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slow, too weakly resolving or technically complex, or
15 they do not allow millimeter-size objects to be viewed
from the free working distance or from the sample
holder. An acceptable solution must allow the handling
of large samples and rapid high-resolution acquisition
of the data, while being technically as simple as
20 possible to implement.

The scientific literature discloses a
microscope for oceanographic research, which is
characterized in that it produces an illumination light
plane in a sample chamber by using a laser and detects

25 the fluorescent signals produced in the illumination
light plane perpendicularly to this plane by using a
camera [E. Fuchs et al., Opt. Express 10, 145 (2002)].
This microscope is similar to the ultramicroscope of H.
Siedentopf and R. Zsigmondy [Ann. Phys. 10(4), 1

30 (1903))] and is used for the detection of individual
free-floating particles such as bacteria. It 1is not
suitable for recording millimeter-size samples, for
example 1in developmental biology, since a cuvette is
used as the sample holder. It is likewise unsuitable

35 for three-dimensional imaging, since it does not have
any means of moving the sample relative to the

illumination light plane.



illum nation Iight plane. WO 2004/ 053558 - 2 - PCT/EP2003/005991 DE
19720513 Al or US 5,903,781 and the scientific literature [D. Huber et al.,
J. Mcrosc. 202, 208 (2001)] disclose an instrunent for three- dinensional
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for the photographic recording of objects. In this case, an object is noved
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15 of an only linearly mobile sample stage, the sample
cannot be rotated so that it is not possible to view
the sample from several sides.
The technical scientific literature furthermore
discloses constructions for optical tomography. Optical
20 projection tomography is used, for example, 1in gene
expression analysis [J. Sharpe et al., Science 296, 541
(2002)]. This 1is a system 1in which projections of
biological samples are recorded, the sample being
rotated about an axis perpendicular to the detection
25 direction. Since the sample 1is not selectively
illuminated perpendicularly to the detection axis by an
illumination light plane, in contrast to the microscope
according to the invention, the microscope has a very
long depth of focus with which a large part of the
30 sample <can be acquired. The microscope does not
therefore offer the opportunity to move the sample
along the detection axis in order to record a three-
dimensional image. A three-dimensional image of the
sample with spatial resolution is therefore possible
35 only by reconstruction from the projections.
DE 43 26 473 C2 discloses a confocal theta
microscope, which is characterized in that it uses a

first objective for point illumination and a second



35 only by reconstruction fromthe projections. DE 43 26 473 C2 di scl oses a
confocal theta mcroscope, which is characterized in that it uses a first
objective for point illumnation and a second WO 2004/ 053558 - 3 -
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15 microscope does not have enough freedom of movement for
scanning the object, and owing to the point detection
it has to be scanned in three directions so that
imaging takes a very long time. The illumination light
is focused at an illumination point.

20 It is an object of the present invention to
provide a microscope which 1is suitable for the high-
resolution three-dimensional viewing of millimeter-size
biological objects, wherein fast acquisition of the
data is possible and the structure is technically as

25 simple as possible to implement.

This object is achieved according to the
invention by the microscope as specified in c¢laim 1.
The sample is illuminated by a thin light strip, and
the viewing takes place perpendicularly to this object

30 illumination region, which has a two-dimensional
extent. The thickness of the illumination light strip
thus determines the depth of focus of the system to a
substantial extent. For imaging, the object is moved
through the stationary 1light strip, and fluorescent

35 and/or scattered light is recorded by a two-dimensional
detector in each position of the scan movement. Since
the object can be rotated in the preferred embodiment,

it 1is possible to perform such three-dimensional



thus determ nes the depth of focus of the systemto a substantial extent.
For imaging, the object is noved through the stationary |light strip, and
fluorescent 35 and/or scattered light is recorded by a two-di nensional

detector in grrhhdusiddaxwse®l the scan novenent. Sigeg/gplioPPoEssgLfan be
rotated in the preferred enbodinent, it is possible to performsuch

t hr ee- di nensi onal WO 2004/ 053558 _- 4 - PCT/ EP2003/ 005991 inmaging from
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per pendi cul ar_,t o t i i pat i | i.ght. .pl ) heles t vant ages
of the invention a?gm%#f#ﬂqg agﬁi evlglgltltv(r)lQeamﬂ?‘uff%\!g?!cgén%l %’(t e%{}/ WELEI}? e angle
bet ween the Ridaafisididon and detection directions, or between the

il lumnation light plape and bhecget eeldarind rest e foesnpebndiffer too
greatly froma right angle. 20 A laser which allows selective stinulation
of fluotB8scett weinationt heIBAnpREn @15 & ef@bPt tisRd 1 198t R 9h ght
source. It isyHirefesabferiwlyisara meythiandri cattHeysnd Orihoeusi rp e
illumnation Jight,to,forma,thin strip, although jt is also _passible to
use 25 a di 1 1oVt TG G Bl B (6P il e e hbPbaPaBRLE L8 dent or a
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Bessel Dbeam .\ TNe Ji| S Wi Gl 1 34961 65568 b8 PRET ¢3RN ion are still
15 achieved to a sufficient extent when the angle between
the illumination and detection directions, or between
the illumination light plane and the detection
direction, does not differ too greatly from a right
angle.
20 A laser which allows selective stimulation of
fluorescent emission in the sample is preferably used
as the 1light source. It 1is preferable to wuse a
cylindrical lens for focusing the illumination light to
form a thin strip, although it is also possible to use
25 a different focusing element (for example a holographic
element or a conical lens (axicon) or a phase plate or
other elements for producing a Bessel beam).
The 1light which 1is detected 1is preferably
fluorescent light. It is nevertheless also possible to
30 detect scattered 1light. The detection 1light is
preferably projected onto the detector by a telecentric
system of two objectives. Other optical modules are
nevertheless also suitable.
The detection is preferably carried out using a
35 two-dimensional detector which detects the full field,
for example a CCD camera. When such a detector is used,
rapid imaging 1is possible and the movement of the

sample for a three-dimensional exposure is limited to



fluorescent light. It is nevertheless also possible to 30 detect scattered
light. The detection light is preferably projected onto the detector by a
telecentric systemof two objectives. Qther optical nodul es are
nevert hel ess wbsp0edy0BBEB8 The det ecti ensi s pref epelrl/greaosi/edsegt usi ng a
35 two-di mensi onal detector which detects the full field, for exanple a CCD
canera. \Wen such det ector ls used, rapltgﬁi in |s possi, b$ne and t he
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fl uorescent Iﬁgh@reagbngcéustorrary |n ot her fl uorescence m croscopes. 25

The structure may, foipexamlgpRe PRHSTRA edtructure, no optical
15 elements are used for guiding the beam paths. Mirrors,
dichroic mirrors, beam splitters or optical fibers, for
example, may nevertheless be used for guiding the beam
paths. The fact that the illumination and detection
beam paths are separate in the microscope according to

20 the invention makes it possible to obviate the use of
passive components such as dichroic mirrors or active,
for example acousto-optical components for separating
the illumination and fluorescent light, as is customary
in other fluorescence microscopes.

25 The structure may, for example, be supplemented
with a further illumination 1light path, the 1light of
which is focused to form a strip, or object
illumination region, which preferably lies in the same
plane as the object illumination region of the first

30 illumination light path, so that better lighting of the
sample 1is achieved. The 1light for this further
illumination 1light path may come from the same light
source. In this case, the sample 1s ©preferably
illuminated from two opposite directions. The alignment

35 workload in the microscope according to the invention
is small in contrast to 4Pi confocal microscopy [S.
Hell and E.H.K. Stelzer, J. Opt. Soc. Am., A 9, 2159

(1992)] since it 1is only necessary to superimpose two



with a further illumnation light path, the light of which is focused to
forma strip, or object illumnation region, which preferably lies in the
same plane as the object illumnation region of the first 30 illum nation

l'ight path, s tdvgaos3ssglighting of +he - sanpl epds/EEdoEyLoosdge | ight
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15 an image can be reconstructed with increased resolution
along the illumination axis.

The structure may be supplemented with a
further detection 1light path, for example, by which
light emitted in the opposite direction to the existing

20 detection light path is detected. In this way,
detection of the 1light can always take place so that
the light travels as short as possible a path through
the sample.

Scattered 1light detectors and/or transmission

25 light detectors may additionally be provided.

Although it is possible to place the sample on
a sample stage or hold it in air in the microscope
according to the invention, the sample 1is preferably
held from above by a holder in a water-filled sample

30 chamber and can be rotated about the vertical axis,
i.e. the axis in the gravitational direction. This has
the advantage that there is no change in the gravity
acting on the sample, and it is not deformed, when the
sample is rotated for imaging from another direction.

