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The Invention relates to an imaging system for optical automatic analysers, especially fluorescence readers. On the sample side,
the imaging system contains a cylindrical lens array (6) and a prism array (7), which Is arranged upstream of the cylindrical lens
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(57) Abrege(suite)/Abstract(continued):

array. The prismatic effect of the prisms (7a-7c) of the prism array (7) lies In the direction of the cylinder axes of the cylindrical
lenses (6a-6c). Together with a telescopic imaging system (3, 11), the inventive imaging system creates a number of parallel
cylindrical focussing volumes between the cylindrical lens array (6) and a detector array (10), these focussing volumes being
slanted towards the optical axis of the telescopic system In relation to the vertical. The arrangement enables the detection of
fluorescence with a large aperture In one direction, and at the same time enables depth selective analysis of the fluorescence
sighal, especially the discrimination of the fluorescent radiation originating from the areas around the bases of the sample
containers from the fluorescent radiation originating from the solution above. With the focussing volumes that are slanted towards
the bases of the sample containers, the imaging system ensures that the fluorescence from the areas around the bases of the
sample containers (5a-5c¢) Is detected with the same sensitivity even when the heights of the bases vary in the individual sample
containers.
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The invention relates to an imaging system for optical automatic analysers, especially
fluorescence readers. On the sample side, the imaging system contains a cylindrical lens
array (6) and a prism array (7), which is arranged upstream of the cylindrical lens array,
The prismatic effect of the prisms (7a~7c) of the prism array (7) lies in the direction of the
cylinder axes of the cylindrical lenses (6a—6¢). Together with a telescopic imaging system (8,
11), the inventive imaging system creates a number of parallel cylindrical focussing volumes
between the cylindrical lens array (6) and a detector array (10), these focussing volumes
being slanted towards the optical axis of the telescopic system in relation to the vertical.
The arrangement enables the detection of fluorescence with a large aperture in one direction,
and at the same time enables depth selective analysis of the fluorescence signal, especially
the discrimination of the fluorescent radiation originating from the areas around the bases
of the sample containers from the fluorescent radiation originating from the solution above.
With the focussing volumes that are slanted towards the bases of the sample containers, the
imaging system ensures that the fluorescence from the areas around the bases of the sample
containers (5a-5c) is detected with the same sensitivity even when the heights of the bases
vary in the individual sample containers.

5,7-5;-*5 ;
7

e O

S¢ 'v'

Die Erfindung betrifft ein Abbildungssytem fiir optische Analyseautomaten, insbesondere Fluoreszenz—Reader. Das Abbildungssystem
enthiit probenseitig cin Zylinderlinsenarray (6) und ein dem Zylinderlinsenarray vorgeschaltetes Prismenarray (7), wobei die prismatische
Wirkung der Prismen (7a-7c) des Prismenarrays (7) in Richtung der Zylinderachsen der Zylinderlinsen (6a—6c¢) liegt. Durch das
Abbildungssystem zusammen mit einem teleskopischen Abbildungssystem (8, 11) zwischen dem Zylinderlinsenarray (6) und einem
Detektorarray (10) entsteht eine Anzahl paralleler zylindrischer Fokusvolumina, die relativ zur Senkrechten zur optischen Achse des
telekopischen Systems geneigt sind. Die Anordnung ermdglicht in einer Richtung eine hochaperturige Fluoreszenzerfassung, wobei
gleichzeitig eine tiefenselektive Auswertung des Fluoreszenzsignals, insbesondere eine Diskriminierung der aus der Nihe der Bodden
der Probenbehilter stammenden Fluoreszenzstrahlung gegeniiber der aus der dariiberliegenden Losung stammenden Fluoreszenzstrahlung
moglich ist. Aufgrund der zu den B&den der Probenbehilter geneigten Fokusvolumina gewihrleistet das Abbildungssystem auch bei

variierenden Bodenhohen in den einzelnen Probenbehiltern (Sa-5c¢) eine Erfassung der Fluoreszenz aus den bodennahen Bereichen mit
identischer Empfindlichkeit.

