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(57) ABSTRACT

A dimming system (300) for dimming electromagnetic radia-
tion intensity of a radiating unit, such as e.g., an optical
system. The dimming system (300) is adjusted to provide a
constant electromagnetic radiation intensity over the cross-
section of the impinging electromagnetic radiation beam by
providing at least two dimming units (320, 330) each having
a spatially variable position-dependent dimming behavior,
such that the degree of dimming for the whole cross-section
can be chosen to be a fixed selectable dimming factor. The
dimming units (320, 330) may be based on spatially variable
position-dependent dimming devices based on transparent
substrates having a coating with a position-dependent varying
transmission/reflection coefficient, on spatially variable posi-
tion-dependent diffusing devices or on polarizer devices.

12 Claims, 8 Drawing Sheets
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1
VARIABLE INTENSITY DIMMER

TECHNICAL FIELD OF THE INVENTION

The invention relates to a method and device for obtaining
improved radiation characteristics in systems using electro-
magnetic radiation. More particularly, the invention relates to
a method and device for obtaining an improved control of the
electromagnetic radiation output of an electromagnetic radia-
tion source, such as e.g. an improved control of the light
output of an illumination system for use in an optical system.

BACKGROUND OF THE INVENTION

In systems using electromagnetic radiation, it is often use-
ful to have some influence on the intensity of the electromag-
netic radiation that is output by the system. In e.g. an X-ray
system used for medical purposes, the intensity of the X-rays
emitted often needs to be adjusted to the specific medical
applications the radiation is used for. Another example is the
use of light in optical systems such as in projection systems
used for projecting strongly differing images. A further
example are projection systems wherein more than one pro-
jector is combined. For example in simulation systems, it is
highly desirable for all projectors in the system to have a
comparable light output. This, amongst others, increases the
homogeneity of the overall projected images. Therefore, it is
an advantage if the generated light intensity for every single
projection apparatus can be controlled and adjusted easily.

Insome cases, the radiation output can e.g. be controlled by
changing the power of the radiating system. However, very
often this is either not possible or not possible in an efficient
way, i.e. for example not easily or economically controllable.
The use of a dimming means to limit or prohibit a part of the
radiation, such as e.g. the light from the illumination system
to be projected on the screen, may then offer a solution.

Often it is highly desirable to use one and the same radia-
tion system for different purposes, whereby at one moment in
time the radiation output should be high and at other moments
the radiation output should be drastically reduced. A typical
example is the use of a projection system for simulation
purposes, wherein widely different situations need to be
simulated. This can e.g. comprise simulation of military air-
planes flying above hostile territory during day or at night. To
simulate night conditions, reducing the signal provided to the
projector, e.g. to 5% of'its original value, will on the one hand
lead to the screen looking dark as desired, but will at the same
time also reduce the bit depth of the signal. This leads to
details being no longer visible, which is disadvantageous for
the simulation. By adjusting and controlling the light output
obtained from the illumination source using a dimming
means, no bit reduction occurs and thus the quality of the
simulations remains.

Reduction of the E.M. radiation intensity using dimming
means is known from different systems.

US-2003/0086265 describes a projection system with a
dimming means comprising mechanical means to substan-
tially block the light. The projection system comprises two
fly-eye lenses and the dimming means can be positioned
either in front of the first fly-eye lens, in between the two
fly-eye lenses or after the second fly-eye lens. The invention is
based on mechanical blocking of part of the light.

US-2003/0072161 describes a projection system wherein
color filters and dimming means are provided to regulate the
brightness on a corresponding screen. Preferably, plural
evenly-spaced dimmer blades are used to block the light. A
typical dimmer blade can be for example claw shaped.
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Other typical prior art dimming means 102, 104, 106 at
present commonly used in systems using electromagnetic
radiation, such as e.g. projection systems, are illustrated in
FIG. 1. All these dimming means typically comprise at least
one first area 108 that is completely blocking an electromag-
netic radiation beam such as e.g. a light beam impinging on
the dimming means 102,104, 106 and at least one second area
110 that is completely or substantially completely transmit-
ting the electromagnetic radiation beam such as e.g. a light
beam impinging on the dimming means 102, 104, 106. The
latter can be done by either providing a substrate transparent
to the electromagnetic radiation beam used or by not intro-
ducing any material for dimming. From the prior art docu-
ments mentioned above and from the design of the typical
prior art dimming means 102, 104, 106 it can be seen that
dimming typically is performed by blocking exterior parts of
the cross-section of the electromagnetic radiation beam.
These mechanical dimming means have shortcomings: the
transition from transmitting to blocking the electromagnetic
radiation is abrupt, and can be represented by a discrete
transmission function jumping from 100% to 0% at once,
leading to non-homogeneity in radiation intensity on the
screen. This is illustrated in the following example.

By way of example, a more thorough description will be
given of the commonly used dimming means used for light in
projection systems. Nevertheless the general principles relate
to each of the different types of electromagnetic radiation of
the electromagnetic spectrum. The use of a dimming means
200 set-up in a projection system is illustrated in FIG. 2a. The
projection system may e.g. have a light source with an ellip-
tical reflector 202, which is focussed substantially close to the
entrance of an integrating rod 204, a further processing means
210 and a screen 212. The dimming means 200 comprises e.g.
2 opaque—i.e. non-transparent—plates 206, 208, ¢.g. metal
plates, that can be shifted with respect to each other in a
direction substantially perpendicular to the direction ofa light
beam, and that allow to block exterior parts of the cross-
section of the light beam. The reason for positioning of the
dimming means 200 in front of the integrating rod 204 is the
integrating nature of the rod 204. All light which enters the
rod 204 is mixed so as to be uniform at the rod exit.

Nevertheless, as can be seen in FIGS. 2a and 24, the dim-
mer will cut out light rays which in general have high angles
of incidence. This leads to a reduction of the number of
reflections in the integrating rod and therefore the screen
uniformity will drop. This will even be worse for a spherical
dimming aperture, such as demonstrated on the bottom right
example of FIG. 1. In addition, filtering out one specific part
of the angular space might introduce other artifacts, as e.g.
commonly used dichroic coatings have spectral characteris-
tics that vary strongly with the angle of incidence of the
incoming light ray. A color change can therefore result from
dimming.

Another option is to locate the dimming means behind the
integrating rod. If the dimming means 200 would be located
closely behind the exit of the rod 204, or close to the light
valve, the dimming would be immediately visible on the
screen 212 as a shadow. It would lead to severe non-homo-
geneities in the brightness distribution on the screen 212. The
only good position to put a dimming means 200 in the relay
optics (i.e. the optical path between the exit of the integrating
rod and the light valve such as e.g. an LCD) is in a so-called
aperture plane. This is an imaginary surface where the inter-
section points of the light rays are directly related to the
angles of the rays on the display, being part of the further
processing means 210. This is in fact the opposite of a surface
such as the exit of the rod 204 and the light valve itself, where
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a position in the cross section of the light beam really corre-
sponds to a position on the screen 212, as actually the display
is an image of the integrating rod, and the screen 212 displays
an image of the display itself. In other words, when the
dimming needs to be done in the relay optics of a projection
apparatus, dimming should always be performed in or close
to the aperture plane of the projection system, in order not to
affect the brightness homogeneity on the screen 212. Never-
theless, as the aperture plane is a very favorable position to put
all different kinds of means for manipulating the image to be
displayed—due to the anti-correlation of the position at this
place with the position on the screen 212, the means cannot be
seen as it is smeared out—such as for example contrast
enhancing means or polarization recuperation means, it is
unlikely that the dimming means 200 can also be located in
the aperture plane.

