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1
SPOTLIGHT WITH DIFFUSER

The invention relates to an illumination device, in particu-
lar in the form of a luminous emitter for TV studios, stages,
etc. The illumination device comprises a light source.

Nowadays, stringent requirements are made of such lumi-
nous emitters. If one thinks of the use of object emitters in TV
studios, for example, it is necessary for specific regions to be
illuminated with high brightness, while other regions are
intended to remain dark. Moreover, different properties of the
emitted light are desirable depending on the type of TV
recording desired. For a detail recording of a small portion of
the stage, the light is intended to impinge on said portion in as
concentrated a manner as possible. In the case of an overview
recording of the stage overall, by contrast, an areal illumina-
tion is required.

According to a traditional procedure, powerful halogen
emitters are used for such purposes, wherein the luminous
region is restricted, if appropriate, by means of diaphragms or
lens systems. For the change between concentrated illumina-
tion and areal illumination, use is made of diffusers which can
optionally be introduced into the illumination beam path or be
removed from the latter. Without a diffuser, the light from the
object emitter impinges on a small portion of the stage in a
concentrated manner. If the diffuser is introduced into the
beam path, the light is scattered in a wide variety of direc-
tions, such that an areal illumination is produced. During the
change between the two states, the diffuser is moved
mechanically.

The invention is based on the object of presenting such an
illumination device which enables rapid changes between
different illumination states. Proceeding from the prior art
mentioned in the introduction, the object is achieved by
means of the features of the independent claim. Advanta-
geous embodiments are found in the dependent claims.

According to the invention, a plate-type element is
arranged in the beam path of the light source. The plate-type
element comprises two transparent plates enclosing a liquid
crystal layer between them. The plate-type element can
assume two states. The liquid crystals are disordered in a first
state. The liquid crystals are aligned with one another in a
second state. An electrical voltage is applied to the liquid
crystal layer in order to change between the states.

A luminous emitter denotes an illumination device of high
light intensity which can be used to irradiate an object from a
distance. The light emerging from the luminous emitter can
be set in such a way that itis concentrated on the object, while
other regions are not irradiated. Such object emitters can be
used, in particular, in TV studios, theaters, stages. Uses in the
illumination of buildings, display windows, display cabinets
and the like are also possible.

The liquid crystals in the plate-type element have the prop-
erty that they are light-transmissive in each case only in
specific directions. If the liquid crystals in the liquid crystal
layer are disordered, the light coming from the light source is
scattered and directed in a wide variety of directions. Even if
the liquid crystals are disordered, a large portion of the
impinging light can pass through the plate-type element. The
emerging light is diffuse, that is to say that the plate-type
element acts in the manner of an opal glass pane. In the
illumination device according to the invention, the plate-type
element in this state acts as a diffuser.

If the liquid crystals in the liquid crystal layer are aligned
with one another, the light emerging from the light source can
pass directly through the plate-type element. In this state, the
plate-type element is transparent in the sense that an object
can berecognized through the plate-type element. In this state
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of the plate-type element, therefore, the light from the light
source is directed directly onto the object. It is regularly the
case that the liquid crystals are disordered in the initial state
and they are aligned after a voltage has been applied. The
plate-type elements thus have an electrically adjustable trans-
parency. The plate-type elements as such are known and
commercially available. The plate-type elements according
to the invention should be distinguished from so-called light
traps based on liquid crystals. What is characteristic of light
traps such as are used in LCD displays, for example, is a state
in which the light is not transmitted at all.

The diffuser according to the invention makes it possible to
change over the illumination device between direct illumina-
tion and diffuse illumination virtually without any delay. In
particular, it is no longer necessary to move the diffuser
mechanically into the beam path or out of the latter.

The transparent plates of the plate-type elements are pref-
erably arranged substantially parallel to one another. The
plates can consist of glass or some other material, such as
plastic, for example. The material can be rigid or flexible. If
the plates are flexible, the plate-type element overall is also
flexible. The plates can be planar. Embodiments in which the
plates are curved are also possible.