(87) Zusammenfassung s
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SPECIFICATION
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The invention relates to an Imaging system, in particular for automalic

analyzers with 3 high sample throughput, Such automatic

analyzers are frequentl
termed "readers” or ' ) g

"
fluorescence readers" for microtiter plates. Such "readers"

arc

SO~ ' ]
o-called sybstance chips are also in Ysc as sample containers,
In a few applications,
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of the microtiter plate, a fluorescence reader is consequently required which
operates floor-selectively.

A corresponding floor-selective fluorescence reader is offered, for example,
by the Molecular Devices Corporation, USA under the name Fluorometric Imaging
Plate Reader. In this device, the fluorescence excitation takes place from below
through the floor of the microtiter plate at a strongly grazing incidence through a slit
mask. The fluorescence light is then detected from that lateral region of the
microtiter plate into which the excitation light has penetrated to only a small depth

iInto the sample container, due to the grazing incidence. However, the fluorescence

excitation is very ineffective with this device, since only a small fraction of the

excited fluorescence is used for the detection. Furthermore, only the fluorescence
of a very small lateral region of the sample space floor is used, so that only the cells
situated In this small lateral region contribute to the measurement signal.

In the Applicant's published German patent application DE 197 48 211 A1,
an optical system for a corresponding analytical device is described, in which a lens
array with a lens allocated to each sample container is provided on the sample
space side. Together with a telescope with a field lens, arranged after the lens
array on the detection side, the foci of the individual lenses of the lens array are
Imaged on a detector array for the production of the desired measurement signal.
Signal acquisition here takes place in parallel and simultaneously for all the sample

containers, so that a high throughput can be realized with this optical arrangement.
Since the measurement signal, for example the detected fluorescence light,

originates almost exclusively from the focal volumes of the individual lenses of the
lens array, a very depth-selective fluorescence detection is possible with this optical
arrangement. Here also, the lateral cross section, that is, perpendicular to the
optical axes of the lenses of the lens array, of the detection volume is of course
very small. Furthermore, the detection of the fluorescence or of another
measurement signal from the region of the floor of the sample container requires In

practice a depth scan, and thus several measurements with different distances

R R G P 0 LI ICLICOR )
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between the microtiter plate and the optical arrangement in the direction of the

optical axis, since the individual floors of the sample containers of the microtiter
plate have different heights, due to production conditions. The time required for a
depth scan is however contrary to the aim of a high sample throughput.

A line-form imaging system is known from JP 7013101-A in which an

array of pentaprisims is arranged between two lens arrays. The lens arrays
respactively have a ¢ylindrical lens surface on the side toward the pentaprisms.

The pentaprisms then bring about a lateral interchange of the lmage effected by

. the whole system in the dirsction of the axes of the cylindrical lenses.
° The present invention has as its object.to provide an imaging system which
‘makes possible measurements in parallel in plural sample containers. The
measurement signals acquired in parallel are to have an identical sensitivity in all the
sample containers, even when the floor height of the sample containers 1s dlﬁ'ereng,
and to make possible a discrimination of the measurement signals originating from

the region near the floor, and a high sample throughput.

The imaging system according to one aspect of the invention consequently
has an array of cylindrical lenses. A prism array is arranged before this cylindrical
20 lens array on the sample side, the prism array being oriented relative
to the cylindrical lens array such that the prismatic effect of the prisms is in
the direction of the cylinder axes of the cylindrical lenses. The cylindrical lens
array and the prism array can be constituted here as two separate components
or as a single component. In the latter case, the combined array has, on a
common support, a constitution as a prism array on the sample side and
the cylindrical lenses on the side remote from the sample. Due to the
cylindrical lenses, a substantially cylindrical detection volume results in each of
the sample containers. Due to the prisms arranged on the sample side in front of
the cylindrical lenses, the cylinder axes of the focal volume receive an inchination
relative to the cylinder axes of the cylindrical lenses. If the cylindnical lens array is
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combined array has, on a common support, a constitution as a prism array on the
sample side and the cylindrical ]enses: on the side remote from the samplé. Due
to the cylindrical lenses, a substantialt cylindrical detection volume results in each

of the sample containers, Due to the prisms arranged on the sample side in front of
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arranged substantially parallel to the microtiter plate, cylindrical detection volumes
thereby result which are inclined to the floors of the samnple containers. Since the
cross sectional surfaces through the detection volumes are identical for parallel
sections through these detection volumes, the detection of the measurement signal

from different depths of the sample velume takes:place with identical sensitivity.
Consequently even different floor heiLhts in the different sample containers do not -
give nse to different measurement sensitivities.

