WD 2004/ 053558 PCT/ EP2003/ 005991 M CROSCOPE W TH A VI EW NG DI RECTI ON
PERPENDI CULAR TO THE | LLUM NATI ON DI RECTI ON The present invention rel ates
to a microscope 5 according to the preanble of claim1l. In contrast to work
on single cells, light mcroscopy studies on enbryos and ot her sanples

rel evant towe\admpiasg8588 bi ol ogy suffer fromthe PQB/EP2003/0¢B%91 ens of
absorption and resolution |loss. 10 For exanple, biological questions

relating to gene r essj a i n._devel opi ng._orga C currently
be answered OMWW%E&%PE ?Jfll%néh%t ymﬁ%mIR%T%%m%ods, si nce
they are often too slow (o weakiMINAESaNIDIRBOTIICRChNi cal |y conpl ex, or 15
they do not allow mllineter-size objects to be viewed fromthe free

wor ki ng distance or fromthe sanple holder. An acceptable solution nust
al l ow t he handl i ng Tofe | prgeesanpnesndndnr apé tahe ghtcesal mlicawsgompe siti on

of the data,, 'goqnlg;ei&g g}%cg%ieca%ﬂlye ase sinple @s 20 possible to inplenment.

The scientific literature oses a mcroscope for oceanographic
research, which is IthacgetépistedtPn vhak ienprodites &¢lils.unildgbhiton |ight

plane in a samle chapbeschyidsi nGA | agsFya8d delect StREr t heshluesescent
signals produced in'the illumpation [|ight plane perpendicularly to this
pl ane by usiffge¥artangra [EEVELRPRCRE2 R . PloppIy Expréssrioirens (2602)].
Thi's m crosgope ich 1sid pAsb1ems heruldysafpariescaped ofe Eb1ubiedentepl. and R
Zsignnngé [ Ann. 2?{5. 10(4 &Fé|30 %gogﬁfﬁénd i S us dtfor th det ecti on of
i ndi vi db8l  HeeFiBHt,cg iCGES su RS 1AS eria2 U % s Yot 998G t abl e
for recordi rkpgridddinet er paitzersanpl s, fadsve Bx@aimd e idr geviedngpertal

bi ol ogy, Singe A QUNEtLe |2 ysediag e sampl e hpkdery )t fp hikewi se
unsui t abl e for ree-di mensional 1 1egi ng, since 1T doés not fave any
means of noviingy aswrsanpinegiebatiatérads t heinckl uhietat eor |9gten ptave. WO

2004/05355851&%[ ggg/EB%QQ§/Q%%%¥ving 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 1s 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.



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-

di mensi onal nacrography, in which an arrangenment for 5 producing |ight

pl anes is used for the photographic recording of objects. In this case, an
obj ect is mwedoddyoBREESN il | um nati-orp pl ane anstt epz@d 3 Lm0 S99 BNd
scattered light is detected by a canera. This equipnment s used to prepare
t hr ee- di mensi onal reconstructions of 10 centineter-size objects. i s not,

|t
however, suitable f5r the’a%eldf fluor¥sceHf siyrdly &1 f o Ehe Hisgh-
resol uti on rendddiofi of labjeeataireA $bit mpaiderat diaphr agm iMicgejauncti on

wthamrr rr e i used for producing the lig | anes. OM ng to
t he use 15 g&”%n %@%ynﬁ?hgéﬁﬂy %ﬁﬁ?ﬁ@sgan%Te %ﬂ%ﬁﬁﬁm?%% g%ﬁglehﬁffhnot be
rotated so tdiaterididrsalnotnapeosgirbbéyt, 0 imewhitdie sanmerdmgenaeverfalr si des.
The technic scientjfi iLte f.urt her.nor di o] ryctions for
optical fto d?%%k??‘%p%ggék égggégjé% ig%eggngaFadﬁ§i[zﬁﬁgggﬁé%%?%%xanple,
in gene expressimghirgnadisps]jfdtssShanpehets alase,Scirnek] 296, 154Mmovie2002) .
This is as i whi chy Pl REEEORS Pfandi 9lagi caL Salpl &Sc & e Jngcor ded,

t he sanpl e ﬁ%ﬁﬁgk}rotated about an axfgigérpengicg?ar to the detggﬁfon 25
direction. Sigrteanns shrfflte 15 dREeget@chyvel gamprRunilRace@dparpendi cul arl y

to the detectd ase&xXiso byrapard!| LHPELBaliRBNLE BAL1PLRRBNsRuERALRASft O the
m croscope according to the jnvention, the m croscope has a ver | ong

dept h of Uf o AR MM SHTicHF S PRGetpar tL of 1§ hé&°30 s%%%?%eﬁansﬁétéé&ﬁired. The
m croscope dugs phe Jddwer eforel wifeycdiie eppaatygnidy tfornmweet he ghanpl e
al ong the detectiqn axis_in,order tofrecord a thre%- digegsion i mage. A

e atial” resot

I
t hr ee- di mensionalY i 1fige HF TR 8anplfe WEHSSH tigﬁ%F§rPherefore
possi bl e 34diGdhrdgyn r ecorsthrjucicitdonf rontt he priojrect | @nsan@Emdi3t 26s473 C2

di scloses a ganfopal LhshAciMLCRaReope i eals chanag! erd zefel pothat it
uses a first objective for point 1lTum nation and a second
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 1is used, for example, 1in gene

expression analysis [J. Sharpe et al., Science 296, 541
(2002)]. This 1is a system in which projections of
biological samples are recorded, the sample being

rotated about an axis perpendicular to the detection
25 direction. Since the sample is 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 1in order to record a three-
dimensional 1image. A three-dimensional image of the
sample with spatial resolution 1is 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



WO 2004/ 053558 - 3 - PCT/ EP2003/ 005991 objective to project the object
light onto a point detector, the detection direction being substantially
perpendicular to the illum nation direction. The confocal overlap regi on of
the illumnation volume with 5 the detection volunme is therefore

particul arl wesredd4 /058854 he mi cr oscope Bchi eves rur Apmso 3 /G059 PPi C

resol ution whose order of nmagnitude corresponds to the |lateral resolution
of a confocal bmcroscope. This theta m croscope_i s arranged confocally, 10
however, whi®%H S5itEdes EPriHﬁ%ﬁ?cFeq 17 eBReSon 1t ABT r%Pg?iV% A9 gdment of
the illum naldtmrtand dehectderectiomal dpeeptsonDaspiie & ulbatge tiarlkiyng

distance, it_is furthernore not_.readily capabl.e_of §magin arg obj ect s.
This is bec ﬁﬁ?%ﬁéﬁ%)]%ﬁx ?ﬁ tHgﬁihe%éxfglﬁeg%8§co£§rfﬁ%g%%t hgyg enough
freedom of movndmeETs] forer sganmg e het obhect | lamdnawing tvoluhe paitht

detectio idyhagetocbeoacamehd nil g Lrceel i ohs: pouilaty isqRdNg takes a

very long tine. e rfTunmination Iight s focused at an iT1um nati'on point.
20 It is anadly ecthef MHePsESOR | ATkhETOR t @N praviheet a FHsOteo®dge whi ch

i's suitabl e foi 1t dH Ghhod£SQLHE OB £t ILErH JHRNSEONE s b8 NGOk he
mllinmeter-size biological objects, wherein fast acquisition of the data
i s possi bl e l@iE i He {TUMER i e I3y MHELToAT WSl e as possible to

i npl ement. This obj getis stRehh evEt @Gl NYst athenhgddveshirerraby vt he
r?croscgse as spigtfi%gi%%icl?in1l. The sangle i's jIIuniPated piha thin

i ght stVip, 4 € the "WitEW ng £ak8s PHatRIPer perffi Ui Y- 0 Thi $P6bj ect 30
i1lum natiorelegiior whighmbas eof wahai mehsuehastient enid deeethiiokness of
System (o alostRRIT eRPERE CERer FEDT noT G 0B SIS moved  t hr ough
t he stati ondrnyrthieghmorst rimpet andeéludyescemabds andf or isgattngr edalrigght is
recor ded by g el mgsiongls deleckor iRLachiaasi tign ghel hepsean
novenent. Since the object can be rotated in the preferred enbodinent,

15 microscope does not have enough freedom of movement for
scanning the object, and owing to the point detection
it has to be scanned 1in 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 1is possible and the structure is technically as

25 simple as possible to implement.

