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Description

[0001] The present invention relates to a scanning
near-field optical microscope for observing microscopic
features and optical characteristics of the surface of a
sample.

[0002] In general, conventional near-field optical mi-
croscopes controlled by an atomic force have employed
a probe which is obtained by sharpening an end of an
optical propagation element such as an optical fiber,
coating regions other than the end with a metal film and
forming a microscopic aperture at the end portion. While
an optical fiber is primarily used as the optical propaga-
tion element, an optical fiber can not be used for obser-
vation at wavelengths in the ultraviolet region or infrared
region which is important in the evaluation of physical
properties because it allows propagation of beams hav-
ing wavelengths generally about 350 to 1600 nm when
used as a base material.

[0003] Under such circumstances, a probe has been
proposed which has a hole that penetrates from an end
of a probe made of silicon or silicon nitride for an atomic
force microscope through a surface opposite thereto. In
this case, since there is no solid substance that absorbs
light in the hole connected to the aperture and the op-
posite surface, it is regarded usable for observation at
wavelengths in the ultraviolet region and infrared region.
[0004] Processes for manufacturing the probe of this
type, which is a probe for an atomic force microscope
formed with a hole, include a method wherein the hole
is formed by etching and a method wherein the hole is
formed by focused ion beams. According to the process
utilizing etching, the hole is formed when etching pro-
ceeds to penetrate through, and etching must be
stopped at a certain point in time. It is very difficult to
perform etching while monitoring the instance of the for-
mation of such a microscopic aperture and, consequent-
ly, it is quite difficult to control the size of the aperture
formed. On the other hand, the method wherein the hole
is formed using focused ion beams has a problem in that
it results in low productivity and high manufacturing cost
and another problem in that a positional shift attributable
to a drift of the focused ion beam apparatus results in
the formation of a hole in a location other than an end
of a probe.

[0005] In this regard, in order to spread near-field ob-
servation techniques in the ultraviolet region and infra-
red region, it is indispensable to provide a probe for a
near-field optical microscope having good controllability
of the formation of a microscopic aperture. One method
for achieving this is a method reported by Lewis et al.
and Shalom et al. utilizing a microscopic aperture at an
end of a tube which has been thermally extended and
cutaway (U.S. Pat. 4,917,462 (1990); Rev. Sci. Instrum.
63 (1992) 4061). In this case, STM control or shear force
control is employed to control the distance between a
probe and a sample. STM control has a problem in that
a sample must be conductive. In the case of shear force
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control, although it can be used on a sample which is
not conductive by oscillating the probe in the horizontal
direction relative to the sample, it does not allow simul-
taneous observation of information on the physical prop-
erties of the surface of a sample which is possible with
AFM control. Here, the information on physical proper-
ties implies friction, visco-elasticity, surface potential
and the like which can be detected by controlling a probe
with a force in the vertical direction relative to a sample.
Further, the shear force control method has a problem
in that it occupies a greater space on the upper surface
of a sample than in the AFM control method. The report
of Shalom et al. discloses a tube probe which is bent to
be usable as an AFM probe. In this case, however, since
light can not be preferably propagated at the bent por-
tion of the tube, it is difficult to provide light in an amount
sufficient for measurement from a hole at the end there-
of.

[0006] In order to solve the above-described prob-
lems, the inventors have conceived a probe for a near-
field optical microscope as defined in claim 1.

[0007] The use of a glass tube as the above-de-
scribed tube makes it possible to form a microscopic ap-
erture and to manufacture a probe easily. In this case,
when light having a wavelength transmitted by glass is
used, it is possible to prevent leakage of light because
at least the outside of the tapered portion is coated with
a material such as a metal which blocks an electromag-
netic wave.

[0008] Further, when an optical lever method is used
for control over the distance between a sample and the
probe based on atomic force control, more stable detec-
tion can be achieved by forming a mirror surface on the
surface of the tube opposite to the aperture.

[0009] Furthermore, observation in the ultraviolet re-
gion and infrared region can be carried out by configur-
ing a scanning near-field optical microscope with at least
a light source, a collecting optical system, means for rel-
ative movement between a probe and a sample, an op-
tical detector, and the above-described probe for a near-
field optical microscope. This apparatus may have a
configuration wherein collected light is introduced to
said hole from the side of said probe opposite to the ap-
erture and a configuration wherein detection light from
the side of said probe opposite to the aperture is collect-
ed by an optical system.

