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DESCRIPTION

[0001] The present invention relates to a fluorescence microscope.

[0002] In particular, the present invention relates to a fluorescence microscope comprising a
housing with an excitation light source which is designed to emit excitation light, a filtering
means which separates excitation light from fluorescent light generated by a fluorescent
substance, an object lens, a substrate holder, a location-sensitive light detector, and an
imaging lens for the location-sensitive light detector.

[0003] Fluorescence microscopes of this type are widely used in fluorescence studies in which
a fluorescent sample or specimen is studied. If required, a sample which does not fluoresce
per se can be provided with a fluorescent substance. If such a sample or specimen is
irradiated with suitable light, usually but not exclusively visible light or ultraviolet light, the
fluorescent substance in the sample will light up with fluorescent light which has a longer
wavelength than the excitation light. Frequently, the intensity of the fluorescence is low, which
means that in virtually all cases the excitation light is filtered out with the aid of a filter. The
weak fluorescence is then, in principle, the only visible image. Patent document EP 0 539 888
A (SHIMADZU CORPORATION) 5 May 1993 (1993-05-05) discloses a device for automatic
selection of cells using optical properties. The selecting device is mounted on an optical
microscope and comprises a movable, transparent container for containing the cells. A mesh,
formed on a wafer using the semiconductor patterning technique, is mounted on the inner
bottom of the container as a support member. To detect each optical property of the cells, an
image pickup device having an image sensor and a lens system is disposed below the
container. An automatic focusing device is used to focus the image of each of the cells on the
image pickup device by measuring the distance to each of the cells and moving the lens
system accordingly. In case the cells have an optical property of fluorescence, image data
corresponding to the intensity of the fluorescence are obtained by picking up the image of each
of the cells under the dark field.

[0004] Patent document US 2005/111090 A1 (KLEINTEICH LOTHAR ET AL) 26 May 2005
(2005-05-26) discusses various known arrangements of coaxial incident light fluorescence
excitation in stereo microscopes in relation with a zoom system.

[0005] In practice, fluorescence studies are often carried out on microorganisms. This usually
involves higher magnification, preferably more than 50 times up to 100 times at the objective,
and around 1000 x in total to enable inspection by means of the human eye. On top of this, a
typical size of a substrate used is, for example, a diameter of 25 mm. Such a size is often
necessary, for example, in the case of microbiological samples, where a certain amount of
sample fluid should pass through the substrate in order to get the microbiological particles
which are to be studied subsequently, concentrated on the substrate. In the process, the
sample fluid passes through thin perforations in the substrate, and the particles remain behind
on the surface of the substrate.
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[0006] A drawback of the known fluorescence microscope is that the measuring time can
become very long. In the case, for example, of microbiological studies at a desired resolving
power less than 1 micrometre and a substrate having a diameter of 25 mm, with a measuring
time of a few seconds per image, a total measuring time of many hours up to a day, even, is
not exceptional.

[0007] It is an object of the present invention to provide a fluorescence microscope which
permits a much shorter measuring time while retaining resolving power.

[0008] This object is achieved by means of a fluorescence microscope and a method of using
the same according to the appended claims.

[0009] The fluorescence microscope according to embodiments of the invention is comprising
a substrate which comprises a wafer-based filter membrane made of a material suitable for
lithographic processing techniques, wherein the filter membrane comprises a pattern of
continuous perforations introduced lithographically.

[0010] In particular, the filter membrane is fabricated with the aid of a wafer. The fact is that
such wafers can be made particularly flat, so that the filter membranes which adopt the surface
shape of the wafer can likewise be made extraordinarily flat, in particular so flat that
substantially the entire substrate surface can be imaged in sharp focus for a setting of a
fluorescence microscope in which a resolving power of 1 micrometre or less is provided, for
example, 0.5 ym. This implies that the substrate, over a diameter of for example 3 mm, should
be flat to within 0.5 ym.

[0011] Lithography, on the one hand, provides techniques for providing such a flat substrate
and, on the other hand, makes it possible to introduce very many, well-defined perforations into
the substrate. Conceivably, the porosity is 5-20%, even up to 40%, with a perforation size of,
for example, 0.1-1 pm. As a result, the substrate can advantageously be made much smaller,
as will be explained in more detail hereinafter. Moreover, filtrates involving substrates of this
type (perforation size less than 0.19 pym) will be sterile.