This object 1is achieved according to the
invention by the microscope as specified in claim 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-dimensicnal
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 1s possible to perform such three-dimensional



it is possible to perform such three-di nensional WO 2004/ 053558 - 4 -

PCT/ EP2003/ 005991 inmging from several sides and conbine these to forma

single three-di nmensional inmage, the resolution of which is essentially

determned by the lateral resolution of the individual imges. The high

resol uti on ofo L2008 /DHIFEEP results from4a he focusalr/E82003/005991 t he

per pendi cul ar detection, the m)verrent of the object and the conbination of

i ndi vi dual osur es rocessin The micro ccording to the

i nvention hé J‘_l(ﬁjganfﬁ(%lnl1 unt n%f? n°I gt ggt B e otélee%t |€ ?I Pt %pat h,

whi ch pr ef ersdlrigf earteh magtdhlnign oirdrimgoited ge N the ob;settltlohl ofi watiickn r egi on

o that the %etee{éé&&é’}h%}? %éggrﬁlJ%neBeFQzencq{ecuiﬂ tPssbibEﬂaﬂ %'fon I ght
ess vant ages o

pl ane. Nevért he the 1 nvention are sti achi eved
to a sufficitém axdant dwadn @mégaﬁgl eThet weksh tiesdluturmhatdfon tang

detectiop dijrecld onsss@fcbet wegn the ildinali 09111519{1561@&@96 a@@let he
detection direction, does not differ too greatly froma rig % . 20 A
n the

| aser whi ch PRTESWS 1531 1adt (AT aqh AN -atiivh BFVerenior e5chRe @ﬁﬂ§§Foﬁn

sanpl e is prefer aldnousedi oms bhe linghtyis@unce.eddodsrgy efeyablipabe use a
cylindrical lens far focusing the illumnation light to forma thin strip,
al t hough it HI&<4°d Yossible to use 25 a different focusing el enent (for
exanpl e a hol ogr aphﬂ‘(he ah2nesd cope aacabirddangl ens (cam comnjerorien phase plate

or ot h% el Snent mlnatp nduglﬁlgtapgggsglndbea telg gm oss%gtlhs det ect ed

is prefer abl® y Jf uorescen I's RSV Er tHe1 B85 A 'e‘to
det ect scat twrigdh |pxhite rakhiey derecmuonaﬂﬂghtontilomroelfaé:ajm ytlpﬁ opéoeed ont o the

det ector by ;8 1L81eaRNUH ety COLOLALO O QR348 ol et - opi bl smodul es

are nevertheless a SO swt The detection is pre y carri ed out
using a 35PewEedidhendiagnal tdet edher whildHmdep&drs t héiphltl fPéracs- for

exanpl e a C@Qv%%%%%@eé@he&ﬁﬁﬂaﬁﬁhdkﬁégg(Ef'@h@sﬁﬁventlon 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 1is preferably used
as the 1light source. It 1is preferable to use 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 light 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 1imaging 1s possible and the movement of the

sample for a three-dimensional exposure 1is limited to



rapid imaging i s possible and the novenent of the sanple for a

t hr ee-di nensi onal exposure is limted to WO 2004/ 053558 - 5 -

PCT/ E22003/ 005991 one direction (i.e. along the detection axis). The
resolution of the systemis determned by the lateral resolution of the
detecti on oMo cN0H0BISEHe surface areasof currePCTYERP2@OBAD0BI9D detectors
is generally insufficient to guarantee conplete hi gh-resol uti on recordi ng

of objects neasu SeYer a mllingeters ne epbodi nent of the

m croscope aé&oréiﬁg“i y Yhe |nvent|g%n9t Fgepo F%?gb?% o théﬂﬁ%tector
in the det ec:temlhmmre off . ¢helOsesent iLal [deteatmemald yow ther dsygfextalt o t he
detection digecti medﬂ nopr@r% &@téggp(grgo(#]gr@ﬂgss of parts of the object,

whi ch can be co form an | mage entire object. Inaswrple
preferred structure SW%th@al“ﬂ@%ﬂ efBfAfs odr ecuseent oy g@\]iiadllr?@hehe beam

paths. Msrrofsyech£ir 0lig M §&0L 521 Ppam;isplidrtiere@r opgic uafﬂab&re% for
exanpl e, may neverthel ess be used for guiding the beam paths. The fact that

the illum nRN & YeFRTIRHA U bkamMm ﬁéFﬁédéP% 8&p&PALEticn IT’ter‘?e'surﬁltf’rgoscope

according tos&fefdie i miantin@tarakes iih posgkbl echiso@bybat e tde u&eleof
passi ve conmponents such as di (:hrot)(8l g}'[]rrors Oé act |¥1e for ex
r

acoust o- opt i 'EHTF SHHPENePT CF Bt S e Bng"VEREIPT di A&t |pc?r?sziT?§ tL?orescent
light, as isncustonhey deteptthar fimor eseencdticrioscoppsangs Theestructure

may, for ,ex be ppl te r | ur hat pat h,
t he Ilg%tO o?ggj%% l|J§¢lf gcaﬁcs Jtl(cfj'f‘c<'}drltrtnl?la s%gpgg%ortéb ec%] deIoclréérﬁlg)a ion
region, whi c,dlllp’zr@fmrabllyl | $ede ¥ n toher $adned plﬁ@@@SasOf h@adtt]SeCIDfl Itheni nati on

region of thg{ ééit #Rikh! wg'nn%té oaorhwk% dPabhroit that1hesepsl ight i ng of

the sanple is achieved. The light for Is further 1llunmnation |ight path
nmay cone fromthe seedight source. In this case, the sanple is preferably

i1lum nated from tworppposktgpdir egtépasredhesat bl I waydeiead in the
n1cr050?8e %%é%éﬁ{@ ggetﬂgean%%quéﬁldlng 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 light path, the light 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 is achieved. The light for this further
illumination light path may come from the same light
source. In this case, the sample 1is 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 I[S.
Hell and E.H.K. Stelzer, J. Opt. Soc. Am., A 9, 2159

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



is small in contrast to 4Pi confocal mcroscopy [S. Hell and E. H K

Stel zer, J. Opt. Soc. Am, A 9, 2159 (1992)] since it is only necessary to
superi npose two WD 2004/ 053558 - 6 - PCT/ EP2003/ 005991 Ilight strips which
are several mcroneters thick. Furthernore, the phase of the beans does not
need to be wWak2004/053888ount. The m er6scope acROTAERQO03/0RAE9PMventi on
may 5 neverthel ess be operated as a non-confocal 4Pi theta mcroscope. In

oheroarry fhibfle? APLLAL opRuaRA oW 0038908 WiT AL S Lilag nated
coherently fTOM ~t wo opposite directions so that "an Nt erter ence pattern
whi ch spati aFhythedodae esthbeprhasensift yhien behas1@ided methatdssh 19 g pl ane

occurs al ong gﬁég iﬁ*gn&@@éﬁ p axis. The illum nation volune is thereby
hal ved, and Ey isplacing the interference pattern (by adjusting the phase

di fference between tHe bBAREPSICOPEs FRITBII t 6° | ThaniRIEE Td6RpIehent ary

regions of theyvsaiRéeesd that ojéraneiMeae samhdie-dacONsdT ugbed widtn
increased resolution along the illum nation axis. T%f,géructur; ng%hbe
suppl enent ed™WFERASSOPE ur ther det®ctG@S 11 @t pathd foF ERAnpt¥ LA Whi ch
light emttedithotbepoppasict esgpeet iien 1iblitinexd$t cpge2@ndetectian | i ght
path is detected. In_ this wa .detecti f the li can_ al s take pl ace
so t hat thetY?gﬂPp?Fé€%|§15§CEH8PF a8 g@&giﬁﬂa%¥ﬁ§% eﬁ%ﬁ%ﬁmﬁggﬁﬁﬁpsanple.
Scattered |ighichet egtadrisaland/ omotindnsebssitome 25 nitieghsti tget echor stmay
additiongl |y, i . o] Lt ssji-hl e t.q .pl ac e on a
sanpl e g?) agelgrfurﬁ%ﬁq%t?(ggi %f\glfl? F%Q{l eor%%él?%s%&%él% atg]clggr S%Jﬁlg&@?afﬁl@
invention, tagisanphe islpménataphyvohehnd fpomhglewy M2 lyasol derd iky a

water i1l edioapplei 30 ehanbei apd £af-dephotatpd ahoubdbheryselival axis,

i.e. the axis in the %raV|tat|onaI direction. This has he advant age t hat
there i s no RhafQedithieheNGRaR Y edtt g BRFRe sdnple, PREGFLPL S schot
def or med, whenlthenasanpbipilsmeatated rfeqri on¥ag Mot hié oBrAPOthe dinect i on.

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

Scattered light 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 1s 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



35 During such a rotation of the sanple in the sanple chanber, the sanple
chanber is preferably not noved so that the optical path |engths (apart
fromdifferences due to the refractive index in the sanple itself) do WO
2004/ 053558 - 7 - PCT/ EP2003/ 005991 not change during the novenent process.
This | eads tWOa2004{023558mge qual ity.-The-sanpl ePCB/EP2008/08598Y nay
advant ageously be oriented so as to mnimze the effect of strongly
scattering or_absorbing Barts g;} t he 5 during,t.he imao%e troecordi ng.

