Ibe et
al."on the electrochemical etching of tips for scanning
tunneling microscopy" J. Vac. Sci. Technol. A vol. 8 no.
4, Jul/Aug 1990, pages 3570 - 3575. In other etching
techniques small ring electrodes are used through which
the wire extends. An electrolyte film is located between
the wire and the interior surface of the ring electrode so
that the etching is performed in the area which is sur-
rounded by the ring electrode. After a while the wire be-
comes so thin in the etching zone that the lower part of
the wire drops off. This part is then used as the tip. Such
a method is described by M. Kulawik in "A double lamel-
lae drop off etching procedure for tungsten tips attached
to tuning fork atomic force microscopy/scanning tunnel-
ling microscopy sensors", Review of Scientific Instru-
ments, vol. 74, No. 2, February 2003. Similar methods
are described in M. Klein et al., "An improved lamellae
drop-off technique for sharp tip preparation in scanning
tunneling microscopy" Rev. Sci. Instrum. Vol. 68, no. 8,
August 1997, pages 3099 - 3103 and in S. Kerfriden et
al. "The electrochemical etching of tungsten STM tips",
Electrochemica Acta, vol. 43, nos. 12-13, May 1998, pag-
es 1939 - 1944.
[0005] P. J. Bryant et al. "Technique for sharpening
scanning tunneling microscope tips", Rev. Sci. Instrum.
Vol. 58, no. 6, June 1987, page 1115 describes a tech-
nique for shaping scanning tunnelling microscope tips in
which a tungsten wire is immeresed into a KOH etching
solution in which a counter electrode is located. The low-
ermost part of the wire is inserted into an air column which
is trapped in a glass capillary by the high surface tension
of the KOH solution.
[0006] Although the described methods are suitable
for producing atomically sharp tips there is still a desire
for etched tips which allow for a higher Q-factor with sen-
sors employing tuning forks or similar symmetric reso-
nators.
[0007] It is therefore an objective of the present inven-
tion to provide a metal tip for use in scanning probe ap-
plications which allows for a high Q-factor of oscillating
sensors. It is a further objective of the present invention
to provide an advantageous etching method of producing
metal tips for scanning probe applications. It is a still fur-
ther objective of the present invention to provide an ad-
vantageous scanning probe microscope sensor.
[0008] These objective are solved by a metal tip for
scanning probe applications as claimed in claim 1, by a
scanning probe microscope sensor as claimed in claim
6 and by a method of producing a metal tip for scanning
probe applications as claimed in claim 8. The depending
claims contain further developments of the invention.
[0009] According to a first aspect of the present inven-
tion use of a metal tip for scanning probe applications is
provided. The tip which is used has an axial extension,
a radial extension, a pointy section that extends axially
from a section of maximum radial extension to an atom-
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ically sharp end, and a blunt section that extends axially
from the section of maximum radial extension to a blunt
end. The metal tip has a mass of 10 mg or less, in par-
ticular of 5 mg or less, preferably of 3 mg or less. The
axial extension of the pointy section is larger than the
axial extension of the blunt section.
[0010] The low mass metal tips allow for increasing the
Q-factors, in particular, of symmetric quartz oscillators in
scanning probe microscope sensors so that high quality
images of the surface to be probed can be achieved.
Moreover, they can be produced by a self-limiting etching
process.
[0011] The tip may be made of a metal belonging to
the groups 6 to 11 and to the periods 4 to 6 of the periodic
table or of alloys containing at least of these metals as
main component. Exemplary materials the tip may be
made of are, in particular, tungsten (W), iridium (Ir), plat-
inum (Pt), or an alloy of platinum and iridium.
[0012] Up to now Q-factor improvements have been
achieved by attaching an extra mass to the symmetric
oscillator to balance the mass of the tip. Such balancing
is, for example, described by Boon Ping Ng et al. "Im-
prove performance of scanning probe microscopy by bal-
ancing tuning fork bronze" Ultramicroscopy, vol. 109, is-
sue 4, March 2009, pages 291 to 295. With the tip the
Q-factor can be improved without using an extra mass
since the tip is lower in mass than etched state of the art
tips.
[0013] The described tips can be etched by using the
inventive method of producing a metal tip for scanning
probe applications. This method comprises the steps of
providing an electrolyte into which a first electrode is im-
mersed, partly immersing a wire into the electrolyte as a
second electrode, applying a voltage between the first
electrode and the wire until the part of the wire which is
immersed into the electrolyte drops off, and cleaning the
dropped off part from the electrolyte for using it as a metal
tip for scanning probe applications. The production of the
tip becomes possible in that, according to the inventive
method, the wire is partly immersed into the electrolyte
by an amount of 600 mm or less, in particular 400 mm or
less.
[0014] The inventive method is based on the finding
that a very tiny part drops off from the wire during the
etching when the wire is immersed into electrolyte not
more than 600 mm, preferably not more than 400 mm.
[0015] The metal tips produced by the inventive meth-
od typically have, in addition to the pointy section that
extends axially from a section of maximum radial exten-
sion to an atomically sharp end, a blunt section that ex-
tends axially from the section maximum radial extension
to a blunt end, where the axial extension of the pointy
section is larger than the axial extension of the blunt sec-
tion, in particular at least three times larger, and typically
5 to 10 times larger The blunt section may have a oval
shape, in particular a circular or an elliptic shape, so that
the tip has the shape of an elongated droplet.
[0016] The maximum axial extension of the tip, as pro-