It should be mentioned at this point that an imaging system for the projéction
of color LCD displays as the object to be imaged is already known from U.S. Patent
2,002,679, in which a lens array with a superposed prismatic cffect is used.
Cylindrical lenses are also stated there as a possible lens form of the lens array.

~ Although no specific data are given, it is to be concluded therefrom that the prism

action of the prisms has to be oriented perpendicular to the cylinder axes of the

‘cyhndrical lenses, so that the desired superposition of the color pixels is attained.
Apart from this, the statement of objects given there completely departs from the

statement of abject of the present inv;ntion.

- The imaging system accordingto the invention is preferably used, similarly to
that of the German Patent Application DE 197 48 211 A1 mentioned hereinabove,
together with a telescopic imaging system, the long-focus lens of the telescopic

imaging system being oriented in the direction toward the cylindrical lens array, and

overlapping with its diameter plural, preferably all the, cylindrical lenses. A
detector array is then preferably arranged after the imaging system or the telescopic
jmaging system, and with it the measyrement light for the different parallel channels

of the imaging system is detected in parallel. The detector array is then firthermore
preferably arranged behind the exit-side focal plane of the telescope Iens remote

from the cylindrical lens array, the said focal plane being remote from the long-focus
telescope lens and the cylindrical lens array. With such an optical arrangement,
different lateral displacements of the intensity distribution of the measurement light

on the detector array result from different heights of the floor of the uﬁcrotirer plate.
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Since as a rule the maximum measurement signal, for example, the maximum

fluorescence intensity, originates from the transition region from the sample space
floor mto the solution, the measurement signal resulting from this region can ﬁimby
be easily discnminated from the remaining measurement signal in that only the

regions of the detector array with maximum signal strengths are made use of for
further evaluation. In this manner, the measurement signal originating from the floor
region can quickly and easily be disctiminated from the measurement onginating
from the solution.

The imaging system according to the invention can in principle be combined
with the telescopic imaging system and the detector array into a single
constructional unit. However, a modplar construction is particularly advantageous,
in which the cylindrical lens array and the prism array form their own constructional
unit. This constructional unit can then be easily exchanged for the lens array from

from the abovecited patent application DE 197 48 211 A1, so that the functionality

of the reader described there can be correspondingly enlarged. Alternatively, a
reader constructed according to the present invention can easily be changed to a
reader according to DE 197 48 211 by exchange of the constructional unit with the

lens array on the sample side, and by insertion or exchange of a spacing ring for a
constructional unit with a field lens between the two telescope lenses.

In the present invention, the apertures of the cylindrical lenses are imaged on
the detector array by the telescopic imaging system.
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FFor the excitation of fluorescence or luminescence, a vertical illummnator is to
be provided, light from which is reflected into the measurement beam path,

preferably between the detector array and the short-focus telescope lens.
In a completely automatic analyzer with an optical imaging gystem according

to the invention, an evaluation computer for the evaluation of the light signals
detected with the detector array is to be provided. This evaluation comptiter can
carry out an integration of the light signals belonging io each sample contaipcr, n
the direction perpendicular to the cylinder axes of the cylindrical lens array, and
then, by means of software, determine solely the- maximum value of the integrated
light intensity or the other characteristic signal change in the direction of the
cylinder axes of the cylindrical lenses; in order to thereby discriminate the - -
measurement signal originating from the floor region of the sample volumes.
Details of the invention are described in more detail hereinbelow with

reference to the embodiment examples shown in the Figures.

Fig. 1 shows an outline of principles of the optical construction of an analysis

system with an imaging system according to the invention,

Figs. 2a show the beam paths in the analysis system of Fig. 1, in and 2b two
mutually perpendicular sectional directions,

Figs. 3a show details from perspegtive illustrations of the
and 3b cylindrical lens array (Fig. 3a) and of the prism array (Fig. 3b).