The plate-type elements are often not very heat-resistant. If
alight source is used which emits a large amount of heat, such
as an incandescent lamp or a halogen lamp, for example, it is
necessary to provide some distance between the diffuser and
the light source in order that the diffuser is not damaged by the
heat. A light source which emits only a small amount of heat,
such as an LED, for example, is advantageous. The diffuser
can then be arranged at a small distance from the light source,
for example less than 20 cm, preferably less than 10 cm. The
light source can comprise a plurality of LEDs. The LEDs can
be arranged in a two-dimensional manner, for example in a
matrix-type manner or in a honeycomb-like manner.

In order to further reduce the risk of heat damage, it is
possible to provide cooling devices for the plate-type ele-
ments.

The LEDs preferably comprise a collimator optical unit
arranged in front of the luminous substrate, such that the light
is emitted in a narrow beam cone. The collimator optical unit
of'the LEDs should be distinguished from further lenses that
the illumination device may have, if appropriate.

In order to subject the liquid crystals to an electrical volt-
age, an electrically conductive layer can respectively be
formed on both sides of the liquid crystal layer. A voltage
source can be provided between the two electrically conduc-
tive layers. In the simplest case, a switch is arranged between
the voltage source and the electrically conductive layers, by
means of which switch the voltage can be switched on or
switched off. By actuating the switch, it is possible to change
between a state of the plate-type element in which the liquid
crystals are disordered, and a state in which the liquid crystals
are aligned with one another. In one advantageous embodi-
ment, a voltage regulator is provided, by means of which a
multiplicity of different voltages can be applied between the
electrically conductive layers. It is then possible to change
between a completely disordered state and a completely
aligned state of the liquid crystals in a plurality of steps or
even continuously. For the diffuser, there is as a result the
possibility of intermediate states between the wholly trans-
parent state and the wholly diffuse state. The voltage regula-
tor can be designed to set DC voltage or AC voltage, wherein
the setting can preferably be effected in a continuously vari-
able manner. The term voltage regulator also encompasses
devices which generate different voltage profiles, for example
by a specific average voltage being generated by rapid switch-
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ing back and forth. Experiments have shown that rapidly
changing voltages can bring about a faster reaction of the
liquid crystals.

Occasionally it is desirable for a specific object to be per-
manently subject to direct illumination and for the illumina-
tion to be varied only in the surroundings of the object. It may
therefore be expedient if the plate-type elements only partly
mask the light emerging from the light source. It is then
possible to set whether the permanent direct illumination is
supplemented with further direct light or with diffuse light.
One application for this could be the illumination of a display
cabinet that is intended to be permanently directly irradiated,
while different illuminations are desired in the surroundings,
for example depending on the daylight additionally incident.

The illumination device according to the invention can be
set up in such a way that even further properties of the light
directed onto the object can be influenced. Said properties can
be, for example, the color ofthe light or the color temperature.
For this purpose, the light source can have a plurality of
mutually separate light regions which emit light with differ-
ent properties. If appropriate, the light regions can be pro-
duced by filters with different properties. By way of example,
a first light region of the light source can emit warm-white
light and a second light region of the light source can emit
cold-white light. It is also possible for the different light
regions to emit light in different colors. In order to be able to
influence the properties of the light, the diffuser can comprise
a plurality of mutually separate partial areas which can be
driven separately from one another. The partial areas can be
formed on an individual plate-type element or on a plurality
of plate-type elements. The partial areas can be assigned to
the light regions. Preferably, a partial area of the diffuser is
arranged in front of each light region.

By separately driving the partial areas of the diffuser, it is
then possible to influence the properties of the light. By way
of' example, if the partial area arranged in front of the warm-
white light region is in the clear state (liquid crystals aligned)
and the partial area arranged in front of the cold-white light
region is in the diffuse state (liquid crystals disordered), then
the object is primarily illuminated with warm-white light. If
the object is then intended to be illuminated with cold-white
light, opposite driving of the partial areas is necessary. If the
voltage present at the partial areas is altered simultaneously
and in opposite senses, then it is possible to change between
warm-white light and cold-white light without the brightness
changing significantly. Any desired intermediate states
between warm-white light and cold-white light can also be set
in this way. Corresponding transitions are possible between
light of a different color.