35 During such a rotation of the sample in the sample
chamber, the sample chamber is preferably not moved so
that the optical path lengths (apart from differences

due to the refractive index in the sample itself) do



the sanple. Scattered |light detectors and/or transm ssion 25 |ight
detectors nmay additionally be provided. Although it is possible to place the
sanple on a sanple stage or hold it in air in the mcroscope according to

t he inventi onwot beogaZopBesses preferably- hekd fronmpalrgee2iop3ydosiodar in a
water-filled sanple 30 chanber and can be rotated about the vertical axis,
i.e. the axis in the gravitational direction. This has the adggntage t hat
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recorded by sgapehRgohRe @B4@%k illumination region when an image is
15 recorded, the object being substantially larger than

the thickness of this region. A two-dimensional image
of the object parts located in this region is recorded
by the two-dimensional detector. A three-dimensional
image of the object is recorded by scanning the object

20 in the detection direction through the stationary
illumination region (or by scanning the illumination
region through the object), a two-dimensional image
being recorded in each position of the object. The
synchronization of movement, illumination and detection

25 1is preferably optimized in order to minimize the stress
on the sample.

The rotation of the object (like the linear
scan movement) is preferably controlled electronically,
so that the recording of a plurality of images from

30 different angles can be automated and the speed of the
sample examination can be increased. The number of
images and the rotation angles of the sample which are
required for recording a full image with a particular
spatial resolution may be optimized in favor of a short

35 sample examination time and therefore low stress on the
sample.

Preferably, the object to be studied can also

be tilted about the illumination axis so that it can



20 in the detection direction through the stationary illum nation region
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sect i onetd hoSC2EnfRVRECdnd a t hree- di mensi onal i nage can be produced by a

vertical 10 scan noweranthgeddvant ageoushy, nitridywdpecraseopeingcendi ng to
{he Lnvent 1o e L1ty ol T onn o Lol ot ably e IBved il gl of
frequency al onyedhevilth cyl ihidér faneguendy/ or fohe eixlampiienatdwed axns thand/ or
the cylinder; 3§ G370 o€ 1fHd MRAM IR D QhghT 80UERCY L Nalong the
15 cylinder axis and/or the illumination axis, and/or the
cylinder axis can be inclined with a high frequency in
the direction of the illumination axis, so that the
effect of contamination on the cylindrical lens is less
strong and the sample is lit more uniformly.
20 Preferably, a plurality of biological samples
can be held simply by being embedded in a gel (about
99% water) or another polymerizing or crosslinking
Structure.
The 1images recorded from different directions
25 Dby rotating the object to be studied allow its three-
dimensional reconstruction by combining the individual
three-dimensional raw data records. Since only a part
of the sample 1is imaged optimally 1in the preferred
embodiment of the microscope according to the invention
30 (in general the two octants which lie inside the right
angle between the illumination and detection axes), at
least four images are required for good reconstruction
of the full sample. These images can be compbined so
that the reconstruction offers a higher resolution than
35 the individual images. The quality of the reconstructed
image can be improved by recording along further
angles, so that the dead angles of the common optical

transfer function are filled in.



the direction of the illumnation axis, so that the effect of contam nation
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that

the resolution of the overall system is

essentially limited not by the numerical aperture of

the optical components, in particular the lenses being

used and therefore the resolution in the sample itself,

but

rather by the technical 1limitations which are

20 encountered in the field of pixel detectors such as

those used, for example, in CCD cameras. This problem

may

be countered by using high=-resolution pixel

detectors with a pixel number in the range of several

millions as those used, for example, in astronomy or

25 digital photography. These pixel detectors, however,

are comparatively expensive and slow.

Another aspect of the present invention

therefore relates to a microscope having at least one

illumination beam path and at least one detection beam

30 path,

which 1s characterized in that each illumination

beam path is provided with a focusing arrangement for

producing a linear object illumination region which

extends in the direction of an illumination axis of the

illumination beam path, in that a detection direction

35 of

the at least one detection beam path is

approximately orthogonal to the linear object

illumination region, and in that at least one mobile

arrangement is provided for producing a relative



pi xel s in two-di nensi onal pixel detectors. This neans 15 that the resolution
of the overall systemis essentially limted not by the nunerical aperture
of the optical conponents, in particular the | enses being used and

therefore theys essdataxdsse the sanple itself, butpdpidesods/66esé£chni cal
limtations which are 20 encountered in the field of pixel detectors such as
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beam pat h is pr oV| de focusi ng ar rangenen pr oduti hg a 11 near
obj ect il um kendiormdisy bndiheshiosxt érdsas$ ntohehdingectovar of ram the
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direction 35 of e at ast one detection beam roxi mately
or t hogonal tofGEQﬂé’TIll déardbbfeesedi [dftihat Port e@nl@ﬁgaéﬁdi |ﬁrt Hdtnea%r | east

one nobile aftAangaMENt W:St}ﬁ)r@MigeﬂlﬁeérDBQQB@tngl@uﬁrﬁ'n%ttll\éﬁl \&Q<;21Q914/ 053558
- 10 - PCJT/ EP2003/ 005991 novenent between the |inear ob! ect |IIum nati on

regi on d AFOMLTARILY bePIYud A ACESFELRGSt £% hRE of Ot IR€ present

i nvention, thetlirbje&ﬂ:tarélum nalthBtliﬁgllaﬂedStbhéll&f)@[eece5 @&semeoal'dq

limted to one di rrens t he igngltudl ion,.so _as to change
u

over from the C3wei ﬁgl ona hesﬁer u 8% of ]t F?Puﬁlnﬁatl regi on
as di scussed abmveowo mrpdalarjated dre | imeged suhfnmiglr eth@V tdettdrtsidn near
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15 elongated structure, i.e. pixels successively arranged
essentially in one dimension. Such detectors, which are
to be interpreted in principle as "one-dimensional"
pixel detectors, can be obtained with a substantially
larger pixel number, for example up to 8000 pixels. The
20 sections of an object to be studied which are now 1lit
by the linear object illumination region and imaged in
the detector <can therefore be recorded with a
correspondingly high resolution actually in the
detector itself, and correspondingly converted into
25 high-resolution images. Since the dimension of the
pixels present in such pixel detectors, transversely to
the 1longitudinal extent of the pixel detector, 1is
generally much smaller than the width of the image of
the linear object illumination region in this
30 direction, even when taking into account the
magnification produced in the detection beam path, it
may be preferable to change over to elongated "two-
dimensional” pixel detectors which, for example, have a
pixel number of 64 x 4096, i.e. a substantially larger
35 pixel number 1in the 1longitudinal direction of the
object illumination region, or the corresponding image

thereof, than transversely thereto.



studied are |lit and stinulated to fluoresce, or used to scatter |ight.
These linear illum nated regi ons which are now produced can be i naged
t hrough the detection beam path or paths onto pixel detectors which have an
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so as to produce a relative movement.

Alternatively or in addition to this
displacement of the object to be studied, the at least

one mobile arrangement may be designed to move the at

20 least one illumination beam path at least in the linear
object illumination region provided by it, in order to
produce the relative movement. Since the object
illumination region is in this case shifted while the
object is stationary, for example, it is then necessary

25 for the at least one mobile arrangement to be designed
to move the at least one detection beam path in
accordance with the movement of the at least one
illumination beam path, at least in its region near the
object.

30 As mentioned above, the at least one detection
beam path may have a detector with a multiplicity of
detector pixels, in which case it may be preferable to
select the number and positioning of the detector
pixels of the detector so that the at least one

35 detection beam path projects a section of the object,
illuminated by the at least one illumination beam path
in the object illumination region, essentially fully

onto the detector.