duced with the inventive method, is 500 mm or less, in
particular of 350 mm or less, and its maximum radial ex-
tension is 50 mm or less, in particular of 25 mm or less.
[0017] In the inventive method of producing the metal
tip, the etching of the tip immediately stops as soon as
the part immersed into the electrolyte drops off from the
wire since it is then not connected to the current source
anymore. Hence, the etching of the tips, i.e. the dropped
off parts of the wire, is self limiting and switching off the
current with a fast breaking switch mechanism is not nec-
essary since a further etching of the remaining wire is
not critical.
[0018] According to a further development of the in-
ventive method the metal wire is fed forward to immerse
a further part of it into the electrolyte after the part of the
metal wire which was earlier immersed into the electro-
lyte has dropped off, and the voltage between the wire
and the second electrode is applied again until the further
part of the wire drops off. This can be repeated until the
desired number of tips is produced or all the wire is con-
sumed. The cleaning step then may take place after a
number of parts of the metal wire have dropped of. In
other words, a number of tips can be collectively cleaned
after the desired length of wire is consumed.
[0019] The cleaning may, in particular, be performed
by diluting the electrolyte with a diluting agent which dis-
solves the electrolyte. Diluting the electrolyte may be
done by replacing an amount of electrolyte by an equiv-
alent amount of diluting agent. This may also be repeated
one or more times.
[0020] In order to allow an automated feed forward of
wire into the electrolyte the presence of the part of the
wire immersed into the electrolyte can be monitored by
monitoring the current flow through the wire. As soon as
the part which is immersed into the electrolyte drops off
the current flowing through the wire to the counter elec-
trode drops which indicates that a further part of the wire
may be fed forward.
[0021] The wire that is partly immersed into the elec-
trolyte has, preferably, diameter of 100 mm or less, in
particular 50 mm or less so that an unnecessary high
mass of the tip can be avoided. With thin wires the tip
that results from the inventive method is reduced in di-
ameter approximately by a factor of two through the etch-
ing process as compared to the original wire. Hence, a
wire of an original diameter of 100 mm leads to a tip with
a diameter of approximately 50 mm in diameter, and a
wire of an original diameter of 50 mm leads to a tip with
a diameter of approximately 25 mm.
[0022] According to a further aspect of the present in-
vention, a scanning probe microscope sensor (SPM-sen-
sor) is provided which comprises a metal tip. The sensor
may, in particular, be a symmetric oscillator with a first
oscillator arm and a second oscillator arm to which the
tip is fixed. The inventive sensor allows for a high Q-factor
which in turn allows for obtaining high quality images of
a sample surface to be probed without the use of a coun-
ter mass at the first oscillator arm.
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[0023] Further features, properties and advantages of
the present invention will become clear from the following
description of embodiments in conjunction with the ac-
companying drawings.

Figure 1 shows a tip.

Figure 2 schematically shows an etching system for
producing the tip of Figure 1.

Figure 3 shows the tip just before the etching is fin-
ished.

Figure 4 shows a number of finished tips as seen
through an electron microscope.

Figure 5 shows an SPM-sensor with an tip.

[0024] The features and properties of the tip will be
described with reference to Figure 1. Note that Figure 1
is only a schematic view and that the ratio of the radial
dimension to the axial dimension does not necessarily
correspond to the respective ratio of real tips.
[0025] The tip 1 has the shape of an elongated droplet
with an axial extension I along a longitudinal axis 3 of
about 300 to 400 mm, typically about 350 mm. The tip
shows radial symmetry with respect to the longitudinal
axis 3 and has a section 5 of maximum radial extension
d. A blunt section A extends from the section of maximum
radial dimension 5 to a blunt end 7, and a pointy section
B extending from the section of maximum radial exten-
sion 5 to an atomically sharp end 9. The diameter of the
tip 1 in the section of maximum radial extension is in the
range of 50 mm or less, in particular in the range between
20 and 30 mm, typically 25 mm. The pointy section is
much more elongated than the blunt section. Typically,
the axial extension of the pointy section is about 5 to 10
times larger than the axial extension of the blunt section.
[0026] The tip 1 can be made of a number of materials.
Typical materials used for producing tips for scanning
probe applications are, in particular tungsten, platinum
and iridium. Also alloys like platinum-iridium alloys are
often used. However, other materials can, in principle,
be used as well. Such other materials are, for example
manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni) which
are materials of the forth period and the seventh to tenth
group of the periodic table. Other materials which are, in
principle, suitable for making tips are ruthenium (Ru), rhe-
nium (Re) and palladium (Pd) of the fifth period and the
eighth to tenth group of the periodic table. In addition to
the already mentioned materials tungsten, iridium and
platinum of the sixth period other materials of this period
like osmium (Os) and gold (Au) or rhenium (Re) are also
suitable. As a rule of thumb, materials contained in the
forth to sixth period and the sixth to eleventh group of the
periodic table are, in general, suitable for producing the
tip.
[0027] The mass of the tip 1 is 10 mg or less, in partic-

