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efficiently as possible. To meet the requirement of concentrating the The
invention relates to a low-throughput illu-  maximum possible radiation
energy of a radiation mination for emitting radiation along a principal
source in a narrow beam, preferably with a circular axis, said system
comprising a radiation source   5   cross-section, United States Patent No.
4,208,494 located on the principal axis, a condensor system  proposes to
arrange at least three and preferably having a plurality of condensors for
receiving the  four condensor lenses around the elongate radi- source
radiation from different directions and for  ation source whose
longitudinal direction coincides forming a plurality of radiation beams the
conden-  with the principal axis of the system. The beams sors being
arranged symmetrically around said  io  constituted by these condensors are
reflected by principal axis, a first reflector being arranged in the
reflectors to the entrance faces of as many fibre path of each beam for
reflecting the relevant beam  bundles disposed around the principal axis.
The towards the principal axis and deflecting means for  fibre bundles
terminate in a common exit fibre deflecting each of the beams reflected by
their    bundle whose exit face functions as a secondary corresponding
first reflectors along the principal  is  radiation source. The complex
fibre system is dif- axis. The invention also relates to a projection
ficult to manufacture and too expensive for a con- television system
comprising such an illumination  sumer device. system.
The present invention has for its object to United States Patent
US-A-4,206,494 describes   provide a simpler and less expensive
illumination an illumination system  for use in a device for  2o  system
which has also such a low throughput that projecting circuit patterns, or
IC masks, on a wafer  the optical elements of the device in which the of
semiconductor material for the manufacture of   illumination system  must
be used may also be integrated circuits. Since this device is a production
simple and inexpensive. device, the exposure times for the semiconductor
To this end the illumination system according wafers must be as short as
possible so as to  25  to the invention is characterized in that the
deflec- minimize the feedthrough time of such a wafer      tor means are
constituted by a plurality of second through the device. The projection
beam  must      reflectors each one being arranged in the radiation
therefore have a high intensity. Increasing the in-  path of one of the
beams at a position where the tensity of the radiation source, for example,
a high-  beams reflected by the first reflectors, would inter- pressure
mercury lamp provides only limited ad-  3o  sect one another, in that the
beams reflected by vantages. In fact, lamps supplying a higher radi-  the
second reflectors have their beam waists lo- ation energy also have a
larger radiating surface in  cated in a plane of the system  which is per-
the form of a lamp arc or filament so that the exit  pendicular to the
principal axis and which is lo- aperture of the illumination system becomes
larger.  cated proximate to the second reflectors, and in If this aperture
were reduced, a part of the radiation   35  that the latter beams are
separated from one an- energy would be lost again. It is therefore
desirable  other and are located substantially symmetrically to receive the
maximum possible radiation energy   with respect to the principal axis.
from the source and to concentrate it in a narrow     In this device the
radiation of, for example an beam.
elongate lamp is concentrated in a number N, This is also desirable in an
illumination system   40  corresponding to the number of condensors, of in
a projection television device in which so-called  magnified images of the
lamp all of which images liquid crystal display panels are used for
generat-  are located within a circular region around the ing pictures
which are projected on a screen via a  principal axis whose radius is
smaller than N times projection lens system. When used in transmission,
the radius of the described circle of the radiation these display panels
have a low efficiency: for  45  source image. Therefore, a large part of
the energy example, only 10% of the radiation incident on the  of the
source is concentrated within a small exit panel is passed on to the
projection lens system.  aperture of the illumination system. Moreover, the
Moreover, this lens system images the panel with   angular apertures of the
beams with which the magnification so that the illumination beam must
secondary sources are formed are relatively small. have a large intensity
to ensure sufficient light  so  This means that the illumination system has
a low intensity per surface unit on the screen. Since a  throughput. The
term "throughput", or "luminosity" projection television device is a
consumer device  or "acceptance" characterizes the power of an which,
rather than a professional device such as an  optical system to transport
radiation energy. This IC mask projection device, should be as simple
power is determined by the combination of an and inexpensive as possible,
the simplest possible  5s  aperture or "stop" and the pupil in the same
loca- cooling of the radiation source should suffice so  tion in the
optical system and can be expressed by that the radiation energy of this
source should   the product of the surface of the aperture and the remain
limited and this energy should be used as   solid angle subtended by the
pupil in the centre of 3   



3                 EP 0 343 729 B1                    4 the aperture. In an
optical system having a given  may be alternatively, for example Fresnel
lenses throughput at the entrance, the throughput further  which have the
advantage of being thin and light. down the system can only be reduced by
blocking        In connection with the use of the illumination radiation.
system in a device, for example a projection device The illumination system
according to the inven-   5   with a given distance between the exit plane
of the tion has the advantage that its low throughput ob-  system and a
liquid crystal display panel, which viates the use of expensive optical
elements, hav-  panel must be adequately filled with radiation and ing for
example large numerical apertures or large  in which the lamp envelope and
consequently the cross-sections, in the device in which the illumina-
condensor diameter cannot be very small, it may tion system  must be used,
which is particularly  io  be necessary for the beams in the illumination
important for consumer devices.                    system to traverse a
relatively long optical path. To The device according to the invention is
prefer-  limit the length of the illumination system, this ably further
characterized in that a lens is arranged  system may be further
characterized in that at least at the exit of the illumination system for
converging  one further reflector is arranged in each of the the beam axes
in a point on a surface which, must  15  beams between the first and the
second reflector. be illuminated and for superimposed imaging of the  The
radiation path of the related beams is folded pupils of the condensors on
said surface. Con-     by this extra reflector. If the radiation path is to
be sequently, the radiation coming from the separate  folded even further,
fourth, fifth, etc. reflectors may secondary radiation sources is
transferred in an   be used. optimum manner to the surface to be
illuminated.    20  A first embodiment of the illumination system The
throughput of the illumination system is    according to the invention is
further characterized dependent on the size of the radiating surface,    in
that two condensors are arranged on the front such as the light arc of a
lamp and on the angular  side of the radiation source facing the exit of
the aperture of the beam received by a condensor. The  system, the optical
axes of said condensors inter- said radiating surface must be preferably as
small  25  secting each other in the centre of the radiation as possible.