In order to facilitate this, for exanple, the 10 at |east one nobile
arrangenent may be designed to produce a relative novenent between the
object and the I|inear object illum nation region essentially orthogonally

to the illumypatigyy E3s5Ed the detectiop directigde/gddnfocshy for
exanple, the at |east one 15 nobil e arrangenent may be designed to nove the

object so as to produce a relative novenent. Alternatively or in addition
to this displacenentlfof OfHETobfectPe o0 ALt @ eBrodHecatnPeasinlbon@ nobil e

arrangenment Ry desmgred be nave ddpeat 20 | past spngisd! U dat |tQ1|'é beam
path at least in the |inear

i I, um nation regi rovi in
order to prcodiE™ I‘Peccf%?%c?gleghoibﬁeﬁfweﬁtﬁ@é”t H b?ﬂ% P E’Sm % on
region is intdhi smegee shi ftleﬂeaMimemheOn@blgctby S t$itrate-aiarey,s ifcora lexanpl e,

it is thep neces S@ar 25%Eor thfeuraghe n? o% %%OB glﬁﬁlje rratr}geerrggt ggﬁbc

designed “to r%wje | é8st” One 'de i h"~accor ce with
t he novenent agfe t hebdtld eastragugemeinit] urtrpnabeondebsagm@@t hto atmdweastthien its

regi on near e . abj g5t pe3Q A fEN! i goe ne?g e e | Ba5LcpRE,dgizect | on

beam pat h may have a det ector wt detector pixels, in
whi ch case i tthraydgecptreper éiblr@qtdonsé?%c‘t: Fh@tnulfﬁb%?t aﬁaepﬁﬁtﬁ%‘moﬁg of the
detector pixRla ¢fadihe detector so that the at |east one 35 detection beam
pat h projﬂ‘ects a secti on of the Obj ect, illumnated by the at |east one

i Il umi natPon beam patfif oM nthfe SFBLERE ARG #R2Y Dn F«Egll&n CEeREnti@t y fully
ont o the det enf Ogss Xk 2004405385 1= 12% - AETHERANY 0059 dm dkdero o be

abl e to produce ot ony surface ect to be studied vmththe
ystem accor RS cifb ¢ FRARTT 1 oBiRCh) SbL 81 Bakbhe “opgSrmugan ot
t hr ee- di nensileredt yox’m/ ihlmeudatremlbaam pashpplinnghich ias fobrjelcer nor e
proposed forgém%@ﬁdlgéskan then be positioned in order to produce
15 an image of the section of the object to be studied
positioned 1in the object illumination region, or
optionally the entire object, by stimulating
fluorescence or by generating scattered 1light in at
least one detection beam path.
20 The present invention therefore also relates to
a microscope which has at least one illumination beam
path and at least one detection beam path, and 1is
characterized in that each illumination beam path is
provided with a focusing arrangement for producing an
25 object illumination region which extends in the
direction of an illumination axis of the illumination
beam path, in that a detection device of the at least
one detection beam path is approximately orthogonal to
the object illumination region, and in that a mobile
30 arrangement 1is provided for producing a relative
movement between the object illumination region and an
object to be studied.
The invention will be explained in more detail
below with reference to the appended drawings, in
35 which:
Fig. 1 shows the schematic representation of the
beam path in one embodiment of the microscope

according to the invention, a single



one nobil e arrangenment to be designed to nove the object to be studied,
essentially in the direction of the detection direction of the at |east one
detection beampath. 10 Fromthe expl anations above, it is clear that an

essential prigsipdeapdsiseg present inventign-is to p@fpebseo8PoEeL5e99at ed
object illumnation region with at |east one illumnation beampath, in

whi ch an object to be studied can then be Qositioned_in order to produce 15
an i mage of the sectiontbfutiaolpeches® Batht adfed sgasiis oHRleEIH Ahe

object illumnation regicdin ©ith optingapkyvtiReqenticbs ki esdse Myatstddrul ati ng
fl uorescence or by generating, sca]ét e{ﬁg}” t in at |east one detection
beam path. 20 The presemtf§h iorP ®fof’e also relates to a mcroscope
whi ch has at Fa@ast2 one sHduws tied | enbbehmenpatbpasdeatetedsat e detiaction
beam path,. and is chargcterized in,that each jllumnatipn beampath is
provi ded v5\/| th a focusi nog %??%antgleorr%n l]fegértlp?%zluicilnrbr%ln&ZSPbbj ect illum nation
regi on whi ch Bxg endls i rshdws dianectdonl pfie an nepnesenatEitderaxi efof thee

illum nation beam path;, {0 ihat; & detemt LR pdeviee-1Pf ehbeqaL lgagt 5 one
detection beam path is appdr}%lxrliﬂgrﬂrgalt%y orthggonél to th% og?ect il un‘:i1 nation

region, and in that a robtirdBocal rankent ard pr Aeded f 6D pr RiIE %y a

relative novenent betweend{1es ohhectellbymiRatdRn region ard ;anoQbj ect to
be studied. The invention will be explained in nore detail below wth
referencé% o the appendetl®rawings, in 35 which: Fig. 1 shows the schematic

representati oni@f 4he dresws patplen eneweodinebesh pHEhNbEr TSP
according to the invention, a Sl n?ql e V%) 2004/ 053558, - 13 - PCT/ EP2003/ 005991
i I1umi nation beam pat h Fhd® % ST T U BT T o™ beant Pat ho bei hg provi ded,

seen in observagi om shows the schematic representation of the
beam path in another embodiment of the
15 microscope according to the invention, two
illumination beam paths being provided;
Fig. 6 shows another outline representation of a
microscope according to the invention;
Fig. 7 shows a view corresponding to Fig. 1 of an
20 alternatively configured microscope according
to the invention.

Fig. 1 shows an embodiment of a microscope 100
according to the invention. The structure comprises a
light source 1, the collimated light beam 2 from which

25 is focused into the sample 4 by a cylindrical lens 3.
This creates a thin vertical 1light strip 11 by which
fluorescent emission can be induced in the sample 4.
The emitted 1light 5 1is projected through detection
optics 6 onto the two-dimensional detector 8, for

30 example a CCD camera.

The structure is particularly simple owing to
the right-angled arrangement (= 90 degrees) of the
illumination direction 9 and the detection direction
10. In particular, the use of dichroic mirrors for

35 separating the illumination and fluorescent 1light in
the detection beam path 5 can be obviated. The filters
7 in the illumination beam path 2 and in the detection

beam path 5 are glass filters or acousto-/electro-



direction | of Fig. 2; Fig. 2 shows the enbodi nent represented in Fig. 1 in
5 observation direction Il in Fig. 1; Fig. 3 shows an outline representation
of the illum nation beam path, which energes froma cylindrical |ens and
forns an obj ewb 20bkyoBEB&BEBON regi on i n-t ha regi on etTaEPeOEs/0b8doi1ne; Fig.
4 shows a plan view of the beampath of Fig. 3 in observation direction IV
in Fig. 3; Fi?. 5_shows %he ;c%sg?tlc repres tation of fhe eanlpa%h in
anot her enbodi REHPS6PPREC §&CopElse M@ T FE T T nGRRtToN®
illum nation beaﬁﬂpaghbsbéDngtpeovﬂdem;nEtgon6ash0W®eadetbe¢1@ntI|ne
representation of a r c t t ti ows a
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accordi ng toath@lﬁﬁ¢ed@mﬂﬁn¢ﬁgs mogﬁ@wgha@uéﬁbddﬁmmmatﬁo%@ﬁycl@@hbpe 100

according é?ﬁnb”!@”&hoQhéTQ%t%k&HR%PQﬁjﬁgﬁﬂkh§Qﬁ)afof'Qﬂé §Q§VC@hé the
collimated Ii beam 2 fromwhich 25 is focused into the sanpleée a

cylindrical ddgr l¥nhpd ser Bakes 4t massidrs ¢ 4?Eﬂﬁes¥?$psﬁﬂpb9 i ch

fl uorescent eabéﬁitoat@aﬁretmlic@dug&dsi na,hessamie the Jhwppai ttegnl bght 5 is
proj ect ed throigh det ection gtlcg onto the glnen5|onal detector 8,
for 30 exanpfélimMePAtEdnard. ViRESS: 58WUF§VF§aEaFﬂ Eflrarly sinple owing to

the right-angl ed arramg@aeltabé QOSmegreﬁs)ouﬁliﬁEatmélmﬁbﬂemémnldheection 9
and the Qﬁﬁect n dlr%g%bogea ak% Qartlcql%r‘éigadgég 1%% Eﬁgl g1rrors
n

for 35 separa um-nat £on arfd uor esc de%ectlon
beam path 5 caﬁlﬁ?eﬂﬂwka@ﬁmldmb flehsers UslmgthéaIdyﬂmnﬁm1Qﬁﬂbéan$path 2

and in the degectjiie PEAM PALBngtAr fayl A9 Ad1dBI ¢ PLeaqQUSLQs / BLRGLT O
of from 10 mm to 100 mm, light emitted by the 1light
source 1 1is focused at a comparatively small angle a.

15 In the region of a focus line L, this creates an object
illumination region 20 indicated by dashes in Fig. 3,
which approximately has a two-dimensional or flat
structure or extent, and is formed by cylinder sections
on either side of the focus line. With a dimension a of

20 about 5 mm for this object illumination region 20 as
measured in the direction of the illumination axis, or
illumination direction, and with a thickness dimension
of about 20 um for the illumination beam path 2 in the
region of the focus line b, a thickness dimension c¢ of

25 approximately 60 um is obtained at the end regions 22,
24 of the object illumination region 20 1lying in the
illumination direction, although this naturally depends
on the numerical aperture provided for the cylindrical
lens 3. Throughout the object illumination region 20,

30 there is therefore a negligible variation - expressed
in terms of the dimensions of the objects to be studied
- in the thickness of the object illumination region 20
in the illumination beam path 2, so that, in particular
taking into account the dimensions of the objects to be

35 studied, a constant thickness of the object
illumination region and therefore a two-dimensional or
planar structure thereof can be assumed here to a first

approximation.