[0012] Filter membranes of this type, made of silicon, are provided by fluXXion. The silicon
filter membranes from fluXXion have an additional advantage of being very thin, and, owing to
the large number of perforations, which furthermore are very well-defined, having very high
transmittance. As a result, substrates can be provided having significantly smaller dimensions
than the substrates customarily used hitherto while still having the same total transmittance. It
is possible, for example, to replace a prior art substrate having a diameter of 256 mm by a
silicon filter membrane having a diameter of, in particular, less than 10 mm and, for example, 3
mm. This means that the materials to be studied, located in a sample fluid, are at a much
higher concentration, having been passed through the filter membrane, than for prior art
substrates. In practice this also implies that a much smaller area need be studied. For
example, a reduction in the area to be studied from a diameter of from 25 mm to 3 mm
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squared means that time is saved by about a factor of 50.

[0013] For that matter, the substrate, i.e. the filter membrane, need not be made of silicon but
can be fabricated, as mentioned earlier, from a material suitable for lithographic techniques. In
particular, the substrate consists substantially of silicon, a silicon compound, sapphire, a
silicate glass or a combination thereof. Such materials have a proven suitability for these
techniques, good mechanical properties, good chemical resistance and low inherent
fluorescence. Conceivable combination materials include, for example, so-called SoS, silicon
on sapphire.

[0014] More particularly, the substrate substantially comprises silicon. This element is
eminently suitable for lithographic processing, and the relevant techniques have been optimally
developed.

[0015] In particular, a surface of the substrate can be doped with one or more elements, in
order thus to improve one or more properties, especially hardness or chemical resistance.
Advantageously, the substrate has a nitrided or carburized surface. Nitriding or carburizing the
silicon substrate locally produces a very hard and durable layer of silicon nitride or silicon
carbide, respectively, thereby further improving the mechanical properties.

[0016] In an advantageous embodiment, the substrate substantially comprises silicon carbide
or silicon dioxide. Instead of just the surface being carburized, the entire substrate can also be
fabricated substantially from silicon carbide, an alternative being quartz (silicon dioxide).

[0017] Another problem which often occurs in prior art fluorescence microscopy is that the
substrate may fluoresce. This means that a background signal or noise is present in the
fluorescence measurements. This background signal can interfere with the genuine
measurements, i.e. of the materials to be studied. It is therefore desirable to provide a
substrate which does not fluoresce or only at a low level. This object is achieved by the
substrate comprising substantially the abovementioned materials.

[0018] Advantageously, the surface of the substrate is coated with a metal layer on at least
one side. Such a measure ensures even lower inherent fluorescence of the substrate. This
provides advantages precisely on the substrates according to the invention in which
perforations are produced lithographically. In so doing, chemicals are often used, residues of
which could cause fluorescence. These residues are now, together with the "genuine"
substrate, masked by a thin metal layer. One example of such a metal layer is a vapour-
deposited chromium layer, although other metals are also possible.

[0019] A further important point relates to the sharp focusing on the substrate. After all, even if
a perfectly flat substrate is used, it may still be necessary for each newly studied section of the
substrate in turn to be brought into sharp focus, since the substrate need not be located in the
sharp focusing plane of the microscope. As a matter of fact, the height with respect to the
sharp focusing plane could be determined for each position. For a perfectly, or at least
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sufficiently, flat substrate, it is sufficient, however, to carry out a 3-point measurement of the
sharp focusing point, thereby determining the position of the substrate with respect to the
sharp focusing plane of the microscope. The substrate can then be tilted so as to indeed be
located in the sharp focusing plane of the microscope. An alternative option then is a simple
calculation for each position of the desired sharp focusing correction which then, if required,
can be performed automatically. As the substrate is moved, sharp focusing can then be
automatically controlled. In this embodiment, too, the flat substrate will save a great deal of
focusing time.

[0020] In an attractive embodiment, the fluorescence microscope comprises a focusing
illumination system having a focusing light source which is designed to emit focusing light,
wherein an optical path of the focusing light and an optical path of the fluorescent light run
coaxially via the object lens towards the substrate. This therefore involves, during use of the
fluorescence microscope, light being shone onto the substrate during the focusing operation.
The section of the optical path for the focusing light from the substrate to the detector is the
same as the one for the fluorescent light. In other words, it is possible to produce an image of
the substrate both with focusing light and with fluorescent light. This provides the option of
correlating the fluorescent image with an ordinary optical image of the substrate, together with
sample or specimen. This can be beneficial for interpreting the fluorescent images, and, for
example, to strip them of artefacts.