If a large portion of the spatial angle in  source at an angle which is
smaller than 900, in which the source emits radiation must be covered
that a concave reflector is arranged on the rear with a minimum number of
condensors, each con-     side of the radiation source, which reflector
reflects densor must have a relatively large numerical ap-  the radiation
emerging from the rear side of the erture. In the case of two condensors
this numeri-  3o  radiation source towards the condensors, in that cal
aperture is, for example of the order of 0.7. In  the second reflectors
combined constitute a roof connection therewith the illumination system ac-
mirror having an apex angle which is smaller than cording to the invention
is preferably characterized  900 and whose apex faces the exit of the
illumina- in that each condensor comprises a single lens     tion system,
and in that the cross-sections in the element at least one refractive
surface of which is  35  system exit plane of the beams formed by the
aspherical.                                        condensors and the
reflectors are located on dif- An aspherical lens surface is a surface
whose  ferent sides of a plane through the optical axis and fundamental
shape is spherical but whose profile   transversely to the longitudinal
direction of the radi- may deviate from the sphericity so as to correct for
ation source. aberrations of the fundamental shape of the lens.  40  A
second embodiment of the illumination sys- This asphericity provides the
possibility of using  tem is characterized in that the condensor system one
lens element where otherwise one or more       is constituted by four
condensors which are ar- extra correction lens elements would be required
in  ranged symmetrically around the radiation source, connection with the
required large numerical ap-   the optical axes of said condensors
intersecting erture.                                       45  one another
in the centre of the radiation source, in The illumination system according
to the inven-  that the second reflectors combined constitute a ton may be
further characterized in that each as-  pyramid-shaped mirror and in that
the cross-sec- pherical condensor lens element is succeeded by    tions in
the exit plane of the system of the four at least one extra lens element.
The extra lens    beams formed by the condensors and the reflec- elements
may take over a part of the required   50  tors are located in four
different quadrants of the correction or lens power of the condensor
element  exit plane. so that the last-mentioned element can be manu-
A third embodiment of the illumination system factured in a simpler manner
and may be less       is further characterized in that the condensor sys-
expensive. This is particularly important if the con-  tem is constituted
by a of lenses an annular lens densor lens must have a large numerical
aperture.  5s  surrounding the radiation source, and supplying a If a
portion of the power of the condensor system  an annular radiation beam, in
that the first and is disposed in the extra lens elements, these ele-
second reflectors constitute a first and a second ments may be aspherical.
The extra lens elements   cone-shaped reflector, respectively, and in that
the 4  



5                 EP 0 343 729 B1                    6 beam formed by the
annular lens and the reflectors  cross-sections are already small. These
reflectors has an annular cross-section at the area of the exit  deflect
the beams in the direction of the principal plane, which cross-section is
centred with, respect  axis. The beams have their narrowest constriction to
the principal axis.                             in the exit plane 10 of the
illumination system. It The invention can be used to great advantage   5
can be stated that two secondary radiation sources in a projection device
successively comprising an  8 and 9 having a small radiating surface are
ar- illumination system, an information display system  ranged in this
plane. with at least one display panel for generating im-    The inset in
Fig. 1 shows these radiation sour- ages to be projected and a projection
lens system  ces, or lamp images 8 and 9 in a front view. If the for
projecting these images on a screen. This de-  10  lamp 1 has a radiating
surface of, for example 6 x vice is characterized in that the illumination
system  3 mm2, the surfaces 8 and 9 are of course also 6 x is one of the
above-mentioned systems and com-    3 mm2, reckoned back to the position of
the lamp. prises an output lens for superimposed imaging of  The circle 12
within which the images of the lamp the pupils of the condensors of the
illumination   are located then has a radius R of approximately system on
the information display panels.     15  4.2 mm. Thus it holds that the two
lamp images The invention can also be used in other de-     are formed
within a circular region whose radius is vices in which it is advantageous
to have an illu-  smaller than twice the radius of the described mination
beam  with a high intensity and a low     circle of the radiating lamp
surface so that the throughput. An example is a device for illuminating
radiation of the lamp received by the condensors is a semiconductor
substrate by means of a mask   20  concentrated in a beam having a small
cross-sec- pattern for the manufacture of integrated circuits, a  tion.
photo enlarger, a slide or film projector, etc.       A concave reflector
13 reflecting the radiation An embodiment of a projection television de-
emitted from the rear side of the source to the vice comprising the said
illumination system and   condensors 2 and 3 is preferably arranged behind
being important in practice is a colour projection   25  the radiation
source, so that also this radiation can device having three colour channels
for the three  contribute to the intensity of the beams [err] primary
colours red, green and blue, each colour   and thus enhances the efficiency
of the illumination channel comprising a separate display panel. This
system. device is characterized in that it comprises one      The
condensers must have a large numerical illumination system according to the
invention for  3o  aperture, for example of the order of 0.7 to be able
supplying separate beams for the three colour      to receive sufficient
radiation from  the source. channels via colour-splitting means.