Fig. 3¢ shows a detail from an array with combined cylindrical lenses and
prisms, in section;
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show graphical illustrations of two cylindﬁcal foeus

volumes relative to two sample space floors with different floor
heights;

show graphical illustrations of the intensity distri-

butions on the detector array with the different floor heights according
to Figs. 4a and 4b:

shows a module with a lens array with rotationally symmctrical lenses,
which module can be exchanged for the imaging system according to
the invention, in a modular type of construction, and

shows, in & modular type of construction, a module with a field lens
which can be inserted between the telescope lenses.

The measuring and evaluation system shown in Fig. 1 consists of a total of
four modules (1-4), three of which cqntain optical components. It serves for the
analysis, particularly fluorescence analysis, of the samples situated m sample
containers (5a-5¢) of a microtiter plate (5), as a rule cells lying on the floor of the
sample containers (5a-5¢) and surrounded by a nutrient solution.

The module (1) next adjacent to the microtiter plate (5) contains & lens array
- (6) with plural cylindrical lenses (6a-6¢) and a prism array (7) with pnsms (7a-7¢).
The prism array (7) is arranged on the sample side of the lens amray (6), so that the -
prisms (7a-7¢) are situated between the cylindrical lenses (6a-6¢) and the sample
“contamers (5a-5¢), The pnism array (7) or the prisms (7a-7¢) of the prism array are
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then oriented relative to the cylindrical lens array (6) such that the prismatic effect
of the prisms is in the direction of the cylinder axes of the cylindrical lenses (6a-60)
A module (2) which contains a long-focus telescope lens (8) adjoins the side.
of the module (1) remote from the microtiter plate (5). The opening diameter, or
more precisely the usable aperture, of the long-focus telescope lens (8) is then
chosen such that this aperture overlaps the surface of all the apertures of the

cylindrical lenses (6a-6¢) of the cylindrical lens array. It should be mentioned at this
point that for the sake of clarity, in Fi g. 1 and the other Figures, respectwcly only a

which 18 determined by the number of microlenses (6a-6¢) and of prisms .( 7a-7¢).

Correspondingly, the aperture of the long-focus telescope lens (8) overlaps all the
optical channels.

In the region of the focal plane of the long-~focus telescope lens (8), an
intermediate module (3) follows the module (2) containing the long-focus telescope
lens, and primarily serves as a spacer, with the exception of a diaphragm (9) it
contans no optics. The diaphragm ( 9) forms an aperture stop in the direction of the
cylinder axes of the cylindrical lenses (6a-6¢), which in Fig. 1 stand perpendlcular to
the plane of the drawing. In the direction perpendicular thereto, and thus in the
plane of the drawing of Fig. 1. the diaphragm (9) forms a field stop. In this
direction, the diaphragm (9) has the effect that measurement light, for example

fluorescence light, from the lateral edges of the sample holder (5a-5¢) is screened
off by the diaphragm (9) from the detector array (10). |

Finally, the illumination and detector module (4) follows the intermediate
module (3). It contains a short-focus telescope lens (11) which together with the

AN S T AT ST e e e ' I R N PN N Tt e e Ve T G Sk b AR <1 ¢ Rt A LR I I S AR A ¢ Lt A Lr O v d e va e v bIee T ereenaen .
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long-focus telescope lens (8) forms an afocal system; the detector array (10); the
vertical jlluminator (12); and also an incident light reflector (13) arranged between |
the short-focus telescope lens (11) and the detector array (10). A fluorescence filter
(14) with high transmission in the wavelength region of the fluorescence light or
luminescence light and low transmission in the wavelength region of the excitation -
light of the vertical illuminator (12) is also arranged between the incident light
reflector (13) and the detector array (10). Altermatively to this, the incident light
reflector can also be constituted as a correspondmg dichroic beamsplitter.

The vertical illuminator (12) produces a collimated illuminating beam path,
the diameter of which corresponds to the aperture of the short-focus telescope lens
(11). This illuminating pencil of rays is expanded to the aperture of the l,ong-'chu's
telescope lens (8) by the telescope formed by the lenses (8 and 11), and
B correspondingly illuminates all the apertures of the cylindrical lenses (6a) of the
cylindrical lens array (6). A focusing of the excitation light by the ¢ylindrnical lenses
(6a-6¢) thus takes place in the direction perpendicular to the cylinder axés of the
cylindrical lenses (6a-6¢), and thus in the plane of the drawing of Fig. 1. In the
direction perpendicular to this, on the other hand, the excita.tibn light remains
- collimated, a deflection taking place due to the prismatic effect of the prisms (7a-
7¢), so that a number of line foci arise near the floors of the sample containers (5a-
5¢), and are inclined to the floors of the sample containers (5a-5¢). The width of the
line foct 1s then determuned by the lategal dimen snons of the effectively acuve light

- source, the exit surface (15a) of an optical fiber (1 5) in the vertical illuminator (12).
The dimensions of this effectively active light source are then chosen so that a
sufficiently large focal volume, and thus excitation volume, arises in the sample
containers (5a-5c¢).