[0021] In such an arrangement, the focusing light can, in principle, comprise ordinary visible
light. If required, the focusing light comprises only part of the visible spectrum. Advantageously,
the focusing light substantially comprises light in a wavelength region outside the excitation
light which, after all, will be reflected away by the mirror or the like which directs the excitation
light onto the substrate. For example, the focusing light substantially comprises light having a
wavelength around or equal to that of fluorescent light or even substantially fluorescent light.

[0022] The fluorescence microscope further preferably comprises a mirror which partially
transmits focusing light and is positioned in such a way in an optical path of the focusing light
that light coming from the substrate is directed towards the light detector. This affords the
option of providing the focusing light via the object lens. In other words, the focusing light is
radiated onto the substrate via the same optics as those employed for collecting the reflected
focusing light used to form a focusing image. Here it is important that the substrate be entirely
flat, and preferably specular, such as, for example, a silicon wafer filter membrane. This has
the advantage, inter alia, that while the specimen or sample is viewed, only the section being
viewed at that instant is irradiated with focusing light. This is beneficial given the often rapid
light-induced bleaching of the specimen or sample or similarly caused breakdown of the
fluorescent substance. Another advantage is that the focusing light is supplied on the side
identical with the side from which the fluorescent light is emitted. As it happens, a transparent
substrate is another option. This, however, is not very effective with the wafer filter membrane
since this, via the continuous perforations, in fact forms an optical element having a very small
numerical aperture and thus very large depth of focus. This in turn means that sharp focusing
from below on the focusing light becomes difficult, "sharp" relating to the focusing of the
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specimen or sample with respect to the imaging optics and the camera. These optics, after all,
have a much smaller numerical aperture than the effective numerical aperture of the
continuous perforations in the filter membrane.

[0023] It should be noted, however, that focusing light can also be supplied via some other
optical path, for example, obliquely incident onto the substrate, e.g. by means of a focusing
light source which supplies focusing light all around the objective lens. In this embodiment, too,
the present invention does provide advantages, since the working distance is generally larger,
for the optical settings chosen, than in prior art fluorescence microscopes, and certainly
greater than in immersion optics microscopes. These points will be explained below in more
detail.

[0024] When using a camera employing pixels as the location-sensitive detector, the so-called
pixel resolution is preferably at least as good as the optical resolution of the fluorescence
microscope, in order to retain as much of the information as possible from the optical image
detected by means of the camera. The pixel resolution is simply the pixel size divided by the
magnification scale and is preferably between 1/3 and 1 x the optical resolution, i.e. the pixel
resolution is preferably at least as good as the optical resolution (information retention), but
preferably at most 3 x better, i.e. 1/3 x the optical resolution. After all, an even "better" pixel
resolution would merely produce the semblance of a higher effective resolution, since that
information was not actually present in the optical image provided.

[0025] If a modest optical resolution is then chosen, i.e. no greater than necessary,
particularly on the basis of the characteristics of the camera and not those of the human eye, a
lesser magnification may be sufficient. This carries the major advantage that the number of
pixels required can be kept down or at least that the relationship between the image field
measured and the number of pixels is favourable. That number of pixels determines not only
the price and complexity of the camera, but also, above all, the read-out speed. Alternatively, it
is possible to use only a limited number of pixels of a CCD present to record the image, not
more pixels than necessary to achieve the desired resolution. In both cases, a small number of
pixels means a high read-out speed and thus a more rapid measurement.

[0026] To give an example, a desired resolution is 0.5 pym, and green light having a
wavelength of 530 nm is used. The corresponding numerical aperture then is at least 0.40. For
pixel sizes of 5 ym and a desired pixel resolution of 0.5 x the optical resolution, i.e. 0.25 um,
this results in a required magnification factor for the camera of 20 x in total. A feasible option in
practice then is to choose, for example, an objective lens of f = 10 mm and an imaging lens of f
=200 mm. These are focal lengths which permit compact construction of the microscope whilst
still permitting a working distance of around 2 cm. Obviously, other desired resolutions are
possible, as are other fluorescent wavelengths, pixel size, ratios between pixel resolution and
optical resolution, preferably between 1:1 and 1:3, and focal lengths of object lens and imaging
lens, the latter obviously optionally being compound lens systems.

[0027] In the abovementioned manner it is possible to ensure that the strength or
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magnification factor of the object lens can be kept low, while the total magnification is still
sufficient, in combination with the small pixel sizes, to achieve the desired resolving power. An
additional advantage is that the numerical aperture (NA) of the object lens need not be kept
particularly large, meaning that immersion at large magnifications is not necessary.