These condensers may be formed by single lens The invention will now be
described in greater  elements 2 and 3 which have aspherical surfaces
detail, by way of example, with reference to the   so that they are
sufficiently corrected for the envis- accompanying drawings in which
35  aged object. The requirements imposed on the Fig. 1 is a first
embodiment of the illumination  lens elements 2 and 3 may be alleviated if
addi- system according to the invention,              tional lens elements,
such as the elements 14 or Fig. 2 shows a colour projection television de-
15, and possibly more lens elements are added to vice comprising such an
illumination system,     the elements 2 and 3. The additional lens elements
Fig. 3 shows diagrammatically the optical path  40   may supply a part of
the required correction for the traversed by one of the beams from the
source   lens elements 2 and 3 and they may be, for to the projection
screen,                        example aspherical. It is alternatively
possible for a Figs. 4, 5 and 6 are second, third and fourth    part of the
required power of the condensors to be embodiments of the illumination
system.          built in one or more additional lens elements. The In the
illumination system of Fig. 1 two conden-  45  additional lens elements may
not only consist of sor lenses 2 and 3 are arranged on the front side
elements having curved refractive surfaces, but of a radiation source 1.
This radiation source, with  also of thin and light Fresnel lens elements
or of the centre [err] is, for example a metal halide lamp  lens elements
having a radially varying refractive which is elongate and has a
length-width ratio of,  index. for example 2:1. The longitudinal direction
of the   5o  The illumination system is adapted to be such lamp is
perpendicular to the optical axis 00'. The  that, viewing back from the
exit plane 10, the pupils radiation received by the condensors is bundled
of the condensor systems 2, 14 and 3, 15 are into two subbeams [err] which
are reflected    superimposed on the principal axis 00, which pu- by first
reflectors, or mirrors 4 and 5 towards the  pils extend at opposite angles
to the principal axis. principal axis. Second reflectors 6 and 7 constitut-
55   At the location of the roof mirror the axes of the ing a roof mirror
are arranged on either side of the  beams [err] extend at opposite and
small principal axis 00' in a position where the beams   angles to the
principal axis 00'. The roof mirror would intersect each other and where
the beam      eliminates a part of the divergence between the 5 



7                EP 0 343729 B1                     8 beam axes.
tion lens system are preferably equal so that the The lamp images 8 and 9
are preferably lo-    differently coloured scenes are satisfactorily super-
cated symmetrically with respect to the principal  imposed on the
projection screen. axis [err] but small deviations from these positions
Additional lenses 29, 30 and 31 ensuring that are admissible.
5   all radiation from the exit plane of the illumination Fig. 2 shows
diagrammatically an embodiment   system is concentrated in the entrance
pupil of the of a colour projection television device. This device
projection lens system L may be arranged in front comprises three main
sections: the illumination   of the display panels 26, 27 and 28. system A,
the picture display system  B and a        In order to couple the radiation
concentrated in projection lens system, for example a zoom lens C.  io  the
images, or secondary sources 8 and 9 as This principal axis 00' of the
illumination system is  efficiently as possible in the projection device
and in alignment with the optical axis [err] which in the  in order to
image the pupils of the condensors in a embodiment shown is firstly divided
into three sub-  superimposed manner on the display panels, a axes for
colour projection, which sub-axes are later  lens is aranged at the exit of
the illumination sys- combined again to one optical axis coinciding with
15  tem, as is denoted by the reference numeral 18 in the optical axis EE'
of the projection lens system.  Fig. 3. This Figure shows diagrammatically
the The beam from the illumination system A is    different optical
elements which are traversed by a incident on a colour-selective reflector
20, for ex-  colour component of one of the beams of the ample a dichroic
mirror which reflects, for example  illumination system from the radiation
source to the the blue colour component bB and passes the rest  20
projection screen 44. The reflecting elements tra- v  of the beam. This
beam portion encounters a sec-  versed by the beam component are of course
not ond colour-selective reflector 21 which reflects the  shown in Fig. 3.
The plane in which the images of green colour component [err] and passes
the re-      the radiation source 1 are formed by the condensor maining red
colour component [err] to a reflector 22  system 2, 14 is denoted by the
reference numeral which reflects the red beam to the projection lens  25
40. Behind this plane there is arranged the output system. The reflector 22
may be a neutral reflector  lens 18 which images the pupil 41 of the
conden- or a reflector which is optimized for red light. The  sor system 2,
14 in a plane 42. A display panel 26 blue beam is reflected by a neutral or
blue-selec-  which is imaged by the projection lens system C tive reflector
23 to a display panel 26 in the form of  on the projection screen 44 is
arranged in this a liquid crystal panel. This panel is electronically  3o
plane. driven in known manner so that the blue compo-       Throughout the
device the radiation source im- nent of the image to be projected appears
on this  ages and their reproduced images are separated. panel. The beam
modulated with the blue informa-  The reproduced images formed in the
device on tion reaches the projection lens system C via a   the display
panels and on the projection screen of colour-selective reflector 24 which
passes the blue  35  the pupils of the condensors are superimposed. beam
and reflects the green beam and a further       It is to be noted with
reference to Fig. 2 that it colour-selective reflector 25 which reflects
the blue  shows only one possible embodiment of the picture beam. The green
beam [err] traverses a second        display system B. The illumination
system accord- display panel 27 where it is modulated with the   ing to the
invention may be combined with nu- green picture component and is then
reflected to  40  merous other picture display systems. The colour the
projection lens system C successively by the  splitting and combination may
alternatively be ef- colour-selective reflectors 24 and 25. The red
fected with, for example compact composite col- beam bR traverses a third
display panel 28 where it  our-splitting prisms instead of with separate
dich- is modulated with the red picture component and  roic mirrors. A
colour picture projection may also subsequently reaches the projection lens
system   45  be realized by means of only one panel which via the
colour-selective reflector 25.            establishes a colour splitting
itself and which is The blue, red and green beams are superim-
irradiated by a beam of white light. The invention posed at the entrance of
this lens system so that a  may of course also be used in a projection
device colour picture is created which is imaged in a    for only one
colour, comprising only one display magnified form by this system on a
projection   5o  panel. In addition to a television image, other in- screen
not shown in Fig. 2.                       formation such as graphic
information or numerical The optical path lengths between the exit of
information may be projected. Moreover, the use of the illumination system
A and each of the display  the invention is not limited to a projection
device. panels 26, 27 and 28 are preferably equal so that  The invention
may be used in any optical device in the cross-sections of the beams [err]
which a high illumination level is desired and in equal at the area of
their display panel. Also the  which the illumination beam  must have a low
optical path lengths between the display panels 26,  throughput. 27 and 28
and the entrance aperture of the projec- 
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illuminate a surface of an object, for  direction of the principal axis
00'. In the exit plane example a display panel in an adequate manner, a
of the illumination system this beam has an annular given convergence of
the illumination beam, deter-  cross-section 75. In the embodiment of Fig.