In an alternative dimming means, described in U.S.-2003/
0035290, the dimming is performed by gradually dimming
the light beam over its complete cross-section. The dimming
means comprises a spatially-modulated, variable-density,
reflectively-coated dimming wheel which allows gradually
dimming between 0% and 100% of the maximum light output
of a corresponding projection system. The dimming is based
on a reflective coating having a dotted pattern, the reflectivity
of the coating thus varying along an appropriate path on the
wheel. The density variation and its locus are preferably
selected to achieve a smooth, linear change in intensity while
also facilitating a quick transition from blackout to full bright-
ness. The dimming wheel is used in combination with an
intensity measuring feed-back sensor to control the dimming.
Nevertheless, as there is a gradual change in the dimming
capacity of the variable dimming wheel over the cross section
of'the impinging light, the dimming means introduces, albeit
limited, unwanted inhomogeneities in the brightness distri-
bution over the screen of the projection system, especially if
the dimming means is not positioned in the aperture plane of
the system and the light beam has a relatively large cross-
section. These problems, indicated for optical radiation such
as light, also are present for other types of electromagnetic
radiation. Therefore, there is a need for a solution to obtain
dimming of the electromagnetic radiation output of an E.M.
radiation source, without substantially influencing the other
properties of the E.M. radiation. This is especially the case for
dimming of the light output of the light source in a projection
system without substantially influencing the other properties
of the light output of the light source, even if the dimming
means is not positioned in the aperture plane.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
improved method and device for dimming the electromag-
netic (E.M.) radiation output in a system using E.M. radia-
tion, especially without substantially influencing the other
properties of the E.M. radiation in the system.

The above objective is accomplished by a method and
device according to the present invention.

The invention relates to a variable dimming system for
dimming an electromagnetic radiation beam, comprising at
least two dimming units, each of the at least two dimming
units having a selectable dimming behavior, the at least two
dimming units being such that their combined dimming
behavior is spatially substantially constant over a cross-sec-
tion of the electromagnetic radiation beam perpendicular to a
direction of travel of the electromagnetic radiation beam.
Each of the dimming units interacts with the complete cross-
section of the light beam during dimming. The combined
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dimming behavior may be selectable at least within a sub-
range of the range 0% to 100%. Each of the at least two
dimming units may have a dimming characteristic which is
position dependent with respect to the cross-section of the
electromagnetic radiation beam. The spatially substantially
constant dimming behavior may include having a mean dim-
ming factor over said cross-section, the dimming behavior
over the cross-section being within at least 5% of said mean
dimming factor, preferably within at least 3% of said mean
dimming factor, more preferably within at least 1% of said
mean dimming factor, even more preferably within at least
0.1% of said mean dimming factor. The position-dependent
dimming characteristic of each of said dimming units may be
based on areas of the dimming unit having a different attenu-
ation behavior of said electromagnetic radiation. Attenuation
may comprise the way of reducing the intensity of the elec-
tromagnetic radiation. Furthermore, the position-dependent
dimming characteristic of each of the dimming units may
comprise a substantially complete attenuation of the electro-
magnetic radiation beam in a first area of the dimming unit,
substantially no attenuation of the electromagnetic radiation
beam in a second area of the dimming unit and a continuously
decreasing attenuation on a trajectory between the first and
the second area. The variable dimming behavior of the dim-
ming units thus also is a spatial variable dimming behavior
over the surface of the dimming units. The variable dimming
system may comprise exactly two dimming units, wherein
said continuously decreasing attenuation of the first dimming
unit substantially changes according to a first functional
behavior and said continuously decreasing attenuation of the
second dimming unit substantially changes according to a
second functional behavior, such that combination of the first
and the second functional behavior is substantially a constant.
The combination of the first and the second functional behav-
ior may comprise multiplication of functions related to the
first and second functional behavior. The first functional
behavior may be expressed by an exponential function and
the second functional behavior may be expressed by a func-
tion which is an inverse of said exponential function. For each
of'the dimming units, the attenuation behavior may be one of
a transmissivity behavior, a reflectivity behavior or a diffu-
sivity behavior. With the latter is meant that the dimming unit
comprises means to diffuse the electromagnetic radiation
beam.

The invention furthermore relates to a system using elec-
tromagnetic radiation comprising a variable dimming system
for dimming an electromagnetic radiation beam wherein the
variable dimming system comprises at least two dimming
units, each of the at least two dimming units having a select-
able dimming behavior, the at least two dimming units being
such that their combined dimming behavior is spatially sub-
stantially constant behavior over a cross-section of the elec-
tromagnetic radiation beam perpendicular to a direction of
travel of the electromagnetic radiation. The system may com-
prise light guiding means having an aperture plane, wherein
said variable dimming system may be positioned in the elec-
tromagnetic radiation path significantly upstream or signifi-
cantly downstream said aperture plane. The system further-
more may comprise feedback means for generating a signal
representative of a dimming fraction of the electromagnetic
radiation. The feedback means may comprise a sensor. The
system furthermore may comprise means for automatically
adjusting the variable dimming system based on the signal
obtained from the feedback means. The system may be a
projection system using visual or near infrared light.

The invention also relates to a method for dimming an
electromagnetic radiation beam, the method comprising
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selecting a dimming behavior of at least a first and a second
dimming unit and combining the selected dimming behavior
of'each of the at least first and second dimming units such that
the combined dimming behavior is spatially constant over a
cross-section of an impinging electromagnetic radiation
beam.

The invention furthermore relates to a projection system
for projecting a light beam, the projection system comprising
a variable dimming system for dimming the light beam, the
variable dimming system comprising a first polarizing means
and a second polarizing means, whereby the first polarizing
means is adjusted for selecting a first polarization state of the
light beam and the second polarizing means has a selectable
dimming behavior allowing selection of a fraction of the light
intensity of the light beam having the first polarization state.

The invention also relates to a method for dimming a light
beam in a projection system, comprising selecting a polariza-
tion state of the light beam using a first polarizing means, and
adjusting a second polarizing means to select a fraction of the
light intensity of the light beam having the first polarization
state.

Moreover, the invention also relates to a variable dimming
means for dimming a light beam on a light path, the variable
dimming means comprising a diffuser unit, wherein said dif-
fuser unit has a position-dependent diffusing characteristic
with respect to the position in the diffuser unit for scattering
a selectable fraction of light from said light beam out of the
light path. The diffuser unit may be constructed in one single
piece. The position-dependent diffusing characteristic may
be introduced during manufacturing based on holographic
methods.

The invention furthermore relates to a projection system
for projecting a light beam, the projection system comprising
a variable dimming system for dimming the light beam, the
variable dimming system comprising a diffuser unit having a
position-dependent diffusing characteristic with respect to
the position in the diffuser unit for scattering a selectable
fraction of light from said light beam out of the light path. The
variable dimming system furthermore may comprise an aper-
ture positioned downstream the light path compared to the
diffuser unit.

The invention furthermore relates to the use of a dimming
system, a projection system or a dimming method as
described above for matching the light output of different
projectors, e.g. in a multi-projector system, having inherent
differences in light output. The invention also relates to the
use of a dimming system or dimming method as described
above in a projector used for projecting images in day mode
and used for projecting images in night mode. The invention
furthermore relates to the use of a dimming system, a projec-
tion system or a dimming method as described above for
displaying images using dynamic contrast enhancement.