% ‘ e g eol v%%ggge £ss, q} lea a . ;
I'n anot her eMbodrRERES of Ut A m-8FoLEEFEC EcBEPEFRG t & tie HF et % it is
al so possi bllzettoer r onage tveliiltlyum Trat | eamphd detlectirontpashsagbouay t he

obj ect to be i i e i s.statianary.. 10 T J%E/ge@r, t he
sanpl e or ob?%%:%% eér!\gﬂ %%e%%g%g%%eéﬁeggj_ Eg)t gléyﬁlrr{ljl%redgcﬁréto e recorded
in further ¢HhagesonThe sbpeEerivdberseharslinpepairiist vd thie HHEIsi onal

obj ect i lsl urgpatd onc ke Piyahe-grgimgge is 15 recorded, the object being
substantially larger_than the thickness of this region. A two-di nensional

image of the obj ecti’har BRAEELt ed SPROCAME Fegi Bh i stHecorted °HPRNe
t wo- di mensi aitatotlei@gt alc  Ahkhr eevéhteos) onad iismagesof phesob]ecttd s

Crati onary’ 191UN nafFor YeBIGH (o' b9 ScAntcad he 111 um AGEFEn el on-
through the abject ) toa tawsdunendi orfalld nhge lssitey r esorsded ianaeach
ot ot | G 2612 pr STETSBTY ShE) MeaBd ] ror el T MLRCEr2eYt e BT a5t on the
sanpl e. The hot at¢at] witedhe ob) AT i Keo t He | irRrdestan MovieEmor i s
preferably cgﬁg%@g.l ed electronically, so that the recording of a plurality
of images from 30 different angles can be automated and the speed of the
sanpl e exani nation caif b&€RIfGeadéd. PeheShufber oflef nalfes @i tH T ot ati on
angl es of theimailenahi chjace ilequinedidor regeondivAgna ahulimaigeages with a
particuh%r 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 1is 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 is preferably optimized in order to minimize the stress
on the sample.

The rotation of the object (like the 1linear
scan movement) 1s 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



spatial resolution may be optimzed in favor of a short 35 sanple

exam nation tine and therefore |ow stress on the sanple. Preferably, the
object to be studied can also be tilted about the illum nation axis so that
it can WD 2004/ 053558 - 8 - PCT/ EP2003/ 005991 al so be viewed from

addi ti onal ®Or @00i40S3558 anot her enbodi nment of RO BEAOABY/QAESXccording to
the invention, a second detection light path is provided which nakes it

possible to qet e thSLll ght eog;ét 5891?1%9%@\’\% rec‘t‘lo’;%ge OPJne%% Ie%][n nation

region is them T at'e rees abo fatTon axis
exanpl e by leolb@tdln@ntthe @yﬂ [ ndhEcaImi@m$COp¢len ddmordiampl e tean béeoptical ly

sectioned hqrizontialy ga%%c%not haseegtﬂeﬂs'ﬂ@lt'ggeﬁ can beopradyced by a
vertical 10 scan rmverrent) Advant ageous m _Ccr oscope accordl ng to
r@éft@rz&bwh%

the i nventi &fichhem@y®s ndrli c&PSISéﬁéeca*%P p e LifVede®iithed hi gh

frequency, fRinexarn! erroved i pket i ihughnakteBn! i gddipat i thea high
frequency al on the 15 % | i nder aX| and/ ?{ﬁ t) ]rl | | umi nation, ax and/ or

the cylindéP*t ied &h ?ﬁEF?ﬁEd Pt & VRS i ﬁlehé%&rr ection
of the ill urmixagiilen Bxi S;otsocimat thiee celiedtioklcondrasm nattmam onhtehe
cylindrical Ien is les str.on nd the sanple. is.lit reu romy. 20
Preferably, 5“@ ar ari't y%Sf Q@tdgaglalé’al S%Ctl ngd hgﬁlﬁémﬁel & Si (;j-/) 8y bei ng
enbedded i nthrgel-dialeosti on@9% ived & ) cen éumtlheodlpodagn@ryl za ngeoticrdssli nki ng
structu regorded fromdifferent directions 25 by rotating the
obj ect %g b-eg%gtnug%g’%%ael ?gw its three- dinensional reconstruction by

conbi ni ng t he i ndi vhduantagreaeldi neiisi bhal Mdawosgarrer exoreedigy née only a

part of thepsamleisidimgedeoRtyimaldy da t henpr eher red r endiodi npat  of the
m croscope according to t’he i nvention 30 (Ln general the two oct ants whi ch

lie inside PRESH ghtth afighd IBet N i I’f‘Eﬁ:n REEIBACalP st et i bACaxes), at
| east four iimages nateonhequighed dauh gaiach recdonst r ficég@ency along 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 biolocgical 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 by 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 1imaged optimally in 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 1images can be combined 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.



of the full sanple. These inmages can be conmbined so that the reconstruction
offers a higher resolution than 35 the individual images. The quality of the
reconstructed imge can be inproved by recording along further angles, so
that the dead angl es of the conmon optical transfer function are filled in.
WO 2004/ 053583 20®4 /0FEHBEP2003/ 005991~ %When obj eRCT/EB200BN00D9GLf ocal

| engt hs are used, a vvor king distance of several mllimeters is available.
The size of the Obj rily limted, b sotl transparency: if
all of the object is g nter?cfnzu’[vgsn WltE’dl eanéan jthsthIﬁe p%rl pher al

| ayers), enowuggdl i ght wiordrhngv edy spantceof off t merabachlllheeU@I%ctm in the
one or ot herar]@éfff%kﬁ]%é 'Ootﬂlncéglél%mdfon@rﬁe aﬁ@ﬂ’@ct d?Begﬁlﬁ'&%rQ'lyt Nemited

magni ficatio systemin det ect 10 beampath, it may
be necessar yP¥ olaﬁsmpgc@aclheta@fléﬁ%?nﬁssu drifed®tb Pfe et eePiBRtbedm path in

order tosbe abl&hqad® wecopd athudied Mrgaqofndthe jeljrectnéo ﬂ&ﬁil’i&'ﬁd
essentially owing to the |limted number of detector _pi xel

t wo- di mensi oY eIt )x'eleﬂ%‘f%]%t6F§htTI§|r§mrr€é’r‘?sry15PﬁlhtatthétrE‘éléltut]ﬁe@rFl'bf t he
overal | systﬁml@et@swtiralﬁkyemrmt@ﬂ e byot hentwmresh cal aperture of the
optical conponents, particul ar .the | enses be ﬁ%ﬂ#se{j and_therefore the

n
resolution in the sthspl e TeReFPISdpyt 3PRFer b H&%ni c8F 1i Mttt i ons
whi ch are memmmmm nft hehd | elpd iof 1pi sqe$tetet act otsesuldteas icrhose

used, fqf exammpl E@SneIE's%aBng};e@l cl%e ?%“r}feetre%qcb:y usi ng

hi gh-resol utlon IF dete ors wt in the range of several
mllions as Q?ﬂ‘bs@%e’do the dsbeprecn| hea@t P@ﬁbm}«noprgsrdlt@l gl 3Gt ogr aphy.

These pixel @eteetery, NOWRYEr,imBfL 6PNMRAAL bN¥eLYteXRENSEV & R &, 0W.
Anot her aspect of the present invention_ therefore relates to a m croscope

having at | 23T 1Y | @HilMst i BA bedn gaf t&c BE™PeEstoondSF&d@s on beam
30 path, whigixkdss char asi®rdizechdibridiat peash idddyddwid onThbeamgaaish i s

providquMtgkgka%%%ingrggg ggggnt fPr 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 limitations 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-resclution pixel

detectors with a pixel number in the range of several

millions as those used, for example, 1in 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 is 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 1in that at least one mobile

arrangement is provided for producing a relative



producing a linear object illumnation region which extends in the

direction of an illumnation axis of the illum nation beampath, in that a
detection direction 35 of the at | east one detection beampath is
approximately orthogonal to the linear object illumnation region, and in

that at | easwoo2@04HD5B858arrangenent +slfprevi ded POT/pP2008/0Q5a9tel ati ve

WD 2004/ 053558 - 10 - PCT/ EP2003/ 005991 novenent between the |inear object

illumnation re % E g an_obj.ect. to be s%&di d. Accordln 1o this aspect
ntr

of the preseft’ HESPhe Wb £et®FY | BRPREET d TFEGRGT 8 et o e

essentially am@1@@dObme©het@|menst@@led e. the | ongitudinal dlnen5|on, so as

to change over fromghe, 4wosdi rg%nmgppg stcpetuyre S theeobjeClisant

illumnation region as discussed above to an el ongated or |inear
structure. WRVeRBi@N) | ABar odbjesdt 11 lumimation Fegien, 1F0 iRl y, only

|'i near S%ctlé)§1§e@€1§p1§>bl aGhitte e tstudigd anemdnisiapd stinylatedd o
fl uoresce, used t scatter |ight. These |linear i I'l uni nat ed req{ons whi ch

are nom1prodh%%%lE%%l%%llﬁé&@&sﬂﬁpouﬁﬁDtﬁé det XaEE  BE&M pECR dr$at hs

onto pixel dehecddfidnyhbehl haerart e elogngahed shiact uriel lumhatpiorel s
successi vel y_arranged gssentlally i n ongﬁdlnen5|on ue det ctors whi ch

are to be iPtetPretsd FhSPPPREHDIEPAE " She- A mEnSGRASY  Bf xet Het’ect or s,
can be obtalaedumtmhea wubBtahusauhpeakaD@eecm|mdﬂumuﬂan;oﬁ(regmanwne up to