6 the mined by the construction of the device, may re-   exit plane 40 is
actually as close as possible to the quire this beam to traverse a
relatively long optical   5   apex of the reflector 74. Furthermore the
inner path length in the illumination system. In order to  circle of the
cross-section 75 is smaller than is limit the length of the illumination
system in such a  shown in the Figure. Finally, the annular lens has a
case, as is shown in the embodiment of Fig. 4,     maximum possible
dimension in the direction of third reflectors 16 and 17 may be arranged
be-     the principal axis 00' so that a maximum quantity of tween the
first reflectors 4 and 5 and the second   10  radiation is received.
reflectors 6 and 7. As it were, the reflectors 16 and 17 fold the optical
path, so that the illumination  Claims system can be accommodated in a
holder of limit- ed length. It is of course possible to arrange more  1. A
low throughput illumination system for emit- reflectors in the radiation
paths of the beams bl   15  ting radiation beams along a principal axis,
and b2 if these paths are to be folded still further.  said system
comprising a radiation source (1) Fig. 4 also shows the lens 18 which
images the         located on the principal axis, a condensor sys- pupils
of the condensor systems 2, 14 and 3, 15 on     tem   having  a  plurality
of  condensors the surface to be illuminated.
(2,3,51,52,53,54) for receiving the source radi- Fig. 5 is a perspective
view of an embodiment  20  ation from different directions so as to form a
of the illumination system in which four condensors    plurality of
radiation beams, the condensors 51, 52, 53 and 54 are arranged
symmetrically           being arranged symmetrically around said around the
radiation source. These condensors          principal axis, a first
reflector (4,5,55,56,57,58) constitute four radiation beams [err]of   being
arranged in the path of each beam for which only the chief .rays are shown,
which beams   25  reflecting the corresponding beam towards the are
incident on reflectors 55, 56, 57 and 58 ar-       principal axis and
deflecting means for deflect- ranged at an angle of less than 45   to the
longitu-  ing each of the beams reflected by their cor- dinal direction 50
of the source 1. The four beams     respondent first reflectors along the
principal are then reflected with their chief rays converging    axis,
characterized in that the deflector means in the direction of the principal
axis 00'. Subse-  so  are constituted by a plurality of second reflec-
quently, these beams are incident on a pyramid-        tors
(6,7,61,62,63,64) each one arranged in the shaped reflector 60 having four
reflecting faces 61,   radiation path of one of the beams at a position 62,
63 and 64 whose apex faces the exit of the         where the beams
reflected by the first reflec- illumination system. Each beam [err]
tors would intersect one another, in that the is reflected by a separate
reflector face 61, 62, 63   35  optical setup is such that the beams
reflected and 64 and is directed towards the exit of the         by the
second reflectors have their beam illumination system. The cross-sections
67, 68, 69     waists located in a plane which is perpendicu- and 70 of
these beams in the exit plane 40 are         lar to the principal axis and
which is located then grouped around the principal axis 00', as is
proximate to the second reflectors, and such shown in Fig. 5. For the sake
of clarity the exit  40  that the latter beams are separated from one plane
40 in Fig. 5 is shown at some distance from      another and are located
substantially symmet- the apex of the reflector 60. This plane is actually
rically with respect to the principal axis. close to the apex of the
element 60. The condenser system  may also comprise         2. An
illumination system as claimed in Claim 1, more than four condensors which
are smaller and   45   characterized in that a lens (18) is arranged at can
be arranged closer together in the proximity of   the exit of the
illumination system for converg- the radiation source. This division may be
contin-     ing the beam axes in a point on surface which ued until all
condensor lenses merge with one          must be illuminated and for
superimposed im- another and together constitute an annular lens. An
aging of the pupils of the condensors in said embodiment of the
illumination system with such a   50  surface. lens is shown in a
perspective view in Fig. 6. The annular lens 72 may be an aspherical lens.
An      3. An illumination system as claimed in Claim 1 annular reflector
73 whose reflecting face is ar-      or 2, characterized in that each
condensor ranged at an angle of less than [err] to the longitu-
comprises a single lens element (2,3) at least dinal direction 50 of the
source 1 surrounds this  55  one refractive surface of which is aspherical.
lens. This face is thus a part of a cone. The annular beam formed by the
lens 72 is incident on a cone-  4. An illumination system as claimed in
Claim 3, 



shaped reflector 74 which deflects the beam in the     characterized in
that each aspherical conden- 7    -    9                  EP 0 343 729B1
10 In order to illuminate a surface of an object, for  direction of the
principal axis 00'. In the exit plane example a display panel in an
adequate manner, a   of the illumination system this beam has an annular
given convergence of the illumination beam, deter-  cross-section 75. In
the embodiment of Fig. 6 the mined by the construction of the device, may
re-   exit plane 40 is actually as close as possible to the quire this beam
to traverse a relatively long optical   5   apex of the reflector 74.