[0010] Embodiments of the invention will now be de-
scribed by way of further example only and with refer-
ence to the accompanying drawings, in which:-

Figs. 1A, 1B and 1C are schematic views showing
a structure of a probe for a near-field optical micro-
scope according to the present invention;

Figs. 2A, 2B, 2C and 2D are views showing steps
for manufacturing a probe for a near-field optical mi-
croscope according to the present invention;

Figs. 3A, 3B, 3C, 3D and 3E are schematic views
showing configurations of near-field optical micro-



3 EP 0938 012 B1 4

scopes according to the present invention;

Figs. 4A and 4B are views showing examples of
means for detecting the displacement of a probe for
a near-field optical microscope according to the
present invention.

Figs. 5A, 5B, 5C, 5D, 5E and 5F are views showing
steps for manufacturing a probe for a near-field op-
tical microscope according to the present invention.

[0011] Embodiments of the present invention will now
be described in detail using the drawings.

[0012] Figs. 1A, 1B and 1C schematically show a
probe for a near-field optical microscope according to
the present invention. In Fig. 1A, the probe is a tube
which has been thermally extended and cut away and
has a tapered portion 11 and a microscopic aperture 12,
which-portion is configured as an end portion of a ther-
mally bent hook-shaped portion 13 and has a structure
wherein a part of the tube opposite to the aperture of the
bent portion is removed until the hollow of the tube is
reached such that no obstacle exists in the space be-
tween an aperture 14 thus formed and said aperture 12
at the end. Fig. 1B shows a sectional view and shows
an example in which a metal coating film 16 is formed
around the tube 15.

[0013] While the metal coating film is formed on the
outer surface of the tapered portion in Fig. 1B, a film
such as a metal coating which blocks an electromagnet-
ic wave may be formed on the inner surface of the ta-
pered portion as shown in Fig. 1C. This is effective when
infrared light is used which is subjected to significant ab-
sorption by glass.

[0014] Next, Figs. 2A, 2B, 2C and 2D show an exam-
ple of steps for fabricating a probe according to the
present invention. In Fig. 2A, a part of a glass tube 20
is heated by, for example, laser beams 21 to apply ten-
sion 22 across the tube, thereby sharpening an end of
the glass tube and forming a tapered configuration from
the end. At this time, a microscopic aperture 12 that re-
flects the shape of the tube is formed at the end and, as
is already known, the controllability of the diameter of
the aperture is quite good. Means usable for heating at
this time include methods such as irradiation with car-
bon dioxide gas laser, heating with a coil heater and
heating with a burner. Next, as shown in Fig. 2B, carbon
dioxide gas laser beams 21 are applied to a part of a cut
away tube 23 which is about 0.1 to 1 mm apart from an
end 24 on a side thereof in one direction. As a result,
the one side is heated more significantly than the other
side and, when softening begins, a bent configuration
can be formed on the heated side by surface tension.
Subsequently, as shown in Fig. 2C, a part of the tube at
the bent portion opposite to the aperture 12 at the bent
portion 25 is removed until the hollow in the tube is
reached. This step of removal can be carried out using
a grinding plate 26. As an alternative method, focused
ion beams may be used. Thereafter, as shown in Fig.
2D, when the optical lever method is used to control the
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distance between the sample and probe based on atom-
ic force control, grinding is performed to form a flat por-
tion 15 to serve as a mirror on the surface of the tube
opposite to the aperture. Further, when light having a
wavelength transmitted by glass is used, the outside of
the tapered portion is coated with a material such as a
metal which blocks an electromagnetic wave. Vacuum
deposition, sputtering, CVD or electroless plating may
be used to form the metal film. When the coating film is
formed on the inner surface, electroless plating or CVD
may be used.