8000 pixg s. (gr@PnSff“ etn g f1 AN obi %%Et&% nf€ st “ghe‘jory\ﬂ;é&é‘ ane ow | it

by the I|near ect Tumn on regi on and I nmaged detector can
t herefore best@@h¢@e@rﬂnihtaandoﬁté@péﬁﬁeﬁgty ﬁﬂ@@rﬁégﬁhuﬂﬂbmﬁﬁﬁlkﬂly in

the detectoritselfiand. COTHé%&POQQhQQEY f%ﬁﬁﬁ%ﬁé%%x&nkgggéng'ghu&§§0|Ut'on
i mages. Since the dinension of the pixels present in suc éflxel det ectors,

transver sel y2¥® NPWe PR ¢ fan éa&eﬁfﬂaafedt HEG5iudEl Becrection
general |y nusdasnpkkar drhgtedhe whebhpaketiheidtmae©f whhen! hagar gbj ect

HTum ngtion region in this 30 direction gvenwhen taking into accpunt the
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 1itself, 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, is
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 in the 1longitudinal direction of the
object illumination region, or the corresponding image

thereof, than transversely thereto.



magni fi cati on produced in the detection beampath, it nay be preferable to
change over to elongated "two- di nensional” pixel detectors which, for
exanpl e, have a pixel nunber of 64 x 4096, i.e. a substantially larger 35
pi xel nunber in the |longitudinal direction of the object illumnation

regi on, or tWe 2004A3PIHEB ng i nage therkbf; than RCBA/ER2Z0GR/Q0592Let0. WO
2004/ 053558 - 11 - PCT/EP2003/005991 1In order then to be able to fully

i mage an object to l:ier% sgggl ed %élj;l sC chb% SYStE€M. Or (19 tlbe f‘rtr?%ﬁe t.Q produce
en

a conpl ete i nage of scanni ng carried out Oabj ect to
be studi ed adiadte &oi btuﬁthéﬂﬁdnmé@m%&m?h @rSYﬁ@erdet@Ct tonbgeahlFat h so

that. 1n privel pheaithe obiesiotabestud edel s |1 geaphynsarplgd and the

i ndi vi dual i ne i mages thereb roduced can be conbined to forma full
i mge. | n oreRFr s f et |bce§t‘”@ecrh|’éhef@|b3®€§rrpti% b?hestufbl%q pBEsttiéhe nobile

arrangemngnt mmnbﬁqmrgnseaho pddodyee thd ehatb¥ei FRVYERIM petmean the
obj ect and the |inear object I | um nation.region es ent| al | ort hogonal |y

to the illurhiftfdti onl%lxﬂér ‘EilEH“l ' detBRti 8RIeGFretPio 1&%ndS for
exanpl e, theliated:astsanel dd amdi tl@ealihdﬁ]gﬁEd‘ﬁall r](&yleb&md@félsgﬁﬁﬁaﬁe@)ymve t he

object so as t(@ Cphe‘gcgdcuace reI ati e .oy emer AI ter nﬁ ivel ey in addition

to this dlsppﬁ & t“Bt e cﬁﬁec‘% kfjoebesu % e4st  one nobile

arrangenment nmay be dafslgn@drt(ho_rmﬁ/aamthletaitte 2@hlleastfcz1neex¢illnyhénattih@n beam

path Al theast, | L | bAEAInoioPl €0t [yl Al Ofaleohon o des fiy 1. I
I nce ect m n

or der to produce the relative rmverrent ation
region is i PAMUECTaBel Shatied WRVEESDfe be@bje@@t the s@%ﬂ?%ﬁaﬁ?d fthe exanpl e,

it is then negassary 2pjkek thejaiuheastigne nohidie@rrargereht sha boe
designed to rmve t he at | east one_detection beam path in accordance with

the novementCdfNIIRNENLY =3t mel L1 PRI haeT oRxbeaflfathe SEHEELEOC n its
regi on near dihectobjrectTo3@hAs nend,i oned ahamplet hehat dtastasne cdet ection

15 mobile arrangement may be designed to move the object
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, 1in 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.



beam path may have a detector with a multiplicity of detector pixels, in
whi ch case it may be preferable to select the nunber and positioning of the
detector pixels of the detector so that the at |east one 35 detection beam
path projects a section of the object, illumnated by the at |east one
iI'lum nati oWCHD04yNIBS558 t he obj ect 4 [12umk nat i orPCEARRR00BAXEHEG Al [y ful ly
onto the detector. WD 2004/053558 - 12 - PCT/EP2003/005991 1In order to be

abl e to produce not _anl urface i an object to be studied with the
In Xr%e% to eD Jacg%?% r%%tei r(raélg_ ita

. ”% %fpft
system accordi ng to the invention, but™aiso to be _
t hr ee- di nensivarfaldey bypaphkr eef di aensitgreadt 5teanpéi ngtudied s Wit héhegor e

pr oposed fors (e alal @a8tinPNeo MRHL! 9n3LNRAGRTERL o, e, desi gaed;g move the

obj ect to be studi ed, essen In the direction of the detection
direction oftd hémage| ehst Pheeied Eran PNk pat hth1gerAdRENRE C8RPI anat i ons
above, it is&lfand,halt a8 esseMddlod | PEbPLEQf rbhe yHLsent 1eRvention is
to produce an elongated object illumnation region wwth at |east one

i || umi nat | or‘P“t?eaF?’PBgtlﬁ, PRIGAPERSRR obPectet FAeHEIKUIC @2YSt hEARSbe

posi tioned iobj@icdertd obpr cauck kh anssemgeadiyvt ha secd i onrettide olfj ect to
be studied ositioned. in the object illumnation region r. optionally the
entire objec b FeTT it At fiﬁﬁecg Ofl e % Cbifa che?%?i ﬁﬁtgggf'f)@r ed I>/i ght

tor éscente
in at | eastoeame pagthect i on beam path. 20 The present invention therefore

al so relgtes to a gerosaape o pasyat JigAsl ofe il umnalipnabeam path
and at [east one detection bear gatﬁ, and is characterized in that each
i |1 uninati o@beassatkal sprppevPded ofi tthea Psegshnhg lareatdearents f 6p

produci ng am 25 .0Rj &Gt didAHEMAl i o0 degi oM Whi She ext epdsibA {hen direction
of an illum_.nation axis of the jllumnation beam path, in that a detection
devi ce of tH&3FE 1A8Estl L Bt iRFAD AR pat hP i ¥R hppr8Ri REEEFY 5Pt hogona

to the objeet ddddiddatapntheg s poditohdat ia rkide to produce

15 an image of the section of the object to be studied
positioned in the object illumination region, or
optionally the entire object, by stimulating
fluorescence or by generating scattered light 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 is
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 is 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



30 arrangenent is provided for producing a relative novenent between the
object illumnation region and an object to be studied. The invention wll
be explained in nore detail belowwth reference to the appended draw ngs,
in 35 which: Fig. 1 shows the schematic representation of the beampath in
one enbodi meWO 2004/he585880scope accordilidg-to t hePCmyBRRDPOA/0a590mhgl e WO
2004/ 053558 - 13 - PCT/ EP2003/005991 illum nation beam path and a single

detection beam path bej rovided, seen_in aobservat.io direction | of
Flg. 2 Fig. 2 shows the: SHESEThEnt PFElr Be5H: 8851 7 F g o E i 1 6 bbeRr vat i on

direction Il in Fig. 1pedngpaBhshewsgaprovtibede semnesiant@lseonvatficeme
iI'lum nation beam pat hy; which emergespfroma cylindrical lens and forns an
object illumnation reb%l\%n ?% [T}Ee regﬁ)h of a focus 10 line; Fig. 4 shows

a plan view Bigdthé beath®at htlo¢ Emgodameng spperganited ditr &ctd-onl 1A in Fig.

3; Fig. & shows the schesmtigLe {6Rreseatatonr of it heigbeam path in another
enbodi nent of the_ 15 microscope according to the invention, two

i || umi nat i ontb8an® pat h$YEF ng 3pr ovPURHINEI 9.k B ISR SHnidtther 6ut |51
representation of a mMIrastopeiaccbednngattd,t henidtvesheogesFifgom/ shows a

vi ew corresponding to Fig. of an 0 alternatively configured m ¢croscope
according to the inveﬁgjorh&rﬁ%f 1 Jgeh%?/vs an’ nbo%f%@%t o?rga rﬁdbcjr%cstcope 100
according to the inventlmimdteist r uegupe donpriesese@iohi giit asavaes 1, t he
col l'i matied Iight beam 2. fromwhich 25 is focused into the sanple 4 by a

cylindrical |ens 3. I's"creates a thin vertical light strip 11 by which
fl uorescent EBh@ssfon cirowe angdesd vilew i sdmpllecan pFhe el thtied |3 ght 5 is

proj ected through detegli®fservation direction IV in Fig. 3;
Fig. 5 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. © 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 light 5 1is projected through detection
optics 6 onto the two-dimensional detector 8, for

30 example a CCD camera.