Furthermore the inner path length in the illumination system. In order to
circle of the cross-section 75 is smaller than is limit the length of the
illumination system in such a  shown in the Figure. Finally, the annular
lens has a case, as is shown in the embodiment of Fig. 4,     maximum
possible dimension in the direction of third reflectors 16 and 17 may be
arranged be-     the principal axis [err] so that a maximum quantity of
tween the first reflectors 4 and 5 and the second   io  radiation is
received. reflectors 6 and 7. As it were, the reflectors 16 and 17 fold the
optical path, so that the illumination  Claims system can be accommodated
in a holder of limit- ed length. It is of course possible to arrange more
1. A low throughput illumination system for emit- reflectors in the
radiation paths of the beams b  [err]  ting radiation beams along a
principal axis, and b2 if these paths are to be folded still further.  said
system comprising a radiation source (1) Fig. 4 also shows the lens 18
which images the         located on the principal axis, a condensor sys-
pupils of the condensor systems 2, 14 and 3, 15 on     tem   having  a
plurality  of  condensors the surface to be illuminated.
(2,3,51,52,53,54) for receiving the source radi- Fig. 5 is a perspective
view of an embodiment  20  ation from different directions so as to form a
of the illumination system in which four condensors    plurality of
radiation beams, the condensors 51, 52, 53 and 54 are arranged
symmetrically           being arranged symmetrically around said around the
radiation source. These coridensors         principal axis, a first
reflector (4,5,55,56,57,58) constitute four radiation beams [err] of
being arranged in the path of each beam for which only the chief rays are
shown which beams   25   reflecting the corresponding beam towards the are
incident on reflectors 55, 56, 57 and 58 ar-       principal axis and
deflecting means for deflect- ranged at an angle of less than 45  to the
longitu-    ing each of the beams reflected by their cor- dinal direction
50 of the source 1. The four beams     respondent first reflectors along
the principal are then reflected with their chief rays converging    axis,
characterized in that the deflector means in the direction of the principal
axis 00'. Subse-  30  are constituted by a plurality of second reflec-
quently, these beams are incident on a pyramid-        tors
(6,7,61,62,63,64) each one arranged in the shaped reflector 60 having four
reflecting faces 61,   radiation path of one of the beams at a position 62,
63 and 64 whose apex faces the exit of the         where the beams
reflected by the first reflec- illumination system. Each beam [err]
tors would intersect one another, in that the is reflected by a separate
reflector face 61, 62, 63   35  optical setup is such that the beams
reflected and 64 and is directed towards the exit of the         by the
second reflectors have their beam illumination system. The cross-sections
67, 68, 69     waists located in a plane which is perpendicu- and 70 of
these beams in the exit plane 40 are         lar to the principal axis and
which is located then grouped around the principal axis 00', as is
proximate to the second reflectors, and such shown in Fig. 5. For the sake
of clarity the exit  40  that the latter beams are separated from one plane
40 in Fig. 5 is shown at some distance from      another and are located
substantially symmet- the apex of the reflector 60. This plane is actually
rically with respect to the principal axis. close to the apex of the
element 60. The condenser system  may also comprise         2. An
illumination system as claimed in Claim 1, more than four condensors which
are smaller and   45   characterized in that a lens (18) is arranged at can
be arranged closer together in the proximity of   the exit of the
illumination system for converg- the radiation source. This division may be
contin-     ing the beam axes in a point on surface which ued until all
condensor lenses merge with one          must be illuminated and for
superimposed im- another and together constitute an annular lens. An
aging of the pupils of the condensors in said embodiment of the
illumination system with such a   so  surface. lens is shown in a
perspective view in Fig. 6. The annular lens 72 may be an aspherical lens.
An      3  An illumination system as claimed in Claim 1 annular reflector
73 whose reflecting face is ar-      or 2, characterized in that each
condensor ranged at an angle of less than [err] to the longitu-
comprises a single lens element (2,3) at least dinal direction 50 of the
source 1 surrounds this  55  one refractive surface of which is aspherical.
lens. This face is thus a part of a cone. The annular 



beam formed by the lens 72 is incident on a cone-  4. An illumination
system as claimed in Claim 3, shaped reflector 74 which deflects the beam
in the     characterized in that each aspherical conden- 7    11
EP 0 343 729 B1                    12 sor lens element (2,3) is succeeded
by at least    radiation beam, in that the first and second one extra lens
element (14,15).                    reflectors constitute a first and a
second cone- shaped reflector (73,74), respectively, and in 5. An
illumination system as claimed in Claim 1,      that the optical setup is
such that the beam 2, 3, or 4, characterized in that at least one   6
formed by the annular lens (72) and the reflec- further reflector (16,17)
is arranged in each of   tors (73,74) has an annular cross-section at the
the beams between the first and the second         area of the exit plane,
which cross-section is reflector.