[0015] A second example of steps for fabricating a
probe according to the present invention is shown in
Figs. 5A, 5B, 5C, 5D, 5E and 5F. In Fig. 5A, a part of a
glass tube 20 is heated by, for example, laser beams 21
to apply tension 22 across the tube, thereby sharpening
an end of the tube and forming a tapered configuration
from the end. Next, as shown in Fig. 5B, carbon dioxide
gas laser beams 21 are applied to a part of a cut away
tube 23 which is about 0.1 to 1 mm apart from an end
24 thereof on a side thereof in one direction. As a result,
the one side is heated more significantly than the other
side and, when softening begins, a bent configuration
can be formed on the heated side by surface tension.
When thet optical lever method is used to control the
distance between the sample and probe based on atom-
ic force control, as shown in Fig. 5C, grinding is per-
formed to form a flat portion 15 to serve as a mirror on
the surface of the tube opposite to the aperture. There-
after, the tube is coated with a protective thin film 60
made of gold or the like which is not corroded by an etch-
ant such as hydrogen fluoride water (Fig. 5D). Subse-
quently, as shown in Fig. 5E, the coated portion of a part
of the tube opposite to the aperture 12 is removed at the
bent portion 25, and the removal proceeds short of the
hollow of the tube. The step of removal may be carried
out using a grinding plate 26. As an alternative method,
focused ion beams may be used. Thereafter, the portion
from which the coating has been removed is removed
by etching using an etchant such as hydrogen fluoride
water to perform etching until it penetrates to the hollow.
At this time, as shown in Fig. 5F, only the portion to be
etched may be put in contact with the hydrogen fluoride
water in a liquid having two phases of hydrogen fluoride
water 61 and an organic solvent 62 to prevent other por-
tions from being corroded accidentally. When gold is
used as the-protective thin film, it also functions as a
material for blocking an electromagnetic wave. In order
to improve the adhesion of gold, a thin film of titanium,
chromium or the like may be deposited between the
glass and gold.

[0016] While grinding particles can enter the micro-
scopic aperture at the step of removing the part of the
tube opposite to the aperture 12 at the bent portion 25
until it penetrates in the first example of steps, the sec-
ond example of steps is advantageous in that this prob-
lem does not occur, although the number of steps is in-
creased.
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[0017] Referring specifically to the size of the probe,
for example, a glass tube having an outer diameter of
210 micron and an inner diameter of 127 micron may be
used. An optical fiber having an outer diameter of 125
micron may be inserted in the same. When such a glass
tube having an outer diameter of 210 micron is used, it
will provide a resonance frequency of about 5 to 20 kHz
when fixed at a distance of 1 to 2 mm from an end there-
of. Alternatively, for example, a glass tube having an out-
er diameter of about 120 micron and an inner diameter
of about 75 micron may be used. The size of the micro-
scopic aperture may be processed into a size of about
50 nm to 1 micron when a glass tube is used. The metal
film as a material for blocking an electromagnetic wave
must have a thickness of about 100 to 250 nm.

[0018] A configuration of a scanning near-field optical
microscope utilizing this probe will now be described. In
Fig. 3A, a probe 31 according to the present invention
is provided with the microscopic aperture 12 located
close to the surface of a sample plate 32; the aperture
14 formed by grinding is located in a direction perpen-
dicular to the surface of the sample from the microscopic
aperture; and a primary spring element of the probe 31
is provided perpendicularly to the surface of the sample.
A light source 33 and an optical system consisting of a
lens 34, a mirror 35 and the like are provided above the
aperture 14 to collect and introduce light into said aper-
ture 14. As a result, the surface of the sample is irradi-
ated with light from the microscopic aperture 12. In the
example of Fig. 3A, a collecting optical system 36 is pro-
vided under the sample plate 32 to collect light transmit-
ted through the sample, and an optical detector 37 de-
tects the intensity of the light. In this example, the dis-
tance between the end of the probe and the surface of
the sample is controlled using the optical lever method
in which a beam is projected on the mirror surface 15
from a light source 38 and the displacement of reflected
light is detected by a divided optical detector 39 as the
displacement of the probe. The sample plate 32 on a
sample table 41 can be moved in X-, Y- and Z-directions
by means 40 for relative movement between the probe
and sample, and a controller 42 performs scanning on
the XY plane and automatically performs control over
the distance in the Z-direction along the configuration of
the surface of the sample. The acquisition of the detect-
ed optical signal is carried out simultaneously with the
control of the distance. As the means for relative move-
ment, a micrometer or stepping motor is used as a
coarse movement mechanism and a piezoelectric ele-
ment is used as a fine movement mechanism. Further,
when the probe is controlled using oscillation, a piezo-
electric diaphragm 44 may be provided between probe
fixing means 43 and the probe 31, and an AC power
source 45 may be used to oscillate the probe 31.
[0019] Next, Fig. 3B is a view showing a part of an
apparatus as a variation of the scanning near-field op-
tical microscope according to the presentinvention. This
example has a configuration in which when the surface
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of the sample plate 32 is irradiated from the microscopic
aperture 12, light in the direction of reflection from the
surface is collected by the collecting optical system 36.
[0020] Fig. 3C shows a configuration in which the sur-
face of a sample is directly irradiated with light, and light
which has entered the probe through the microscopic
aperture 12 is collected by the collecting optical system
36 through the aperture 14.