Particular and preferred aspects of the invention are set out
in the accompanying independent and dependent claims. Fea-
tures from the dependent claims may be combined with fea-
tures of the independent claims and with features of other
dependent claims as appropriate and not merely as explicitly
set out in the claims.

It is an advantage of several embodiments of the present
invention that the dimming means, although only influencing
the intensity of the E.M. radiation output, do not need to be
positioned in the aperture plane of the system using E.M.
radiation, thereby keeping open the possibility of providing
contrast enhancement means or polarization recuperation
means in the aperture plane.

It is also an advantage of the present invention that the
dimming means can be positioned after an E.M. radiation
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homogenizing means, while still being able to influence the
E.M. radiation intensity, without influencing the homogene-
ity of the output over the cross-section of the E.M. radiation
beam.

It is furthermore an advantage of the present invention that
the dimming means do not substantially influence the homo-
geneity of the brightness on a display screen.

Itis moreover an advantage of the present invention that the
dimming means allows dimming of'the E.M. radiation output
in an optical system without influencing the image content
details.

It is a further advantage of the present invention that the
dimming means can be adjusted for dimming with a dimming
degree at any selectable value between complete dimming
and substantially not influencing the light output while still
having the advantage of substantially not influencing the
other characteristics of the E.M. radiation output of a system.

It is also an advantage of the present invention that the
dimming means can be made of'heat resistant materials or that
the dimming means can be positioned downstream the
homogenizing means such that local heating problems for the
dimming means are reduced.

Although there has been constant improvement, change
and evolution of devices and methods of dimming, the present
concepts are believed to represent substantial new and novel
improvements, including departures from prior practices,
resulting in the provision of more efficient and reliable
devices of this nature. The teachings of the present invention
permit the design of improved methods and apparatus for
dimming the E.M. radiation output of systems, such as e.g.
lighting systems for optical devices.

These and other characteristics, features and advantages of
the present invention will become apparent from the follow-
ing detailed description, taken in conjunction with the accom-
panying drawings, which illustrate, by way of example, the
principles of the invention. This description is given for the
sake of example only, without limiting the scope of the inven-
tion. The reference figures quoted below refer to the attached
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of some commonly used mechani-
cal dimming means in prior art.

FIG. 2ais an illustration of the application of a mechanical
dimming means in a projection system according to the prior
art, having shortcomings as e.g. the influencing of the angular
distribution of the emerging electromagnetic radiation.

FIG.2bis anillustration of an E.M. radiation beam affected
by a dimming system applied as shown in FIG. 2a.

FIG. 3 is an illustration of a dimming system according to
a first embodiment of the present invention, used in a projec-
tion system.

FIG. 4a is an illustration of a possible configuration for a
variable dimming means that can be used as a dimming unit in
a dimming system, according to the first embodiment of the
present invention.

FIG. 44 is an illustration of another possible configuration
for a variable dimming means that can be used as a dimming
unitin a dimming system according to the first embodiment of
the present invention.

FIG. 4c is an illustration of different ways for obtaining a
variable dimming behavior for a variable dimming means as
shown in FIG. 4a and FIG. 4b.

FIG. 5 is an illustration of the operating principle of a
diffuser that can be used in a dimming system according to a
second embodiment of the present invention.
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FIG. 6 is an illustration of the use of a gradient diffusing
means as dimming means, for use in a dimming system
according to the second embodiment of the present invention.

FIG. 7a is an illustration of the relative positioning of two
combined dimming units in a possible configuration accord-
ing to the first embodiment of the present invention.

FIG. 7b is an exemplary illustration of the transmission
behavior of each of the two combined dimming units of the
dimming system as shown in FIG. 7a, according to the first
embodiment of the present invention.

FIG. 7¢is an exploded view of'the transmission behavior of
each of the two combined dimming units and of the resulting
transmission behavior, for a dimming system used in a con-
figuration as shown in FIG. 7a.

FIG. 8 is an illustration of the dimming mechanism of a
dimming system based on polarization according to a third
embodiment of the present invention.

FIG. 9 is an illustration of the angle dependency of the
transmission behavior of a dimming system for the angle
between the polarization direction of a first polarizer and the
polarization direction of an impinging light beam, according
to the third embodiment of the present invention.

In the different figures, the same reference signs refer to the
same or analogous elements.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The present invention will be described with respect to
particular embodiments and with reference to certain draw-
ings but the invention is not limited thereto but only by the
claims. The drawings described are only schematic and are
non-limiting. In the drawings, the size of some of the ele-
ments may be exaggerated and not drawn on scale for illus-
trative purposes. Where the term “comprising” is used in the
present description and claims, it does not exclude other
elements or steps.

Furthermore, the terms first, second, third and the like in
the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing a
sequential or chronological order. It is to be understood that
the terms so used are interchangeable under appropriate cir-
cumstances and that the embodiments of the invention
described herein are capable of operation in other sequences
than described or illustrated herein.

