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Description

[0001] The presentinvention 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 excita-
tion 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 loca-
tion-sensitive light detector.

[0003] Fluorescence microscopes of this type are
widely used in fluorescence studies in which a fluores-
cent sample or specimen is studied. Ifrequired, 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
alonger 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 prin-
ciple, 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 mov-
able, transparent container for containing the cells. A
mesh, formed on a wafer using the semiconductor pat-
terning 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 correspond-
ing 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 mi-
croscopes in relation with a zoom system.

[0005] In practice, fluorescence studies are often car-
ried out on microorganisms. This usually involves higher
maghnification, preferably more than 50 times up to 100
times at the objective, and around 1000 X in total to en-
able 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
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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 parti-
cles remain behind on the surface of the substrate.
[0006] A drawback of the known fluorescence micro-
scope 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] Itis anobjectof the presentinvention to provide
afluorescence microscope which permits a much shorter
measuring time while retaining resolving power.

[0008] This object is achieved by means of a fluores-
cence microscope and a method of using the same ac-
cording to the appended claims.

[0009] The fluorescence microscope according to em-
bodiments of the invention is comprising a substrate
which comprises a wafer-based filter membrane made
of a material suitable for lithographic processing tech-
niques, 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 sub-
stantially 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 um. This implies that the sub-
strate, over a diameter of for example 3 mm, should be
flat to within 0.5 um.

[0011] Lithography, on the one hand, provides tech-
niques 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 um. 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 um) 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 sub-
strates 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 25 mm
by a silicon filter membrane having a diameter of, in par-
ticular, less than 10 mm and, for example, 3 mm. This
means that the materials to be studied, located in a sam-
ple fluid, are ata much higher concentration, having been
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passed through the filter membrane, than for prior art
substrates. In practice this also implies thata much small-
er area need be studied. For example, a reduction in the
area to be studied from a diameter of from 25 mm to 3
mm squared means that time is saved by about a factor
of 50.

[0013] Forthatmatter, the substrate, i.e. the filter mem-
brane, need not be made of silicon but can be fabricated,
as mentioned earlier, from a material suitable for litho-
graphic 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 me-
chanical properties, good chemical resistance and low
inherent fluorescence. Conceivable combination materi-
als include, for example, so-called SoS, silicon on sap-
phire.

[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 im-
prove 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, respec-
tively, thereby further improving the mechanical proper-
ties.

[0016] Inan advantageous embodiment, the substrate
substantially comprises silicon carbide or silicon dioxide.
Instead of just the surface being carburized, the entire
substrate canalso 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 fluo-
resce. This means that a background signal or noise is
present in the fluorescence measurements. This back-
ground signal can interfere with the genuine measure-
ments, i.e. of the materials to be studied. It is therefore
desirable to provide a substrate which does not fluoresce
oronly at a low level. This object is achieved by the sub-
strate comprising substantially the abovementioned ma-
terials.

[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 perfora-
tions are produced lithographically. In so doing, chemi-
cals are often used, residues of which could cause fluo-
rescence. 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 chro-
mium 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
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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 sufficiently, flat substrate, it is sufficient, how-
ever, 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 mi-
croscope. An alternative option then is a simple calcula-
tion for each position of the desired sharp focusing cor-
rection which then, if required, can be performed auto-
matically. 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 co-
axially via the object lens towards the substrate. This
therefore involves, during use of the fluorescence micro-
scope, 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 pro-
vides 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 interpret-
ing 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 spec-
trum. Advantageously, the focusing light substantially
comprises light in a wavelength region outside the exci-
tation 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 substan-
tially comprises light having a wavelength around or
equal to that of fluorescent light or even substantially flu-
orescent 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 di-
rected 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