[0021] Fig. 3D shows a configuration in which the sur-
face of the sample plate 32 is irradiated with light from
the microscopic aperture 12 through the aperture 14 of
the probe and in which light from the surface of the sam-
ple is collected by the collecting optical system 36
through the microscopic aperture 12 and aperture 14 to
detect light transmitted through a half mirror or dichroic
mirror 46.

[0022] Fig. 3E shows a configuration in which light
from the light source 33 is caused to impinge upon the
lower surface of the sample plate 32 directly upward or
at an angle which results in total reflection at the surface
of the sample using an optical component 47 such as a
prism and in which light from the sample surface which
has passed through the aperture 14 through the micro-
scopic aperture 12 is collected.

[0023] As the collecting optical system used in the
above examples of configuration, not only a lens or the
like formed of glass or crystal but also a reflection type
lens (Cassegrain lens) may be used. Therefore, the
above-described system may be used in the ultraviolet
region or infrared region taking advantage of a probe
according to the present invention.

[0024] Further, while the optical lever method is used
in the above examples as a method for detecting the
displacement of a probe, other methods for detecting
displacement may be used. For example, as shown in
Fig. 4A, displacement may be detected also by collect-
ing light from the light source 38 with a lens 51, project-
ing the same on the probe 31 on a side thereof and de-
tecting interference light with the divided optical detector
39.

[0025] Further, as shown in Fig. 4B, the displacement
of the probe may be detected by providing a piezoelec-
tric element 52 for the detection of displacement sepa-
rately from the piezoelectric diaphragm 44 and monitor-
ing changes in electrical characteristics of the piezoe-
lectric element.

[0026] An apparatus having the above-described
configuration makes it possible to carry out observation
of optical resolution of optical information in the ultravi-
olet region and infrared region and observation of imag-
es of features at the same time. The use of a detection
element, modulation circuit, lock-in amplifier or the like
depending on each measurement makes it possible to
observe physical properties such as friction, visco-elas-
ticity and surface potential at the same time. For exam-
ple, the measurement of friction requires a four-division
optical detector for detecting torsional components of
the probe.



7 EP 0938 012 B1 8

[0027] The probe for a near-field optical microscope
and the near-field optical microscope according to the
present invention have made it possible to form micro-
scopic apertures with high reproducibility to allow prac-
tical use of the same in the art of the near-field optical
microscopes for performing observation of optical reso-
lution of optical information in the ultraviolet region and
infrared region, observation of images of features and
observation of physical properties such as friction, vis-
co-elasticity and surface potential at the same time.

Claims

1. A probe for a near-field optical microscope, said
probe comprising
a thermally extended and cut away hollow tube,
the tube having a thermally bent portion in the form
of a hook (13), a tapered portion (11) and a micro-
scopic aperture (12) at the end of the tube,
the tapered portion (11) being configured as an end
portion of said hook-shaped portion (13), the probe
having a structure wherein a part of the tube oppo-
site to the microscopic aperture (12) is removed to
form an aperture (14) at the removed portion and
wherein there is no obstacle in the space between
said aperture (14) and said microscopic aperture
(12).

2. A probe for a near-field optical microscope accord-
ing to Claim 1, wherein said tube is a glass tube.

3. A probe for a near-field optical microscope accord-
ing to Claim 1, wherein at least the outside of said
tapered portion is coated with a material which
blocks an electromagnetic wave.

4. A probe for a near-field optical microscope accord-
ing to Claim 1, wherein at least the inside of said
tapered portion is coated with a material which
blocks an electromagnetic wave.

5. A probe for a near-field optical microscope accord-
ing to Claim 1, wherein a mirror is provided on the
surface of the tube opposite to said microscopic ap-
erture.