WD 2004/ 053558 - 14 - PCT/ EP2003/ 005991 /nmagneto-optical filters, and all ow
sel ective choice of wavelengths for the illum nation and the detection. The
sanple 4 is held in a sanple chanber 13 by a holder 12, and is noved
through the syat2004yys58588t 5 plane 11 18 the det petri/ep2003¢00500110 for

i magi ng. The hol der 12 al so makes it possible to rotate the sanple 4 about
its vertical axis 14,_so that the sa can g illum nated and V|emed

fromseveral sides. F 483 antCRLeHd ?naodT??h 1efe CRAGHEPERS 1O dCT 10
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in Fig. 3 approxi mafel’y has a nen5|ona or strucfure or
extent, and |sllemhﬁatb9ncylaﬁ§§r See¥reaBon@hangi t hee sieechf taehebeus

line. Wth a dbspost 9he ayof nAQ abput H1ARURekthi s1apd ect, i | l3um n@it@n
region 20 as neasured in the direction of the i |l'um nation axis,

i | [umination GPFEERROAY 3RALGEPEA élgﬁﬁéﬁnees'ﬁlﬁ%ﬁ%l%ﬁ#l%ﬁtaﬁ%ﬁ¥c?olpn1for
the illum nation begam pat hvarianthe off egiipns of cbhelfgqeuslbhne Q.t a i&ickness
di mensi o % 25 %FﬁrOX|nate ¥ 0 n1|s obta ned at t ﬁlend |ons 22, 24
of the otibct TRFFORFRATF orP PRErBEE 2070 y MG IR hd T | GRPRat P 8RCdI PREt i on,

al t hough t hi slnghur akbyrdependy @rmptelr@orsurtemmalofapemejr ety ovoldgelct or the
cylindrical ifﬂﬁmﬁnaIg§H“Q% O&J“%9bk%%%e'igﬂhﬁ%ﬁ%ggﬂée%ggﬁf%%tQQ there

is therefore a ne e var atlon - expresse _ di nensi ons
of the object&, ta bewetledju oPject; nhh@matcmsr@qﬁortswveﬂb? eereseéntuadnati on

region 20 'nlﬁh%dﬂ'lﬂefﬁﬁloabg%%md¥%ﬁl3ef§9eﬁ@éttd'¥1§§t80@ﬁﬁ 4t aking
into account the di nensions of the o {ects to be 35 studied, a const ant

t hi cknesst Bf Fhésoﬁfgéﬁes a thin vertical light strip which is more
homogeneous compared to the 1light strip 1in the

embodiment represented in Fig. 1. The emitted light 5
is projected through detection optics 6 onto the two-
dimensional detector 8. This embodiment of the
20 microscope according to the invention is particularly
suitable for absorbent samples, for which it 1is not
possible to illuminate the entire sample with
illumination from one side.
In this configuration, it is possible to make
25 the two illumination beam paths 2, 2’, or their light
beams, interfere deliberately by defined adjustment of
the phase angle of these light beams with respect to
each other, wherever the two object illumination
regions of these two illumination beam paths 2, 2’
30 mutually overlap. In this way, in the region where the
object or sample 4 to be studied is to be illuminated,
it 1is possible to stop out particular sections by
destructive interference or highlight particular
regions by constructive interference, so that the
35 resolution of the overall system <can be further
improved.
Fig. 6 depicts another variant of the

microscope 100 according to the invention. The arrow P



illumnation region and therefore a two-di nensional or planar structure
t hereof can be assuned here to a first approximation. WO 2004/053558 - 15 -
PCT/ EP2003/ 005991 Fig. 5 represents a nodified configuration of the

m croscope 1GfH 20040535580 il um natienldeam patbherZep2003/@po9ovi ded. In
t he case represented, each of these two illum nation beam paths 2, 2',

whi ch have 5 opposi teI y directed i !L 81 nat | og directions but illumnation
axes corresp et At ot her CY1BEREERTE vERYShds SROM ithenedd 93hs 3, 3
with opti ona:téy assagead fifder seXampleandhaoligght 30Uy ceabputl' .tHen a

variant of thii I{ltglu&gtggg Otf t%elol]f anhhner re 19051%' ggght% prﬁw de nore

t han J ust one source superpositron o ect
illum nation crlrémm51blumhle@‘ewml nm;mam an béamhpat hslllmlr@thmihtﬂambj ect

i1l um nat 'gon S£91 08s ‘Q’er’&@f&i‘?né?go 'r%tgtere'a Eha@b%%awlagr &f ggence to

Figs 3 and 4, 15 this creates hin vertical t strip which i's nore
honogeneous cdrparad &5 atheon | g‘ﬂ”tOV@'trll[ﬁl i ﬁlﬂhe 2enb@d|%h<€hre]pﬁfes]éfﬁsed in

Fig. 1. The emddodidightin th% PleireCtexd ¢he oagslwgﬁ&;ectﬂtorisomcjtca%& onto
the two- di nensi onal gg tector Thi s enbodi nent _.of fhe roscope

accordi ng to %HePYHVerti ofn% Jp%lrFP‘?:HI RErpengddicudpire t'f‘brt]&%SBiB‘é‘ﬁt %anpl es,
ff)lr which it ufrse nakawmﬁgsl bire twisl g, nate ibe pRiysing ssarpl eiwit the
i || uninati.on from on

25 the TUB 1 ITUHatT o bBanP pEERS T2 Tan Sorirrareny diERIaE Sifterfore
deli berately ’d:iyedecﬂmedtadjuustlry&ng oﬁae]idwe piiaise ao}gjec‘of these |Itg‘f‘Et beans
e esPecs ddreseh Al abergyer U0e e ob sohd) Lymaaun cegone
in the regi orPugerde t hefupbpest d@teg‘awﬁnebaamopbéhst5ud|wg¢h| é‘lhtléihbe in
F1Tum nated, rdiatfoP08si M (QetdOPiONILBART PahArs Seesivne By Fig.
15 1, the object 4 to be studied can be viewed at an angle
of 90° without this object 4 itself having been
rotated.
In such a system, for example by using mirrors
60 and a tilting mirror 26, it 1is possible to guide
20 different detection beam paths 5, 5’ selectively to the
same detector 8, or the same optical system with
objectives 6, according to the position of the tilting
mirror 26. In accordance with the rotational position
of the cylindrical lens 3, the tilting mirror 26 will
25 then correspondingly be switched over. It is of course
possible to provide two detection beam paths 5, 5’ with
a respectively assigned objective arrangement and
detector, independently of each other and for example
at an angle of 90°. It is also possible to make at
30 least one of these systems mobile such that it can be
rotated together with the cylindrical lens 3 about the
illumination axis of the illumination beam path 2 in
Fig. 2, so that imaging can then be produced all around
the object 4 to be studied by simultaneously rotating
35 the cylindrical lens 3 and this detection beam path,
~ without this object itself having been moved.
An alternatively configured microscope 100

according to the invention is represented in Fig. 7.



destructive interference or highlight particular regions by constructive
interference, so that the 35 resolution of the overall system can be further
i nproved. Fig. 6 depicts another variant of the mcroscope 100 according to
t he i nventi onwoTReoayobasB8\WDO 2004/ 05355817 16 - PCREEPERP280B759BH91
indicates that the cylindrical lens 3 shown therein can be rotated, for

exanpl e througg 9% z_ngout t he u |el | um natl n axiﬁ of the.illum nation beam
path 2. The f A U AT S T e§T ol o230 oF° t hPE VEEUHRTatiSIE bedhT5 pat h
2 is thereby bhsosepEatas so Fhgt, 1stmtthgtfrr@mertehneeom@nt aenenathpwn in