ular 5 mg or less, preferably 3 mg or less. Note that the
mass of the tip depends on its dimension as well as on
the density of the tip material. In present exemplary em-
bodiment, the tip 1 is made of tungsten which has a den-
sity of 19,25 g/cm3. A tungsten cylinder with a length of
350 mm and a diameter of 25 mm would have a mass of
about 3,3 mg. Since the major part of the tip more or less
resembles a cone its mass would be about 1/3 of the
cylinder mass. Hence, the mass of the tungsten tip having
a length of 350 mm and a maximum diameter of 25 mm
would be in the range of 1 mg. If a material different to
tungsten would be used for producing a tip 1 of the same
diameter and length as the tungsten tip the mass would
scale with the density of the material. However, all ma-
terials mentioned above which are within the sixth period,
as tungsten, would roughly have the same mass since
all those materials have densities about 20 g/cm3. In case
of materials taken from the fifth or the forth period a tip
with the same dimensions would even be lighter since
the densities of these materials are less than the densities
of the mentioned materials of the sixth period.
[0028] Figure 2 shows a typical etching system for pro-
ducing a metal tip 1. The etching system comprises a
container 11 filled with an electrolyte 13 which serves as
an etching solution. A ring shaped first electrode is im-
mersed into the etching solution. Furthermore, a metal
wire 17, from which the metal tip will be formed, is partly
immersed into the electrolyte 13 by an amount of 600
mm or less, in particular 400 mm or less. This metal wire
17 forms a second electrode to allow electrolytic etching
of the wire part immersed into the electrolyte 13.
[0029] For performing the etching process, a DC-volt-
age is applied between the two electrodes so that mate-
rial is stripped off from the wire part 19 which is immersed
into the electrolyte 13. In this etching process, the highest
stripping rate is achieved close to the border between
the electrolyte 13 and the surrounding atmosphere, typ-
ically air. However, other gases could also be used as
atmosphere, for example nitrogen or an inert gas.
[0030] The metal wire 17 with the part which is im-
mersed into an electrolyte 13 is shown in Figure 3 just
before the etching process is finished. It can be seen
that, due to the highest etching rate being located close
to the surface 21 of the electrolyte 13, the material re-
duction at the wire part 19 immersed into the electrolyte
13 is also the highest close to the electrolyte surface 21.
Hence, a constriction 23 forms close to the border be-
tween the electrolyte 13 and the atmosphere which even-
tually becomes so thin that the wire part 19 immersed
into the electrolyte 13 drops off from the wire 17 to form
the desired metal tip.
[0031] The etching process is controlled by monitoring
the current flowing between the two electrodes through
the electrolyte 13. At the moment the wire part 19 im-
mersed into the electrolyte drops off a sharp decrease
of the current flowing through the electrolyte 13 can be
observed. A control devise 27 connected to an ampere
meter 25 measuring the current flowing through the wire
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17 and the electrolyte 13 monitors this current and switch-
es the DC-voltage off by means of controllable switch 29
to which it is also connected if it recognizes a sharp cur-
rent drop. Note, however, that it is not essential to switch
off the DC-voltage quickly since the wire part 19 dropped
off is used as tip rather than the remaining wire 17. Hence,
the etching process of the tip immediately stops as soon
as the wire part 19 drops off from the wire 17. Switching
the DC-voltage off only serves for preventing from con-
sumption of too much wire 17 and for allowing to feed a
further wire part into the electrolyte 13 without an etching
taking place during the wire movement. Switching on the
DC-voltage then precisely defines the beginning of the
etching.
[0032] When the wire 17 has been fed forward so that
a further wire part 19 is immersed into the electrolyte 13
by an amount of 600 mm or less, in particular by an
amount of 400 mm or less, the switch 29 is closed again
by the control device 27 to etch another tip. Since feeding
forward can also be controlled by a control device 27 the
whole tip forming process can be fully automated.
[0033] As a concrete example for forming tip by use of
the inventive method forming a tungsten tip will be de-
scribed. A tungsten wire with a diameter of 50 mm is fed
forward into an electrolyte which is, in the present exam-
ple, sodium hydroxide (NaOH). The wire is immersed
into the sodium hydroxide by an amount of 400 mm. To
start the etching, a DC-voltage is applied between the
tungsten wire, which forms the anode, and the ring
shaped electrode 15, which forms the cathode. The etch-
ing then takes place at the wire part 19 immersed into
the NaOH with the highest etching rate being located
close to the atmosphere/electrolyte interface. During ap-
plication of the DC-voltage the current flowing through
the tungsten wire 17 is monitored in order to trace the
etching process.
[0034] As long as a voltage is applied the etching of a
wire proceeds around the immersed wire part 19 with the
highest etching rate continuing to be close to the atmos-
phere/electrolyte interface. Eventually, the diameter of
the immersed tungsten wire part close to the atmos-
phere/liquid interface becomes so thin that the immersed
part, which now has the shape of an elongated droplet,
drops off from the tungsten wire 17. At this moment, the
electrical circuit is interrupted since the tungsten wire is
not in direct contact with the electrolyte anymore and,
hence, the etching process is stopped automatically. Un-
like in other etching processes, not the residual tungsten
wire 17 at the atmosphere side is used as a tip but the
part 19 which has dropped off. In case additional tips
shall be produced the tungsten wire can be fed forward
into the electrolyte to immerse a further part of the wire
by an amount of 400 mm, into the electrolyte.
[0035] With the described etching process, the length
of the etched tips can be precisely tuned by adjusting the
length of wire which is immersed into the electrolyte. A
typical automated process for repeated production of
metal tips would comprise the following steps:

1. Dipping the wire into the electrolyte with a defined
length being dipped into the electrolyte.

2. Application of a DC-voltage and monitoring of the
flowing current.

3. Etching until the measured current breaks down.

4. Switching off the DC-voltage.

5. Feeding the tungsten wire forward by a defined
length.

6. Repeating of steps 2 to 5 until the desired number
of the tips has been produced or until the metal wire
is consumed.

[0036] A picture of a number of tips produced accord-
ing to the described method is shown in Figure 4. This
picture, which is taken with an electron microscope, dem-
onstrates the reproducibility achieved by the inventive
etching process.
[0037] In order to use the etched tips which typically
lie at the bottom of the electrolyte container 11, they need
to be cleaned from the electrolyte without mechanically
touching them in order to prevent mechanical damage
or bending or blunting of the tips. To do so, the electrolyte
13 is successively exchanged by a diluting agent dissolv-
ing the electrolyte 13. Typically, distilled water can be
used as the diluting agent, in particular in the above ex-
ample in which sodium hydroxide is used as electrolyte.
Diluting the electrolyte 13 is repeated several times with
typically replacing two third of the electrolyte by distilled
water in each dilution cycle. After a number of dilution
cycles the electrolyte is diluted so far that no electrolyte
contamination at the tips is observed anymore when tak-
ing the tips out of the container 11. In the above example,
in which sodium hydroxide is used as electrolyte and dis-
tilled water is used as diluting agent, typically five or six
diluting cycles are sufficient for cleaning the tips. How-
ever, if a higher or lower fraction of the electrolyte, for
example one half or one fourth, is replaced by the diluting
cycles may be necessary.
[0038] Although sodium hydroxide and distilled water
have been used as electrolyte and diluting agent other
electrolytes and diluting agents may be used as well. In
particular, the electrolyte may be chosen in view of the
material the metal wire is made of. Similarly, the diluting
agent and/or the fraction of replacement may be chosen
in view of the used electrolyte. For example, some elec-
trolytes are not dissolvable in water but in alcohol, for
instance. Furthermore, it is not necessary to use a DC-
voltage in the etching process. AC-voltages could, in prin-
ciple, be used as well. Furthermore, the temperature of
the electrolyte, the magnitude of the voltages, the mate-
rial and geometry of the counter electrode which is im-
mersed into the electrolyte, or the washing procedure
may be changed, in particular in view of the material of
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the tips to be produced and the used electrolyte.
[0039] The tip 1 can be used with a symmetric quartz
oscillator of a scanning probe microscope sensor. An em-
bodiment of a scanning probe microscope sensor 31 in-
cluding a symmetric quartz oscillator is schematically
shown in Figure 5. The sensor comprises a quartz rod
33 forming an oscillator which is supported at its centre
by two arms 35A, 35B of a support frame 35. A first arm
33A of the quartz rod 33 extends into the frame 35 and
a second arm 33B, to the end of which an tip 1 is fixed,
extends away from the frame 35.
[0040] The quartz rod 33 comprises two gold coatings
37A, 37B which are applied to circumferential areas of
the rod 33 that are turned away from each other. These
gold coatings 37A, 37B are isolated against each other
and form electrodes that are connected electrically to the
arms 35A, 35B, respectively, which are formed of an elec-
trically conducting material and are isolated against each
other by a frame section 35C of an electrically non-con-
ducting material. A resonance oscillation of the quartz
rod 33 can be excided by applying a sinusoidal exciting
voltage Uexc to one of the electrodes of the quartz rod
33, in the present example to the electrode 37A, through
an arm 35A of the frame 35. The applied voltage causes
expansions and contractions of the quartz rod due to the
piezo-electric effect. At the second electrode 37B the pi-
ezo-electric effect induces charges on the rod surface
which can be detected as an oscillating current Iosc. This
current can be measured by means of the second elec-
trode 37B.
[0041] When the tip 1 is brought very close to a sample
surface to be probed the forces exerted to the tip 1 by
the surface 39 influence the resonance oscillation of the
rod 33 so that the oscillating current Iosc is modulated.
This modulation contains information about the surface
structure of the sample and, hence, allows for deriving
an image of the surface. The surface structure can be
imaged with higher quality the higher Q-factor of the res-
onance oscillation is. A lower mass of the tip 1 attached
to the quartz rod 33 allows for a higher Q-factor. Hence,
the very low mass tip 1 allows for producing a scanning
probe microscope sensor with a very high Q-factor.
[0042] Note that the sensor 31 described with respect
to Figure 5 is only one possible configuration of such a
sensor. Other configurations are possible, for example,
configurations in which a tuning fork like structure is used
instead of a linear quartz rod. Moreover, if the tip 1 is
contacted electrically conducting through an electrode at
the tip end of the quartz rod 33, tunnelling currents be-
tween the sample surface and the tip can be measured.
Hence, the tip can be used in different kinds of scanning
probe microscopes, for example in atomic force micro-
scopes or, if the mentioned electric contact to the tip is
present, in scanning tunnelling microscopes.
[0043] The present invention provides a very low mass
etched tip for scanning probe applications and a method
for producing such a tip. Due to its very low mass the tip
can be used for producing a scanning probe microscope