6. A scanning near-field optical microscope compris-
ing at least:

a light source (33);

an optical system;

a probe for a near-field optical microscope;
means for relative movement between the
probe and a sample;

an optical detector (37); and
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wherein said probe is configured according to
claim 1.

7. A scanning near-field optical microscope according
to Claim 6, which has a configuration;
wherein light from said light source is applied
to a sample through said microscopic aperture and
through the aperture at said removed portion.

8. A scanning near-field optical microscope according
to Claim 6, which has a configuration wherein light
from the surface of a sample is introduced to said
detector through said microscopic aperture and
through the aperture at said removed portion.

9. A method for manufacturing a probe for a near-field
optical microscope comprising at least the steps of:

sharpening an end of a hollow glass tube (20)
and forming a tapered configuration at said end
and forming a first aperture (12) at said end;
forming a bent configuration of the tube;
forming a further aperture in the tube by remov-
ing a part of the tube in the bent portion until
the hollow in the tube is reached; and

coating the outside of the tapered portion with
a material which blocks an electromagnetic
wave.

10. A method for manufacturing a probe for a near-field
optical microscope according to Claim 9;
wherein itincludes a step of forming a flat por-
tion to serve as a mirror on the surface of the tube
in the bent portion between said step of forming a
bent configuration and said step of coating the out-
side of the tapered portion with a material which
blocks an electromagnetic wave.

11. A method for manufacturing a probe for a near-field
optical microscope comprising at least the steps of:

sharpening an end of a hollow glass tube (20)
and forming a tapered configuration at said end
and forming a first aperture (12) at said end;
forming a bent configuration of the tube;
coating the tube with an anti-etching thin film;
removing the coated portion of a part of the tube
at the bent portion and proceeding with remov-
ing it up to a position short of the hollow in the
tube; and

performing etching with an etchant such that
the etching removes the portion from which the
coating has been removed and penetrates to
the hollow, thereby forming a further aperture
in the tube.

12. A method for manufacturing a probe for a near-field
optical microscope according to Claim 11;
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wherein it includes a step of forming a flat por-
tion to serve as a mirror on the surface of the tube
between said step of forming a bent configuration:
and said step of coating the tube with an anti-etch-
ing thin film.

A method for manufacturing a probe for a near-field
optical microscope according to Claim 9 or 11,
wherein it includes a step of forming a coating film
on an inner surface.

Patentanspriiche

1.

Fahler fur ein optisches Nahfeldmikroskop, wobei
der Fuhler umfaft:

ein thermisch gestrecktes und abgeschnittenes
hohles Rohr, wobei das Rohr einen thermisch
gebogenen Abschnitt in Form eines Hakens
(13), einen kegelférmigen Abschnitt (11) und ei-
ne mikroskopische Offnung (12) am Ende des
Rohres aufweist, wobei der kegelférmige Ab-
schnitt (11) als ein Endabschnitt des hakenfor-
migen Abschnitts (13) konfiguriertist, wobei der
Flhler eine Struktur aufweist, in der ein Teil des
Rohres, der der mikroskopischen Offnung (12)
gegeniiberliegt, entfernt ist, um eine Offnung
(14) am entfernten Abschnitt auszubilden, und
wobei im Raum zwischen der Offnung (14) und
der mikroskopischen Offnung (12) kein Hinder-
nis vorhanden ist.

Fihler fur ein optisches Nahfeldmikroskop nach
Anspruch 1, bei dem das Rohr ein Glasrohr ist.

Fuhler fir ein optisches Nahfeldmikroskop nach
Anspruch 1, bei dem wenigstens die AulRenseite
des kegelférmigen Abschnitts mit einem Material
beschichtet ist, das eine elektromagnetische Welle
blockiert.

Fuhler fir ein optisches Nahfeldmikroskop nach
Anspruch 1, bei dem wenigstens die Innenseite des
kegelférmigen Abschnitts mit einem Material be-
schichtet ist, das eine elektromagnetische Welle
blockiert.

Fuhler fir ein optisches Nahfeldmikroskop nach
Anspruch 1, bei dem ein Spiegel an der Oberflache
des Rohres gegeniberliegend der mikroskopi-
schen Offnung vorgesehen ist.

Optisches Nahfeld-Rastermikroskop, das wenig-
stens umfaldt:

eine Lichtquelle (33);
ein optisches System;
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10.