Further optical effects can be achieved if the light emerging
from the partial areas of the diffuser is subsequently super-
imposed concentrically. It thereby becomes possible, for
example, to generate a white light beam from the light of a
red, a green and a blue LED. If] in the case of one color, a
changeover is made from direct illumination to diffuse illu-
mination by changing the voltage at the plate-type element, a
corona of the relevant color forms around the center, while the
color in the center is present only with lower intensity. Such
an effect is desirable in specific TV recordings. In one advan-
tageous embodiment, the illumination device according to the
invention therefore comprises an optical element which can
be used to superimpose the light emerging from the partial
areas.

The illumination device according to the invention can be
equipped with further lens elements, which are arranged in
the beam path and influence the illuminated region. Thus, the
illumination angle or the illumination field can be varied and
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set to the actual requirement, see DE 202007 008 430 U1. The
electrically drivable plate-type elements can be arranged
directly downstream of the LEDs, that is to say between the
LEDs and the lens systems. In another embodiment, having
lenses or lens systems arranged successively in the beam path,
the electrically drivable plate-type elements are arranged
between the lenses or lens systems. Embodiments in which
the plate-type elements are arranged beyond the lens system
as seen from the light source are also possible.

Particularly in TV studios and on stages it is often required
that the illumination can follow moving objects. For this
purpose, it is possible to provide a suspension for the illumi-
nation device, which makes it possible that the illumination
device can be moved relative to a rigid structure. By way of
example, a stand is regarded as a rigid structure in this sense.

The invention furthermore relates to an arrangement com-
prising an illumination device according to the invention and
a wall, wherein the illumination device is arranged in such a
way that the light emerging from the illumination device
impinges on the wall at an acute angle. This is the case, in
particular, for walls which serve as a background in TV stu-
dios. Here an illumination device is arranged at a small dis-
tance from the plane ofthe wall and emits light obliquely onto
the wall. For the TV recordings it is important that the region
which can be seen in the recording is illuminated uniformly.
The illumination device according to the invention makes it
possible to vary between concentrated illumination of a small
area and uniform illumination of a larger area. Moreover, the
illumination device can be set in such a way that the different
colors of a multicolored light source are not individually
visible even in the close range.

At an acute angle is understood to mean, in particular, an
angle of less than 20°, preferably less than 10°. The angle
indication relates to the central beam of the illumination. The
illumination device can be arranged on the same side of the
wall on which the TV camera is also arranged. The light is
then reflected from the wall. The application in the case of
translucent walls is also possible. The illumination device is
then arranged on the other side of the wall and the light passes
through the wall.

The invention is described by way of example below on the
basis of advantageous embodiments with reference to the
accompanying drawings, in which:

FIG. 1: shows an illumination device according to the
invention in use;

FIG. 2: shows a schematic illustration of an illumination
device according to the invention;

FIG. 3: shows a schematic illustration of the functioning of
a diffuser;

FIG. 4: shows a schematic illustration of a diffuser;

FIG.5: shows the illumination device from FIG. 2 in a view
from the front;

FIG. 6: shows the view in accordance with FIG. 5 in the
case of another embodiment of the invention;

FIG. 7: shows the view in accordance with FIG. 4 in the
case of another embodiment of the invention;

FIG. 8: shows the view in accordance with FIG. 4 in the
case of yet another embodiment of the invention;

FIG. 9: shows a schematic illustration of an alternative
embodiment;

FIG. 10: shows a further embodiment of the invention; and

FIG. 11: shows an embodiment of an arrangement accord-
ing to the invention.

An illumination device 14 according to the invention is
arranged on a stand 15 in FIG. 1. By means of an articulation
16, the illumination device 14 can be pivoted upward and
downward; by means of an articulation 17, the illumination
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device 14 can be rotated toward the right and left. In FIG. 1,
the illumination device 14 is set in such a way that it supplies
concentrated illumination for an object 18 on a stage 19.