sensor having a high Q-factor. Furthermore, the etching
process for producing the tips is self limiting, i.e. it shuts
down automatically once the tip is dropping off. This is a
major advantage compared to other techniques which
use the atmosphere side of the wire as tip since, in such
techniques, fast electronics are necessary to shut down
the etching process. The tips can be produced in a highly
reproducible manner in an automated etching process.

Reference numerals

[0044]

A blunt section
B pointy section
1 tip
3 longitudinal axis
5 section of maximum radial extension
7 blunt end
9 atomically sharp end
11 container
13 electrolyte
15 electrode
17 metal wire
19 wire part immersed into the electrolyte
21 surface
23 constriction
25 ampere meter
27 control device
29 switch
31 sensor
33 quartz rod
35 frame
37A gold coating
37B gold coating
39 sample surface
l axial extension
d maximum radial extension

Claims

1. Use for scanning probe applications of a metal tip
(1) which shows radial symmetry with respect to a
longitudinal axis (3), the tip (1) having an axial ex-
tension (l) along the longitudinal axis (3), a radial
extension (d), a pointy section (B) that extends axi-
ally from a section of maximum radial extension (5)
to an atomically sharp end (9), and a blunt section
(A) that extends axially from the section of maximum
radial extension (5) to a blunt end (7), where

- the axial extension of the pointy section (B) is
larger than the axial extension of the blunt sec-
tion (A),
- the whole surface of the metal tip (1) is an
etched surface, and
- the metal tip (1) has a mass of 10 mg or less.
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2. The use as claimed in claim 1, wherein the maximum
axial extension (I) of the metal tip (1) is 500 mm or
less.

3. The use as claimed in claim 1 or claim 2, wherein
the maximum radial extension (d) of the metal tip (1)
is 50 mm or less.

4. The use as claimed in any of the claims 1 to 3, in
which the metal tip (1) is made of a metal which is
selected from a material contained in the 6th to 11th

group and the 4th to 6th period of the periodic table,
or of an alloy comprising at least one of these metals
as main component.

5. A scanning probe microscope sensor (31), compris-
ing a metal tip (1) which shows radial symmetry with
respect to a longitudinal axis (3), the tip (1) having
an axial extension (I) along the longitudinal axis (3),
a radial extension (d), a pointy section (B) that ex-
tends axially from a section of maximum radial ex-
tension (5) to an atomically sharp end (9), and a blunt
section (A) that extends axially from the section of
maximum radial extension (5) to a blunt end (7),
where

- the axial extension of the pointy section (B) is
larger than the axial extension of the blunt sec-
tion (A),
- the whole surface of the metal tip (1) is an
etched surface, and
- the metal tip (1) has a mass of 10 mg or less.

6. The scanning probe microscope sensor (31) as
claimed in claim 5, characterised in that it compris-
es a symmetric oscillator (33) with a first oscillator
arm (33A) and a second oscillator arm (33B) to which
the tip (1) is fixed.