In a first embodiment, the invention relates to a dimming
system 300 that provides a dimming behavior such that the
dimming is substantially constant over the complete cross
section of the impinging electromagnetic radiation beam, e.g.
light beam, while the dimming system 300 still allows to
select a specific degree of dimming, in other words, while the
dimming system 300 still is a variable dimming means. Such
dimming system 300 typically is part of a system 310 using
E.M. radiation, as illustrated in FIG. 3. The system 310 using
E.M. radiation may be any type of system such as an X-ray
apparatus, a device using UV-radiation or an optical system
such as a projection system. The system 310 using E.M.
radiation may comprise a source 312 for generating the E.M.
radiation, a means 314 for guiding and/or homogenizing the
E.M. radiation in the system, and any other type of compo-
nents that can be used such as filters, mirrors, lenses, modu-
lators, etc. A typical example of such a system 310 is an
optical projection system. [t may comprise a light source 312,
a light homogenizing means 314 such as e.g. a light pipe and
further optical components (not shown in FIG. 3). The pro-
jection system where the dimming system of the present
invention is used in, can be any type of projection system such
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as a standard projection system, a multiple projection system,
a dual lamp projection system, etc. The projection system
may be used for any purpose like e.g. but not limited to,
simulation systems. The light source 312 in projection sys-
tems can be any conventional light source used in a projection
system, such as, but not limited to, xenon lamps, high pres-
sure mercury lamps, halogen lamps or metal halide lamps.
Also less conventional light sources can be used, such as e.g.
diode arrays. The type of light source used thus is non limiting
for the present invention, as will be appreciated by a person
skilled in the art. By way of example, a light source 312 with
an elliptical mirror is shown in FIG. 3. Other types of light
source housings, comprising e.g. a parabolic mirror or not
comprising mirror means for focussing, can also be used. The
output power of the light source may be up to kilowatts, as
long as the dimming system can withstand the released heat.
The size of the cross-section of the beam of E.M. radiation,
and the total power of the beam are important. It is an advan-
tage of the dimming system of the present invention that the
dimming means can be positioned after the homogenizing
means 314 such that the local light intensity is lower than
what it would be in front of the homogenizing means 314. In
the projection setup, the dimming system 300 can be—but
does not have to be—rotated by an angle 6 with respect to the
normal to the optical axis, in order to prevent all reflected light
to re-enter the light source 312, causing lifetime degradation
of'the light source 312. This reflected light not reentering the
light source 312 may be absorbed by some heat sink (not
shown in FIG. 3). The dimming system 300 of the present
invention typically is positioned outside the aperture plane of
the system 310 to allow to place other E.M. radiation influ-
encing means in the aperture plane, such as e.g. polarizing
means, contrast enhancing means, etc. The dimming system
300 of the present invention typically is positioned at the exit
of'an E.M. radiation homogenizing means 314, such as e.g. an
integrating rod or a light valve of an optical system, where the
peak intensity within the beam profile is substantially lower
than in front of the E.M. radiation homogenizing means 314.
A standard variable dimming means, existing from a single
variable dimming means, does not allow to obtain a substan-
tially constant dimming over the complete cross-section of
the E.M. radiation beam, as over the cross-section of the E.M.
beam with the standard variable dimming means there is a
spatially variation of the dimming capacity of the variable
dimming means. The dimming system 300 of the present
invention is adjusted to guarantee that a substantially constant
dimming is applied over the complete cross-section of the
E.M. radiation beam by using at least two dimming units 320,
330 in combination with each other. The dimming system 300
provides a position-dependent dimming, i.e. the degree of
dimming of the E.M. radiation beam impinging on the dim-
ming system 300 depends on the relative position where the
E.M. radiation beam has its cross section on the dimming
units 320, 330 of the dimming system 300, with reference to
the dimming units 320, 330 themselves. Position-dependent
thus refers to the relative position of the E.M. radiation beam
with respect to the dimming units 320, 330, not referring to
the position of the dimming units 320, 330 in the system using
E.M. radiation. It is an advantage of the variable dimming
system of the present embodiment that dimming of the E.M.
radiation output of a projection system to as much as 90% or
below 10%, below 1%, or even below 0.1% can be obtained
without losing the performance quality of the system. The
dimming system thereby can be placed on any suitable place
in the system using E.M. radiation. The dimming system 300
has no influence on the performance of the system using E.M.
radiation, except for the E.M. radiation output level. In order
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to obtain a variable dimming system 300, the dimming units
320, 330 each are variable dimming means. The dimming
units can be any type of variable dimming means which
allows to select substantially any degree of dimming between
substantially 0% and 100% or at least a sub-range, i.e. inter-
val, from the range 0%-100%. The attenuation may be e.g.
based on transmissivity, reflectivity or diffusivity. By way of
example, two different types of variable dimming means that
can be used for each of the dimming units 320, 330 are
discussed in more detail in the following paragraphs,
although the invention is not limited thereto. A first type of
variable dimming means that can be used as dimming unit
320, 330 is shown in FIG. 4a and FIG. 4b. The variable
dimming means 400 are based on a substrate 402 having a
gradient dimming behavior such that it allows dimming of an
impinging electromagnetic radiation beam to any intensity
level between substantially blocking the complete radiation
intensity and substantially preserving the full radiation inten-
sity of the impinging electromagnetic beam. The dimming
means 400 preferably is based on transmission of the imping-
ing E.M. radiation although it is also possible, by adjusting
the specific positions of the dimming units relative to each
other, to use dimming means 400 based on reflection. It is to
be noted that, in the present application, substantially block-
ing the electromagnetic radiation will also be referred to as
having a transmission/reflection coefficient (depending on
whether dimming is based on transmission or on reflection) of
0% and substantially transmitting/reflecting (depending on
whether dimming is based on transmission or on reflection)
the full intensity will be referred to as having a transmission/
reflection coefficient (depending on whether dimming is
based on transmission or on reflection) of 100%. It will be
clear to a person skilled in the art that for these values abstrac-
tion is made from a possible small radiation intensity loss by
e.g. absorption in the transparent substrate material or by a
possible small amount of E.M. radiation that is transmitted or
reflected anyway if complete blocking is to be performed, due
to imperfectness of the materials used for the dimming
means. If a transparent substrate 402 is needed, this may be
made of any type of material having good optical properties,
i.e. good transparency, such as e.g. glass-like material, quartz
or Si0,. In addition, e.g. in a projection apparatus, the thermal
properties of the material have to be such that the substrate
402 can withstand the high radiation intensity, e.g. the high
illumination intensity inherent to a high power projection
apparatus. It will be clear for a person skilled in the art that the
transparency of the substrate material relates to transparency
for the wavelengths emitted by the radiation source, or in
some cases, to wavelengths that need to be imaged on the
screen. In the latter case, e.g. in the case of light ina projection
system, the substrate material also may act as a cold/hot
mirror, thereby allowing to remove light that is not useful for
imaging but that is present in the spectrum of the light source.
These unwanted wavelength regions often are in the infrared
region and the UV region. Light from these wavelength
regions may also be filtered out using e.g. an additional filter
or an additional cold mirror. The gradient dimming behavior
is typically obtained by coating the transparent substrate 402,
but the invention is not limited thereto. It may be obvious for
a person skilled in the art that the different regions in the
dimming means 400 may also be obtained by e.g. implanting
absorbing impurities in the transparent substrate 402 or by
providing e.g. surface roughness leading to different trans-
mission/reflection behavior. By way of example, the dimming
means for the dimming units 320, 330 used in the dimming
system 300 according to the first embodiment of the present
invention will be further described for a gradient dimming
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behavior based on a coating. If the dimming means 400 is
used in a transmission setup, the coating typically is used for
reflecting the unwanted part out of the electromagnetic radia-
tion path of the system. If, on the other hand, the dimming
means 400 is used in a reflection setup, the coating typically
is used to reflect the wanted part to the electromagnetic radia-
tion path of the system and the unwanted part of the electro-
magnetic radiation is transmitted through the dimming means
400, out of the electromagnetic radiation path of the system.
The coating applied to provide opaque/reflecting parts of the
dimming means can be any suitable coating such as e.g. a
metallic coating, e.g. aluminum-based, a dichroic filter, etc.
Deposition techniques typically used for the fabrication of
this coating are sputtering, evaporation, spincoating, printing,
dip coating, etc. It will be obvious for a person skilled in the
art that the fabrication of such variable dimmer means are not
limited to these techniques.

FIG. 4a and FIG. 4b both illustrate a different design for a
dimming means 400 having a gradual dimming behavior over
its surface in between a part being substantially completely
transmitting and a part being substantially completely block-
ing the electromagnetic radiation beam. FIG. 4a illustrates a
rectangular transparent substrate 402 coated in such a way
that a first part 404 of the substrate 402 is transparent, i.e.
having a transmission coefficient of 100%, and a second part
406 of'it is opaque/reflecting, i.e. having a transmission coef-
ficient of 0%. Between these two extremes, an area 408 with
a gradient dimming behavior is applied, leading to a trans-
mission curve 410 as shown in the corresponding transmis-
sion graph on the right hand side of FIG. 4a. This gradient
transition between 0% and 100% overcomes the problems
introduced by the brutal 0%-100% step transition in the prior
art mechanical dimming means. The slope of the transmission
curve does not need to be linear, but can for example be
curved. The dimming means 400 may have any suitable size,
such as e.g. £15 mmx+100 mm, when the bundle cross-
section is somewhat smaller than 15 mm. FIG. 4b illustrates a
second design for a gradually dimming dimming means 400.
This design corresponds with a dimmer wheel 420, wherein
again a first part 404 is present that is substantially transparent
(transmission T=100%) and a second part 406 is present that
is substantially completely blocking (transmission T=0%).
The wheel 406 furthermore comprises an area 408 with gra-
dient dimming behavior wherein the transparency gradually
increases from 0% to 100%. The transparency in the different
sectors of the disc is shown in the transmission curve 410,
illustrated above each sector of the dimmer wheel 420, with
reference to a baseline 412. A coating providing the gradual
dimming behavior in area 408 with gradient dimming behav-
ior can be obtained in several ways. Two specific examples
are shown in FIG. 4c¢. The applied coating can consist of very
small coated spots 452, causing 100% absorption or reflection
of impinging electromagnetic radiation, whereby the rest of
the surface 454 is either not coated or is coated with e.g. an
anti-reflection coating such that optimum transmission of the
incident electromagnetic radiation is obtained. The amount of
dimming is then determined by the density of the non trans-
parent coated spots 452. For dimming means used in a trans-
mission setup, the spots 452 perform blocking by either
reflecting or absorbing the electromagnetic radiation in the
electromagnetic radiation beam. The spots should be signifi-
cantly small, as e.g. for a spotsize 0 0.1 mm, the effect on the
corresponding light modulating means in e.g. a projection
system typically is of the range of 10 pixels of the light
modulating means, which might be of some impact on the
image quality, e.g. when the dimming means is located
nearby an image plane. For dimming means used in a reflec-