[0028] In fact, an estimate of the required NA for the microscope is produced on the basis of
the desired resolution when a camera is used instead of the human eye, and the required
magnification factor is then determined on the basis of pixel size and desired pixel resolution.

[0029] A major advantage of lenses having a relatively small NA, advantageously 0.45 and
less, is that the depth of focus is relatively large. This in turn means that renewed sharp
focusing of the substrate is not required or at least required less frequently, and that even a
relatively thicker substrate can still be measured in its entirety without adjustment of the
microscope.

[0030] This offers advantages, particularly in combination with the very flat wafer filter
membrane, since complete measurement of the substrate is now possible with a single sharp
focusing operation. As a matter of fact, the wafer filter membrane forms a two-dimensional
substrate, allowing sharp focusing on the holes in the membrane at the surface thereof, while
at the same time the specimen or sample is positioned directly on that surface.

[0031] Immersion in, for example, water or oil always entails evaporation of the respective
immersion fluid, which is often undesirable. Moreover, it is possible, and this a more significant
drawback, for contamination to occur in the form of cross-contamination with different
specimens. This can occur not simply as a result of evaporation of the immersion fluid, for
example entraining microorganisms or other material, but also as a result of such material
being transferred via the immersion fluid from one specimen to another. Given the small
magnification factor of the object lens, the present invention provides a simple way of setting a
large working distance and thus preventing contamination.

[0032] Advantageously, the partially transmitting mirror comprises a mirror or so-called polka-
dot beam splitter, the ratio between reflection coefficient and transmission coefficient for the
focusing light being at least 10, and advantageously at least 100. Preferably, the ratio between
the reflection coefficient and transmission coefficient for fluorescent light is at least 100. In the
case of coaxial injection of the focusing light, an optical element is present which first partially
transmits the focusing light and then partially reflects it towards the detector, or vice versa if the
positions of the detector and focusing light source are interchanged.

[0033] The invention further relates to a method of detecting fluorescence of a specimen on a
substrate, utilizing a fluorescence microscope according to any one of the appended claims 1
to 11, comprising the irradiation of the specimen on the substrate with excitation light, and
detecting fluorescent light from the specimen. By using the fluorescence microscope according
to the invention, in particular the silicon wafer substrate, it is possible to achieve remarkable
time savings in the fluorescence measurements. Moreover, there is no or virtually no
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fluorescence caused by the substrate.

[0034] In particular, the focusing light source substantially emits focusing light only when the
specimen is brought into focus. As a result, there is less bleaching of the specimen or sample
on the substrate. By virtue of the illumination with focusing light being preferably coaxial with
the excitation radiation, it is possible to alternate between focusing light images, which produce
a visible light image if required, and fluorescent images, correlation between these being
readily possible. In the event of the substrate being relocated, with renewed sharp focusing if
required, a focusing light source can simply be switched on for a short (focusing) time.

[0035] Furthermore, the focusing light source emits very little light, or at least very little light
reaches the specimen or sample. The focusing light, in principle, is restricted to a level
necessary to permit sharp focusing, thus allowing bleaching and other disadvantageous effects
on the specimen or sample to be minimized. Obviously, said light level can be higher if the
specimen will not suffer as a result, thus permitting sharp focusing to be more rapid and/or
more accurate.

[0036] In a specific embodiment, the fluorescence is detected from each of a number of
subareas of the specimen on the substrate, relevant image information is then determined
from the fluorescence detected in a subarea, the subareas being randomly chosen from the
specimen, and where measurement of the fluorescence is discontinued if the relevant image
information from all the subareas measured up until then in sum exceeds a predetermined
confidence level threshold. Thus the measuring time can be reduced still further. A threshold
should then be chosen in advance which will indicate at which point a particular specimen or
sample will have been measured to a sufficient confidence level. A simple example is that of
requiring the presence of a particular microorganism to be established. There, after all, it is
sufficient to detect one or a number of individuals of that microorganism. Obviously, it is also
possible to choose a (legal) standard value as the threshold value, it being sufficient to
establish whether that standard has been exceeded, etc. Incorporating the detection of
threshold being exceeded in this manner can be effected, for example, and preferably, by
means of automated pattern recognition equipment. Further disclosed is a substrate for use in
a fluorescence microscope according to the invention, comprising a wafer-based filter
membrane made of a material suitable for lithographic processing techniques, wherein the
filter membrane comprises a pattern of continuous perforations introduced lithographically, the
surface of the substrate being coated with a metal layer on at least one side. Owing to the
metal layer, residual inherent fluorescence of material of the substrate can be efficiently
suppressed. As far as the base materials of the substrate and the types of metal in the metal
layer are concerned, use can be made of the materials already described hereinabove.
Further disclosed is a method of fabricating the substrate, comprising the steps of providing a
wafer-based filter membrane, providing the filter membrane with perforations by means of a
lithographic technique, and then coating at least one side of the filter membrane with a metal
layer. As described hereinabove, the perforations can, for example, have a diameter of
between 0.1 and 1 ym, although other diameters or shapes are not excluded. It should be
noted that it is also possible for the metal layer to be vapour-deposited first and for the
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perforations to be introduced afterwards, which has the advantage that the inside of the
perforations is free from metal. In that case, however, the metal might interfere with the
lithographic steps, and it would furthermore be possible for residual lithographic chemicals to
remain behind, which carries the risk of residual fluorescence.