The transmission relationships on the imaging side are shown in Figs. 2a and

coregt m.,...wj.wwwﬂwwmnf g Crapranet eert o
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20 for the two mutually perpendicular directions. The plane of the drawing in Fig. 2a
then corresponds to the plane of the drawing in Fig. 1. The prism array (7) plays no
part in the imaging relationships in this direction. since the prismatic effect of the
prisms (7b, 7¢) lies in the direction perpendicular to this. Since the cylindnical
lenses (6, 6¢) have their effect in this direction, fludrescence radiation arising. in the
sample containers (Sb, 5c) in the focal volume of the cylindrical lenses (6b, 6¢) is
collected with high aperture by the ¢ylindrical lenses (6b, 6¢) and is imagéd by the
long-focus telescope lens (8) in the focal plane of this 101ig~focus telescopé lens (8),
and thus in the plane of the diaphragm (9). Superposed astigmatic intermediate
Images arise here, and are then 1maged to infinity by the short-focus telescope lops
(11). The fluorescence light is then detected by separate regions (10b, I‘Oc) of the
detector array (10). The pupils of the cylindrical lenses (6b, 6¢) are thys imaged in
the plane of the detector array, on separate regions of .the detector array (10b, 10c),
by. the telescope formed by the two lenses (8, 1 1). |

In the direction of the cylinder axes of the cylindrical lenses (6b) (Fig. 2b), on
the contrary, the cylindrical Ienses have no effect. In this direction, the prisms (7b,
7d) of the prism array (7) of course have a prismatic effect. In this direction. the
long-focus telescope lens (8) acts as the objective which collects the fluorescence
hight with relatively small aperture from the sample containers (5b, 54d). A
deflection additionally takes place due|to the prismatic effect of the prisfns (7b, 74d),
so that in this direction the foci of the mdividual channels are inclined to the focal
plane of the long-focus telescope lens (8) and are thus inclined to the floors of the
sample containers (5b, 5d). The sample containers (5b, Sd), and thus the microtiter
Plate, are arranged with the floors of the sample containers in the focal plane of the
long-focus telescope lens (8). The flugrescence light collected by the long-focus
tglcécope lens (8) is collimated by this, so that in this direction the diaphragm (9)
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acts as an aperture stop. Intermediate images of the foci of the long-focus telescopc
lens (8) arise in the rear focal plane of the short-focus telescope lens (11). The
detector array with the regions (10b, 10d) is arranged slightly behind this focal
plane. . ' ’
' The structure of the cylindrical lens array (6) is shown in Fig. 3a as a detail of
the cylindrical lens array (6). The cylindrical lens array containg plural ¢ylindrical
. lenses (6a, 6b, 6¢), arranged mutually parallel and respectivély able to extend over’
thé whole length of the array in the direction of the cylinder axes. The regions (17‘).
10 between the cylindrical lenses are preferably made opaque, for channci' separation.
A corresponding detail of the prism array (7) is shown in perspective i Fig. 3b, It
~ contains a strip-shaped arrangement of pﬁsrr{s (7a,.7b, 7¢), with respective prismatic
eﬁ‘e;:t in the direétion of thc cy]jllder axes of the ¢ylindrical lenses (6a, 6b, 6¢). In
other words, each prism (7a, 7b, 7¢) has an increasing or decreasing thickness in the
dlrcctJon of the cylmdcr axes. The prisms (7a, 7b, 7¢) can extend over the whole
length of the prism array (7) in the direction perpendicular to the cylinder. axes of the

cylindrical lenses (63, 6b, 6¢c). The regions (18) between the prisms (7a, 7b 7¢c) arc
20  again made opaque, for channel separation.