US 7,440,205 B2

11

tion setup, the amount of electromagnetic radiation reflected
by the spots 452 is used further in the system using electro-
magnetic radiation and the electromagnetic radiation trans-
mitted through the transparent substrate corresponds with the
unwanted electromagnetic radiation. In these cases, the coat-
ing thus needs to be highly reflective. A second possibility is
that the coating is applied uniformly on the glass substrate but
with changing transmissivity or spectral characteristics over
the surface of the substrate, such that at least a part of the
electromagnetic radiation beam is blocked. This is illustrated
by coating 462 providing a transmission of Y % and coating
464 providing a transmission of Z %, Z being smaller than Y.
In addition, the characteristics of the filter is not limited to flat
spectral characteristics such as a so-called neutral density
filter. The invention also relates to a dimming means having a
gradient dimming behavior which has no flat spectral
response, e.g. in the case of light, the dimming means may be
reflecting ultraviolet or infrared radiation. Although this type
of dimming means has been described for a coated substrate,
the invention is not limited thereto. Other types of transmit-
ting/reflecting plates also can be used, such as e.g. a metal
plate wherein small holes are provided such that part of the
E.M. radiation beam is transmitted, while another part of the
beam is e.g. reflected.

A second embodiment of variable dimming means is based
on regulating the amount of E.M. radiation that is coupled to
the system 310. Whereas most systems typically are designed
so that the E.M. radiation incoupling is optimized for cou-
pling a maximum amount of electromagnetic radiation to e.g.
a radiation modulating means, such as e.g. a light valve in a
projection system, and thus so that a maximum amount of
E.M. radiation can end up at the screen, the variable dimming
means of the present example uses controlling and adjusting
of'the amount of E.M. radiation that is coupled into the optical
system as a means for controlling the E.M. radiation intensity.
By using a diffuser 502 as variable dimming means, the
efficiency of the system and consequently the E.M. radiation
output, can be altered. The principle of scattering by a diffuser
is demonstrated in FIG. 5. A diffuser 502 alters the direction
of a electromagnetic radiation ray passing through. In the
demonstrated example, the propagation direction behind the
diffuser 502 is distributed in a Gaussian way. The probability
is the highest that the electromagnetic radiation will follow its
original direction, but the direction of the E.M. radiation can
be altered as well. The emerging cone of E.M. radiation 504
is characterized by an angle O, defined as the angle between
the direction of maximum intensity and the direction in which
the intensity of the E.M. radiation is a fraction 1/e of the
maximum intensity, the maximum intensity in the present
example being in the original direction. For simplicity, we
will refer to this angle © as the opening angle. The opening
angle © of the emerging cone 504 can be adjusted by adjust-
ing the manufacturing process of the diffuser, e.g. in the case
of diffusers for optical light, this can be obtained using holo-
graphic methods. Such diffusers are e.g. available from
Physical Optics Corporation. In order to use a diffuser 502 as
variable dimming means in a system using E.M. radiation, a
diffuser 502 with a gradient in the diffusing characteristics
and an aperture downstream the diffuser 502 on the electro-
magnetic radiation path need to be positioned. The aperture
may be formed by an aperture means inherently present in the
optical system, such as e.g. determined by the diameter of the
projection lens or it may be additionally provided. The vari-
able diffusing means combined with the aperture allows to
select the amount of E.M. radiation coupled in, by diffusing a
smaller or a larger part of the E.M. radiation beam outside the
aperture. This is demonstrated in FIG. 6, where, at the left-
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hand side, different diffuser plates 610 with different opening
angles © are shown. The opening angles O illustrated in FIG.
6, are varying such that the opening angles of the diffuser
plates from bottom to top correspond with 6,<6,<8,<0;. The
value for the opening angles © thus increases from bottom to
top. Behind each diffuser plate 610, an aperture 614 is pro-
vided to demonstrate the effect. As can be seen, the larger the
value for opening angle ©, the less rays are transmitted
through a so-called aperture 614, which limits the mechanical
dimensions of the system. The transmission T depends on the
opening angle © of the diffuser at that location. The diffuser
plates 610 can be combined on one piece of diffusing means.
If the diffusing means is manufactured and positioned so that
the electromagnetic radiation spot is small with respect to the
diffusing means , which can be in any suitable shape such as
a plate having a gradual diffusing behavior in a direction
along a length of the plate or a wheel having a gradual dif-
fusing behavior around the perimeter of the wheel itself, a
shift or rotation of the diffusing means with respect to the
electromagnetic radiation spot will result in a changing dim-
ming behavior and evidently, in another dimming level. A
drawback is that dimming to very low brightness will become
difficult, as a diffuser characteristic of this Gaussian shape
always yields a non-negligible maximum at zero degree
deviation. As a consequence, the minimum transmission T
can be denoted as being less than 100%, but it cannot be
specified to very low values in general. This can be solved by
using diffusing filters with small forward biases.

