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(57) ABSTRACT

An illumination dystem, an electronic Device and a method
for using an illumination device are disclosed. In an embodi-
ment an illumination device includes at least one semicon-
ductor component configured to generate radiation, an opti-
cal element and a control circuit, wherein the optical element
is configured to direct the radiation into a field of view to be
illuminated, wherein the semiconductor component has a
plurality of pixels of a first type, each pixel configured to
illuminate the field of view in regions with radiation in a
visible spectral range, and at least one infrared pixel con-
figured to illuminate the field of view at least in regions with
radiation in an infrared spectral range, wherein the pixels of
the first type are arranged in a first matrix arrangement and
the infrared pixels are arranged in a second matrix arrange-
ment, and wherein the pixels of the first type and the at least
one infrared pixel are operable via the control circuit.
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ILLUMINATION SYSTEM, ELECTRONIC
DEVICE COMPRISING AN ILLUMINATION
SYSTEM AND USE OF AN ILLUMINATION

SYSTEM

[0001] This patent application is a national phase filing
under section 371 of PCT/EP2018/054425, filed Feb. 22,
2018, which claims the priority of German patent applica-
tion 102017103884.1, filed Feb. 24, 2017, each of which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present application relates to an illumination
device, an electronic device with such an illumination
device and the use of an illumination device.

BACKGROUND

[0003] Electronic devices such as smartphones or tablets
often have one or more camera systems. However, the
usability of these camera systems is limited, for example, in
poor visibility conditions.

SUMMARY OF THE INVENTION

[0004] Embodiments provide an improvement of the
usability and performance of camera systems.

[0005] Embodiments provide an illumination device with
at least one semiconductor component intended for gener-
ating radiation. The semiconductor component, for example,
has a semiconductor chip with an active region intended for
generating radiation.

[0006] According to at least one embodiment of the illu-
mination device, the illumination device has an optical
element. The optical element is intended in particular for
directing radiation emitted during operation of the semicon-
ductor component into a field of view to be illuminated. In
other words, the optical element serves to shape the spatial
radiation characteristic. For example, the entire illumination
device has exactly one optical element intended for beam
shaping. For example, the optical element is a refractive
optical element, such as a lens or a Fresnel lens.

[0007] According to at least one embodiment of the semi-
conductor component, the semiconductor component has a
plurality of pixels of a first type, each intended for illumi-
nating the field of view in regions with radiation in the
visible spectral range. For example, the radiation emitted by
the pixels of the first type is white light to the human eye.
The pixels of the first type are, for example, individual
semiconductor chips or partial regions of one or more
semiconductor chips.

[0008] In lateral direction, i.e., parallel to a main plane of
extension of at least one semiconductor chip, the pixels of
the first type are arranged next to one another, so that during
operation of the semiconductor component a subarea of the
field of view to be illuminated is illuminated by means of a
pixel of the first type. The entire field of view can be
illuminated by simultaneously activating all pixels of the
first type. Subareas of the field of view illuminated by
adjacent pixels of the first type can overlap in in regions.
[0009] According to at least one embodiment of the illu-
mination device, the semiconductor component has at least
one infrared pixel, in particular a plurality of infrared pixels.
The infrared pixel/pixels is/are intended to illuminate the
field of view in regions with radiation in the infrared spectral
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range. For example, a peak wavelength of radiation in the
infrared spectral range is between and 780 nm and 1.1 um
inclusive. Radiation in this spectral range is not visible to the
human eye and detectable by conventional silicon detectors.

[0010] According to at least one embodiment of the illu-
mination device, the illumination device has a control cir-
cuit. The control circuit is intended in particular to operate
the pixels of the first type and the at least one infrared pixel.
By means of the control circuit, the pixels of the first type
and the at least one infrared pixel can be operated indepen-
dently of one another and, in particular, simultaneously with
different currents and/or different voltages. For example, a
common control circuit is intended to control both the pixels
of the first type and the at least one infrared pixel. For
example, the control circuit has at least one active matrix
circuit, in which at least two pixels, in particular all pixels,
can be controlled simultaneously. For example, each pixel of
the illumination device is associated with a switch of the
control circuit, such as a transistor.

[0011] In at least one embodiment of the illuminating
device, the illuminating device has a semiconductor com-
ponent intended for generating radiation, an optical element
and a control circuit, the optical element directing the
radiation emitted during operation of the semiconductor
component into a field of view to be illuminated. The
semiconductor component has a plurality of pixels of a first
type, each intended to illuminate the field of view in regions
with radiation in the visible spectral range. The semicon-
ductor component has at least one infrared pixel intended for
illuminating the field of view at least in regions with
radiation in the infrared spectral range. The pixels of the first
type and at least one infrared pixel can be operated via the
control circuit.