centred with respect to the principal axis. 6. An illumination system as
claimed in Claim 1,  10  9. A projection device successively comprising 2,
3, 4 or 5, characterized in that two conden-    an illumination system (A),
an information dis- sors are arranged on the front side of the         play
system with at least one display panel radiation source facing the exit of
the system,    (26,27,28) generating images to be projected the optical
axes of said condensors intersect-     and a projection lens system (C) for
projecting ing each other in the centre of the radiation   15  said images
on a screen, characterized in that source at an angle which is smaller than
90,       the illumination system is a system as claimed in that a concave
reflector (13) is arranged on    in Claim 1 and comprises an output lens
for the rear side of the radiation source (1), which   superimposed imaging
of the pupils of the reflector reflects the radiation emerging from
condensers of the illumination system on the the rear side of the radiation
source towards   20  information display panels. the condensors, in that
the second reflectors combined constitute a roof mirror having an    10. A
colour projection device having three colour apex angle which is smaller
than [err] and           channels for the three primary colours red, whose
apex faces the exit of the illumination      green and blue, each colour
channel compris- system, and in that the cross-sections in the   25  ing a
separate display panel (26,27,28), char- system exit plane of the beams
formed by the       acterized in that it comprises an illumination
condensors and the reflectors are located on       system as claimed in any
one of Claims 1-8 different sides of a plane through the optical    for
supplying separate beams for the three axis and transversely to the
longitudinal direc-   colour channels via colour-splitting means tion of
the radiation source.              30      (20,21,22). 7. An illumination
system as claimed in Claim 1,   PatentansprUche 2, 3, 4 or 5, characterized
in that the conden- sor system is constituted by four condensors   1.
Belichtungssystem mit geringem  Uchtleitwert (51,52,53,54) which are
arranged symmetrical-  35  zum  Emittieren von Strahlung entlang einer ly
around the radiation source, the optical axes   Hauptachse, wobei das
genannte System fol- of said condensers intersecting one another in
gendes [err] eine auf der Hauptachse ange- the centre of the radiation
source, in that the    ordnete Strahlungsquelle (1), ein Kondensorsy-
second reflectors combined constitute a pyr-       stem mit einer [err] von
Kondensorlinsen amid-shaped mirror (60) and in that the cross-  4o  (2, 3,
51, 52, 53, 54) zum Auffangen der Quel- sections in the exit plane of the
system of the    lenstrahlung aus verschiedenen Richtungen, four beams
formed by the condensors and the        um eine Vielzahl von [err] zu bil-
reflectors are located in four different quad-     den, wobel die
Kondensorlinsen symmetrisch rants of the exit plane.
um die genannte Hauptachse angeordnet sind, 45      einen ersten Reflektor
(4, 5, 55, 56, 57, 58) im &  A low throughput illumination system for emit-
Strahlengang jedes StrahlenbUndels zum Re- ting a radiation beam along a
principal axis,      flektieren des jeweiligen Strahis zur Hauptach- said
system comprising a radiation source (1)      se hin und ein
Ablenkungsmittel zum Ablenken located on the principal axis, a condensor
sys-   jedes durch den entsprechenden ersten Re- tem for receiving the
source radiation from   5o   flektor auf der Hauptachse reflektierten
Strah- different directions, a first reflector (73) being  lenbfndels,
dadurch gekennzeichnet, daB das arranged in the beam path for reflecting
the       Ablenkungsmittel durch eine Vielzahl von zwei- beam towards the
principal axis and deflecting     ten Reflektoren (6, 7, 61, 62, 63, 64)
gebildet means for deflecting the beam reflected by the     wird, die im
Strahlengang der einzelnen Strah- first reflector along the principal axis,
char-  65  lenbUndel I an einer Stelle angeordnet sind, an acterized in
that the condenser system is con-     der die durch die ersten Reflektoren
reflektier- stituted by an annular lens (72) surrounding       ten Strahlen
sich schneiden warden, und da- 



the radiation source so as to form an annular      durch, daB die optische
Anordnung so be- 8    13                EP 0 343 729 B1
14              lil     ! schaffen ist, daB die durch die zweiten Reflek-
7. Belichtungssystem nach Anspruch 1, 2, 3, 4 toren reflektierten Strahlen
ihren Mittelteil in   oder 5, dadurch gekennzeichnet, daB das Kon- einer
Ebene des System haben, die-senkrecht        densorsystem durch vier
Kondensorlinsen (51, zu der Hauptachse liegt und die sich in der        52,
53, 54) gebildet wird, die symmetrisch um Nahe der zweiten Reflektoren
befindet, und   5     die Strahlungsquelle angeordnet sind und de- daB die
letztgenannten Strahlen voneinander        ren optische Achsen sich im
Mittelpunkt der getrennt sind und in bezug auf die Hauptachse
Strahlungsquelle schneiden, dadurch, daB die im wesentlichen symmetrisch
angeordnet sind.       zweiten Reflektoren zusammen einen pyrami-
denformigen Spiegel (60) bilden und dadurch, 2. Belichtungssystem nach
Anspruch 1, dadurch   10     daB die Querschnitte der vier durch die Kon-
gekennzeichnet, daB eine Linse (18) am Aus-        densorlinsen und die
Reflektoren gebildeten gang des Belichtungssystems angeordnet ist,
Strahlen in der Austrittsebene des Systems in die zum Konvergieren der
Strahlenachsen in         vier verschiedenen Quadranten der Austritts-
einem Punkt auf der zu belichtenden Oberfla-       ebene liegen. che und
zur Oberlagerten Abbildung der Pupil-  i6 len der Kondensorlinsen auf der
genannten      &  Belichtungssystem  mit geringem  Uchtleitwert Oberflache
dient.                                  zum Emittieren eines
Strahlenbandels entlang einer Hauptachse, wobei das genannte System &
Belichtungssystem nach Anspruch 1 oder 2,          folgendes enthalt: eine
auf der Hauptachse an- dadurch gekennzeichnet, daB jeder Kondensor  20
geordnete Strahlungsquelle (1), ein Kondensor- K-      ein einzelnes
Linsenelement (2, 3) enthalt, von     system  zum Auffangen der
Quellenstrahlung dem mindestens eine strahlenbrechende Ober-        aus
verschiedenen Richtungen, einen ersten flache asphirisch ist.