The structure 1is 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 light 1in
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-



optics 6 onto the two-dinensional detector 8, for 30 exanple a CCD canera.
The structure is particularly sinple owwng to the right-angled arrangenent
(- 90 degrees) of the illumnation direction 9 and the detection direction
10. In particular, the use of dichroic mrrors for 35 separating the

i |lunm nati oWarRPG4/B3BTRNt |ight in -the det ectikCr/ER20®AL00592RNn be
obviated. The filters 7 in the illum nation beampath 2 and in the

detection bgam ar e | ass, filters or , acoust egtr WD 2004/ 053558
L PeT) PO Ot S Pl 6ot FUal P Cors LoAnA Sl 1R S5 det | ve
choi ce of weaedleamathss fﬁn’r ttl’teeullllummumnaarditm ditteetiben. The sanple 4
is held in a sanple lder, S-AOME ttiro t he
stationary light 5 plane 11 in ti11e gt%?gc% or%dl%glg%%oﬁﬁﬁo ing. The
hol der 12 al&ohohfes £/ pa8si Blise MV abt Hreowdie éhﬁplséaZLlO&BéNt hlt%itvertl cal

axis 14, 5so ghate the sanphe 4ecabrben bhluptnghedoand viigaed nlyr.ompzever al
si des. F| gs 3 and 4 show in outllne the af orenenti oned O ill'um nation beam

path 2 whi cH'9¥9%r o]c?uc%JdS% Phkefel hi BOSBELLRet Ry FPREFFCANS 8FEP3E Gsing the
cylindrical dwnst 3s w@ﬁ@lé@paéxigngnh gaytpaef ehabkymbile i4n dale beange  of
from 10 nmt 100 m@a%agnhéa emtt the | i dsource 1 is focused at a
conpar at i veI i 1< @ leeé”ﬁ reegV 2+ %ocus line L, this
creates an obj ect |EIJJan3naitncbn4relgommﬁOounﬁluoat eteby fdasies tilwnlidg. 3,

whi ch appro I nsi or _f u e.Qr
is for Eg by)&lgﬁ‘?ﬁ%eérﬁinea?%%}ﬁ é%ﬁ %I Jg%hsirL L%dﬁ%af g’égé Itl%neec?%él!e
di mensi on a @f BRDeakodtingrigetlorlang s3obledngi Ithan astivArieglod PG as

nmeasured in i hewﬁbgsctfbealofléﬁzﬁﬂ | hanm Bééfe@agéys,n@r i | EHET Ratigen
direction, and with a thickness di mension of about 20 pm for the

i || umi nati orPelrPBattf 2 ntehel 0t effon ]dfgbttheeﬁ“b%%dl ﬁi’e b€ a liki¢kness
di mensi on ¢ uZfe apphrexifmivlaed 69t um lc?on@@t@trle;cél@t dthel endngegi @ns 22, 24

of Lhe obj eci, [lium natlon feol 0020 Lyh0o i n.hhg cLLLyminatf op diyection.
1llum1natlon 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 lying 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 1s 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 therecof can be assumed here to a first

approximation.



on the nunerical aperture provided for the cylindrical 1|ens 3. Throughout

the object illumnation region 20, 30 there is therefore a negligible
variation - expressed in terns of the dinensions of the objects to be
studied - in the thickness of the object illumnation region 20 in the

i |1 umi nati olW&A$HAAFB3E8 s0 that, in pariicul ar RCGRKIERROPIM0QEIILNt t he
di nensi ons of the objects to be 35 studi ed, a constant thlckness of the

object illumnation.r glgnfgﬁk%%% e;oge f%?ﬂfgfngg§£9$ Qionpvéﬁar

structure thereof can e assu re to a I OX
2004/ 053558 thel 5 mi POFERZ003000599r Whgchs ¢%®reek&um&nﬁﬁﬂﬂﬂflh§#m

configurati giafs the 2 c40500p6y100s. | Bnwbhenchin ihunisaaiion heam paths

2, 2" are provided. In the_case represented, each these two illum nation
beanlpaths ?f:Fhe%%lEﬂohéééu§186ﬁé§PtQ%@Wﬂﬁ%ﬁﬁ%ﬁ?nI?unlﬁéﬂFBnWﬁW%ctlons
but illgm rhqi SHY X85 COcHIﬁécp@é‘kﬂil nglwuﬁaﬁat@bher dmeepeehrsvel )bultas a

cylindrical ns 3, .3 tlonaII .gned f||ters , a light

source 1, fiHW%Qthﬂﬁeunaﬁﬁ tfﬂ%?r(ﬁ%g Yontqt i€ fﬁ%?ﬁ%?nore

possi bl e tC)qygp5dh1VHmfethas | ast my&nndrgﬁﬁlsomeee By, supér peditthi on of

the two object |Il#ﬁp gg o é&gfofPefg gheee |I5un1 ?5%?”5%%? epqths 2,
m

2', which Obj N T eglons werée resented I’n nore detai'l above
with referedde t ol Fi g& 3v5niaht150fh|§heﬁeaﬁmmﬁﬂqumatLQnilcat | iight strip

whi ch i $oMore, - fIIRASNEONR LOMNA edof OpLBg; hEINhOSLT I dhdn thes: erpodi ment

represented in Fig. 1. The emtted Iight I'S projecte h detection
optics 6 omﬁiQWﬁat%ﬁPrQﬁﬂmn%Yon%Ppﬂé@%%%B%oB TﬁlstéﬁboGWﬁenP ictthe 20

M croscope acCafghidit tch t begh BYentdonthesparitlileiiadf=lt onsubéak! @ aftdis
absor bent s% mples, for whic OSSIb|e toillumnate the entire

sanmple with ﬂI%LnnYE&?%no??%ﬂ?ohglEWH%a A"t APSLEBAT 'GEFaPrETe e s
possi bl e toJnaheorQSdbheﬂbmnbddmnwmahlQ@ﬂyﬂynqﬁﬂtm E;gg ,3 oand hdi,r |ight

bears, Egte@ﬁ%ga&%% gggatek¥1gyv q %%dﬁ%rg¥¥lp which is more

homogeneous compared to the 1light strip in 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 1is possible to make

25 the two illumination beam paths 2, 2’, or their 1light

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 1s 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. © depicts another variant of the

microscope 100 according to the invention. The arrow P



t he phase angle of these |light beanms with respect to each other, wherever

the two object illumnation regions of these two illumnation beam paths 2,
2. 30 mutually overlap. In this way, in the region where the object or
sanple 4 to be studied is to be illumnated, it is possible to stop out

particul ar JEt2@M/WBESRestructive i ntekference oPCRIBPROGPI0QS9%81 cul ar
regi ons by constructive interference, so that the 35 resolution of the

overal | systemecan he {pl{hef. LyPLavedcall 9onl deRbELS ARQLASH waf) ant of

the m croscope according to e inventio he arrow 053558 -
16 - PCT/ EP2003/ 00589¢4, i ndicdat esx@h@atet héhaphighdr i &1, | eABOBtShdWE t her ei n

can be rotatedinfoft exanpkest Brougla 90,1 @botdt tdhe pebhuphbaticon myd s of the

illum nation beam path 2, The object |¥I um_nation region 20 of this

i |1 umi nati orP b 5 PR 22§ 50R hEreby" af 0°f ot Bt 6d 1dd WMH&AR T 19 aSaTy from

the oriest atgah shows ithddapy 2al sowhbehtet |desthessesthakliyigi tddie pl ane

of the drawing, it .is rqtated throug?l Qgiand '#s t hen .per en.dcic l.ar to the
it

1t
plane of t heldr &g AT Thi SR Bossfbl &'t 0" v}lcék\?v the 10 “bject 4
to be studi essderomaal i ffereht dileeet iadn,the edrawhegdi Lectiisonrdbatregt bel ow
thi s object J €gnke se j I : i iLble to
provide a futﬁ%]‘lncge}lréﬁ(;e%%ct ?%?13 gga%%%‘?hgg'rg\?mg?ﬁg%%%h&i ﬁéﬁér)eﬁgglﬁgn offo t he
det ecti on bedm parawsngi sill ethihs Fivgy, 15t1, 18 heosljiiede 4q ovbewsttlidi ed can
be vi eweq ato@ﬂe@i‘@i o Ohe 90 Wt BQUE LRI & aRrget-chti ekl thawi ng keen
rotated. In such a system for exanple by using mrrors 60 and a tilting
mrror 26, it§s PbERFbiet olyiinde oHi f fiérlent detecti oh bédm pdths 5, 5
sel ectively tapide-raade get ect orriRy. or2 thetsame oplliseal peystiemen th
obj ecti ves accordin tﬁbt he position of the

accor dance \%Ecﬁ’lt %o Tral AposFt+3h b%?mtﬁa‘tcbl;/%mgrii‘:?alr”“ Igrgﬁ?é,n tnhe
tilting mrroFlatsom | to25hehetetortriespaneimgpythe Sswishiele over Fikt. i s of
course g 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 o0f 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 1is represented in Fig. 7.