[0012] The illumination device not only provides radiation
in the visible spectral range, but also radiation in the infrared
spectral range. These radiation components can be super-
imposed in the field of view at least in places. By subdivid-
ing the radiation source into pixels of the first type and
infrared pixels, different subareas of the field of view to be
illuminated can be illuminated to different degrees with
radiation in the visible spectral range and/or radiation in the
infrared spectral range.

[0013] By using such an illumination device as a light
source, in particular as a flashlight in an electronic device
such as a smartphone or tablet, the camera system intended
for the image generation can be provided with radiation not
only in the visible but also in the infrared spectral range. For
example, the electronic device has a radiation receiver that
can detect radiation in the red, green and blue spectral range
as well as radiation in the infrared spectral range. Alterna-
tively, the electronic device can have a radiation receiver for
radiation in the red, green and blue spectral range and a
further radiation receiver for receiving radiation in the
infrared spectral range.

[0014] According to at least one embodiment of the illu-
mination device, the pixels of the first type are arranged in
a first matrix arrangement and the infrared pixels are
arranged in a second matrix arrangement.

[0015] In particular, the term ‘matrix arrangement’ gener-
ally refers to a two-dimensional arrangement of a plurality
of pixels, for example, in a regular rectangular or hexagonal
grid. In particular, the individual elements of the matrix
arrangement can be controlled independently of one another.
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[0016] The first matrix arrangement and the second matrix
arrangement are laterally spaced apart from one another. In
other words, the pixels of the first type and the infrared
pixels are spatially separated next to one another. In par-
ticular, no pixel of the first type is located between any two
infrared pixels and vice versa. For example, the optical
element is formed so that each infrared pixel in the second
matrix arrangement is associated with a pixel of the first type
in the first matrix arrangement, so that the radiation emitted
by the infrared pixel and the associated pixel of the first type
overlaps in the field of view.

[0017] According to at least one embodiment of the illu-
mination device, the pixels of the first matrix arrangement
are formed by a first semiconductor chip and the pixels of
the second matrix arrangement are formed by a second
semiconductor chip. The pixels of the first matrix arrange-
ment and the pixels of the second matrix arrangement can
thus be produced independently of one another and can, for
example, also be based on different semiconductor material
systems.

[0018] A semiconductor chip based on nitride compound
semiconductor material, for example, is suitable for gener-
ating radiation in the visible spectral range. A semiconductor
material based on arsenide compound semiconductor mate-
rial, for example, is suitable for generating radiation in the
infrared spectral range.

[0019] Based on “nitride compound semiconductor mate-
rial” in the present context means that the semiconductor
chip or at least a part thereof, particularly preferably at least
the active region and/or a growth substrate, comprises or
consists of a nitride compound semiconductor material,
preferably Al In Ga, . N, wherein O=x=<l, Osy=l and
x+y=1. This material does not necessarily have to have a
mathematically exact composition according to the above
formula. Rather, it may, for example, contain one or more
dopants and additional components. For simplicity’s sake,
however, the above formula contains only the essential
components of the crystal lattice (Al, Ga, In, N), even if
these may be partially replaced and/or supplemented by
small quantities of other substances.

[0020] Based on “arsenide compound semiconductor
material” in the present context means that the semiconduc-
tor chip or at least a part thereof, particularly preferably at
least the active region and/or a growth substrate, comprises
or consists of an arsenide compound semiconductor mate-
rial, preferably Al In Ga, , ,As, wherein O=x=<1, O<y=1 and
x+y=1. This material does not necessarily have to have a
mathematically exact composition according to the above
formula. Rather, it may, for example, contain one or more
dopants and additional components. For simplicity’s sake,
however, the above formula contains only the essential
components of the crystal lattice (Al, Ga, In, As), even if
these may be partially replaced and/or supplemented by
small amounts of other substances.

[0021] By using different materials for the semiconductor
chips, a particularly high efficiency in the generation of
radiation in the respective spectral ranges can be achieved
overall.

[0022] According to at least one embodiment of the illu-
mination device, the pixels of the first type and the infrared
pixels are arranged in a common matrix arrangement. For
example, an infrared pixel is located between at least two
pixels of the first type. The pixels of the first type and the
infrared pixels, for example, are arranged line by line or
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column by column, alternating or alternating in a chessboard
like pattern. The number of first type and infrared pixels and
the ratio between the number of first type and infrared pixels
can be varied within wide limits depending on the lighting
requirements.