A two- d:mensmnal array of optical channels, the number of which.
corresponds to the product of the number of cylindrical lenses and the number of

prisms, arises by the superposition of the telescope lens array (6) and the prism |

array (7), and the opaque constitution ¢f the interspaces (17, 18) betweer the
cylindrical lenses or bctween the prisms.

Alternatively to the constitution ac¢cording to F] gs, 3a and 3b, it 1y however

also conceivable to prowde for each optical channe), its own prism on the prism

g M ay and its own cylindrical lens on the cylindrical lens array, In this case, both the
cylindrical lens array and the prlsm array are constituted as a tWo- dlmcnsmnal aIray.

el A Ty S e VR QH N A o A AR AT T e R N S e R e T e e s



CA 02347184 2001-04-11

-12.-

At

A shightly better channel separation results from a'corresponding opaque
constitution of the interspaces; that is, crosstalk between the optical channels is
reduced.

A section through a combined cylindrical lens and pri§m array (19), which is
achromatic over an extended spectral region, is shown in Fig. 3¢. It contai‘ns, on a
common support, a cylindrical lens and prism combination (19a, 19b, 19¢) for each
optical channel respectively consisting of three lenses (20a-20c, 21a-21¢, 22a-22¢)
and prisms (23a-23¢) following the lenses. In a manner known per se, the iﬁdividual.
components of each cylindrical lens system consist of different materials, by means
of which an achromatic correction is attained for a wavelength region of 350 nm -
700 nm. The prisms (23a, 23b, 23¢) again have a different thickness, from which
the prismatic effect results, perpendicular to the plane of the drawing mn Fig. 3, and
thus in the direction of the cylinder axes of the cylindrical lenses.

The effect produced by the above-described arrangement in the region of the

sample space floor can be seen from Figs. 4a and 4b. The sample space floors (24a,
24b) are shown there for two exemplary adjacent cells of the microtiter plate. It is
to be assumed here that the two sample space floors are mutually displaced by a
small distance (h). The focal volumes of the relevant optical channels in the two
sample spaces are denoted by (25a, 25b). These focus volumes are circular
¢ylinders, the cylinder axis being respectively inclined to the plane of the sample
space floor. The inclination between the plane of the sample space floor and the.
cylinder axes of the focus volumes (25a, 25b) is then determined by the prismatic

effect of the prisms. The diameter of the cylindrical focus volumes is substantially
determined by the numerical aperture of the whole arrangement, primarnily the

numerical aperture of the cylindrical lenses being considerable here. Numerical

apertures m this direction of 0.5 or more can be attajned without problems.
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As can be recognized from a comparison of Figs. 4a and 4b, a lateral
displacement of the relevant sectional plane betweén the ¢ylindrical focus volume
and the surface of the sample space floor results from different floor heights in the
different cells of the microtiter plate, because of the inclination of the focus volmrigs
to the plane of the sample space floor, The different intensity distributions of the -
fluorescence radiation thereby arising in the regions (10a-10¢) on the detector array
are correspondingly shown in Figs. 5a and 5b. By a displacement of the séctidhal
plane between the focus volume and the sample space floor, there results 8.
corresponding displacement of the intensity distribution in the direction of the
cylinder axes of the ¢ylindrical lens array, since the fluorescence intensity 1s as a
rule maximum in the immediate neighborhood of the sample space floor. For signal
evaluation, in an evaluation computer (16), the intensity signals of the pixels of the
"~ detector array belonging to each sample space or each optical channel are first
integrated in a direction perpendicular to the cylinder axes of the cylindrical lenses,
and subsequently the characteristic signal change in the direction of the ¢yl inder ‘
axes, as a rule the maximum, of the integrated fluorescence intensity is determined
and evaluated. In measurements of reaction kinetics or of the time course of the
fluorescence signal, the fluorescence measurement takes place repeatedly over
plural receiving and readout cycles of the detector array.

It has been found to be appropriate to dimension the prisms of the prism array
such that the cylindrical focus volumes (25a, 25b) cover a region of 0.3-0.5 mm in
the direction of the optical axis of the' whole arrangement. The length of the
cylindrical focus volume preferably extends over the whole corresponding length of
the sample space, which corresponds to about 3 mm for a 384-well micrbtiter plate.