1.

10

einen Fihler fur ein optisches Nahfeldmikro-
skop;

Mittel fur die relative Bewegung zwischen dem
Fihler und einer Probe; und

einen optischen Detektor (37); wobei der Fih-
ler geman Anspruch 1 konfiguriert ist.

Optisches Nahfeld-Rastermikroskop nach An-
spruch 6, das eine Konfiguration aufweist, bei der
Licht von der Lichtquelle durch die Mikroskopoff-
nung und durch die Offnung am entfernten Ab-
schnitt auf eine Probe aufgebracht wird.

Optisches Nahfeid-Rastermikroskop nach An-
spruch 6, das eine Konfiguration aufweist, bei der
Licht von der Oberflache einer Probe durch die mi-
kroskopische Offnung und die Offnung am entfern-
ten Abschnitt zum Detektor geleitet wird.

Verfahren zur Herstellung eines Fiihlers fiir ein op-
tisches Nahfeldmikroskop, das wenigstens die
Schritte umfal3t:

Scharfen eines Endes eines hohlen Glasrohres
(20) und Ausbilden einer kegelférmigen Konfi-
guration am Ende, und Ausbilden einer ersten
Offnung (12) an diesem Ende;

Ausbilden einer gebogenen Konfiguration des
Rohres;

Ausbilden einer weiteren Offnung im Rohr
durch Entfernen eines Teils des Rohres im ge-
bogenen Abschnitt, bis der Hohlraum im Rohr
erreicht ist; und

Beschichten der AuRenseite des kegelférmi-
gen Abschnitts mit einem Material, das eine
elektromagnetische Welle blockiert.

Verfahren zur Herstellung eines Fiihlers fiir ein op-
tisches Nahfeldmikroskop nach Anspruch 9,

das einen Schritt des Ausbildens eines fla-
chen Abschnitts, der als Spiegel dient, auf der
Oberflache des Rohres im gebogenen Abschnitt
zwischen den Schritt des Ausbildens einer geboge-
nen Konfiguration und dem Schritt des Beschich-
tens der AuRenseite des kegelférmigen Abschnitts
mit einem Material, das eine elektromagnetische
Welle blockiert, enthalt.

Verfahren zur Herstellung eines Flihlers flr ein op-
tisches Nahfeldmikroskop, das wenigstens die
Schritte umfal3t:

Scharfen eines Endes eines hohlen Glasrohres
(20) und Ausbilden einer kegelférmigen Konfi-
guration am Ende, und Ausbilden einer ersten
Offnung (12) an diesem Ende;

Ausbilden einer gebogenen Konfiguration des
Rohres;
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Beschichten des Rohres mit einem Antiatz-
Dannfilm;

Entfernen des beschichteten Abschnitts eines
Teils des Rohres am gebogenen Abschnitt und
Fortfahren mit dem Entfernen desselben bis zu
einer Position kurz vor dem Hohlraum im Rohr;
und

Durchfiihren eines Atzens mit einem Atzmittel,
so daR das Atzen den Abschnitt entfernt, von
dem die Beschichtung entfernt wurde, und in
den Hohlraum vordringt, um somit eine weitere
Offnung im Rohr auszubilden.

Verfahren zur Herstellung eines Fihlers fur ein op-
tisches Nahfeldmikroskop nach Anspruch 11,

das einen Schritt des Ausbildens eines fla-
chen Abschnitts, der als Spiegel dient, auf der
Oberflache des Rohres zwischen dem Schritt der
Ausbildung einer gebogenen Konfiguration und
dem Schritt der Beschichtung des Rohres mit einem
Antiatz-Dunnfilm enthalt.

Verfahren zur Herstellung eines Fihlers fiir ein op-
tisches Nahfeldmikroskop nach Anspruch 9 oder
11, das einen Schritt des Ausbildens eines Be-
schichtungsfilms auf einer inneren Oberflache ent-
halt.

Revendications

Sonde pour un microscope optique de proximité, la-
dite sonde comprenant

un tube creux découpé et allongé thermique-
ment,

le tube ayant une partie penchée thermique-
ment en forme de crochet (13), une partie conique
(11) et une ouverture microscopique (12) a l'extré-
mité du tube,

la partie conique (11) étant configurée comme
une partie d'extrémité de ladite partie en forme de
crochet (13),

la sonde ayant une structure dans laquelle
une partie du tube opposée a l'ouverture microsco-
pique (12) est retirée pour former une ouverture
(14) sur la partie retirée et dans laquelle il n'y a pas
d'obstacle dans I'espace entre ladite ouverture (14)
et ladite ouverture microscopique (12).