Fig. 2 in whigh ifohlesoessant 'ﬁmed% R laane fehe draubagn 14! s g,

rotated throu 0O and 1s n perpen ar to t | ane o
In this way, #&lhBipasspplebeamvirdiiine eﬁﬁﬁﬂﬁleac]{lm P@Obfé%dbéd them a

di fferent 4ireghien, béar@ 2,thgndirectd ordoviskg belowmdhis abj eé}%tfcéﬂ the
representation of Fig, 't is also possible to I‘OVI

det ecti on beafVpaER SMV\A ?W%l HP IGFNSTATR i 6R t 8 ﬂﬁ@tde%g}:tni“bﬂa'bé%% path 5

visible in Fi geglbnl, 2bhe omeectlélng 0 Je sfadli e@dreanike Mbewdn%éranaangl e

of 90 wi thout tE itself having been .rotated. In SF ig{/stem
éOB%%

for exanmple b§Y %Pﬂﬁlh?ﬁr of§"560 BHd & t Hi¥ g "Bt for 196, TPES ble to
gui de 20 di f gmmatrdet ecttitonrbspacpatits dheb5'ildelmdctatiedry &arisheé safie

det ect or gﬁ o%e ﬁ]flfll;]ﬁlrpﬂiiocf?l bgéﬁt %g%th 9@ e&éﬁ%/ﬁg%%e raaOCO{Dgle)Qg to the

pOSI tion mrror I'n accor ance W
position of nﬁaéumynﬁﬁdpncaneqm 30’ t hhitgh t iag lnikewdrse26eapent281ivien

cor r espondi ngkxtQ%lawa&@gedsﬁM@gtrﬂé L$d0 £ COME BEre POSSIRIi@ 11G AROVide two
det ecti on beam pat hs a respectively assigned objective

arrangement ahB® d@BQTor"NeRelebBRIGRISCOf dedh B hEEULAETF o ©xaffPfe  at
an angl e of 9Qamplel Sifll pOsPOSEHOHS tdwrBKE dlnterpreted as a linear

15 object illumination region or line-like obiject
illumination region. The dimensions of this essentially
rotationally symmetric linear object illumination
region may, naturally depending on the focal length of
the lens 3 or of the optical system being used, be in

20 the range of 10 - 20 pm at the center while having a
dimension in the range of 40 - 60 pm in the edge
regions.

In this microscope 100 as shown in Fig. 7,
therefore, a correspondingly linear region instead of a

25 wafer-like or two-dimensional region of the sample 4 is
lit when a sample 4 1is positioned 1in the object
illumination region 20’. The image of this linearly
illuminated region as produced in the detection beam
path 5 1is projected via its optical system onto the

30 detector 8, so that an optionally magnified line image
is generated there. The detector 8 is constructed as a
pixel detector and, in accordance with the linear image
now produced, has more of a "one-dimensional" pixel
arrangement. In this arrangement, the positioning of

35 the pixels is such that a substantially larger number
of the pixels will lie successively in the longitudinal
direction of the linear image which is produced, than

transversely thereto. The number of pixels 1in the



30 | east one of these systens nobile such that it can be rotated together

with the cylindrical lens 3 about the illumnation axis of the illum nation
beampath 2 in Fig. 2, so that inmaging can then be produced all around the
obj ect 4 to bWwos2QduéA58$58i nul t aneousl y @6t ati ng 3PCrEPRYOSFO0568IL | ens 3
and this detection beam path Wi thout this object itself having been noved.

An alternativ nf,l. ed croscope 100 . accordin t he |nventlon is
repr esent ed |§ é? gt g@\é) (5{){‘ 07 -rﬁﬁyﬁﬁfg%/%ﬁ Basi ¢
structure, aspmlfbrabltyhesaﬂ:e@mercg sodéhadr ech¢ héisase dsndge Fpgodﬂtced t hat

reference may; ger&r a'c#}é’te@@léwdﬁf%rﬂ Egghcg;;’a@%@sb b(}%(%i {% dfl)ggﬁ n an

illum nation eam at essenti rovi beam ichis
focused by usthg STl 8 W§th@mt| maydey €e Jeres at:éeanlatﬂi]eérct In

iITuminatiopn thegdi Ofc2éhe Thad,enst3 UsedRer epbgsmgléorw@r provae ndri cal

| ens, but a lens V\/mchls rotational | sy ric WIH) ect tothe

i |l umination &4Pgle FPW1ET RIFFtmi B WonlEeéﬁloB&tdh °TH Ilf‘enje‘P areRdan
object illuntRati entheg ijé’LEéaMg:miditthl kewssehesseiitdl | yrrapt ahdonal Iy
symmetric and_t herefore rtlcugr y in the .regi on_where LeLhe obj ct 4 to
be studied i Brogﬁgsségﬁpl TRUSHHEPET ohRd,? cdn e S ntpé?(ﬁrlet d"&¢ a F?near 15
obj ect illum natmben regipixels| pmesknke mrbj geth Bl |umesat i mnraegementThe

i rens! ony of cblll spEssenbiabbya r ohal! ROALLY SXOTELLLGILLRERT OB Cthe

i1lum nat’ion ion ma ral depénding on t ocal Ten t he

| ens 3 or of tﬂheerplrcaﬁ s@:@ema)eiemjlam‘@di l@@rlrﬁswntdh@grlafngénoftllm- 20 pm
at the centerd\ﬂ/%{:glggvi ng a dinmension in the range of 40 - 60 pmin the
edge regions. In this mcroscope 100 as shown in Fig. 7, therefore
correspondi ngly |ineaf™r 8§96 %3t 8ad 36r a tOEPHRRREE| |fPéélorl“%W§jl ‘Prﬁna onal
region of thetsangnphid s4l Wtitwherhas sagherdsbsupesht indinetbddbddel obj ect

15 as represented in Fig. 7, even in view of the possible
structure of the detector 8, a relative movement of
this sample 4 with respect to the 1linear object
illumination region 20’ is produced according to the
invention. There are in principle various ways of doing

20 this. On the one hand, the sample 4 may be displaced
orthogonally to the linear object illumination region
and also orthogonally to the detection beam path 5,
i.e. perpendicularly to the plane of the drawing in the
representation of Fig. 7. In this way, linear regions

25 of the sample 4 are successively illuminated by
scanning, so that a full image of the sample 4 in a
plane can be produced by combining the correspondingly
recorded images. In order to generate a three-
dimensional image, the sample may furthermore be

30 displaced in the direction of the detection beam path 5
or the detection direction 10, so that various planes
of the sample 4 are moved through the focal plane of
the illumination beam path 5.

In an alternative variant represented in Fig.

35 7, the sample 4 may be kept stationary while providing
devices 24 and 26 both in the illumination beam path 2
and in the detection beam path 5 which facilitate

displacement of these two beam paths 2, 5 in their



illumnation region 20'. The inmage of this linearly illumnated region as
produced in the detection beam path 5 is projected via its optical system
onto the 30 detector 8, so that an optionally magnified line image 1is
gener at ed t hewe.200&/0B68858or 8 i s constraéted as aPCE/E®R20087/005081and, in
accordance with the |linear inmage now produced, has nore of a

"one-di nensi onal © pi xel q;ﬁ}r:lan aemegt . Ln_thi smaé[r angenent, .t he gos%}ii oni ng
of 35 the pi xBF9PR LGEH that 2Rinst antt afry ™ Parger 1€V 01T he* pi xel s
will lie succegssimsgt yben béem| gefiltamdiimal uditectwhoichf tfloe | éxeaplée mage

which is prod - tr el nb f j in the
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produced gn Lhgidetendi of heafepath Sneedh bencacordesdefshty By then
detector 8 without having to nove the latter. In 5 the extrene case, it is

even possi bl ePEBeBr oWdE ™ eRFREPE tORtortE xEPF1oRerdt thesHAMRE Sed bor ne

in mnd that cm&kénallgeg&afzj lngitvi dih e SUBhleat]E)iiﬁeJunFirﬁaaa&cﬁndre@i@greﬁsi ve
transition to,q,skLng pi xe I.ne, t nunper, .0 I Xels. present In such a

[ hoar - arr angblent-S18 KRN @ IHEF AL A T RorE (T Teeti PSP R Ehe
detector 8 cab batenhdreedetectespéndilnglthin vaysitdiirseqtommibler doder to
e Al 2 oD PUpALSE LhbiEROCs by (NS SAMIGS WA o M, TRsoLyt ] on

m croscope 15 as répfesented in , _even 1n view of the possible
structure of phepdedéctdrrldy &or dihs inkampvehehbeofdrapiing samplied 4 Wwith

respect to thejlimearsQbjed bl lymaljon pegkona29ini s By odweed agcgording
to the invention., There are In principle various ways of doing 20 this. On
t he one hand, °PhéiBafpIté reeveyimse sdicdidiladedr Sarcdortdt1 vt $#H8P1¢ nbar
object illum nat it egi oplacdd absenorirhogesadkeyetd ibhe dietaation beam path

5 I.e.]ﬁ§rp§gdg%gg%rLg ggm%?% g'%?%rg i%geogrgwgg%signtg%ccession.

It is of course also possible to combine the

two aforementioned ways of producing a relative

movement between the sample 4, on the one hand, and the

beam paths, on the other hand, in which case it should

20 be borne in mind that the movement of the beam paths

can be carried out faster than the movement of the
sample.