A substantially elliptical intersection surface between the sample space floor and
the focus volume then results due to the inclination of the cylindrical focus volume,’
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and has a major axis of about 1 mm and a minor axis of about 0.13 mm.

Fig. 6a shows an interchange module or supplementary module (31) for
interchange with a module (1) in the arrangement according to Fig. 1. The
interchange module (31) contains a lens array with rotationally symmetrical lenses
(32a-32c). A further interchange module (33) (Fig. 6b) for interchange with the

module (3) contains a field lens (34). Interchange of the modules (31) and (33) with
the modules (1) and (3) in Fig. 1 results in an optical arrangement which
~corresponds to the optics according to the above-cited patent application DE 197
48 211 A1. Compatibility with the optical arrangement described in the older

10  application is thus ensured by corresponding additional modules.
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WHAT IS CLAIMED IS:

1. Imaging system with an array (6) of cylindrical lenses (6a, 6b. 6c) and a
prism array (7) which is combined with the array of cylindrical lenses or placed
upstream thereof, in which the prisms of the prism array (7) have an increasing or
decreasing thickness in the direction of the cylinder axes of the cylindrical lenses
(6a, 6b 6¢), the result of which is a prismatic action of the prisms (7a, 7b, 7c) in the
direction of the cylinder axes of the cylindrical lenses (6a, 6b, 6¢) such that the
cylinder axes of the substantially cylindrical focus volumes of the cylindrical lenses

acquire an inclination relative to the cylinder axes of the cylindrical lenses.

2. Imaging system according to claim 1, wherein a detector array (10) and a
telescopic imaging system are provided, wherein the telescopic imaging system is
arranged between the array (6) of cylindrical lenses (6a, 6b, 6¢) and the detector
array('1 0) and whérein the prism array (7) is arranged on the side of the array (6) of

cylindrical lenses (6a, 6b, 6¢) remote from the telescopic imaging system.

3. Imaging system according to claim 2, wherein a long-focus lens (8) of the
telescopic imaging system is arranged adjoining the array (6) of cylindrical lenses
(6a, 6b, 6¢), and wherein the diameter of the long-focus lens overlaps several

cylindrical lenses (6a, 6b, 6¢).

4, Imaging system according to claim 2 or 3, wherein the detector array (10) is
arranged behind the exit-side focal plane of a telescope lens (11) remote from the

cylindrical lens array (6).

D. Imaging system according to one of claims 2 to 4, wherein the apértures of
the cylindrical lenses (6a, 6b, 6¢) are imaged on the detector array (10) by means

of the telescopic imaging system (8, 11).
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6. Imaging system according one of claims 1 to 5, wherein the cylindrical lens

array (6) or the prism array (7) or both are strip-shaped.

/. Imaging system according to one of claim 2 to 6, wherein a vertical
illuminator (12) is provided which is reflected between the detector array (10) and a
short-focus lens of the telescopic imaging system into the beam path leading into

the array (6) of cylindrical lenses (6a, 6b, 6c¢).

8. Automatic analyser with an optical imaging system according to one of
claims 2 to 7, wherein an evaluation computer (16) is provided for the evaluation of

the optical signals detected with the detector array (10).

9. Imaging system of modular construction, consisting of:

- a first constructional unit (1) with an array of cyllndncal Ienses and a prism
array combined with, or arranged before, the array of cylindrical Ienses wherein the
prismatic effect of the prisms (7a, 7b, 7c) is in the direction of the cylinder axes of
the cylindrical lenses (6a, 6b, 6¢),

- a second constructional unit with a long-focus optics (8), the free usable
aperture diameter of which overlaps diameter of the cylindrical lens array (6),

- a third constructional unit (4) with a short-focus optics (11), which In

common with the long-focus optics (8) of the second constructional unit forms an

afocal system, and
- a fourth constructional unit (3) including only a diaphragm, arranged

between the second constructional unit (2) and the third constructional unit (4).

10. Imaging system of modular construction according to claim 9, wherein two
further constructional units (31, 33) are provided, of which the one is an array (32)
with rotationally symmetrical individual lenses (32a-32c) for interchange with the
first constructional unit (1), and the second additional constructional unit (33) has a

field lens (34) and is interchangeable with the fourth constructional unit.
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