Returning now to the further description of the dimming
system 300 having a dimming behavior that is substantially
equal over the whole cross section of the impinging E.M.
radiation beam. This dimming behavior is obtained by spe-
cifically selecting the variable dimming behavior of the dim-
ming units 320, 330. As the dimming effect of the combined
dimming units 320, 330 is to be determined as the product of
the dimming effect of the first dimming unit 320 and the
dimming effect of the second dimming unit 330, it is not
possible to obtain a linear or flat dimming behavior over the
cross-section if the dimming behavior of the dimming units
corresponds with a linear dimming gradient. A substantial
constant dimming behavior over the cross-section of the
impinging E.M. radiation beam can be obtained if the variable
dimming behavior of the dimming units 320, 330 are adjusted
such that the first dimming unit 320 has a dimming behavior
that shows over the cross section an inverse functional behav-
ior as the dimming behavior of the second dimming unit 330,
such as e.g. an exponentially inverse functional behavior. The
resulting dimming behavior is then significantly independent
of'the position at which the E.M. radiation intersects the first
dimming unit 320 and the second dimming unit 330 such that
no substantial effect will be witnessed on the screen. By way
of' example, an illustration is given in FIG. 7a for a dimming
system 702 with two dimming units 704, 706 having an
exponential attenuation characteristic, the attenuation char-
acteristic of the first dimming unit 704 being the inverse of the
attenuation characteristic of the second dimming unit 706.
Although in the example given, the attenuation is based on
amount of transmission, similar examples can be given for
other type of attenuation means, such as e.g. based on reflec-
tion or diffusion of the electromagnetic radiation beam. The
two dimming units 704, 706 with spatially varying, exponen-
tial dimming behavior and the cross-section 708 with the
impinging electromagnetic beam are shown in FIG. 7a. The
dimming units 704, 706 thus each comprise an area where the
light beam is substantially completely blocked, an area where
the E.M. radiation beam is substantially completely transmit-
ted and an area in between wherein the dimming behavior has
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an exponential dimming behavior with respect to the position
in the dimming unit 704, 706, going from substantially com-
pletely blocking to substantially completely transmitting or
inverse. In other words, the dimming behavior may e.g. along
a straight trajectory between the area of substantially com-
plete blocking and the area of substantially complete trans-
mission, follow an exponential curve. In FIG. 76 and FIG. 7¢,
the attenuation behavior as a function of the position of the
dimming unit 704, 706 with respect to the impinging E.M.
radiation beam is shown for the exponential attenuating
behavior of the dimming units. By shifting the dimming units
704, 706 with respect to the cross-section 708 of the imping-
ing E.M. radiation beam, the transparency at the position of
the cross-section 708 with the E.M. radiation beam can be
changed for each of the dimming units 704, 706. By shifting
the dimming units 704, 706 independent of each other, the
appropriate amount of dimming for the total dimming system
702 can be obtained. It can be seen that two dimming units
704, 706 with such an exponential gradient in inverse sense
fulfill the needs for allowing the dimming system 702 to
obtain exact constant dimming over the cross-section of the
impinging electromagnetic radiation beam. For a first dim-
ming unit 704 having a length L, and a second dimming unit
706 having a length L,, the inverse exponential attenuation
behavior is shown in FIG. 7b. The dimming units 704, 706
have a varying dimming behavior along their length, i.e. in the
x-direction indicated in FIG. 7a. The lengths of the dimming
units 704, 706 may be equal, but the invention is not limited
thereto. In addition, the invention is not limited to a dimmer
means with a full dimming range from 0 to 100%. Also a
dimming means from e.g. 50-90% is included within the
scope of the invention, if this range is more suitable for the
application in question. In general, the components are taken
as large as possible from the mechanical viewpoint, so that the
gradient is as slow as possible. The length in—the x-direc-
tion—of the cross-section of the electromagnetic radiation
beam with the dimming units 704, 706 is named Ax. The first
dimming unit 704 has an exponential gradient dimming
behavior that is the inverse of the dimming behavior of the
second dimming unit 706. The dimming units 704, 706 are
shifted with respect to each other such that the left side of the
cross-section 708 with the first dimming unit 704 corresponds
with a position a on the first dimming unit 704, a indicating
the distance from the start of the gradient zone of the first
dimming unit 704 to the left side of the cross-section 708. The
distance from the left side of the cross-section 708 to the start
of'the gradient zone of the second dimming unit 706 at the left
side is denamed b. The transparency of the dimming system
702, i.e the effect of both dimming units 704, 706 can be
calculated at different points of the cross-section. In the fol-
lowing, this will be done for the center of the cross-section,
the left side of the cross-section and the right side of the
cross-section. The transparency of the first dimming unit 704
in the center of the cross-section 708 of the E.M. radiation
beam can be expressed as

the transparency of the second dimming unit 706 in the center
of the cross-section 708 of the E.M. radiation beam can be
expressed as
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such that the total transmission in the center of the cross-
section of the E.M. radiation beam can be expressed as

a.(a+%]

Ax
T.=T, T =e e b7

= e 55 _ jatab)

For intermediate points between the left side and the right
side of the cross-section, an equal transmission is obtained. In
this way it can be seen that the attenuation indeed is equal over
the complete cross-section of the impinging electromagnetic
beam. The position of the active area or cross-section 708 for
the example of FIG. 7a, i.e. the position where the cross
section 708 of the impinging E.M. radiation beam is posi-
tioned on the dimming units 704, 706, is shown by the rect-
angles indicated with a and b in FIG. 75. In the combined
exploded views in FIG. 7¢, the transmission characteristics
720,722 of each of the dimming units 704, 706 over the width
of the cross-section of the E.M. radiation beam with each of
the dimming units 704, 706, and the corresponding combined
transmission characteristic 724 for the cross-section area are
shown. As can be witnessed, the overall transmission is of the
order of 4% in this case, and constant. The use of exponential
gradient dimming behavior allows to obtain a real constant
dimming intensity over the cross-section of the impinging
E.M. radiation beam. Functions other than exponential func-
tions describing the gradient dimming behavior can be used
as well, as long as the multiplication of the functions is
substantially constant over the cross-section of the impinging
E.M. radiation beam with the combined dimming units. For
other functional inverse behavior, the dimming over the
cross-section differs from being constant, but typically will
be significantly better than if only a single variable dimming
means is used. In fact, the adjective ‘substantially’ in ‘sub-
stantially constant’ means that the non-uniformity of the pro-
jected image is acceptable, for both single projector images as
for systems, where different images are combined into 1 ‘big’
image. To obtain this, more than two dimming units may also
be used. It is an advantage of the present embodiment of the
invention that the dimming behavior is constant over the
cross-section 708 of the impinging E.M. radiation beam
within 5%, preferably 3%, more preferably 1%, even more
preferably 0.1%, still more preferably 0.01%, most prefer-
ably is exactly constant. As is illustrated, the latter is obtained
for exponential gradient dimming behavior that is inverse in
two dimming units 704, 706. The variable dimming system
described above, can be combined with a discrete filter or it
can be combined with influencing of the light output by the
lamp power, e.g. if the variable dimming system only allows
avariable dimming behavior in a sub-range of the interval 0%
attenuation to 100% attenuation.

Itis an advantage of the present embodiment that a constant
dimming is obtained over the cross-section of the impinging
electromagnetic radiation beam with a dimming system posi-
tioned outside the aperture of an electromagnetic radiation
beam guiding means. In the case of e.g. a projection system,
wherein an integration rod is used, the dimming means can be
positioned outside the aperture of the optical components in
the projection system, i.e. for example after the integration
rod. Inthis case the homogeneity of the impinging radiation is
much more constant over the cross-section of the beam, such



US 7,440,205 B2

15

that the heat requirements for the dimming means are signifi-
cantly smaller, than for a dimming means positioned in front
of'a homogenizing means, such as an integration rod. There
may furthermore be other constraints, such as mechanical
constraints, that prevent positioning the dimming means
upstream the light path compared to the homogenizing
means. With the present dimming system, it is possible to
position the dimming means at any position in the electro-
magnetic radiation beam, even where the position in the
cross-section of the electromagnetic radiation beam has a
relation with the position on an object at which the beam is
imaged, without losing brightness uniformity on the screen.