possible to provide two detection beampaths 5, 5 wth a respectively
assi gned obj ective arrangenent and detector, independently of each other
and for exanple at an angle of 90. It is also possible to make at 30 | east
one of these systens nobile such that it can be rotated together with the
cylindrical WeRP0R/ARARS& he il uninatibh axis ofPAER20QIMGEIDh beam
path 2 in Fig. 2, so that inmaging can then be produced all around the
object 4 to S d ta rotati c drical lens 3
and this det@%ll%%gjb(gaﬁ?%g&wg ré\hout t |§Eof3th%g\gl ﬂ% ﬁgégng a%%en noved.
An al t er nat it ySIohf f§ured MiTr o5cdpe TGT ERkreNeRy PaYt KETiSRverti on i s

represent ed g hisgie 7toV\Dt3904éQﬂ"_21351588 dfove PCT#rEeDQé)O?alé)OFa%%L The basic
structure, as well as the wevmnggo are .the sanme as.in FI)? i}sothat
EBt hes s

ref erence ey gEHEEHIAP HE2FadB %%%’bﬁ 5Y alfRRV 1951 r & Gain an
i 1'1um nabi on ikgam path, Essamtlloai | ysprovdwesd byyt hesbnbi ght leamca,) which is

focused by usi an .optic systemin order L0 generate.an Qbj
i |luninatiorr? S&%ﬁ on 2 Oorg?’ﬁe ¥ nsd UL het'e |Og) NG onglee‘lLumm]a%ﬁIoPndrl cal
| ens, but a desmnionwhi2éh .i s Thet afleoral By usgdnetere wig h mespecigetro whe

i |1 uninati or]:rfl xi 5,2 of; 19 the i Hllem ﬁatigps beam pat hs This _gener, ‘itlg/tsl onal |y

object illumnation region 20 [Tkew se essentially rot
symmetric arﬁi’ntf@etrréa‘coréltbarrtelsmcérlyol rhet hbll@gl@@tmréxtlﬁe dbjcdct 4 to

be studigd itz §DEumSAAPLENI LRSI bhened,TicAN BenkRheeRr eied@Seatl i near 15
object illum nat| on region or line-lTike object “illumnation re% gé] The
| t

di mensi ons of ]t‘*}‘filélaéslsoéhtF%‘F’rW 2ot at‘i"%h%ttl‘l ¥ SsybiER ¥ 122 | BREEF TR

i11um nati onroveagicona MY, sahetalty Ldepesdengronet hq;afmlaiullﬁm hief the
e of .10 - 20 pm

At the cent P ST TE v IRELE GITeRETBNCI i (Ho PAnge 'SP 240 &80 SHEi n th

edge regi ormamdle t hs S puisGItasOEgR 1@@na$>eehimt1ermr§tegd 3s dhérnekare, a

Corre5p9§dlqgk¥ﬂh!ne%ﬁl ﬁgh%Qlﬁﬂ§te%%gq or line-like object
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 um at the center while having a
dimension 1in the range of 40 - 60 pym 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 1is 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 1is produced, than

transversely thereto. The number of pixels 1in the



25 wafer-like or two-dinensional region of the sanple 4 is lit when a sanple
4 is positioned in the object illumnation region 20 . The inage of this
I'inearly illum nated region as produced in the detection beam path 5 is
projected via its optical systemonto the 30 detector 8, so that an

optional |y m@r2d0440535%8i nage is genel@ted t herRCT/HER20@34Q05998B i s
constructed as a pixel detector and, in accordance with the |inear inmage

now produced, has re of g."gne-dinensional” pixel arr t. dn this
ar r angenent fjlcfrh%ltp%sﬁa}gni ﬁérg%:%éght he%srlpi xel 3T 55N fjagtgggq‘éﬁbstlagqnti ally
| ar ger nunbepreigralhky pegékbstedl Isd i ehatuctbdssi Vglgai nimpgel gigiduatichal

direction of;fheyLi peakc-aBge B@Hn@ibé@h DBO%%edoetbéeoraé@n%qugel thereto.
The nunber oJf pi xels in the WO 2004/ 053558 - 18 - PCIT/ EP2003/ 00599

| ongi t udi nalth r E6FPEROEr & ruhBheRSe NAVEG i Bh Mo Vepridier aBlyeel déted so
that theslinga igagenRr odused it tike desectdaysiheam pat hpbo¢ade bey recor ded
fully by the detector 8 V\At.hO;JLt havi ng to nove JE)he |atter. ILn 5t rgje extremne
case, it is SWRHALDOEWbPE PIXFrSvi FETE" SitngtPV v BF PPXBFs 1HEHE | ¢
shoul d be bothee: iwithnd debatasihbh aidecr essSi e dt pigklsuehay pinkel array
and progressi ve 1 rSansei t itorn rltscxltaiosr! ngl e pi xglnl !Lge, H{\eel nlu.lnber %fh i xel s
present in S%%(?'Ig a ?I near arai' angenent fo an ﬁeg| ncr%ased and'“?fence he
resol uti on ofunber dét edtxerls8 rmasdet enhasced cor Leéspendiarglandemertii s
direction. luorder tg be able topr fulde | RGeS i o f he,sample 4 with
this high-resolution mcroscope 100 15 as represented in Fig. 7, even in
vi ew of the ¢fseitte st rGefur ecof ehhendefect@F resPAE eI @Y velhovédrent of
this sanple 4 widdh gespect to the linear object illumnation region 20" is
produced according to the invention. There are in princjiple various ways of
doing 20 this. On tHe ofEd®ande e 3ahpl E°4 RRFWE df'$pt alBBISEr Hogonal |y
to the |ineathobserplel laumineli @pikedifh- @b laltsioor hbegosabpy tiwothe
f'ﬁteec“ 9a beam path. O.ncdq 1 PELRCNY WAl Y fo,1he Bhang ol Lhe drawi ng in
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 wvarious 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



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 conbining the correspondingly recorded
imges. In order to generate a three- dinensional inage, the sanple may
furthernore W Z04/¢P32%RA in the direct?on of theCTAER2003/008991path 5

or the detection direction 10, so that various planes of the sanple 4 are

moved ¢hroughudhonfRgal BLane i1 dherd) | ugltL on. heamn Bath . 1y an

alternative variant represented In Fig. . e sanpl e kept
stationary wh | @apr 09¢ didfRp™ dé¢féest2@nantn s bobhcin t heri 1954afM/i on beam

path 2 and jdsdde: del et icentheam path 13 Michnfachlit ate  dissplrggment of
these two beampaths 2, 5 in their W) 2004/053558 - 19 - PCT/ EP2003/ 005991

regi on near {9l eEmte. ot exdfpl e 2% h8E8 deRFERES34,PY 2682 miyP e Peam

defl ecti -?R Ltj{éxiﬁ%éWiZehair]ﬁlolbr@é&_ npte, mart@zlpegftééygl ynoaz@m{eaiuds gtbi |dzaddl e -
mrror. et eam . ection upjt , ar e oper at.e a.contro

devi ce 28 in otder ghlﬁ§t§W§9ﬁﬁ§ ﬂh@gnéﬁﬁs{%9%%%h%%oﬁﬁg?,séﬁpéﬁ gnsures
that the regruraitihebsanpl di4 lour téert lgbjmingililtimbyathenobjeedion

illum nation, tegjon Ll : prQj d r d ti eam pat h
5 onto the ggiec%%ra%%QY% ?ﬁ?i$§§8di%8#§8%§séﬁg|ggggfkggntﬁégﬁh %ﬁg? whi ch
ot herwi se cahnontbethBveabtgsdrqenti cihakthy st wavheltpl aperotsikéedriadi ng in

Fig. 7, 10t0 bg scapngehdn a phang. HeEge29aLB. iBaARder Qe ObtRIRA
t hree-di nensi onal representation, the sanple 4 is then displaced_again in
t he detecticﬁﬁ%ﬂ?%ﬁ&Q¥ﬂﬁ?ﬂﬁ’ﬂ§3iﬁhErQéPnﬁocghﬁﬁF% AT PYiRAl LRy FdF -pllanes in
succession. tdt pes otagpugsei@dl 0 possebl ende coiing the dmPer to
afor ement | 0ngg ey oLy Prodicing. a.tel allye.poyerent belyesnhe sarmpl e 4
shoul d 20 beidotheni nlimpidcichiatagdien nbuenert aftddtel dreamipathsoncd® be
carried 1%Ut Irﬁas&%ef k@cp é%f@vae@l%rﬁigyeof Sﬁ%&s in succession.
It is of course also possible to combine the
two aforementioned ways o0of ©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
30 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