With the system as represented in Fig. 7, it is

thus possible to use high-resolution "one-dimensional"

25 or elongated pixel arrays in the detector 8 in order to

be able to produce correspondingly high-resolution

images of the respectively lit regions of the sample 4.

A further advantage of this "sampling"” of the sample 4

is that the position of the object illumination region

300 can be matched better to the field of view of the

detection optics, i.e. regions which are not intended

to be imaged do not have to be sampled or illuminated

at all, without causing any deterioration of the

sampling or imaging of other regions of interest. This

35 scan movement of the linear object illumination region

with respect to the sample to be studied furthermore

gradually generates an illumination plane or a two-

dimensional object illumination region which has a more



representation of Fig. 7. In this way, linear regions 25 of the sanple 4 are
successively illumnated by scanning, so that a full inmage of the sanple 4
in a plane can be produced by conbi ning the correspondingly recorded

i mges. | n or#er 2004gOBa558e a t hree- di-m2si-onal | POTYERZ20D 354008 918y
furthernore be 30 displaced in the direction of the detection beampath 5

or the detection direction so that various planes f thes l.Le 4 are
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5 onto the dem(itdmr 8. 1dsn tracszamqagetouss p0§srbieuftarlgz0 t hiosanplveakwhi ch
ot herw se re%(it he MoV I"P ndlc %rl ttomt e pI ane of the drawing in
Fig. 7, Cane |na ane iR der to obtain a

t hr ee-di rren5| onal reprIésemcaIICbnbet rwlswa:rqni eowt ithatthera i oyt aeedeagai n in
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successi on. is of course also possib o conbi ne
af orenent i one@x\ﬁmpsleof Eh@ducpﬁ@"hs%@nat@/% fovidrfgrfinthet WeEwetse s&fpl e 4,

on the one hand,@ehathen beasmpadihs oanheicihari diandeain prtired, case it

should 20. be borne in mnd tha he novenent of the_ beam paths
g %e relative pos&t&onlng and phase ad?ustm nt thereof

the measures for moving an object by displacement or

rotation or for moving the optical system, for example

while the object 1is stationary, may of course be

implemented irrespective of whether the object

20 illumination region has a two-dimensional extent or is
formed essentially as a band or linearly.

The invention relates to a microscope in which

a layer of the sample is illuminated by a thin light

strip 11 and the viewing takes place perpendicularly to

25 the plane of the 1light strip. The thickness of the

light strip 11 therefore essentially determines the

depth of focus of the system. For the imaging, the

object 4 is moved through the light strip 11 which is

stationary with respect to the detector, and

30 fluorescent and/or scattered 1light is recorded by a

two-dimensional detector. Strongly absorbing or

strongly scattering objects 4 are viewed from several

spatial directions. The three-dimensional images which

are recorded from each direction can subsequently be

35 combined to form an 1image in which the data are

weighted according to their resolution. The resolution

of the combined image will then be dominated by the

lateral resolution of the individual images.



can be carried out faster than the novenent of the sanple. Wth the system
as represented in Fig. 7, it is thus possible to use high-resolution
"one-di mensional™ 25 or elongated pixel arrays in the detector 8 in order
to be able to produce correspondingly high-resolution inages of the
respectively lit regions of the sanple2h- A further advantage of this
"sanpling” of the sanple 4 is that the position of the object illum nation
region 30 can be matched better to the field of view of the detection
optics, i.e. regions which are not irftlaHed to be imaged do not have to be
sanpled or illumnated at all, w thout causing any deterioration of the
sanpling or inmaging of other regions of interest. This 35 scan novenent of
the |inear obj eAtmickdsaopabavingiatrieast one illnimtimationdeemtpatio(X; Be2Yanphtleass be

G menet onal  ob] BRSSO EHAR P G RFPERHAY o mor 6 WD 2004/ 053558 - 20
- PCT/ EP2003/ 00599dach hORBARSRRAU Bedrit g8 (DY 21 12°§ he pbviged iwith Qf fadusingel ative

movenment than is the case with correspondi ng beam expansion in the systens
descri bed above, sémangempat (3; i, enk faryprpdusiing an jobjach elluninatten régiem{4at i on

region 5 therein is,also, dependent. on the intensit r.of i.l.e of .the focused
| Coht boam 1 gher SPRnaksAEr &8 e Mirfioh 8F ab MhiRalan B8k 4% BlmitdtGe onger
focusing of the |igdm path(® 1, 29amdransVerdesy thortsef ore used nore efficiently,
whi ch i s advantageous particul ar for weak 10 fluorescence or multi-photon

| ar|
stimulation. It shbdegcten ébpqimoe{ehpf theaat lgastiopa dletesher thgamgpath kY is

m cr os¢cpope accor di | LQn, . %ﬂﬁg . { sl.on of
differ gﬁt nunber s %&r&ﬁﬁaﬁbﬁx gglt{%%hﬁgélﬁ% %Esl?cﬁs an L‘ﬁ%@ %?%ﬁ%@“%ég% pat hs, or
15 the rel ative posidobilaiafrgngentknp (Eds pbjvidet fenprotidng afrelativdmoneasaur es f or
novi ng an obj ect béadisplac ment_ or, rotation %r for noving the ogiical
system for exanpl Between the object 1llumination region (20) and an object (4) to be studied
and wherein 7
the mobile arrangement (12) has at least one rotational axis corresponding

15 substantially to the direction of gravity.

2. The microscope as claimed in claim 1, characterized in that a sample chamber
(13) is provided with a holder (12), wherein the holder (12) has a least one
rotational axis (14) corresponding substantially to the direction of gravity

20 insides the sample chamber (13).

3. The microscope as claimed in claim 1 or 2, characterized in that the mobile
arrangement (12) can produce a rotational movement of the object (4) and/or a

displacement movement of the object (4).

25
4. The microscope as claimed in one of claims 1 to 3, characterized in that the
mobile arrangement (12) is designed to move the object (4) while the object
illumination region (20) is essentially stationary.
30 5. The microscope as claimed in one of claims 1 to 3, characterized in that the

mobile arrangement (12) is designed to move the object illumination region

(20) while the object (4) is essentially stationary.



while the object is stationary, may of course be inplenented irrespective
of whether the object 20 illum nation region has a two-di nensional extent or
is forned essentially as a band or linearly. The invention relates to a

m croscope in which a layer of the sanEIe is illumnated by a thin |ight
strip 11 and the view ng takes pl ace p@ pendi cularly to 25 the plane of the
light strip. The thickness of the light strip 11 therefore essentially

determ nes t epth of focus.of the system _For. the inagi,n e .object 4
e moved:« hr dughhs ectpRoRe S ERigea i Wil IES 1695, FiRaRRaR w3ty ot ne
detector, and 3fRaftlgneriRemeiatioR BeR patC@t E29that b @Rtindrscal RSQI(SEH Py for

t wo- di mensi onal detector. Strongly absorbing or strongly scattering objects
4 are viewed frbensiag éedllumepsiondighti recti ons. The three-di mensi onal images
which are recorded fromeach direction can subsequently be 35 conmbined to
forman image in which the data are weighted according to their resolution.

The resgl uti on Thé niibl@s&gﬁtﬂsnﬁdinidalﬁ'@eclwﬂni b, thanactbézedoin that ¢@ dYintfeal | at er al
resolution of the individual images. -21 - d ai m croscope havi ng at

g - daims 1. A
| east one i || unienatd:on3beambp aetated aboyt thoillumingiionraxisaangior shsplaged srtheon beam
path (5), chara i i N ] - %[a,'l ] ' b p (Rraq2, 2')
is provided w tﬁﬁg&lpgc;%gst!l@ngﬁﬁgéar@ﬁgaé{ﬁen d(réhéjg}lﬂgfek Qgg’rﬁlgi?agcf%%:%ﬁgtﬁtaeg obj ect
iI'lum nation regiaahe {(@hder stis ofithexdpectds thenlltnénation agisi on of an illum nation
axis of the illumnation beampath (2; 2, 2') and transversely thereto, - a
detection direction (10) of the at |east one detection beampath (5) is 10
appr oxigrat el y o b oRiReihirh 17| U RALARA ih Bt O bdQRemetWE - 2
nobi | e“g?r an?eng%€ﬁg%€éoips%5trc%€?ldef§tglr p?%é(}?%g alre attl?eve m)?/lgmant
bet ween t he obj thetcylihdrical feat (2118, 88ds @ highABdquancy movahgmct (4) to be studied
and wherein the nobile arrangenent (12) has at |east one rotational axis
corresponding 15 substantially to the direction of gravity.