5 EP 1 932 046 B1 6

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 advan-
tage is that the focusing light is supplied on the side iden-
tical with the side from which the fluorescent light is emit-
ted. 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 perfora-
tions, 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 specimen or sample with respect to the
imaging optics and the camera. These optics, after all,
have a much smaller numerical aperture than the effec-
tive 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 ex-
ample, 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 op-
tical settings chosen, than in prior art fluorescence mi-
croscopes, and certainly greater than inimmersion 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 de-
tected 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 reso-
lution, 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 res-
olution. After all, an even "better" pixel resolution would
merely produce the semblance of a higher effective res-
olution, 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
notonly the price and complexity of the camera, but also,
above all, the read-out speed. Alternatively, itis possible
to use only a limited number of pixels of a CCD present
to record the image, not more pixels than necessary to
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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
pm, 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 um 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 cam-
era 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 micro-
scope 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, prefera-
bly 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 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 ad-
vantage 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 res-
olution 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 arelatively
smallNA, advantageously 0.45 and less, is that the depth
of focus is relatively large. This in turn means that re-
newed sharp focusing of the substrate is not required or
atleastrequired less frequently, and thateven arelatively
thicker substrate can still be measured in its entirety with-
out adjustment of the microscope.

[0030] This offers advantages, particularly in combina-
tion with the very flat wafer filter membrane, since com-
plete 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 sub-
strate, allowing sharp focusing on the holes in the mem-
brane 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 aresultof evap-
oration of the immersion fluid, for example entraining mi-
croorganisms 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 magnifi-



7 EP 1 932 046 B1 8

cation factor of the object lens, the present invention pro-
vides a simple way of setting a large working distance
and thus preventing contamination.

[0032] Advantageously, the partially transmitting mir-
ror comprises a mirror or so-called polka-dot beam split-
ter, the ratio between reflection coefficient and transmis-
sion coefficient for the focusing light being at least 10,
and advantageously at least 100. Preferably, the ratio
between the reflection coefficient and transmission co-
efficient for fluorescent light is at least 100. In the case
of coaxial injection of the focusing light, an optical ele-
ment 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 de-
tecting fluorescence of a specimen on a substrate, utiliz-
ing 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 flu-
orescence caused by the substrate.

[0034] In particular, the focusing light source substan-
tially 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 co-
axialwith the excitation radiation, itis possible to alternate
between focusing light images, which produce a visible
light image if required, and fluorescent images, correla-
tion between these being readily possible. In the event
of the substrate being relocated, with renewed sharp fo-
cusing 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 leastvery little light reaches the spec-
imen or sample. The focusing light, in principle, is restrict-
ed 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
aresult, 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 spec-
imen on the substrate, relevantimage 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 discon-
tinued if the relevant image information from all the sub-
areas measured up until then in sum exceeds a prede-
termined confidence levelthreshold. Thus the measuring
time can be reduced still further. A threshold should then
be chosen in advance which will indicate at which point
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aparticular 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 estab-
lish whether that standard has been exceeded, etc. In-
corporating 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 wa-
fer-based filter membrane made of a material suitable
for lithographic processing techniques, wherein the filter
membrane comprises a pattern of continuous perfora-
tions introduced lithographically, the surface of the sub-
strate being coated with a metal layer on at least one
side. Owing to the metal layer, residual inherent fluores-
cence of material of the substrate can be efficiently sup-
pressed. 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 here-
inabove. 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 perfo-
rations can, for example, have a diameter of between 0.1
and 1 um, 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
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 be-
hind, 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 sub-
sequent control required being able to be effected auto-
matically. Furthermore, use is made of a camera which
provides betterresolving 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
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desired optical resolving power, thereby permitting long-
erfocal lengths to be employed, resulting in a larger work-
ing 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 ref-
erence 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 ac-
cording to the invention in cross section.

[0040] The fluorescence microscope is generally des-
ignated 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] ProvidedinFigure 1 atthe bottom ofthe housing
10 is object lens 22, via which a substrate 24 can be
illuminated. The substrate 24 is accommodated in a sub-
strate 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 ontop ofthe housing 10are afocusing
light source 36 and a focusing lens 38.

[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 compo-
nents.

[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 se-
lected as a function of the fluorescent materials to be
studied, but in general is light of relatively short wave-
lengths. Commonly used wavelengths are in the green
up to and including the near ultraviolet 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 un-
wanted 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 fluores-
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cence 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, be-
tween the excitation light source 14 and the housing 10
- see also the coupling with the camera 12, to be dis-
cussed 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 de-
signed, for example, so as to reflect as much of the ex-
citation light as possible, whereas fluorescent light com-
ing from the substrate 24 passes through with high trans-
mittance. All this can be easily achieved, as known to
those skilled in the art, by means of suitable stacking of
dielectric layers.