7. A method of producing the metal tip (1) for scanning
probe applications comprised in the scanning probe
microscope sensor of claim 5 comprising the steps
of:

- providing an electrolyte (13) into which a first
electrode (15) is immersed;
- partly immersing a wire (17) into the electrolyte
(13) as a second electrode;
- applying a voltage between the first electrode
(15) and the wire (17) until the part (19) of the
wire (17) which is immersed into the electrolyte
(13) drops off,
- cleaning the dropped off part (19) from the elec-
trolyte for using it as metal tip (1) for scanning
probe applications.

characterised in that

- the wire (17) is partly immersed into the elec-
trolyte (13) in a way that a wire part (19) to be-
come the metal tip (1) is fully immersed into the
electrolyte by an amount of 600 mm or less.

8. The method as claimed in claim 7, characterised in
that the metal wire (17) is fed forward to immerse a
further part of it into the electrolyte (13) after the part
(19) of the metal wire (17) which was earlier im-
mersed into the electrolyte (13) has dropped off and
the voltage between the first electrode (15) and the
wire (17) is applied again until the further part of the
wire (17) drops off.

9. The method as claimed in claim 8, characterised in
that the cleaning takes place after a number of parts
of the metal wire (17) have dropped off.

10. The method as claimed in any of the claims 7 to 9,
characterised in that the cleaning is performed by
diluting the electrolyte (13) with a diluting agent dis-
solving the electrolyte (13).

11. The method as claimed in claim 10, characterised
in that diluting the electrolyte (13) is done by replac-
ing an amount of electrolyte (13) by an equivalent
amount of the diluting agent.

12. The method as claimed in claim 10 or claim 11, char-
acterised in that the step of diluting the electrolyte
(13) is repeated at least once.

13. The method as claimed in any of the claims 7 to 12,
characterised in that dropping off of the part (19)
of the wire (17) that is immersed into the electrolyte
(13) is monitored by monitoring the current flowing
through the wire (17).

14. The method as claimed in any of the claims 7 to 13,
characterised in that the wire (17) has a diameter
of 100 mm or less.

Patentansprüche

1. Verwendung einer Metallspitze (1), die Radialsym-
metrie in Bezug auf eine Längsachse (3) zeigt, für
Rastersondenanwendungen, wobei die Spitze (1) ei-
ne axiale Ausdehnung (1) entlang der Längsachse
(3), eine radiale Ausdehnung (d), einen spitz zulau-
fenden Abschnitt (B), der sich axial von einem Ab-
schnitt maximaler radialer Ausdehnung (5) zu einem
atomar spitzen Ende (9) erstreckt, und einen stump-
fen Abschnitt (A), der sich axial von dem Abschnitt
der maximalen radialen Ausdehnung (5) zu einem
stumpfen Ende (7) erstreckt, aufweist, wobei

- die axiale Ausdehnung des spitz zulaufenden
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Abschnitts (B) größer als die axiale Ausdehnung
des stumpfen Abschnitts (A) ist,
- die gesamte Oberfläche der Metallspitze (1)
eine geätzte Oberfläche ist, und
- die Metallspitze (1) eine Masse von 10 mg oder
weniger aufweist.

2. Die Verwendung wie in Anspruch 1 beansprucht, wo-
bei die maximale axiale Ausdehnung (l) der Metall-
spitze (1) 500 mm oder weniger beträgt.

3. Die Verwendung wie in Anspruch 1 oder Anspruch
2 beansprucht, wobei die maximale radiale Ausdeh-
nung (d) der Metallspitze (1) 50 mm oder weniger
beträgt.

4. Die Verwendung wie in einem der Ansprüche 1 bis
3 beansprucht, wobei die Metallspitze (1) aus einem
Metall hergestellt ist, das aus einem Material ausge-
wählt ist, das in der sechsten bis elften Gruppe und
der vierten bis sechsten Periode des Periodensys-
tems enthalten ist, oder aus einer Legierung, die min-
destens eines dieser Metalle als Hauptbestandteil
umfasst.

5. Ein Rastersondenmikroskopsensor (31), umfas-
send eine Metallspitze (1), die eine Radialsymmetrie
in Bezug auf eine Längsachse (3) zeigt, wobei die
Spitze (1) eine axiale Ausdehnung (l) entlang der
Längsachse (3), eine radiale Ausdehnung (d), einen
spitz zulaufenden Abschnitt (B), der sich axial vom
Abschnitt der maximalen radialen Ausdehnung (5)
zu einem atomar spitzen Ende (9) erstreckt, und ei-
nen stumpfen Abschnitt (A), der sich axial vom Ab-
schnitt der maximalen radialen Ausdehnung (5) zu
einem stumpfen Ende (7) erstreckt, aufweist, wobei

- die axiale Ausdehnung des spitz zulaufenden
Abschnitts (B) größer als die axiale Ausdehnung
des stumpfen Abschnitts (A) ist,
- die gesamte Oberfläche der Metallspitze (1)
eine geätzte Oberfläche ist, und
- die Metallspitze (1) eine Masse von 10 mg oder
weniger aufweist.