[0037] The fluorescence microscope and the method of detecting fluorescence of a specimen
on a substrate according to the invention inter alia provide a gain in speed of fluorescence
measurements. Said gain in speed results, inter alia, from the use of the wafer filter
membrane, which leads to a gain in speed by virtue of providing, compared with known
substrates, an equally efficient filter on a much smaller surface area, which therefore can be
tested more rapidly. Moreover, it is a flat filter which does not require sharp focusing again and
again. A three-point measurement is sufficient, any subsequent control required being able to
be effected automatically. Furthermore, use is made of a camera which provides better
resolving power than the human eye, thus permitting a smaller numerical aperture of the
lenses used. This means less expensive lenses, and in many cases immersion is no longer
necessary. On top of that, a smaller magnification factor is sufficient, at least if the pixels of the
camera are not too large in terms of the desired optical resolving power, thereby permitting
longer focal lengths to be employed, resulting in a larger working distance. This in turn has
advantages in preventing contamination via immersion. In addition, it is beneficial to stop
measuring once the observed statistics give cause to do so. All in all, the fluorescence
microscope, the method and the substrate can be used for measuring fluorescence very
rapidly, reliably, and in a contact-free manner.

[0038] The invention will be explained below with reference to the drawing, whose single
figure is a schematic depiction of a cross section of a fluorescence microscope according to
the invention.

[0039] Figure 1 shows a fluorescence microscope according to the invention in cross section.

[0040] The fluorescence microscope is generally designated by reference numeral 1 and
comprises a housing 10 with a camera 12 mounted thereon. Provided in the housing 10 is an
excitation light source 14, together with a first lens 16, an excitation filter 18 and a dichroic
mirror 20.

[0041] Provided in Figure 1 at the bottom of the housing 10 is object lens 22, via which a
substrate 24 can be illuminated. The substrate 24 is accommodated in a substrate holder 26,
while 28 indicates an x-y-z substrate translation stage.

[0042] Reference numeral 30 indicates a partially transmitting mirror or beam splitter, 32 an
emission filter, and 34 an imaging lens.

[0043] Indicated on top of the housing 10 are a focusing light source 36 and a focusing lens
38.
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[0044] The housing 10 of the fluorescence microscope 1 according to the invention is a
substantially light-tight housing. Housing 10 can in principle be made of any material such as
metal and/or plastic. Arranged in the housing 10 are a number of optical and other
components.

[0045] An excitation light source 14 is disposed in the housing 10, to provide excitation light.
The excitation light source can in principle comprise any light source suitable for this purpose,
such as one or more LEDs, a (high-pressure) mercury lamp, a laser, etc. The wavelength of
the excitation light of the excitation light source 14 is selected as a function of the fluorescent
materials to be studied, but in general is light of relatively short wavelengths. Commonly used
wavelengths are in the green up to and including the near uliraviolet region, but other
wavelengths are not ruled out. In this case, for example, the excitation light source 14 is a blue
LED source.

[0046] The light emitted by the excitation light source 14 passes through a first lens 16,
designed to form a suitable excitation light beam, for example of sufficiently high homogeneity.
The light beam also passes through an excitation filter 18 which is designed to filter out
unwanted light fractions. In particular this relates to light fractions from the excitation light which
correspond to the fluorescent light. Such a fraction in the excitation light might, after all,
interfere with the subsequent fluorescence measurement. If required, the excitation filter 18
can also be set so as to remove a portion of greater or lesser magnitude of the light other than
excitation light or fluorescent light. Possible noise resulting from light not relevant to the
fluorescence measurement is thus prevented as far as possible. Suitable filters can readily be
selected by those skilled in the art, depending on what types of excitation light and/or
fluorescent light are being used. If required, the excitation filter can comprise 2 or more sub-
filters.