Reflektor (73) im Strahlengang zum Reflektie- ren des StrahlenbUndels zur
Hauptachse hin 4. Belichtungssystem nach Anspruch 3, dadurch  2n      und
ein Ablenkungsmittel zum Ablenken des gekennzeichnet, daB jedem
asphirischen Kon-        durch den ersten Reflektor auf der Hauptachse
densorlinsenelement (2, 3) mindestens ein zu-      reflektierten
StrahlenbUndels, dadurch gekenn- satzliches Linsenelement (14, 15) folgt.
zeichnet, daB das Kondensorsystem aus einer ringformigen Linse (72) um die
Strahlungsquel- 5. Belichtungssystem nach Anspruch 1, 2, 3 oder  30   le
herum besteht, urn em  ringf6rmiges Strah- 4, dadurch gekennzeichnet, daB
mindestens          lenbUndel zu bilden, dadurch, daB der erste ein
weiterer Reflektor (16, 17) in jedem der       und der zweite Reflektor
einen ersten bzw. Strahienbondel zwischen dem ersten und dem         einen
zweite kegelformigen Reflektor (73, 74) zweiten Reflektor angeordnet ist.
bilden und dadurch, daB die optische Anord- 36      nung so beschaffen ist,
daB das durch die 6. Belichtungssystem nach Anspruch 1, 2, 3, 4
ringformige Linse (72) und die Reflektoren (73, oder 5, dadurch
gekennzeichnet, daB zwei           74) gebildete Strahlenbtndel einen
ringf6rmi- Kondensorlinsen auf der Vorderseite der Strah-     gen
Querschnitt im Bereich der Austrittsebene lungsquelle gegenuber dem Ausgang
des Sy-          hat, wobel der Querschnitt in bezug auf die stems
angeordnet sind, deren optische Achsen   4o  Hauptachse zentriert ist. sich
im Mittelpunkt der Strahlungsquelle in ei- nem Winkel schneiden, der
kleiner als 90 Grad  9. Projektionsvorrichtung, die nacheinander ein ist,
und dadurch, daB ein konkaver Reflektor       Belichtungssystem (A), ein
Informationsanzei- (13) auf der RUckseite der Strahlungsquelle (1)
gesystem  mit mindestens einem Anzeigefeld angeordnet ist, der die an der
RUckseite der  46   (26, 27, 28) zur Erzeugung der zu projizieren-
Strahlungsquelle austretende Strahlung auf die     den Bilder und ein
Projektionslinsensystem (C) Kondensorlinsen lenkt, und dadurch, daB die
zum Projizieren dieser Bilder auf einen Bild- zweiten Reflektoren zusammen
einen Dach-           schirm enthalt, dadurch gekennzeichnet, daB spiegel
mit einem  Spitzenwinkel bilden, der       das Belichtungssystem ein System
nach An- kleiner als 90 Grad ist und dessen Spitze dem   6o  spruch 1 ist
und eine Ausgangslinse zur Ober- Ausgang des Belichtungssystems gegenfber-
lagerten Abbildung der Pupillen der Konden- liegt, und dadurch, daB die
Querschnitte der       sorlinsen des Belichtungssystems auf den In- von den
Kondensorlinsen und Reflektoren ge-        formationsanzeigefeldem enthalt.
bildeten StrahlenbOndel in der Austrittsebene des Systems auf
unterschiedlichen Seiten der  58  10. Farbprojoktionsvorrichtung mit drei
Farbkana- Ebene durch die optische Achse und quer zu         len flr die
drei Primarfarben Rot, GrUn und 



der Langsrichtung der Strahlungsquelle ange-       Blau, wobei jeder
Farbkanal ein getrenntes An- ordnet sind.
zeigefeld (26, 27, 28) enthilt, dadurch gekenn- 9    15                EP 0
343 729 B1                    16      I         11111L  11111111 M !