Wth the systemas represented in Fig. 7, it is thus possible to use

hi gh-resol uti on "one-di nensional"” 25 or el ongated pixel arrays in the
detector 8 in order to be able to produce correspondi ngly high-resol ution

i mages of the respectively lit regions of the sanple 4. A further advantage
of this "sa®i2Q04053F5&8 sanple 4 is-that-the poBFT/BR2003/0@599] ect

itlum nation region 30 can be matched better to the field of view of the

detection optisaclodus ! 2OLORS W Gt Ae. oL Lat ended: g be.dmged do ot

have to be sanp 11 Tum nate causi ng any erioration
of the sanphevepeRt | ndtithg of dﬂh:ér C?%Egﬁ onsltdf ignmressondiiias 3B akan

nmovenent of ghe,hdnear jobj egk 'é'éhf’érﬂ@t QAP WLB respest tgd he
sanple to be studied furtherm)re gradual I'y generates an illum nation pl ane

or a two- ditRiriohaY oBjEELS | Gm hEEI ofPFeEF ont Wit dlekeR msiE ARD

2004/ 053858 th&f=1n PCE/ EE%QD%&Q&Q@ém h@ﬁogmeoustémml byoifa1khe i rection
of the rel atl ve _nopve se wWth corres%ondi n%}beam

n S
expansi on i nti%hef8Lte Eagggr 5eq - ag'b]\/% Chi HeSRREE Leht GABI EySBrdtS 1 e in
t he obj ect |A¢M&\n@d| omngglt@n thé¢ hetebnges dcsmsdepende&nthen ltikght.ntensity

profile of HP %%‘ésfe ELQW P§a'9hhe'i'ﬁ°é% 'QE%ﬁs'rf\éPé %af”flaél%%t achi eved

owng to the s ron Sr fBRUSI ng of t aser power Her ef ore
used nore efwfnmlentlys V\m@‘hamtsa@@wm ag@@ll§l[§782rltalrdl)/| arI?Ofor wml&( 10

fl uoresq@ncefﬂiof@%éénw%pr}nﬁmw&m st fnshoul & be pointed out that

various aspects he m croscope according to the invention, for exanple
the provision of di f?‘éréh?uhﬁn@@r PRINted | gRtndtian BaAAPBat RSPATE Sdet ect i on

beam paths, &f Ilfhd henr@tdige pasdddani ayl phase sadjastient  tder eof
t he measures for noving an obj ect b dis ac(g?gnt or rotation or for ITDVI ng

the optical SKATRN fdr'%xa Ioé(ls\?vi‘? | e Phe EErFRE st ARYUNEY,
course be iijplenemderbn r beapecpavies ofanhedidresct hen oljeaat 28ths) umrnatl on

regi on Bas g fuo; di IPNSLOBAL  @ELRTLOad S oA LIPdaSTEEALHR! 3343 band or

i nearly.
the measures for moving an object by displacement or

rotation or for moving the optical system, for example

while the object 1s 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 1is 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 1is 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 resclution of the individual images.



The invention relates to a mcroscope in which a layer of the sanple is
illumnated by a thin light strip 11 and the view ng takes pl ace
perpendicularly to 25 the plane of the light strip. The thickness of the
light strip 11 therefore essentially determ nes the depth of focus of the
system For Hh2Q0AF3E58 he object 4 i3l moved t RGEABP20R3/0QH9Btrip 11
which is stationary with respect to the detector, and 30 fluorescent and/or
scattered light is recorded by a twgdjqEnsional detector. Strongly
absorbing or strongly scattering objects 4 are viewed from several spati al
directions. The three-dinensional inmges which are recorded from each

divection can subsequenti.he G eombined Lo LOLELaBrEMGE U iaflseh, (he data
are weighted accordi ng to their resolution. The resolution of the conbined

i mage will tAfEM bea BB (Rdt et by’ { hénNd ater aPaFEsANR | BRCBECEAR DF@MVI dual
i mges. WO 2004 08355&harake teREHESRAOEHAHO5991 C a| ms 1. A microscope

havi ng at | east one il ].um nation eam pat h ( »),and at one
detection beam 5354t ](Lﬁﬂ‘)ml%oe{btb%??r%eﬂagh ?%at eaéh MPu rﬁrﬁé’ﬁ%ﬁﬁi beam
path (2; 2, 2') iwsitprova dedocusihga famrusng&gemtr an@arrenx (33"3, Jox for

produci ng a two- d| Jensi .qnal Ob] ct m.nat i on i.on ( whi.ch _ext ends
in the direction?of dz}ﬁ:lﬂ? i 19 um%natdzlon%és%losnaolf t ef%l I umlﬁg%nllgr?tﬁé)élm pat h
(2; 2, 2') and trawsiver s€2§) t Rbietho,ext adatecinothei r@mamqrﬂ_oyfofant he at
| east opg detect l%n%aa’?@sl% tha(3) 1$r aRpld Ox&ﬁ%ggg(at% I L@nt he

t wo- di nensi onal ect | um nation region and a nobi fFe

arrangement (12) (1 Frovi dedfcort gy oSy & hedisdtdve novenent bet ween the

two- di mensional bheetcthbHM Natd O 629i(Q0)(20F and apt ohiget Ak to be
studied. 20 2. The m croscope as cl al rred in gl ai m 1 char act.eri z?d in that

the nmobile arran ) &fifm approximate
orthogonal to the two-dimensional object
15 illumination region (20), and
- a mobile arrangement (12) is provided for

producing a relative movement between the two-
dimensional object illumination region (20) and an
object (4) to be studied.

20 2. The microscope as claimed in claim 1,
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).

3. The microscope as claimed in claim 1 or 2,

25 characterized in that the mobile arrangement (12) 1is
designed to move the object {4) while the two-
dimensional object illumination region (20) is
essentially stationary.

4. The microscope as claimed in claim 1 or 2,

30 characterized in that the mobile arrangement is
designed to move the two-dimensional object
illumination region (20) while the object (4) 1is
essentially staticnary.

5. The microscope as claimed in one of claims 1

35 to 4, characterized in that the at least one
illumination beam path (2; 2, 2’) has a cylindrical

lens (3; 3, 3’) for focusing the illumination light.



produce a rotational novenent of the object (4) and/or a displacenent
novenment of the object (4). 3. The mcroscope as clained in claim1l or 2,

25 characterized in that the mobile arrangenment (12) is designed to nove
the object (4) while the two- dinensional object illumnation region (20) is
essential | y W2 RQWMEA53558 The nicroscop®’ as cl ai REr/EP29@3APA59912, 30
characterized in that the nobile arrangenent is designed to nove the

t wo- di mensi gnal obj ectThéSI I#ﬂbpg%g@sre%i on éfglm%' I e thecgg%ﬁct 5(4) is

essentially statlonar cope as clained i'n one of clai'me 1 35
to 4, char acqfeafliazcétﬁlilnzetcha%nt ket Yheastybhrdrithlmilsatsi oh3 bedm pdth (2; 2,

2') has a cylimndricalrodAns (Jincht 3'ohd orj 11QGUSIAG drhe ddilumiapgtigen |ight.
WO 2004/ 053558 - 22 - PCT/ EP2003/ 005991 6. The m croscorPe as claimed in

claimb, cHKarSR¥G9%ed nthRatddIREGAT n@di cBle| ehblyminatian ) axis, pe

rotated gbouind her |ttkhelntpain@eramSSan@/rM/ordlcsép{ asedt i Dt e vdiar el on of
the illumnation axis 5 and/.or the cvylind aXJf]i and/ or can be tilted via

the cyli nderY BAE W TH T 50t tE T He §9 1 BTG 2% e i cr oscope

as clained i'h claim 6Thechamactesa:<zpel i gt hatlébhmedovementcbdéimhe o,

cylindrical /6 §%ée(f§%d 31) HU%Q %o@gﬁgg%yéﬂg erlgé%'ln }h

m croscope as Cl&i me one of cl ai
scattered |ilghts of3; f3.uot'dscienta |hight-fofe renay W@@Vd&/el engths is used 9.

The m cigscgpe as cl a'ﬁ%d ﬂ:lo&ec&ée chai pBalneho i8, Sharaetenbzgd iin that
the |ight source(l 1,1 ) S is'alanmp or a laser, which provides |ight of

one or noreé&aveé }en%acf@rl‘lzﬁ@ Mt} 0sEBpE asSAHITRRE i nloBRt of Od ai ns 1

to 9, char aCﬂlardIZeeatérft tlf'hajhtt her ljeedr (fbrd Sﬂat\ﬁlalbﬁdgthﬁi di dyugedol der (12)
in a sanple charrber ;ﬁ% In 20 which it f[an 8 r.ot at ed apoutl an a>i| s (14)
correspondi niy essenti ally PFIHEYPavitafighgFd in one ©

to 8, characterized in that the light source (1; 1, 1)

15 1is a lamp or a laser, which provides 1light of one or
more wavelengths.