6. Der Rastersondenmikroskopsensor (31) wie in An-
spruch 5 beansprucht, dadurch gekennzeichnet,
dass er einen symmetrischen Oszillator (33) mit ei-
nem ersten Oszillatorarm (33A) und einem zweiten
Oszillatorarm (33B) an dem die Spitze (1) befestigt
ist, umfasst.

7. Ein Verfahren zum Herstellen der Metallspitze (1)
für Rastersondenanwendungen, die in dem Raster-
sondenmikroskopsensor aus Anspruch 5 enthalten
ist, umfassend die Schritte:

- Bereitstellen eines Elektrolyten (13), in wel-

chen eine erste Elektrode (15) eingetaucht ist,
- teilweise Eintauchen eines Drahts (17) in den
Elektrolyten (13) als eine zweite Elektrode,
- Anlegen einer Spannung zwischen der ersten
Elektrode (15) und dem Draht (17) bis der Teil
(19) des Drahts (17), der in den Elektrolyten (13)
eingetaucht ist, abfällt,
- Reinigen des abgefallenen Teils (19) vom Elek-
trolyten zur Verwendung als Metallspitze (1) für
Rastersondenanwendungen,

dadurch gekennzeichnet, dass

- der Draht (17) teilweise in den Elektrolyten (13)
in einer Weise eingetaucht ist, dass ein Drahtteil
(19), der die Metallspitze (1) wird, vollständig
um einen Betrag von 600 mm oder weniger in
den Elektrolyten eingetaucht ist.

8. Das Verfahren wie in Anspruch 7 beansprucht, da-
durch gekennzeichnet, dass der Metalldraht (17)
vorgeschoben wird, um einen weiteren Teil in den
Elektrolyten (13) einzutauchen, nachdem der Teil
(19) des Metalldrahts (17), der vorher in den Elek-
trolyten (13) eingetaucht wurde, abgefallen ist, und
die Spannung zwischen der ersten Elektrode (15)
und dem Draht (17) erneut angelegt wird, bis der
weitere Teil des Drahts (17) abfällt.

9. Das Verfahren wie in Anspruch 8 beansprucht, da-
durch gekennzeichnet, dass das Reinigen stattfin-
det, nachdem eine Anzahl von Teilen des Metall-
drahts (17) abgefallen ist.

10. Das Verfahren wie in einem der Ansprüche 7 bis 9
beansprucht, dadurch gekennzeichnet, dass das
Reinigen durch Verdünnen des Elektrolyten (13) mit
einem Verdünnungsmittel, das den Elektrolyten (13)
auflöst, durchgeführt wird.

11. Das Verfahren wie in Anspruch 10 beansprucht, da-
durch gekennzeichnet, dass das Verdünnen des
Elektrolyten (13) durch Ersetzen einer Menge des
Elektrolyten (13) durch eine gleiche Menge des Ver-
dünnungsmittels vorgenommen wird.

12. Das Verfahren wie in Anspruch 10 oder Anspruch
11 beansprucht, dadurch gekennzeichnet, dass
der Schritt des Verdünnens des Elektrolyten (13)
mindestens einmal wiederholt wird.

13. Das Verfahren wie in einem der Ansprüche 7 bis 12
beansprucht, dadurch gekennzeichnet, dass das
Abfallen des Teils (19) des Drahts (17), der in den
Elektrolyten (13) eingetaucht ist, durch Überwachen
des Stroms, der durch den Draht (17) fließt, über-
wacht wird.
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14. Das Verfahren wie in einem der Ansprüche 7 bis 13
beansprucht, dadurch gekennzeichnet, dass der
Draht (17) einen Durchmesser von 100 mm oder we-
niger aufweist.

Revendications

1. Utilisation, pour des applications avec sonde à ba-
layage, d’une pointe métallique (1) qui montre une
symétrie radiale par rapport à un axe longitudinal
(3), la pointe (1) ayant une extension axiale (l) le long
de l’axe longitudinal (3), une extension radiale (d),
une section pointue (B) qui s’étend axialement à par-
tir d’une section d’extension radiale maximale (5)
jusqu’à une extrémité (9) atomiquement aiguë, et
ayant une section émoussée (A) qui s’étend axiale-
ment à partir de la section d’extension radiale maxi-
male (5) jusqu’à une extrémité émoussée (7),
où

- l’extension axiale de la section pointue (B) est
plus grande que l’extension axiale de la section
émoussée (A),
- la totalité de la surface de la pointe métallique
(1) est une surface décapée, et
- la pointe métallique (1) a une masse de 10 mg
ou moins.