zeichnet, daB s6e ein erfindungsgemaBes Be-        moins une lentille
supplementaire (14,15). lichtungssystem nach den AnsprUchen 1 bis 8 fUr die
Ueferung von mit Hilfe eines Farbentel-  5. Systeme d'6clairage suivant la
revendication 1, lungsmittels (20, 21, 22) getrennten Strahlen-     2, 3 ou
4, caract6rise en ce qu'au moins un bUndein flr die drei Farbkanlle
enthlit.   6       reflecteur suppiementaire (16, 17) est dispose dans
chacun des faisceaux entre le premier Revendications
reflectour et le douxibme. 1. Systbme d'eclairage a faible puissance pour
6. Systeme d'eclairage suivant la revendication 1, dmettre des faisceaux de
rayonnoment suivant  10   2, 3, 4 ou 5, caracterise en ce que deux un axe
principal, le systeme comprenant une        condenseurs sont disposes du
c8te anterieur source de rayonnement (1) situee sur I'axe         de la
source de rayonnement tourn6 vers la principal, un systeme de condenseurs
compor-       sortie du systhme, les axes optiques de ces tant une
pluralite de condenseurs (2, 3, 51, 52,   condenseurs se recoupant les uns
les autres 53, 54) pour recevoir le rayonnement de la  15     au centre de
la source de rayonnement sous source de differentes directions de manibre &
un angle qui est plus petit quo 90, on co former une pluralite de faisceaux
de rayonne-      qu'un reflectour concave (13) est dispose du ment, les
condenseurs etant agences symetri-       c8t6 arribre de la source de
rayonnoment (1), quement autour de l'axe principal, un premier     loquel
reflectour refl6chit le rayonnement ema- reflecteur (4, 5, 55, 56, 57, 58)
etant agencd   20  nant du c8te arribre de la source de rayonne- dans le
trajet de chaque faisceau pour reflechir   ment vers les condenseurs, en co
quo les le faisceau correspondant vers l'axe principal     deuxibmes
reflecteurs combings constituent un et des moyens deflecteurs pour faire
devier        miroir en toit ayant un angle au sommet qui chacun des
faisceaux reflechis par leurs pre-      est plus petit que 90  et dont le
sommet fait miers reflecteurs correspondants suivant l'axM   25  face a la
sortie du systeme d'eclairage, et que principal, caract6rise en ce quo les
moyens        les sections transversales, dans le plan de deflectours sont
constitu6s par une pluralite de   sortie du systeme des faisceaux formes
par deuxiemes reflecteurs (6, 7, 61, 62, 63, 64)       les condenseurs et
les reflecteurs sont situoes agenc6s chacun dans le chemin optique de
de part et d'autre d'un plan passant par l'axe l'un des faisceaux en un
endroit oO les fais-  30  optique et transversalement a la direction lon-
ceaux reflechis par les premiers reflecteurs se    gitudinale de la source
de rayonnement. recouperaient les uns les autres, quo le monta- ge optique
est tel que les faisceaux reflechis  7. Systeme d'eclairage suivant la
revendication 1, par les deuxiemes r6flecteurs presentent leurs     2, 3, 4
ou 5, caracterise en ce que le systeme parties etroites situees dans un
plan qui est  35  de condenseurs est constitue de quatre perpendiculaire &
l'axe principal et qui est si-   condenseurs (51, 52, 53, 54) qui sont
disposes tue a proximite des douxi(mes reflecteurs et       symetriquement
autour de la source de rayon- tel quo ces derniers faisceaux sont sdpards
les    nement, les axes optiques des condenseurs se uns des autres et sont
disposes en substance       recoupant les uns les autres au centre de la
K---    symdtriquement par rapport A l'axe principal.    40  source de
rayonnement, que les deuxibmes reflecteurs combines constituent un miroir
en 2. Systeme d'eclairage suivant la revendication 1,    forme de pyramide
(60) et en les sections caract~risd en ce qu'une lentille (18) est agen-
transversales, dans le plan de sortie du systb- coe & la sortie du systbme
d'eclairage pour        me, des quatres faisceaux formds par les faire
converger les axes des faisceaux on un   45  condenseurs et les reflecteurs
sont situoes point sur la surface qui doit Atre eclairee et     dans quatre
'quadrants differents du plan de pour former en superposition l'image des
pu-       sortie. pilles des condenseurs sur la surface. &  Systbme
d'eclairage a faible puissance pour 3. Systeme d'eclairage suivant la
revendication 1   50  emettre un faisceau de rayonnement suivant ou 2,
caracterise en ce quo chaque conden-         un axe principal, loquel
systrme comprend sour comprend une lentille unique (2, 3) dont      une
source de rayonnement (1) disposee sur au moins une surface de refraction
est aspheri-   I'axe principal, un systhme de condenseurs que.
pour recevoir le rayonnement de la source de 55      differentes
directions, un premier reflecteur 4. Systeme d'eclairage suivant la
revendication 3,    (73) etant dispose dans le trajet du faisceau 



caracterise en ce quo chaque lentille asph6ri-     pour rdflechir le
faisceau vers l'axe principal et quo formant condenseur (2, 3) est suivie
d'au      des moyens deflecteurs pour faire devier le 10    17
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rdfl6chi par le premier rdflecteur sul- vant I'axe principal, caract6ris6
en co quo le systbme de condenseurs est constitu4 par une lentille
annulaire (72) entourant la source de rayonnement de manibre a former un
faisceau   5 de rayonnement annulaire, quo le premier re- flecteur et le
douxibme rtflecteur constituent un premier r6flecteur et un deuxibme (73,
74), tous deux en forme de c8ne et quo le monta- ge optique est tel quo le
faisceau formd par la  1O lentille annulaire (72) et les r~flecteurs (73,
74), pr6sente une section transversale annulaire dans la zone du plan de
sortie, laquelle section transversale est centr~e par rapport & I'axe
principal.                                15 9. Systhme de projection
comprenant on succes- sion, un systbme d'4clairage A, un systbme
d'affichage d'information comportant au moins un panneau d'affichage (25,
27, 28) pour for-  20 V.-'    mer des images A projeter et un systbme de
lentilles de projection (C) pour projeter los ima- ges sur un 6cran,
caractdrisd en ce quo le systbme d'eclairage est un systbme suivant la
revendication 1 at comprend une lontille de   25 sortie pour former l'image
des pupilles des condenseurs du systbme d'4clairage on super- position sur
les panneaux d'affichage d'infor- mation. 90 10. Appareil de projection en
couleurs comportant trois canaux couleur pour les trois couleurs primaires
rouge, vert et blou, chaque canal couleur compronant un panneau d'affichage
distinct (26, 27, 28), caract6ris4 en co qu'il  3s comprend un systbme
d'dclairage suivant l'une quelconque des revendications 1 & 8, pour fournir
des faisceaux distincts pour les trois canaux couleur & l'intervention de
moyens s6- K>      parateurs de couleur (20, 21, 22).         40 45 50 55
11    