[0047] Whilst in the present case the excitation light source is shown within the housing 10, it
is also possible to install the excitation light source outside the housing 10, a light-tight coupling
being provided, if required, between the excitation light source 14 and the housing 10 - see
also the coupling with the camera 12, to be discussed hereinafter.

[0048] The excitation light thus collimated and filtered is radiated towards the substrate 24 via
a dichroic mirror 20 and via object lens 22. The dichroic mirror 20 is designed, for example, so
as to reflect as much of the excitation light as possible, whereas fluorescent light coming from
the substrate 24 passes through with high transmittance. All this can be easily achieved, as
known to those skilled in the art, by means of suitable stacking of dielectric layers.

[0049] The object lens 22 can, for example, be a standard microscope objective, having a
magnification factor of, for example, between 10 times and 45 times. The numerical aperture
can, for example, be between 0.2 and 0.5. The working distance can, for example, be a few
millimetres and can even be up to a few centimetres. It should be noted that this working
distance is sufficient to allow contact-free measurements of the substrate 24.
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[0050] The substrate 24 can, in principle, be any substrate suitable for this purpose, for
example a glass slide or the like. For microbiological measurements, in particular, substrates
are often used which are provided with many small perforations. Prior to the measurement, for
example, a sample containing microorganisms or the like to be studied is made to pass
through the substrate, with the material to be studied remaining behind, while the fluid can
drain away through the perforations in the substrate. Typical substrates used for these tests
comprise, for example, polymer substrates. Advantageously, however, the substrate 24
comprises a silicon membrane filter, for example. Silicon membrane filters of this type, for
example marketed by fluXXion, are fabricated from silicon which does not fluoresce or does so
only at a very low level and as a result cannot interfere with any fluorescence measurements.
Furthermore, silicon filter membranes of this type are fabricated on the basis of a silicon wafer
as used in semiconductor technology. The silicon filter membranes are therefore also very flat,
which means that in an arrangement perpendicular to the optical axis of the fluorescence
microscope it is possible overall to achieve a sharp image without adjustment, even at high
magnification. Another advantage of silicon filter membranes of this type is that the
permeability is very high, owing to the large number of perforations which, moreover, are
defined within very narrow limits. This means that the filter membrane can be highly selective
during filtration and also means that the dimensions of the substrate 24 can be kept very low
and still permit an identical amount of sample fluid to be filtered within a length of time
customary in practice. A silicon filter membrane having a cross section of, for example, 3
millimetres can be sufficient for this purpose, other dimensions obviously also being possible.

[0051] The substrate 24 is accommodated in a substrate holder 26 which comprises a
substrate translation stage 28 (shown in outline only). The substrate translation stage 28 is
used to translate the substrate 24 in directions located in the image plane of the fluorescence
microscope 1, here also referred to as x and y direction, and in addition, for the purpose of
sharp focusing, also in the direction perpendicular thereto, here also referred to as the z
direction. Additionally, the substrate translation stage can be designed for tilting the substrate
24 in such a way around the x- and/or y-axis that the substrate surface is located in the sharp
focusing plane of the fluorescence microscope 1. This latter feature is advantageous, since the
highly planar silicon filter membrane substrate is capable of being aligned in its entirety in the
sharp focusing plane by means of a three-points measurement. Furthermore, the substrate is
so flat, and the depth of focus so large in the fluorescence microscope according to the
invention that the entire substrate remains within the depth of focus over the entire x, y
translation. The z-value then can be set simply as a function of x and vy, for example a linear
combination of x and y.

[0052] The excitation light of the excitation light source 14 incident on the substrate 24
carrying the materials to be studied will there be able to give rise to fluorescence. The
fluorescent light generated as a result will in turn, via the object lens 22, enter the housing 10
where it will substantially pass the dichroic mirror 20. Then the fluorescent light will fall on the
partially transmitting mirror 30 and be reflected thereby, towards the camera 12. First,
however, it passes through an emission filter 32 which is designed for substantially transmitting
fluorescent light only. To put it in more general terms, the purpose of the emission filter 32 is to
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improve the ratio between fluorescent light and other light, particularly excitation light. In
principle, it might even be sufficient for emission filter 32 likewise to lock only the excitation
radiation to a large extent, but the emission filter 32 can also serve for selecting a particular
type of fluorescence. After all, materials other than those to be studied may fluoresce,
particularly the substrate. If a silicon filter membrane is used as a substrate 24, this type of
fluorescence is usually negligible, however.