[0049] Theobjectlens 22 can, for example, be a stand-
ard 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.
[0050] The substrate 24 can, in principle, be any sub-
strate suitable for this purpose, for example a glass slide
or the like. For microbiological measurements, in partic-
ular, 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 sub-
strate. Typical substrates used for these tests comprise,
for example, polymer substrates. Advantageously, how-
ever, the substrate 24 comprises a silicon membrane fil-
ter, for example. Silicon membrane filters of this type, for
example marketed by fluXXion, are fabricated from sili-
con which does not fluoresce or does so only at a very
low level and as a result cannot interfere with any fluo-
rescence measurements. Furthermore, silicon filter
membranes of this type are fabricated on the basis of a
silicon wafer as used in semiconductor technology. The
siliconfilter membranes are therefore also very flat, which
means that in an arrangement perpendicular to the opti-
cal axis of the fluorescence microscope it is possible
overall to achieve a sharp image without adjustment,
even at high magnification. Another advantage of silicon
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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 se-
lective during filtration and also means that the dimen-
sions 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 di-
mensions obviously also being possible.

[0051] The substrate 24 is accommodated in a sub-
strate holder 26 which comprises a substrate translation
stage 28 (shown in outline only). The substrate transla-
tion stage 28 is used to translate the substrate 24 in di-
rections 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 transla-
tion 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 flu-
orescence microscope 1. This latter feature is advanta-
geous, 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 meas-
urement. 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 re-
mains within the depth of focus over the entire x, y trans-
lation. The z-value then can be set simply as a function
of x and y, 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 fluo-
rescent 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 improve the ratio between fluores-
cent 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 se-
lecting a particular type of fluorescence. After all, mate-
rials other than those to be studied may fluoresce, par-
ticularly 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 im-
aging 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 con-
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crete example, the pixel size is 4.65 um, 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, forexample, is 0.23 pm, and therequisite
magnification factor is about 20. For example, the objec-
tive 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. suffi-
ciently large working distance at the objective lens 22 is
also achieved.

[0054] Asanalternativetothe CCD camera 12, itwould
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 fluo-
rescent radiation shown in Figure 1, i.e. via the partially
transmitting mirror 30 towards the camera 12, was cho-
sen 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 effec-
tively becoming superfluous as a result. The fluores-
cence microscope 1 depicted in Figure 1 does incorpo-
rate, however, a focusing light source 36. Its purpose is
to employ a sufficient amount of light to be able to posi-
tion, 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.

[0056] The purpose of the focusing lens 38 is to obtain
a sufficiently homogeneous light beam, which is condu-
cive to sharp focusing. Another benefit is that during the
process of focusing, also referred to as aligning, the sub-
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strate 24, the possibly present materials to be studied,
particularly labelled bacteria, will not be bleached. This
would have an adverse effect on the fluorescence meas-
urements to be subsequently carried out. To prevent
bleaching, the focusing light source 36 is used solely dur-
ing 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. Be-
tween the partially transmitting mirror 30 and the focusing
lens 38, a second emission filter can optionally be posi-
tioned which can substantially correspond to the emis-
sion 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 ele-
ments. 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 illumi-
nating lens 16, can be reversed.

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

Claims

1. Fluorescence microscope (1) comprising a housing
(10) with an excitation light source (14) which is de-
signed to emit excitation light, a filtering means (18)
which separates excitation light from fluorescent
lightgenerated by a fluorescent substance, an object
lens (22), a substrate holder (26), a location-sensi-
tive light detector, and an imaging lens for the loca-
tion-sensitive light detector, the microscope further
comprising a focusing illumination system having a
focusing light source (36) which is designed to emit
focusing light, the microscope further comprising a
substantially flat substrate (24) which comprises a
wafer-based filter membrane made of a material suit-
able for lithographic processing techniques, wherein
the filter membrane comprises a pattern of continu-
ous perforations introduced lithographically, wherein
an optical path of the focusing light and an optical
path of the fluorescent light run coaxially via the ob-
jectlens (22) towards the substrate (24), and wherein
the focusing illumination system is configured to de-
termine a position of the substrate relative to a sharp
focussing plane by measuring a focussing distance
of three non-collinear points of the substrate.
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2,

10.

1.

12.