9. The microscope as claimed in one of claims 1 to 8, characterized in that

scattered light or fluorescent light of one or more wavelengths is used.
15
10. The microscope as claimed in one of claims 1 to 9, characterized in that the
illumination light beam is produced by a light source (1; 1, 1°) is a lamp or a

laser which provides light of one or more wavelengths.

20 11. The microscope as claimed in one of claims 1 to 10, characterized in that at
least two illumination beam paths (2, 2°) with essentially opposite illumination
directions are provided for producing at least locally overlapping object

illumination regions (20).

25 12. The microscope as claimed in claim 11, characterized in that the illumination
light of the two illumination beam paths (2, 2”) interferes at least locally in the
direction of the illumination axis in the region of the object illumination region
(20).

30 13. The microscope as claimed in claim 12, characterized in that the illumination
light of the two illumination beam paths (2, 2’) has a constant, adjustable

phase.



2. The m croscope as clained in claim1, characterized in that a sanple
chanmber (13) is provided with a holder (12), wherein the holder (12) has a
| east one rotational axis (14) corresponding substantially to the direction
of gravity 20 insides the sanple chamber (13). 3. The nicroscope as clai med
inclaiml or 2, characterized in that28he nobile arrangenent (12) can
produce a rotational nmovement of the object (4) and/or a displacenent

f bj Th d fcl
105, char ol SR SRGOPPREiESCTIMES OB PECRRTOhaRerirere sy 2ed myl PRea to

nmove the object aof Bist\Whk ld@tetm Bnepdth (5) Had A RedctRNaridsiditRat the?@dtedtdr can
essentially stationary. 30 5. The m croscope as claimed in one of claims 1

to 3, charact er bgeebvied laﬂqmllyt\rvuéh respbitite the detagiénmnedirection)ofitbe delsagirang t o nove
t he obj ect I||UH1 %t 0, rQ@?%gs (20) while the object (4) is essentially
stationary. SHECLoR, QOpe as claimed in one of clains 1 to 5,
characteri zed in that the at least one illumnation beampath (2; 2, 2') has
a cylindrical lens (3; 3, 3') for focusing the illumnation light. 5 7. The
mi croscope asliThe mieroseonel asichaimed dm aneof @ltamzsahtq h4+ tharactasized yn &%Fhecal

lens (3; 3, 3 )a{:’ﬁg?t (ﬁhr@ett g b%g@“ﬁatﬁ ﬁ éﬁi{d*})é‘%%q%@d %tlﬁtgt%déaéct%slo' aced

inthe direction o Iumn i‘on e cylin axi's, and/or
can be tilted \directidﬁels(aﬂprd)dm&teE}XbﬂhNgoﬁlhl foeﬂapecﬁgedtdllmhmaubh wegio@i2®n axi s.
10 8. The m croscope as.clained in aim7, characterized in that the
nmovenent of th&@?l‘h@ﬂﬂ‘?%&l‘@‘@ﬁ%or{lﬁglog(2@)1)* shifted. hi gh- f requency novenent .

9. The,gicroscope as clained in one of clainms 1 to 8, characterized in that
scattered light or fluorescent |ight of one or nore wavel engths is used. 15
10. The mcr oBﬁcd}he ra&r@slcapenrad claimedien adnecdfaclaing 1t v 95, ohereactier bject i n t hat
t he iIIuninatio ht beam roduced a light source (1; 1, 1') is a

| anp or a Iasel1 gqlto'b‘ieglﬂn ég)lﬁlsﬁwa"&ﬁllﬁé@n@r h%’B & wavel engths. 20 11. The
m croscope as clained in one of claims | to 10, characterized in that at

| east two illum nation beampaths (2, 2') with essentially opposite

i I'1'umi nati on 1'AiThechicorssopr es plamedad dmorofprlatucilnty 45, Whesin tecabjlest

ol ai modSi pcl al A=A P s AT AR FOHED B nat i on 11 ght of the
two illum nation beam paths (2, 2') i nterferes at Ieast locally in the
18. A microscope having at least one illumination beam path (2; 2, 2”) and at least
one detection beam path (5), characterized in that
each illumination beam path is provided (2; 2, 2°) with a focusing
20 arrangement (3; 3, 3°) for producing a linear object illumination region
(20°) which extends in the direction of an illumination axis of the
illumination beam path (2),
a detection direction (10) of the at least one detection beam path (5) is
approximately orthogonal to the linear object illumination region (20°),
25 and
at least one mobile arrangement (12; 24, 26, 28) is provided for producing
a relative movement between the linear object illumination (20°) region

and an object (4) to be studied.

30 19. The microscope as claimed in claim 18, characterized in that the at least one
mobile arrangement (24, 26, 28) is designed to produce a relative movement

between the object (4) and the linear object illumination region (20°)



direction of the illumnation axis in the region of the object illum nation
region (20). 30 13. The mcroscope as clainmed in claim 12, characterized in
that the illumnation Ilight of the two illum nation beampaths (2, 2') has
a constant, adjustable phase. -23- 14. The mcroscope as clainmed in one of
claims | to 13, characterized in that “2fe at | east one detection beam pat h
(5) has a detector, and in that the detector can be noved laterally with

respect to the detectijon_ direction of.the at |east det ecti.on beam path
(578" 157 The ferTAlORASASRER, W ihinGaRlops S3F aphlfc FELEG YBRRRET el s e
in that the atéugast one detection beampath (5; 5 ) can be adapted so that

the detection irection is approximately orthogonal to the object
illumnation region (20) when the object illumnation region (20) is

ShiTted. 10 1 ribsIlerARoaRsaAByth AR ARGl ChAPd of Radduncrhier i 0

the object iTlTumnation‘regio I'S substan anar-shaped. 17. The
m croscepe as chajbitedarrangemento{129l i desighed ao Inoveriley @bject (4) dbjoeddr t015
illumnation region (20) is substantially |inearly-shaped. 18. A m croscope
having at | east PEMECS f Fela P M eam path (2; 2, 2') and at least one
detection beam path (5), characterized in that each illum nation beam path
is provided (2; 2, 2') with a focusing 20 arrangenent (3; 3, 3') for
produci ng a |2Indhe ndbjosadpeids|claiipdin daint €9iooR0, dhdflicierimbd ahthektheratikeastn t he

direction of an illumnnation axis_ of t i.l.lym.nation beampath (2), a
detection di recPP%H‘OP!LlS)aHGFgQWFé“le;l%agg’ %#ﬁés &t itBHn%‘?aWFﬁéiqut(‘ng is

appr oxi;pately oe G t N i i haat | : W) 0'), 25
and ot Moast onc HeBARE b 1A (RRCLSTIIRL Jlreks GRA IR Relch
produci ng a rek2’) pevideddydatin belenmegrodure the retative olgventent.| | uni nati on (20')

region and an object (4) to be studied. 30 19. The mcroscope as clainmed in
claim 18, characterized in that the at |east one nobile arrangenent (24,

26, 28) is desi gngGnitRsBERULCRaithedGh RNiME INRYATEBze OB thBEMRe tlb Qa0 RCt (4)
and the linear object illum nation region (20') -24-
mobile arrangement (12; 24, 26, 28) is designed to move the at least one
15 detection beam path (5) in accordance with the movement of the at least one

illumination beam path (2), at least in its region near the object.

23. The microscope as claimed in one of claims 18 to 22, characterized in that the
at least one detection beam path (5) has a detector (8) with a multiplicity of

20 detector pixels.

24. The microscope as claimed in claim 23, characterized in that the number and
positioning of the detector pixels of the detector (8) are selected so that the at

least one detection beam path (5) projects a section of the object (4),

25 illuminated by the at least one illumination beam path (2) in the object

illumination region (20’), essentially fully onto the detector (8).