2. Utilisation selon la revendication 1, dans laquelle
l’extension axiale maximale (l) de la pointe métalli-
que (1) est de 500 mm ou moins.

3. Utilisation selon la revendication 1 ou la revendica-
tion 2, dans laquelle l’extension radiale maximale (d)
de la pointe métallique (1) est de 50 mm ou moins.

4. Utilisation selon l’une quelconque des revendica-
tions 1 à 3, dans laquelle la pointe métallique (1) est
constituée d’un métal qui est sélectionné parmi un
matériau contenu dans le 6e au 11e groupe et dans
la 4e à la 6e période du tableau périodique des élé-
ments, ou bien constituée d’un alliage comprenant
au moins l’un de ces métaux utilisé comme compo-
sant principal.

5. Capteur de microscope à sonde à balayage (31)
comprenant une pointe métallique (1) qui montre une
symétrie radiale par rapport à un axe longitudinal
(3), la pointe (1) ayant une extension axiale (l) le long
de l’axe longitudinal (3), une extension radiale (d),
une section pointue (B) qui s’étend axialement à par-
tir d’une section d’extension radiale maximale (5)
jusqu’à une extrémité (9) atomiquement aiguë, et
ayant une section émoussée (A) qui s’étend axiale-
ment à partir de la section d’extension radiale maxi-
male (5) jusqu’à une extrémité émoussée (7),
où

- l’extension axiale de la section pointue (B) est
plus grande que l’extension axiale de la section
émoussée (A),
- la totalité de la surface de la pointe métallique
(1) est une surface décapée, et
- la pointe métallique (1) a une masse de 10 mg
ou moins.

6. Capteur de microscope à sonde à balayage (31) se-
lon la revendication 5, caractérisé en ce que ledit
capteur comprend un oscillateur symétrique (33)
comportant un premier bras d’oscillateur (33A) et un
second bras d’oscillateur (33B) sur lequel est fixée
la pointe (1).

7. Procédé de production de la pointe métallique (1)
pour des applications avec sonde à balayage, ladite
pointe métallique étant contenue dans le capteur de
microscope à sonde à balayage de la revendication
5, ledit procédé comprenant les étapes consistant :

- à fournir un électrolyte (13) dans lequel est
immergée une première électrode (15) ;
- à immerger partiellement un fil (17) dans l’élec-
trolyte (13), comme une seconde électrode ;
- à appliquer une tension entre la première élec-
trode (15) et le fil (17), jusqu’à ce que la partie
(19) du fil (17), qui est immergée dans l’électro-
lyte (13), se détache,
- à nettoyer la partie (19), qui s’est détachée de
l’électrolyte, pour utiliser ladite partie comme
une pointe métallique (1) pour des applications
avec sonde à balayage,

caractérisé en ce que

- le fil (17) est partiellement immergé dans l’élec-
trolyte (13), de manière telle qu’une partie (19)
du fil, qui devient la pointe métallique (1), soit
complètement immergée dans l’électrolyte sui-
vant une valeur d’immersion de 600 mm ou
moins.

8. Procédé selon la revendication 7, caractérisé en ce
que le fil métallique (17) est avancé pour immerger,
dans l’électrolyte (13), une autre partie dudit fil mé-
tallique, une fois que la partie (19) du fil métallique
(17), qui a été précédemment immergée dans l’élec-
trolyte (13), s’est détachée, et la tension entre la pre-
mière électrode (15) et le fil (17) est appliquée à nou-
veau, jusqu’à ce que l’autre partie du fil (17) se dé-
tache.

9. Procédé selon la revendication 8, caractérisé en ce
que le nettoyage a lieu une fois qu’un nombre de
parties du fil métallique (17) s’est détaché.

10. Procédé selon l’une quelconque des revendications
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7 à 9, caractérisé en ce que le nettoyage est effec-
tué en diluant l’électrolyte (13) avec un agent diluant
qui dissout l’électrolyte (13).

11. Procédé selon la revendication 10, caractérisé en
ce que la dilution de l’électrolyte (13) est effectuée
en remplaçant une quantité d’électrolyte (13), par de
l’agent diluant remplacé en quantité équivalente.

12. Procédé selon la revendication 10 ou la revendica-
tion 11, caractérisé en ce que l’étape de dilution de
l’électrolyte (13) est répétée au moins une fois.

13. Procédé selon l’une quelconque des revendications
7 à 12, caractérisé en ce que le détachement de la
partie (19) du fil (17), qui est immergée dans l’élec-
trolyte (13), est surveillé en contrôlant le courant pas-
sant à travers le fil (17).

14. Procédé selon l’une quelconque des revendications
7 à 13, caractérisé en ce que le fil (17) a un diamètre
de 100 mm ou moins.
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