[0053] The fluorescent light then passes through imaging lens 34, having a wavelength, for
example, of 530 nm. The camera 12 can be a CCD camera or the like, having a pixel size of
10 micrometres or less. In a concrete example, the pixel size is 4.65 ym, for example, and a
desirable ratio between pixel resolution and optical resolution is at least a factor of 2. For a
required optical resolving power of, for example, about 0.5 pm, the pixel resolution then, for
example, is 0.23 pym, and the requisite magnification factor is about 20. For example, the
objective lens 22 has a focal length of 10 mm and an NA of 0.42, and the imaging lens 34 has
a focal length of 200 mm. Given such a combination, a beneficial, i.e. sufficiently large working
distance at the objective lens 22 is also achieved.

[0054] As an alternative to the CCD camera 12, it would also be possible to use, for example,
a CMOS camera or, for example, a photographic plate. A CCD camera or CMOS camera has
the advantage that the images can be processed electronically, and as already stated they
have a better effective optical resolution than the human eye. To this end, the camera 12 can,
for example, be linked to a computer equipped with image processing and/or image
recognition equipment and/or software (not shown).

[0055] It should be noted that the ray path of the fluorescent radiation shown in Figure 1, i.e.
via the partially transmitting mirror 30 towards the camera 12, was chosen with regard to the
focusing light source 36. In the absence of the focusing light source 36, the camera could also
have been positioned in the location of said focusing light source 36, the partially transmitting
mirror 30 effectively becoming superfluous as a result. The fluorescence microscope 1
depicted in Figure 1 does incorporate, however, a focusing light source 36. Its purpose is to
employ a sufficient amount of light to be able to position, in a simple manner, the substrate 24
in the sharp focusing plane of fluorescence microscope 1. To this end, the focusing light source
36, for example, emits white light or green light, in particular light which is transmitted by the
emission filter 32 and obviously the dichroic mirror 20. The colour of the light to be emitted by
the focusing light source 36 therefore depends on the colour of the light from the excitation
light source 14 and on the colour of the fluorescent light. All these aspects can be readily
chosen by those skilled in the art. The focusing light source 36 can in turn, for example, be an
LED source or alternatively a (halogen) incandescent lamp or (high pressure) mercury vapour
lamp. Other light sources are likewise possible. Advantageously, an LED source is used, whose
benefits include the option of rapid switch-over, thereby obviating the need for a mechanical
shutter, rotary mirror or the like, as well as long service life and effective illumination owing to
high intrinsic efficiency and a relatively narrow bandwidth, meaning that filters and substrate
need to deal with relatively low power. These advantages, incidentally, apply equally in the
case where the excitation source comprises an LED source.
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[0056] The purpose of the focusing lens 38 is to obtain a sufficiently homogeneous light
beam, which is conducive to sharp focusing. Another benefit is that during the process of
focusing, also referred to as aligning, the substrate 24, the possibly present materials to be
studied, particularly labelled bacteria, will not be bleached. This would have an adverse effect
on the fluorescence measurements to be subsequently carried out. To prevent bleaching, the
focusing light source 36 is used solely during focusing. It is also beneficial to select a high ratio
between the light intensities of excitation light and the light from the focusing light source 36 as
it reaches the substrate 24. Using the above-described LED sources for the excitation light
source 14 and the focusing light source 36, for example, a ratio between excitation light and
aligning light of 2000:1 can readily be achieved. Between the partially transmitting mirror 30
and the focusing lens 38, a second emission filter can optionally be positioned which can
substantially correspond to the emission filter 32. In such a case, a ratio of 10 000:1 can
readily be achieved. Given such ratios, any bleaching, by the focusing light, of the materials to
be studied can be reliably avoided. The use of flat, small substrates has the additional
advantage that sharp focusing need only be carried out a small number of times.

[0057] A general comment regarding the use of the term "lens" is that in all instances this lens
can also be a compound lens, i.e. comprising a plurality of optical elements. Furthermore, in
principle, the positions of the emission filter 32 and the excitation filter 18 with respect to
associated lenses, the imaging lens 34 and the illuminating lens 16, can be reversed.