Sonde pour un microscope optique de proximité se-
lon la revendication 1, dans laquelle ledit tube est
un tube en verre.

Sonde pour un microscope optique de proximité se-
lon la revendication 1, dans laquelle au moins I'ex-
térieur de ladite partie conique est revétue d'un ma-
tériau qui bloque une onde électromagnétique.
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4. Sonde pour un microscope optique de proximité se-

lon la revendication 1, dans laquelle au moins l'in-
térieur de ladite partie conique est revétue d'un ma-
tériau qui bloque une onde électromagnétique.

Sonde pour un microscope optique de proximité se-
lon la revendication 1, dans laquelle un miroir est
fourni sur la surface du tube opposé a ladite ouver-
ture microscopique.

Microscope optique de proximité a balayage com-
prenant au moins :

une source lumineuse (33) ;

un systéme optique ;

une sonde pour un microscope optique de
proximité ;

des moyens permettant un mouvement relatif
entre la sonde et un échantillon ;

un détecteur optique (37) ; et

dans lequel ladite sonde est configurée selon
la revendication 1.

Microscope optique de proximité a balayage selon
la revendication 6, qui a une configuration, dans la-
quelle de la lumiére provenant de ladite source lu-
mineuse est appliquée sur un échantillon par le
biais de ladite ouverture microscopique et par le
biais de I'ouverture sur ladite partie retirée.

Microscope optique de proximité a balayage selon
la revendication 6, qui a une configuration, dans la-
quelle de la lumiére provenant de la surface d'un
échantillon est introduite dans ledit détecteur par le
biais de ladite ouverture microscopique et par le
biais de I'ouverture sur ladite partie retirée.

Procédé de fabrication d'une sonde pour un micros-
cope optique de proximité comprenant au moins les
étapes consistant a :

affater une extrémité d'un tube creux en verre
(20) et former une configuration conique a la-
dite extrémité et former une premiére ouverture
(12) a ladite extrémité ;

former une configuration penchée du tube ;
former une ouverture supplémentaire dans le
tube enretirant une partie du tube dans la partie
penchée jusqu'a ce que le creux dans le tube
soit atteint ; et

revétir I'extérieur de la partie conique avec un
matériau qui bloque une onde électromagnéti-
que.

10. Procédé de fabrication d'une sonde pour un micros-

cope optique de proximité selon la revendication 9 ;
dans lequel il comprend une étape de forma-
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tion d'une partie plane pour faire office de miroir sur
la surface du tube dans la partie penchée entre la-
dite étape de formation d'une configuration pen-
chée et ladite étape de revétement sur I'extérieur
de la partie conique d'un matériau qui bloque une
onde électromagnétique.

Procédé de fabrication d'une sonde pour un micros-
cope optique de proximité comprenant au moins les
étapes consistant a ;

affater une extrémité d'un tube creux en verre
(20) et former une configuration conique sur ladite
extrémité et former une premiére ouverture (12) sur
ladite extrémité ;

former une configuration penchée du tube ;

revétir le tube d'un film fin anti-gravure ;

retirer la partie revétue d'une partie du tube
sur la partie penchée et poursuivre en la retirant jus-
gu'a une position proche du creux dans le tube ; et

réaliser une gravure avec un agentde gravure
de telle sorte que la gravure retire la partie depuis
laquelle le revétement a été retiré et pénétre dans
le creux, formant ainsi une ouverture supplémentai-
re dans le tube.

Procédé de fabrication d'une sonde pour un micros-
cope optique de proximité selon la revendication
11;

dans lequel il comprend une étape de forma-
tion d'une partie plane pour faire office de miroir sur
la surface du tube entre ladite étape de formation
d'une configuration penchée et ladite étape de re-
vétement sur le tube d'un film fin anti-gravure.

Procédé de fabrication d'une sonde pour un micros-
cope optique de proximité selon la revendication 9
ou 11, dans lequel il comprend une étape de forma-
tion d'un film de revétement sur une surface interne.
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