In accordance with FIG. 2, the illumination device 14
comprises a light source 29 arranged in a housing 20. The
light source 29 is composed of a plurality of LEDs 30, which
are shown in FIG. 5. The LEDs 30 are arranged alongside one
another in a honeycomb-like manner and are aligned parallel
to one another with respect to the exit of the housing 20. Each
LED 30 comprises a collimator optical unit, such that the light
is emitted in the form of a narrowly delimited cone. A diffuser
21 is arranged at the exit of the housing 20. Embodiments in
which the light source 29 is an individual powerful LED are
also possible, for example with a power of more than 50 W.

The manner of operation of the diffuser 21 is explained
below with reference to FIG. 3. The diffuser 21 contains a
multiplicity of liquid crystals 22 which in each case transmit
light only in specific directions. If the liquid crystals 22 are
aligned with one another as in FIG. 3A, then they are all
light-transmissive in the same direction. If light, indicated by
arrows 24 in FIG. 3, impinges on the diffuser 22, the light can
pass in the corresponding direction directly through the dif-
fuser 22. The diffuser 22 is then transparent. If the liquid
crystals 22 are disordered as in FIG. 3B, then the light is
scattered in all possible directions in the diffuser 21. In this
state, too, the majority of'the light emerges again on the other
side of the diffuser 21, but in a wide variety of directions. The
effect of the diffuser 21 is similar to that of opal glass.

In accordance with FIG. 4, the diffuser in the illumination
device 14 according to the invention has the form of a plate-
type element 25. The plate-type element 25 comprises two
glass plates 26 arranged at a small distance parallel to one
another. The glass plates 26 enclose between them a layer
comprising liquid crystals 22. A conductive layer 27 is in each
case formed between the glass plates 26 and the liquid crystal
layer. By means of a regulatable voltage source 28, a voltage
can be applied between the conductive layers 27. Ifno voltage
is present between the conductive layers 27, the liquid crys-
tals 22 are disordered, and impinging light is scattered in a
wide variety of directions. As a result of a voltage being
applied between the conductive layers 27, the liquid crystals
22 are aligned with one another. Impinging light can pass
straight through and the plate-type element 25 becomes trans-
parent. The voltage source 28 is regulatable in a continuously
variable manner, such that a continuously variable transition
of the liquid crystals 22 from the disordered state to the state
aligned with one another is possible.

In FIG. 1, a voltage is present at the diffuser 21 and the
diffuser 21 is transparent. The light generated by the light
source 29 passes straight through the diffuser 21 and
impinges directly on the object 18 on the stage 19. This
illumination state is suitable, for example, for making detail
recordings of the object 18. If the voltage at the diffuser 21 is
switched off; the liquid crystals 22 undergo transition to the
disordered state, and impinging light is scattered in all direc-
tions. The stage 19 is uniformly illuminated with diffuse light
over a large area, thus resulting in good illumination for
overview recordings.

FIG. 6 shows a view from the front of an alternative
embodiment of an illumination device 14 according to the
invention. The light source 29 is subdivided into four mutu-
ally separate light regions 31. In each light region 31, twelve
LEDs 30 are arranged in a matrix-type manner. Two light
regions 31 lying obliquely opposite each other are equipped
with LEDs 30 which emit cold-white light. The LEDs 30 of
the other two light regions 31 emit warm-white light.
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The plate-type element 25 of the diffuser 21 has four partial
areas 32, to which a voltage can be applied independently of
one another. A cross section through the corresponding plate-
type element is shown in FIG. 7. The conductive layer 27 is
interrupted in accordance with the partial areas 32. A voltage
source 28 is provided for each partial area 32, such that
independent driving of the partial areas 32 is possible. In FIG.
7, a voltage is present at the lower partial area 32 and is not
present at the upper partial area 32.

Each of the partial areas 32 of the diffuser 21 is assigned to
a light region 31 and positioned in front of the relevant light
region 31. By applying a voltage to the partial areas 32, it is
possible for the warm-white light and the cold-white light to
be directly directed onto the object or scattered. By means of
suitable driving of the partial areas 32, a continuous alteration
of the color temperature of the illumination is thus possible.
In particular, this change is possible without the brightness
changing significantly at the same time.

If the light regions 31 are equipped with LEDs 30 of a
different color, it is correspondingly possible to achieve con-
ditions transitions in the color of the illumination. Instead of
LEDs 30 having different colors, identically colored LEDs
can also be used and the light can be influenced by corre-
sponding filters.