Fluorescence microscope (1) according to claim 1,
wherein the substrate (24) consists substantially of
silicon, a silicon compound, sapphire, a silicate glass
or a combination thereof.

Fluorescence microscope (1) according to claim 2,
wherein the substrate (24) substantially comprises
silicon or silicon carbide or silicone dioxide.

Fluorescence microscope (1) according to claim 3,
wherein the substrate (24) has a nitrided or carbu-
rized surface.

Fluorescence microscope (1) according to any one
of claims 2-4, wherein the surface of the substrate
(24) is coated with a metal layer on at least one side.

Fluorescence microscope (1) according to any one
ofthe preceding claims, wherein the substrate holder
(26) comprises a substrate translation stage (28) for
translating the substrate (24) in an image plane of
the fluorescence microscope (1), and wherein the
substrate translation stage (28) is configured to tilt
the substrate (24), thereby aligning the substrate
(24) with the sharp focussing plane.

Fluorescence microscope (1) according to claim 6,
further comprising 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 (24) is directed towards the light
detector.

Fluorescence microscope (1) according to claim 6
or 7, further comprising a filter which is positioned
between the partially transmitting mirror and the fo-
cusing light source and which has lower transmit-
tance for excitation light than for fluorescent radia-
tion.

Fluorescence microscope (1) according to any one
of the preceding claims, wherein the perforation size
is less than 0.19 micrometer.

Fluorescence microscope (1) according to any one
of the preceding claims, wherein a porosity is in the
range of 5-40%.

Fluorescence microscope (1) according to any one
of the preceding claims, wherein the substrate (24)
has a diameter of less than 10 mm, preferably 3 mm.

Method of detecting fluorescence of a specimen on
a substrate, utilizing a fluorescence microscope ac-
cording to any one of the preceding claims, compris-
ing

- the irradiation of the specimen on the substrate
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with excitation light,
- detecting fluorescent light from the specimen.

Method according to claim 12, wherein the focusing
light source substantially emits focusing light only
when the specimen is brought into focus.

Method according to any one of claims 12-13, where-
in the fluorescence is detected from each of a
number of subareas of the specimen on the sub-
strate, relevantimage informationis then determined
from the fluorescence detected in a subarea, the
subareas being randomly chosen from the speci-
men, and where measurement of the fluorescence
is discontinued if the relevant image information from
all the subareas measured up until then in sum ex-
ceeds a predetermined confidence level threshold.

Patentanspriiche

Fluoreszenzmikroskop (1) umfassend ein Gehause
(10) mit einer Anregungslichtquelle (14) welche der-
artausgestaltetist, dass sie Anregungslicht emittiert,
einem Filtermittel (18) welches Anregungslicht vom
Fluoreszenzlicht, erzeugt von einem fluoreszieren-
den Stoff, trennt, einem Objektiv (22), einem Subst-
rathalter (26), einem ortssensitiven Lichtdetektor
und einer Abbildungslinse fiir den ortssensitiven
Lichtdetektor, wobei das Mikroskop ferner ein Fo-
kussierungsbeleuchtungssystem mit einer fokussie-
renden Lichtquelle (36) umfasst, welche ausgebildet
ist um fokussierendes Licht zu emittieren, das Mi-
kroskop umfasst weiter ein im Wesentlichen flaches
Substrat (24) welches eine Wafer-basierte Filter-
membran aus einem fiir lithographische Prozessme-
thoden geeigneten Material umfasst, wobei die Fil-
termembran ein Muster von kontinuierlichen, litho-
graphisch erzeugten Perforationen umfasst, wobei
ein optischer Pfad des fokussierenden Lichts und
ein optischer Pfad des Fluoreszenzlichts koaxial
durch das Objektiv (22) zu dem Substrat (24) ver-
laufen und wobei das Fokussierungsbeleuchtungs-
system dazu ausgelegt, ist die Position des Subst-
rats relativ zu einer scharfen Fokusebene durch
Messung einer Fokussierentfernung von drei nicht-
kollinearen Punkten des Substrats zu bestimmen.

Fluoreszenzmikroskop (1) nach Anspruch 1, wobei
das Substrat (24) im Wesentlichen aus Silizium, ei-
ner Siliziumverbindung, Saphir, einem Silikatglas
oder einer Kombination davon besteht.