25. The microscope as claimed in one of claims 18 to 24, characterized in that the
at least one mobile arrangement (12; 24, 26, 28) is designed to move the object
30 to be studied essentially in the direction of the detection direction (10) of the at

least one detection beam path (5).



essentially orthogonally to the illum nation axis and the detection
direction (10). 20. The m croscope as clainmed in claim 19, characterized in
that the at | east one 5 nobile arrangenent (12) is designed to nove the
object (4) in order to produce a relative novenent. 21. The m croscope as
clained in claim19 or 20, characterizé8-in that the at |east one nDblle
arrangenent (12; 24, 26, 28) is designed to nove the at |east one

(20°) provi dd: By Teseoi it b PR R P gy St o o ?”TLEQ' .
m croscope as cb@d@@tmﬂbegﬁfmg(% hBRALRELQT inZB& 1 N that the at | east one
nobi | e arrangenent (12; 24 is designed to nove the at | east one 15

det ecti on beam pat ¢acb5yllunnnamobmwtm&h 2t 8) ne\nsereided orith te fepusingast one

illum nati on beam path (2 t, 18 its re 23. The
m croscope as cl a| adlge%‘ % %36’1031’ 3 f%rn%m%f”?%a%g’lb e@h@?@% t% dglon t(%q%at t he
at | easy one det ecwmen e pathe difektibinsf an dRingighwon 483 oMﬁemuanmdubhpl icity
of 20 detector pixels. 24. The m croscope as clainmed in claim?23,

characterized in tb@#ﬂpﬁb(%%@e)ranéﬁ@ns‘ﬁé@ﬂﬂh&ﬂt%g of the detector pixels of

(5) projects s sect PSRctg HRE AR, AOFbr ¥ adkes il Moy B0 AP T RET e
i llum nation beam gafrbxifmdjely mlﬁdg@n@lhjoel@d obJedtlﬂlllmlimaﬁd)rOfegtcﬁqaon a(20'"),

essentially fully onto the detector (8). The m croscope as clainmed in
one of clainms 18 tdmpbile arangement (Lads PWth‘?QthItIPFQdUCan A aalgtvOREVBET] o

St i o8 casent i al | et € OhioeERRhARFTeREn [RYBntaf SRR fo BRbIET ot e

at | east one deteatd on beam path (5). -25- 26. A mcroscope havi ng at | east
one illumnation. beam tecti on beam path
(5), characterized? ?*Hn an(‘gﬁai@ IFP%QYH‘%% lb?'lﬁ%@ﬁ‘?ﬁg (2 2, 2') is
provided with a fo&Héﬂeﬁﬂa n%tﬁl%%%@&heﬂtg(dzfpro%l&es a?eddt QH@%tQﬁbrﬁ[‘ aRR) ect

iIlum nation region (20) whi ch éxten In the direction of an

illum nation axis Of)tbeng Islubstamtaﬂlwoperpbmhmlgattdn faRl idymitajiomnakis raadsver sel y
thereto, - a detection d| ectio the at %east det ecti on beam
path (3 is approXbyieptslly Rsp Itotg%dfiﬁtgc%(ﬂ] EfiCthP i nation region
(20), a - a nobi | e arrangenment (12) is provi ded for producing a reI ative
[rgvgge 2: udi e erl"i’l\e%li]icﬁoggop%b]as c}alme n c aai}nI acc‘)[gnée%o%n rallgt € mo 1leCt (4)

arrangement (12) can produce a rotational movement of the object (4) and/or a
displacement movement of the object (4).
20
28. The microscope as claimed in claim 26 or 27, characterized in that the mobile
arrangement (12) is designed to move the object (4) while the object

illumination region (20) is essentially stationary.

25 29. The microscope as claimed in claim 26 or 27, characterized in that the mobile
arrangement (12) is designed to move the object illumination region (20)

while the object (4) is essentially stationary.

30. The microscope as claimed in one of claims 26 to 29, characterized in that the
30 at least one illumination beam path (2; 2, 2°) has a cylindrical lens (3; 3, 3°)

for focusing the illumination light.



and - a sanple chanber (13) is provided with a holder (12), and wherein a
nobi | e arrangenent (12) provides at |east one rotational axis (14) being
substantially perpendicular to said illumnation axis and 15 substantially
perpendi cular to said detection direction (10). 27. The m croscope as
clained in claim26, characterized in-#fat the nobile arrangement (12) can
produce a rotational novenent of the object (4) and/or a displacenent
novenent of the.object (4). 20.28. .The.m croscope .as, clainmed in. gl.aim26 or
27 Char act erils RE RHCRAPE A& HEBHI B Sraifty ShgBRaRErivaby el BEsRindtcalo move
the object (4) whi(® 3t by aRbeetatell labbuithaflugiindtRE R dnd@r displRed antheal | y
stationary. 25 29. The microscope as clained in claim?26 or 27,

characterized i direatign of e Hiypiinationsaxissangéorshe cylimger pxisdunsioyrred bediliedve t he
obj ect il1um natdon, éﬁﬁ%:ggrna>£is29%th r%‘ éﬁoht‘el1189ﬁr%%n§a§}%s |s essentially
e C pe as Fei'fred i

stationary. 30. 0SCO none of clains 26 to 29,
characterized in that the 30 at least one illum nation beampath (2; 2, 2')
has a cylindrical lens (3; 3, 3') .for focusing the illumnnation light. -26-

31. The ni cr G3cdpemigosqope g glajmedinglamdl, charagtgrzesh inAbyt the moygment
cylindrical len TH PR X : € L]l um nation axis
and/ or di spl aceglei(cgh?%(lacaﬁf‘l)n? gﬁ’gﬁ I%?hfg?fe ?q%lggér#%lg %%%Ataxi s and/or the

cylinder axis, and/or can be tilted via the cylinder axis with respect to
the illum natjion axis. 5 32. The m croscope as clained . in claim31
char act eri zed3 hhe HEErosERPerAslnBed iBfone; ofeclaipsi #ifq 44 chagapterpzed inthay y j s 4

hi gh-fgquency (myeRHont BRe R IHPSE € AR AgthD ineqof claims 26
to 32, charact eg@zgﬁﬁi% tﬁgt'}uo 1oesc%ter6e}§q1ri g?‘lrt org?ﬁ%orlescen't i ght of one
or nore wavel engths is used. 34. The m croscope as clainmed in one of clains
26 to 33, characteri.zed in that the illum.nation_,light beamis _ produced by
a light sour 2’& ?EE‘? ITHCTOF00pe jag C lm%élb“ﬁ}e %fcmnaé pt?\,ﬁilﬂ’c amc&ﬂza g’ﬂﬁabﬁ‘f’ of one
or more wavel engififnation Reht bERR iSlpRSRSEPPE a3he bQUrERA 11019782 @ mlgb%ms 26 to
34, characterized in that"at least two i1lumnation beampaths (2, 2') with
essential | y opplesértvehich pravideatligbhof atieroe otdromavelergths.ovi ded f or produci ng at
| east Ilgjcal |y overl apping object illum nation regions (20).
35. The microscope as claimed in one of claims 26 to 34, characterized in that at
least two illumination beam paths (2, 2°) with essentially opposite illumination
directions are provided for producing at least locally overlapping object
illumination regions (20).
20 _
36. The microscope as claimed in claim 35, characterized in that the illumination
light of the two illumination beam paths (2, 2°) interferes at least locally in the
direction of the illumination axis in the region of the object illumination region
(20).
25
37. The microscope as claimed in claim 36, characterized in that the illumination
light of the two illumination beam paths (2, 2’) has a constant, adjustable

phase.

30 38. The microscope as claimed in one of claims 26 to 37, characterized in that the
at least one detection beam path (5) has a detector, and in that the detector can
be moved laterally with respect to the detection direction of the at least one

detection beam path (5).



20 36. The m croscope as clained in claim35, characterized in that the
illumnation light of the two illum nation beampaths (2, 2') interferes at
| east locally in the direction of the illumnation axis in the region of
the object illumnation region (20). 25 37. The microscope as clainmed in
claim 36, characterized in that the |r?un1nat|on light of the two

illum nation beampaths (2, 2') has a constant, adjustable phase. 30 38.
The m croscope as clainmed in one of clainms 26 to 37, characterized in that
the at |east one detection beam path (5) has a detector, and in that the

detector can 39b¢hmadsd@wsalahmeawridsnercﬁ&mﬂﬁﬁs 26Qot38ectﬁedc@&ue@nn eHat gfet i on of
the at | east one detection beam path é 5). -27- 39. The m croscope, as

clai med in one @f leastangedertipn bggm pafnfHcY bP@nzb%l adfithCh&Q tha gheadetpationr one

detection beam g s rection
i s approxi mat el yi:?‘%)ér2 0%0902’8? xt%ﬁgtt B’g %@cﬁg@h@dto C% flgﬁnﬂg{l:&gtﬁé%} %)(%)5 when
the object ill umhlﬂ'thdlibﬂ&@lﬁﬁnét&ﬁ))regﬁ)nf(ﬁ(D)leEl(ﬁftedlo The m croscope as
claimed in one of clains 26 to 39, wherein the object illumnation region
(20) is substantially planar-shaped. 10 41. The m croscope as clainmed in one
of clains 26 J(P THO mliﬁ“a%ﬁk s gﬁﬁng&)in%te of 'cfairﬂyﬁ@ﬁ)t 3P Wrlefdh BIe c‘b?&")c I'S
substantially linearly-shaped.

111um1nat10n region (20) is substantially planar-shaped.

10 41. The microscope as claimed in one of claims 26 to 40, wherein the object

illumination region (20) is substantially linearly-shaped.