In the case of the embodiment in FIG. 8, the plate-type
element 25 covers only some of the LEDs 30. The centrally
arranged LEDs 30 always emit directly onto the object. Only
in the case of the LEDs 30 at the edge is it possible to set
whether they are intended to directly illuminate the object or
whether the light is intended to be scattered.

In the case of the embodiment in FIG. 9, two lens systems
indicated schematically at 5 are provided, by means of which
the illumination angle can be altered by said lens systems
being displaced or parts of the lens systems being displaced
relative to one another. By means of the plate 21 in this case
it is again possible to choose between direct illumination by
LEDs of the illumination device 1 and diffuse illumination.

In FIG. 10, the light source 29 is composed of a red LED
33,agreen LED 34 and ablue LED 35, which are in each case
equipped with a collimator optical unit. An individually driv-
able diffuser 21 is arranged in front of each LED. By means of
mirrors 36 and the dichroic mirrors 37, the light is superim-
posed to form a concentric light beam. If all the diffusers 21
are in the same state, the superimposed light beam is white. If,
by way of example, the light from the red LED 33 is scattered
to a greater extent, then this results in an image such as is
indicated at 38 in FIG. 10. A corona of red light forms, while
the intensity of the red light is reduced in the center.

FIG. 11 shows a TV studio with a table 38 and a chair 39,
on which a newsreader can sit, for example. The background
for the images recorded by a TV camera 40 is formed by a
wall 41. An illumination device 14 according to the invention
is arranged at the foot of the wall and illuminates the wall 41
atan acute angle. By setting the diffuser 21, it is possible to set
the intensity and the area distribution of the illumination in
such a way that the desired image arises for the TV camera.

The invention claimed is:

1. An illumination device for TV recordings, stages, com-
prising a light source and a plate-type element arranged in the
beam path of the light source, wherein the plate-type element
has two transparent plates with a layer of liquid crystals
arranged in between, wherein the liquid crystals are disor-
dered in a first state which scatters light passing through said
plate-type element, and wherein the liquid crystals are
aligned with one another in a second state which allows light
to pass directly through said plate-type element, and wherein



US 8,727,552 B2

7

an electrical voltage is applied to the liquid crystal layer in
order to change between the states.

2. The illumination device as claimed in claim 1, wherein
the light source has an LED.

3. The illumination device as claimed in claim 1, wherein
the liquid crystals are enclosed between electrically conduc-
tive layers.

4. The illumination device as claimed in claim 3, wherein a
regulatable voltage source is provided in order to apply a
voltage between the electrically conductive layers.

5. The illumination device as claimed in claim 1, wherein
the plate-type element only partly masks the light emerging
from the light source.

6. The illumination device as claimed in claim 1, wherein
the light source has a plurality of mutually separate light
regions, and wherein the light regions emit light with different
properties.

7. The illumination device as claimed in claim 1, wherein
said illumination device has one or a plurality of plate-type
elements having partial areas that are electrically drivable
separately from one another.

8. The illumination device as claimed in claim 6, wherein
the partial areas are assigned to the light regions.
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9. The illumination device as claimed in claim 6, wherein
an optical element is provided in order to superimpose the
light emerging from different partial areas.

10. The illumination device as claimed in claim 1, wherein
lens elements are provided in the beam path, by means of
which lens elements the illumination zone can be altered.

11. The illumination device as claimed in claim 1, wherein
it has cooling devices for the electrically drivable plate-type
elements.

12. The illumination device as claimed in claim 1, wherein
a suspension is provided, by means of which the illumination
device can be moved relative to a rigid structure.

13. An arrangement comprising a wall and an illumination
device, wherein the illumination device is embodied as
claimed in claim 1 and is arranged in such a way that the light
impinges on the wall at an acute angle.

14. The illumination device as claimed in claim 7, wherein
the partial areas are assigned to the light regions.

15. The illumination device as claimed in claim 7, wherein
an optical element is provided in order to superimpose the
light emerging from different partial areas.

16. The illumination device as claimed in claim 8, wherein
an optical element is provided in order to superimpose the
light emerging from different partial areas.
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