Fluoreszenzmikroskop (1) nach Anspruch 2, wobei
das Substrat (24) im Wesentlichen Silizium, Silizi-

umkarbid oder Siliziumdioxid beinhaltet.

Fluoreszenzmikroskop (1) nach Anspruch 3, wobei
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10.

1.

12.

13.

das das Substrat (24) eine nitrierte oder aufgekohite
Oberflache hat.

Fluoreszenzmikroskop (1) nach einem der Anspru-
che 2 bis 4, wobei die Oberflache des Substrats (24)
auf mindestens einer Seite mit einer Metallschicht
beschichtet ist.

Fluoreszenzmikroskop (1) nach einem der vorher-
gehenden Anspriiche, wobei der Substrathalter (26)
einen Substratverschiebetisch (28) zum Verschie-
ben des Substrats (24) in einer Bildebene des Flu-
oreszenzmikroskops (1) umfasst und wobeider Sub-
stratverschiebetisch (28) zum Neigen des Substarts
(24) eingerichtet ist, um dadurch das Substrat (24)
mit der scharfen Fokusebene auszurichten.

Fluoreszenzmikroskop (1) nach Anspruch 6 ferner
umfassend einen Spiegel, der fokussierendes Licht
teilweise durchlasst und derart in einem optischen
Pfad des fokussierenden Lichtes positioniert ist,
dass das vom Substrat (24) kommende Licht aufden
Lichtdetektor gerichtet ist.

Fluoreszenzmikroskop (1) nach Anspruch 6 oder 7
ferner umfassend einen Filter, der zwischen dem teil-
durchlassigen Spiegel und der fokussierenden Licht-
quelle angeordnet ist und eine geringere Durchlas-
sigkeit fir Anregungslicht als fiir Fluoreszenzstrah-
lung aufweist.

Fluoreszenzmikroskop (1) nach einem der vorher-
gehenden Anspriiche, wobei die PerforationsgroRe
kleiner als 0,19 Mikrometer ist.

Fluoreszenzmikroskop (1) nach einem der vorher-
gehenden Anspriiche, wobei eine Porositat im Be-
reich von 5-40% liegt.

Fluoreszenzmikroskop (1) nach einem der vorher-
gehenden Anspriiche, wobeidas Substrat (24) einen
Durchmesservon weniger als 10 mm, vorzugsweise
weniger als 3 mm hat.

Verfahren zum Detektieren von Fluoreszenz einer
Probe auf einem Substrat unter Verwendung eines
Fluoreszenzmikroskops nach einem der vorherge-
henden Anspriiche, umfassend

- die Bestrahlung der Probe auf dem Substrat
mit Anregungslicht,

- Detektieren von Fluoreszenzlicht von der Pro-
be.

Verfahren nach Anspruch 12, wobei die fokussieren-
de Lichtquelle im Wesentlichen nur fokussierendes
Licht emittiert, wenn die Probe fokussiert ist.
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14. Verfahren nach einem der Anspriiche 12 - 13, wobei

die Fluoreszenz von jedem einer Anzahl von Teilbe-
reichen der Probe auf dem Substrat detektiert wird,
relevante Bildinformationdann aus der in einem Teil-
bereich detektierten Fluoreszenz bestimmt wird, wo-
bei die Teilbereiche zufillig aus der Probe ausge-
wahlt werden und wo die Messung der Fluoreszenz
abgebrochen wird, wenn die relevante Bildinforma-
tion aus allen bis dahin gemessenen Teilbereichen
in Summe eine vorgegebene Konfidenzni-
veauschwelle Uberschreitet.