In a further embodiment the invention relates to a dimming
system as described in the previous embodiment, whereby at
least one of the dimming units is used as a folding mirror.
Whereas, as shown in FIG. 3, the two dimming units can be
positioned substantially perpendicular to the impinging elec-
tromagnetic radiation beam, in the present embodiment e.g.
the first dimming unit 320 is used as a folding mirror. The
dimming unit 320 then is such that the reflected E.M. radia-
tion continues its way through the optical system, whereby
the transmitted E.M. radiation is not used any further. This
E.M. radiation can be e.g. absorbed by some heat sink. The
second dimming unit 330 then typically is positioned in the
light path of the reflected light. Alternative setups whereby
the second dimming unit 330 is used as a folding mirror and
the first dimming unit 320 is not, or whereby both the first
dimming unit 320 and the second dimming unit 330 are used
as folding mirrors are also covered by the present invention,
The dimming units used as a folding mirror can comprise a
coating for filtering certain parts of the electromagnetic beam.
For example in a projection system using a light beam, the
coating can be such that it acts as a cold/hot mirror, so that also
infrared and/or ultraviolet light is removed from the incoming
light beam and so that it does not influence the optical com-
ponents downstream the optical light path. This coating also
may be part of the coating used for obtaining the gradient
dimming behavior.

In a third embodiment, the invention relates to a dimming
means for an optical system based on the use of polarization
filters. Polarization is an electromagnetic characteristic of
light rays that teaches something about the direction of the
electromagnetic fields associated with the light. The present
embodiment is especially useful for projection systems using
polarized light, but it is not limited thereto. The present
embodiment can also be applied to projection systems based
on unpolarized light, albeit in a more limited way. The limited
use of the dimming means in a projection system using unpo-
larized light is caused by the limitation that the maximal light
throughput will be 50%, as a first polarizer will block half of
the light. If the projection system uses polarized light, e.g. if
the light valves used are e.g. liquid crystal based transmissive
or reflective light valves, typically the light beam impinging
on the dimming means will be polarized in a specific direc-
tion, i.e. all light rays transmitted by a transmissive light valve
or reflected by a reflective light valve will be forced to have
that specific polarization direction, further called the first
polarization direction, and the light will be called linearly
polarized light. The dimming means comprises at least one
polarizer, which is an optical component that reacts differ-
ently upon different polarization states of the incident light.
Different types of polarizers are available on the market. The
polarizer may be a linear polarizer, having a maximum trans-
mission for linearly polarized light with a specific polariza-
tion direction and a smaller transmission for light having a
polarization direction that makes an angle with the preferen-
tial polarization direction of the polarizer. Designs with other
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polarizers, such as a circular polarizer also can be obtained.
For a linear polarizer, the transmission behavior decreases
gradually when the polarizer is turned gradually from a situ-
ation whereby the polarization direction of the linearly polar-
ized light is parallel with the preferential polarization direc-
tion of the polarizer to a situation whereby the polarization
direction of the linearly polarized light is perpendicular to the
preferential polarization direction of the polarizer. In FIG. 8
the use of a dimming system 800 having two polarizers 804,
806 is shown for three different dimming situations of
impinging polarized light. It will be obvious by a person
skilled in the art that other types of polarization using other
polarizers can also result in dimming. The impinging light
beam has a first polarization direction 802, by way of example
horizontal. The impinging light beam is dimmed by passing
through the combination of the two polarizers 804, 806. The
first polarizer 804 determines the polarization direction it
transmits by way of'its preferential polarization direction, and
thus the amount of light transmitted. The second polarizer
806, which is optional and which is used to improve the signal
quality, transmits a polarization state equal to the one of the
incident light rays. On the left hand side of FIG. 8 the situation
wherein the orientation of'the first polarizer 804 is such that it
transmits the polarization direction that is parallel with the
first polarization direction 802. For the second polarizer 806,
the same effect occurs, as this second polarizer 806 is chosen
such that it has the same polarization direction as the polar-
ization direction of the incoming light beam, i.e. as the first
polarization direction 802. In this example, substantially no
dimming is obtained. It is to be noted that the transmission
behavior of a polarizer may be less than ideal, such that a
small amount of light is lost by absorption or reflection in the
polarizers anyway. A second situation, where the preferential
polarization orientation of the first polarizer 804 is rotated
over 45 degrees with respect to the incident polarization
direction 802, is shown in the center of FIG. 8. In an exploded
view, the details of the polarization directions and the reduc-
tion of the light intensity is shown. Due to the rotation of the
preferential polarization direction of the first polarizer 804 a
portion of the light to be transmitted is selected which is
proportional to the first projection 810 of the initial polariza-
tion state 802 on the polarization direction of the first polar-
izer 804, resulting in an intermediate polarization state 812
with a polarization direction equal to the polarization direc-
tion of the first polarizer 804. In other words, the incident light
beam is, due to this first projection 810, reduced in intensity
by passing through the first polarizer 804, as can be seen from
the length of the polarization vector. In addition, the polar-
ization direction of the second polarizer 806 is again not
parallel with respect to the polarization direction of the light
incident on it, as this is now under an angle of45° with respect
to the original polarization direction of the beam impinging
on the dimming system 800. Therefore, a second projection
814 has to be taken into account, the projection now being a
projection of the intermediate polarization state 812 of the
light beam onto the polarization direction of the second polar-
izer 806, leading to the conversion of the intermediate polar-
ization state 812 of the light beam into aresulting polarization
state 816. This results in a total throughput of about 50% (@if
the polarizers 804, 806 are supposed to work ideally). A third
situation, shown at the right-hand side of FIG. 8, illustrates
total blocking of the light beam. In this case the preferential
polarization direction of the dimming polarizer 804 is per-
pendicular to the incident polarization state, thus no light is
transmitted in the ideal situation and the light beam is com-
pletely dimmed. FIG. 9 illustrates the dimming capability of
the dimming system 800 according to the present embodi-
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ment, showing for each angle between the preferential direc-
tion of the first polarizer 804 and the polarization direction of
the incident beam 802, the amount of throughput for ideal
polarizers. As the dimming means are put in the projection
system, it can easily be correlated to a feedback system such
that automatic adjustment of the light intensity can be
obtained. Alternatively, the dimming means based on polar-
izers also can be positioned outside the projection system. It
is furthermore also an advantage of the present embodiment
that the amount of components needed to implement this
dimming system are limited as often in projection systems
polarised light is already used such that only one additional
polarizer needs to be used instead of two. In this case, the
function of e.g. the second polarizer 806 is done by a polarizer
that is already present in the projection system. Typical pro-
jection systems using polarized light are LCD-projectors,
projectors intended for stereo applications which are based on
polarization, etc.

In a fourth embodiment, the present invention relates to a
dimming system comprising a single variable diffuser means
for use in a projection system. This embodiment comprises
the same features and advantages as the variable diffuser
means described as possible variable dimming means used
for a single dimming unit of the dimming system according to
the first embodiment of the present invention. The variable
diffuser means allows to apply a variable degree of diffusing
for an impinging light beam. The light thus is spread over a
larger solid angle. If an aperture or a light homogenizing
means is used after the variable diffuser means, only part of
the light in the light cone is selected in the system. It is to be
noted that the selection means, i.e. the aperture or the entrance
of'the light homogenizing means, is not varied during variable
dimming, but that the degree of diffusing of the impinging
light is varied such that a variable dimming can be obtained.
A more detailed description is given in the description of the
second type of variable dimming means used as possible
dimming unit in the first embodiment of the present invention
and the corresponding figures, i.e. FIG. 5 and FIG. 6.