[0058] The embodiments described should be regarded as nonlimiting examples. The scope
of protection of the invention is defined by the appended claims.
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PATENTKRAV

I. Fluorescensmikroskop (1), der omfatter et hus (10) med en excitationslyskilde (14) , der
cr designet til at udsendc cxcitationslys, ct filtermiddcel (18), der scparcrer cxcitationslys fra
fluorescerende lys generet af et fluorescerende stof, et objektiv (22), en substratholder (26), en
lokalitetsfolsom lysdetektor og en afbildningslise til den lokalitetsfolsomme lysdetektor, hvilket
mikroskop endvidere omfatter et fokuserende belysningssystem med en fokuserende lyskilde
(36), der er designet til at udsende fokuserende light, hvilket mikroskop endvidere omfatter et i
alt veesentligt fladt substrat (24), der omfatter en wafer-baseret filtermembran fremstillet af et
materiale, der er egnet til litografiske forarbejdningsteknikker, hvor filtermembranen omfatter et
menster af kontinuerlige perforationer introduceret litografisk, hvor en optisk bane for det
fokuserende lys og en optisk bane for det fluorescerende lys lober koaksialt via objektivet (22)
mod substratet (24), og hvor det fokuserende belysningssystem er konfigureret til at bestemme
en position for substratet 1 forhold til et skrapt fokusplan ved méling af en fokusafstand af tre

ikke-kolinezre punkter af substratet.

2. Fluorescensmikroskop (1) ifelge krav 1, hvor substratet (24) i alt vaesentligt bestar af

silicium, en siliciumforbindelse, safir, et silicatglas eller en kombination deraf.

3. Fluorescensmikroskop (1) ifelge krav 2, hvor substratet (24) i alt veesentligt omfatter

silicium eller siliciumcarbid eller siliciumdioxid.

4. Fluorescensmikroskop (1) ifelge krav 3, hvor substratet (24) har en nitrideret eller
opkullet overflade.
5. Fluorescensmikroskop (1) ifelge et hvilket som helst af kravene 2-4, hvor overfladen af

substratet (24) er coatet med et metallag pd mindst én side.

6. Fluorescensmikroskop (1) ifelge et hvilket som helst af de foregdende krav, hvor
substratholderen (26) omfatter en substratoverferingsplade (28) til overfering af substratet (24)
i et billedplan for fluorescensmikroskopet (1), og hvor substratoverferingspladen (28) er
konfigureret til at vippe substratet (24), hvorved substratet (24) justeres efter det skarpe
fokusplan.

7. Fluorescensmikroskop (1) ifelge krav 6, der endvidere omfatter et spejl, der delvist
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transmitterer fokuserende lys og er placeret pd en sddan méde 1 en optisk bane af det fokuserende

lys, at lys, der kommer fra substratet (24), dirigeres mod lysdetektoren.

8. Fluorescensmikroskop (1) ifelge krav 6 eller 7, der endvidere omfatter et filter, der er
placeret mellem det delvist transmitterende spejl og den fokuserende lyskilde, og som har lavere

transmittans for excitationslys end for fluorescerende straling.

9. Fluorescensmikroskop (1) ifelge et hvilket som helst af de foregéende krav, hvor

perforeringsstorrelsen er mindre end 0,19 mikrometer.

10. Fluorescensmikroskop (1) ifelge et hvilket som helst af de foregdende krav, hvor en

poresitet ligger i intervallet fra 5-40 %.

11. Fluorescensmikroskop (1) ifelge et hvilket som helst af de foregdende krav, hvor

substratet (24) har en diameter pd mindre end 10 mm, fortrinsvis 3 mm.

12. Fremgangsmaéde til detektering af en proves fluorescens pé et substrat ved anvendelse af
et fluorescensmikroskop ifelge et hvilket som helst af de foregdende krav, omfattende bestréling

af proven pa substratet med excitationslys, hvorved fluorescerende lys fra proven detekteres.

13. Fremgangsmade ifelge krav 12, hvor den fokuserende lyskilde i alt vasentligt kun

udsender fokuserende lys, nar proven er fokuseret.

14.  Fremgangsmaéde ifolge et hvilket som helst af kravene 12-13, hvor fluorescens detekteres
fra hvert af et antal af underomrdder af proven péd substratet, relevante billedinformationer
bestemmes derefter ud fra den fluorescens, der er detekteret i et underomrdde, hvilke
underomrader udvaelges vilkarligt fra proven, og hvor méling af fluorescensen afbrydes, hvis de
relevante billedinformationer fra samtlige underomrdder malt indtil videre i sum overstiger en

forhandsbestemt konfidensniveauterskel.
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DRAWINGS
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