Revendications

Microscope a fluorescence (1) comprenant un loge-
ment (10) comportant une source de lumiére d’exci-
tation (14) qui est congue pour émettre une lumiére
d’excitation, des moyens de filtration (18) qui sépa-
rent la lumiére d’excitation de la lumiére fluorescente
générée par une substance fluorescente, un objectif
(22), un porte-substrat (26), un détecteur de lumiére
sensible a 'emplacement et un objectif d’imagerie
pour le détecteur de lumiére sensible a 'emplace-
ment, le microscope comprenant en outre un syste-
me d’éclairage focalisé comportant une source de
lumiére focalisée (36) qui est congue pour émettre
une lumiére focalisée, le microscope comprenanten
outre un substrat sensiblement plan (24) qui com-
prend une membrane filtrante a base de plaque fa-
briquée a partir d’'un matériau adapté aux techniques
de traitement lithographique, dans lequel la mem-
brane filtrante comprend un motif de perforations
continues introduites par une technique lithographi-
que, dans lequel un chemin optique de la lumiére
focalisée et un chemin optique de la lumiére fluores-
cente ont une direction coaxiale via 'objectif (22) et
vers le substrat (24), et dans lequel le systéme
d’éclairage focalisé est configuré pour déterminer
une position du substrat par rapport a un plan de
mise au point nette en mesurant une distance de
mise au pointde trois points non colinéaires du subs-
trat.

Microscope afluorescence (1) selonlarevendication
1, dans lequel le substrat (24) est sensiblement
constitué de silicium, d’'un composé a base de sili-
cium, de saphir, d’'un verre de silicate ou d’'une com-
binaison de ceux-ci.

Microscope afluorescence (1) selonlarevendication
2, dans lequel le substrat (24) comprend une quan-
tité substantielle de silicium ou de carbure de silicium
ou de dioxyde de silicium.

Microscope afluorescence (1) selonlarevendication
3, dans lequel le substrat (24) a une surface nitrurée
ou carburée.
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10

10.

1.

12.

13.

14.

Microscope a fluorescence (1) selon 'une quelcon-
que des revendications 2 a 4, dans lequel la surface
du substrat (24) estrevétue d’'une couche métallique
au moins d’un coté.

Microscope a fluorescence (1) selon 'une quelcon-
que des revendications précédentes, dans lequel le
porte-substrat (26) comprend un plateau de transla-
tiondu substrat (28) permettant de translater le subs-
trat (24) dans un plan image du microscope a fluo-
rescence (1), etdans lequel le plateau de translation
dusubstrat (28) estconfiguré pourincliner le substrat
(24), en alignant ainsi le substrat (24) avec le plan
de mise au point nette.

Microscope a fluorescence (1) selon larevendication
6, comprenant en outre un miroir qui transmet par-
tiellement la lumiére focalisée et qui est positionné
d’une maniere, dans un chemin optique de la lumiere
focalisée, telle que la lumiére provenant du substrat
(24) est dirigée vers le photodétecteur.

Microscope a fluorescence (1) selon larevendication
6 ou 7, comprenant en outre un filtre qui est posi-
tionné entre le miroir a transmission partielle et la
source de lumiére focalisée et qui présente une
transmittance pourla lumiére d’excitation plus basse
que pour les rayonnements fluorescents.

Microscope a fluorescence (1) selon 'une quelcon-
que des revendications précédentes, dans lequel la
taille de perforation estinférieure a2 0,19 micrométre.

Microscope a fluorescence (1) selon 'une quelcon-
que des revendications précédentes, dans lequel
une porosité se situe dans la plage de 5 240 %.

Microscope a fluorescence (1) selon 'une quelcon-
que des revendications précédentes, dans lequel le
substrat (24) a un diamétre inférieur 2 10 mm, de
préférence de 3 mm.

Procédé de détection de lafluorescence d’un échan-
tillon sur un substrat, a l'aide d’'un microscope a fluo-
rescence selonl’'une quelconque desrevendications
précédentes, comprenant

- Iirradiation de I'échantillon sur le substrat avec
une lumiére d’excitation,

- la détection de la lumiére fluorescente prove-
nant de I'échantillon.

Procédé selon la revendication 12, dans lequel la
source de lumiére focalisée n’émet une quantité
substantielle de Iumiére focalisée que lorsque
I’échantillon est mis au point.

Procédé selon I'une quelconque des revendications
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12 a 13, dans lequel la fluorescence est détectée a
partir de chacune d’un certain nombre de sous-zo-
nes de 'échantillon sur le substrat, les informations
d’image pertinentes sont alors déterminées d’apres
la fluorescence détectée dans une sous-zone, les
sous-zones étant aléatoirement choisies dans
I’échantillon, et ou la mesure de la fluorescence est
interrompue si la somme des informations d’image
pertinentes de toutes les sous-zones mesurées jus-
gu’alors dépasse un seuil de confiance prédétermi-
né.
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