In a fifth embodiment, the present invention refers to an
optical system having a dimming means according to any of
the previous embodiments, whereby the optical system fur-
thermore comprises a feedback system with a light sensor in
the optical system. The light sensor is preferably located
outside the light path such that it does not influence the image
on the screen. Possible positions are for instance behind a
partially transparent folding mirror or on a position where
stray light occurs, e.g. on the housing of the system. This way,
the light sensor can, after calibration, provide a value repre-
sentative for the light intensity that is emitted to the screen. A
typical detector that can be used is e.g. a photodiode, or a
sensor such as the TAOS TSL.230 sensor, which emits a signal
of which the frequency is proportional to the light intensity
the sensor is subjected to, although the invention is not limited
thereto. A communication line between the detector and the
dimming means is provided so that the dimming means of the
projection system can be automatically adjusted to dim the
projection system to a desired value. If systems with multiple
channels are used, linked communication between the differ-
ent projectors enables brightness uniformity in the entire
system. The control of the dimming means, i.e. the adjust-
ment of the amount of dimming, also can be performed exter-
nally, i.e. the control of the amount of dimming may be
performed by auser of the projection system, instead of by an
automatic adjustment system.

The dimming systems of the embodiments of the present
invention allow to apply a selectable degree of dimming and
have the advantage that the amount of dimming is equal for
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the whole light beam cross-section, even if the dimming
system is not positioned in the aperture plane. These high
quality dimming systems can be used for any type of dimming
of electromagnetic radiation. Typical applications for the
dimming systems are dimming to match the light output of
different projectors, e.g. in a multi-projector system where
the different projectors may have inherent differences in light
output, dimming in projection systems used for simulating
both day conditions and night conditions, and projection
wherein dynamic contrast enhancement is needed. The latter
is used e.g. in motion pictures where the contrast between
different scenes to be displayed can be very large. The dark
part of a dark scene sometimes should be displayed e.g. 10° or
more times darker than the bright part of a bright scene. The
above-described dimming systems allow to obtain dynamic
contrast enhancement to optimize displaying of such scenes.
This “dynamic contrast” adaptation needs to be done on a
reasonable timescale, but not extremely fast: milliseconds are
not necessary as the eye needs some time to adapt anyway.
With the dimming means according to embodiments of the
present invention, this dynamic contrast adaptation can be
performed on a seconds timescale or even less.

Other arrangements for accomplishing the objectives of the
dimming means embodying the invention will be obvious for
those skilled in the art. It is to be understood that although
preferred embodiments, specific constructions and configu-
rations as well as materials have been discussed herein for
devices according to the present invention, various changes or
modifications in form and detail may be made without depart-
ing from the scope and spirit of this invention. For example,
most examples of dimming means are given for use in pro-
jection systems although the invention also relates to dim-
ming means for use in systems using any other type of elec-
tromagnetic radiation. Other applications can be e.g.
measurement systems wherein a beam of electromagnetic
radiation, e.g. X-rays, is used as probe and whereby, depend-
ing on the type of sample that is studied, the intensity of the
illumination beam should be adjusted. The dimming means
then consequently need to be adjusted such that transparent
materials (to the wavelength of radiation used) respectively
blocking materials are used that transmit or block that specific
electromagnetic radiation. Also, although the current inven-
tion is described related to devices, the invention also relates
to the corresponding methods for dimming.

The invention claimed is:

1. A variable dimming system for dimming an electromag-
netic radiation beam, the dimming system comprising at least
two dimming units, both being sequentially arranged in rela-
tion to the propagation way of the electromagnetic radiation
beam and mutually movable,

each of the at least two dimming units having an attenua-

tion characteristic which is position dependent with
respect to the cross-section of the electromagnetic radia-
tion beam,
wherein the attenuation characteristic of each dimming
unit is obtained by a position dependent transmissivity
behavior or a position dependent reflectivity behavior or
a position dependent diffusity behavior,

wherein the at least two dimming units are configured such
that their combined dimming behavior is spatially sub-
stantially constant over a cross-section of the electro-
magnetic radiation beam perpendicular to a direction of
travel of the electromagnetic radiation beam; and

wherein the attenuation characteristic of each of the dim-

ming units comprises

a substantially complete attenuation of said electromag-

netic radiation beam in a first area of said dimming unit,
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substantially no attenuation of said electromagnetic radia-
tion beam in a second area of said dimming unit and

a continuously decreasing attenuation on a trajectory
between the first and the second area;

wherein said continuously decreasing attenuation of the
first dimming unit substantially changes according to a
first functional behavior and said continuously decreas-
ing attenuation of the second dimming unit substantially
changes according to a second functional behavior, such
that combination of the first and the second functional
behavior is substantially a constant; and

wherein said first functional behavior is expressed by an

exponential function and said second functional behav-
ior is expressed by a function which is an inverse of said
exponential function.

2. A variable dimming system according to claim 1,
wherein said combined dimming behavior is selectable at
least within a sub-range of the range 0% to 100%.

3. A variable dimming system according to claim 1,
wherein the spatially substantially constant dimming behav-
ior includes having a mean dimming factor over said cross-
section, the dimming behavior over the cross-section being
within at least 5% of said mean dimming factor.

4. A variable dimming system according to claim 1,
wherein combination of the first and second functional
behavior comprises multiplication of functions related to the
first and second functional behavior.

5. A system using electromagnetic radiation and compris-
ing a variable dimming system according to claim 1.

6. A system according to claim 5, the system comprising
electromagnetic radiation guiding means having an aperture
plane, wherein said variable dimming system is positioned in
the electromagnetic radiation path significantly upstream or
significantly downstream said aperture plane.

7. A system according to claim 5, furthermore comprising
feedback means for generating a signal representative of a
dimming fraction of the electromagnetic radiation.

8. A system according to claim 7, the feedback means
comprising a sensor.

9. A system according to claim 7, furthermore comprising
means for automatically adjusting the variable dimming sys-
tem based on the signal obtained from the feedback means.
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10. A system according to any of claim 5, wherein said
system using electromagnetic radiation is a projection system
using light.

11. The use of a dimming system according to claim 1 for
any of matching the light output of different projectors having
inherent differences in light output, displaying in day mode
and in night mode with a single projector or providing
dynamic contrast enhancement.

12. A method for dimming a electromagnetic radiation
beam, comprising

selecting a dimming behavior of atleast a first and a second

dimming unit;

wherein each ofthe atleast two dimming units has a attenu-

ation characteristic which is position dependent with
respect to the cross-section of the electromagnetic radia-
tion beam, and
wherein the attenuation characteristic of each dimming
unit is obtained by a position dependent transmissivity
behavior or a position dependent reflectivity behavior or
a position dependent diffusity behavior,

combining the selected dimming behavior of each of the at
least first and second dimming units such that the com-
bined dimming behavior is spatially constant over a
cross-section of an impinging electromagnetic radiation
beam generated by an electromagnetic source,
wherein the attenuation characteristic of each of the dim-
ming units comprises a substantially complete attenua-
tion of said electromagnetic radiation beam in a first area
of said dimming unit, substantially no attenuation of said
electromagnetic radiation beam in a second area of said
dimming unit and a continuously decreasing attenuation
on a trajectory between the first and the second area;

wherein said continuously decreasing attenuation of the
first dimming unit substantially changes according to a
first functional behavior and said continuously decreas-
ing attenuation of the second dimming unit substantially
changes according to a second functional behavior, such
that combination of the first and the second functional
behavior is substantially a constant; and

wherein said first functional behavior is expressed by an

exponential function and said second functional behav-
ior is expressed by a function which is an inverse of said
exponential function.
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