10. The microscope as claimed in one of claims 1
to 9, characterized in that the object (4) is to be
held by a holder (12) in a sample chamber (13), in

20 which it can be rotated about an axis (14)
corresponding essentially to the gravitational
direction and <can be moved along at least ©one
direction.

11. The microscope as claimed in one of claims 1

25 to 10, characterized in that at least two illumination
beam paths (2, 27) with essentially opposite
illumination directions are provided for producing at
least locally overlapping two-dimensional object
illumination regions (20).

30 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 two-dimensional object illumination

35 region (20).

13. The microscope as claimed in claim 12,

characterized in that the illumination light of the two



direction and can be noved along at |east one direction. 11. The m croscope
as claimed in one of clains 1 25 to 10, characterized in that at |east two
illumnation beampaths (2, 2') with essentially opposite illumnation
directions are provided for producing at |east |locally overl apping

t wo- di nensi ofal2@4 £2535%8 | uni nati on regidns (20).PGD/BER200BLOMS29DSscope as
claimed in claim1l, <characterized in that the illumnation |ight of the

two i I | um r&a][]lhtg{t%r%e@{grpatgga&z P%t}lsl nt ezrferf,s at h%‘gastc1 I olox tl%e n the

direction of um natron ax n thé regi on of “thé two- rrenS| onal
obj ect illumdintstaablahagton (20). 13. The microscope as clainmed in claim

12, charactgrized inthatpibeodddpum pat 'cqalhtegthtupfort@eotw@1%%0614/ 053558
- 23 - PCT/EP2003/005991 illum nation beampaths (2, 2') has a constant,

adj ust abl e piaskes: 12DaThetar e coBetAstcFarPmed iLh ke oo ASliSREIPN to 13,

charact esi zegbdm e tbe aksl eadetana dlet esid otn  Bhbeamnpatde R dias a
detector, and in that th Eet ect gﬁ can, he noved | ateral %é \rl‘ﬁth respect to
the detecti ol dP?ed‘t‘?V atREAALY| ¢85 oh8SBEFECH% am P 1) .

The m cr oscapereést Bdraiaedeha a)meleﬁsmlcmemsdérectmdm bmrmtterlf‘z)ed in that
t he at Ieastjlé)ne det ecItHeonml:Lgr(pg aglst %ﬁal%ed) %e $9a8t1 d g0 that the
[

det ecti on rection i's appr oxi or thogonal | rrenS| onal
object ill untlcna14,oncln@ga@hel(,?@dV\M@nthhe tbbj att leIaISElmorm@t idsr¥ ecggioon (20) i s

shi ftedqgl6.,4 M cLO05COPE Bayi g atyd e@é& Qne b1 pahpathen gele ream path (2)

and at Ieast one detection beam path ( ), characterized in that each
i |luninati orfbeadhint h 12) PRPHPBINARAL VI t ATAPCEBRASI n§Car taRgerfdit (3) for

produci ng a dimesdioml eebjkeldcum Nabhonat eghondA®n Whiogh wxéendsd n 20 the
di rection of ajneétl lﬂ@u”n?fr'téjtnlgﬁ(lrsegorg h(e20)| Illsurghnlgl 0(51 beam path (2),

16. A microscope having at least one illumination

15 beam path (2) and at least one detection beam path (5),
characterized in that
- each illumination beam path (2) is provided with a

focusing arrangement (3) for producing a linear
object illumination region (20’) which extends in

20 the direction o¢f 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 1linear ©object illumination

25 region (207), and
- at least one mobile arrangement (24, 26, 28) 1is

provided for producing a relative movement between
the linear object illumination region (20’) and an
object (4) to be studied.

30 17. The microscope as claimed in <claim 16,
characterized 1in that the at least one mobile
arrangement (24, 26, 28) 1s designed to produce a
relative movement between the object (4) and the linear
object illumination region (20") essentially

35 orthogonally to the illumination axis and the detection
direction (10).

18. The microscope as claimed in claim 17,

characterized in that the at least one mobile



a detection direction (10) of the at |east one detection beampath (5) is

approxi mately orthogonal to the linear object illumnation 25 region
(20'), and at | east one nobile arrangenent (24, 26, 28) is provided for
producing a relative novenent between the linear object illumnation region

(20') and aWwo ®EA053B58 0 be studi ed: B0 -17. ThePCH/BRZAOPLOGS921 ai ned in
claim 16, characterized in that the at | east one nobile arrangenent (24,

26, 28) is designed ta prod . el atjve enent bet n.th ject (4)
and the i neaarrra%ggoe] eecqc i %)u&r;?cﬁé i%(?l J%%géln%\r’le ?g%e) Og%%%ﬁt Y@ﬁl ﬁ%B%r?r%Itrhogonal |y
to the illuimaticcexis wnidttiee deterndron direction (10). 18. The

m croscope asq cl ai med gy, Gh Al ddope char agtepiged i noidal {heoat jlgeast one
nobi | e WD 2004/ 053558 - 24 - PCT/ EP2003/ 005991 arrangenent is designed to
nove the obj@@radeiirsst dein t o-lpttoduéeca ral at ilgaSirovePft . MPP11lthe

m croscope as-«drajdprohd n(ghai md,7 0B)18;s ebarastarizedmoRet haket Be at | east

one nobile 5 arrangement. (24, 26, 28) is designed to nove the at |east one
i |1 uni nati ont%&dm 158%12121)&‘5{‘51%&& Z*P%ﬁ%é’at i near 8bj d&25Y | thi &6 on

region (20")liptenat desfjdyt i1lluninatden togpsodyee’t heroetiaedveyndvement. 20.

The m croscope as,clainmed in claim219 10 characterized in that the at
| east one nobi Ioerdezfr ?téjn err%&nlfce(gt ,e Z%é,laztsl)Qvel snﬁa}D eesnllegnnte'd to nove the at | east

one det ecti 6D .beam patline( 5)mior azcapelange wictlaimelde noveneheiof e at | east
one il1lygi natyj on heam h igz_) 1t | e];%ﬁ%l Iy t s%%gtgtgon gar theiaqhject. 15

21. The mcroscope as clained in one of clains 1 20, characterized in
that the at dEaNgGRtdet éti otPr bédm pat hde5)9Rad atdefedEorti®) akith a

mul tiplicityQfst deheCtqlt JHKRIS. bddm PRENT €5 0SGRPEa@So £dahdRd wiiRncl ai m 21,
20 characterized in that the nunber_and positioning of .the

the movement of the at least one illumination beam path

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

15 21. The microscope as claimed in one of claims 16
to 20, characterized in that the at least one detection
beam path (5) has a detector (8) with a multiplicity of
detector pixels.

22. The microscope as claimed in claim 21,

20 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), illuminated by the at
least one illumination beam path (2) 1in the object

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

23. The microscope as claimed in one of claims 16
to 22, characterized in that the at least one mobile
arrangement 1is designed to move the object to be

30 studied essentially in the direction of the detection

direction (10) of the at least one detection beam path

(5).
24. A microscope having at least one illumination
beam path (2; 2, 2’) and at least one detection beam

35 path (5), characterized in that
- each illumination beam path (2; 2, 2') is provided
with a focusing arrangement (3; 3, 3") for

producing an object illumination region (20; 207)



detector pixels of the detector (8) are selected so that the at |east one
detecti on beam path (5) projects a section of the object (4), illum nated
by the at |east one illum nation beampath (2) in the object 25
illumnation region (20'), essentially fully onto the detector (8). 23. The
m croscope &0 Aal4ab3igb®one of clainms- 1B t0 22, MIBYER2@03£GEE991 t hat t he
at | east one nobile arrangenent is designed to nove the object to be 30
studi ed essentially in the directi of ,.the detectjon direction.(10) of the
at | east one det éﬁ/c&n %}é%?ﬁ%%t h" %E’)e S0 TR Wi o%%oﬁ@ Havidig "&c Plast one
illum nation beamipatdf (2ye 3,112I0iretd at Hezastpaorte det gt idn beam 35 path
(5), characterized ip.that. each, i].l um nati,on a ath . (2;7 2,c+2" ). 0.S
provided wth a%f oé%stle%lg?lr artaliéee\)nleérﬁn ?@;d)s, O%?) fh(%r grgro lﬁ%lsntg grrlleobj ect

i1l umnation regid®stgcX0;omR20" oo 200440535585} 251s PCRPER2FA8EGE3991 which
extends gn the dif@¢dmOf @ théurab?%tdtoni1%&@&%%5&% nabi,on beam
path (2; 2, 2'), a det'ection device (I0) of the at |east ohe detection beam
path (5) is appro¥inaté™? 5 orthogonal to the object illunination region
(20; 20'), -and a rpdbhl B ankapgeRRRhti SiPrpvbdedeliort i ogusinging kel ative
novenent between ttle QQ/j ect illum n%ti on regqgion (20; 20')l and an object (4)
to be studied. relative movement etween the object 1llumination

region (20; 20’) and an object (4) to be studied.