[0023] According to at least one embodiment of the illu-
mination device, one degree of surface coverage with infra-
red pixels changes within the common matrix arrangement.
For example, the degree of surface coverage with infrared
pixels is higher in a central region of the common matrix
arrangement than in an edge region of the common matrix
arrangement. For example, the edge region surrounds the
central region in the form a frame. The infrared pixels are
thus increasingly or exclusively arranged in the central
region of the common matrix arrangement. Such an arrange-
ment is suitable, for example, if the radiation to be generated
by the infrared pixels is predominantly required centrally in
the field of view.

[0024] According to at least one embodiment, the com-
mon matrix arrangement is formed by a plurality of semi-
conductor chips.

[0025] Here, a semiconductor chip can form exactly one
pixel or a plurality of pixels. In particular, each semicon-
ductor chip is intended either only for the generation of
radiation in the visible spectral range or only for the gen-
eration of radiation in the infrared spectral range. The
radiation in the respective spectral range can be emitted as
primary radiation directly from the semiconductor chip
and/or as secondary radiation, which is emitted by a radia-
tion conversion element by excitation by the primary radia-
tion.

[0026] By subdividing the common matrix arrangement
into several semiconductor chips, the material system suit-
able for the radiation to be generated can be selected for each
pixel. Furthermore, the surface distribution of infrared pixels
and pixels in the visible spectral range can be easily adapted
to different requirements during production by placing the
individual semiconductor chips.

[0027] According to at least one embodiment of the illu-
mination device, an intermediate carrier is arranged between
the plurality of semiconductor chips and the control circuit,
via which the semiconductor chips are electrically conduc-
tively connected to the control circuit. The intermediate
carrier extends in particular over a plurality of semiconduc-
tor chips, for example, over all semiconductor chips of the
common matrix arrangement. By means of the intermediate
carrier, an electrical contact of the individual contacts of the
semiconductor chips with the associated connections of the
control circuit can be achieved in a simplified manner. The
control circuit and the intermediate carrier may overlap in
regions in a plan view. In the lateral direction, a particularly
compact design can thus be achieved.

[0028] According to at least one embodiment of the illu-
mination device, the pixels of the first type and the infrared
pixels of the common matrix arrangement are integrated into
a common semiconductor chip. By means of an integrated
arrangement of the pixels, particularly small distances
between the pixels can be achieved. For example, the pixels
of'the first type and the infrared pixels result from a common
semiconductor layer sequence during the production of the
common semiconductor chip. The active regions of the
individual pixels intended for the generation of radiation
therefore do not differ in terms of layer thickness and
material composition, or at most within the scope of fluc-
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tuations that occur in the lateral direction during the manu-
facture of semiconductor chips, for example, during the
epitaxial deposition of a semiconductor layer sequence.
[0029] Forexample, the infrared pixels are associated with
a radiation conversion element that converts the radiation
generated in the active region of the semiconductor chip into
radiation in the infrared spectral range.

[0030] According to at least one embodiment of the illu-
mination device, the semiconductor component has a plu-
rality of pixels of a second type emitting radiation in the
visible spectral range.

[0031] In particular, the pixels of the second type emit
radiation different from the pixels of the first type in terms
of peak wavelength and/or color temperature, for example.
For example, the pixels of the first type emit warm white
light and the pixels of the second type emit cold white light.
[0032] Light with a color temperature between 2000 K and
3500 K inclusive is regarded as warm white light. Light with
a color temperature of 3600 K to 7000 K is regarded as cold
white light. By means of the ratio of the radiation emitted by
the pixels of the first type to the pixels of the second type,
the color location of the radiation emitted by the illumina-
tion device can be adjusted in the visible spectral range.
[0033] According to at least one embodiment of the illu-
mination device, the pixels of the first type, the pixels of the
second type and the infrared pixels are arranged in a
common matrix arrangement. The common matrix arrange-
ment, for example, has warm white light emitting pixels of
the first type, cold white light emitting pixels of the second
type and infrared pixels. In particular, the common matrix
arrangement can be formed by exactly one semiconductor
chip. This is to say that the entire lighting system only
requires a semiconductor chip intended for radiation gen-
eration and provides both white light with adjustable color
temperature and infrared light. Compared to an embodiment
with several semiconductor chips, a particularly compact
design can be achieved.

[0034] According to at least one embodiment of the illu-
mination device, the pixels of the first type are arranged in
a first matrix arrangement and the pixels of the second type
are arranged in a second matrix arrangement. In particular,
both the first matrix arrangement and the second matrix
arrangement have a part of the infrared pixels.

[0035] According to at least one embodiment of the illu-
mination device, each pixel of the first matrix arrangement
is associated with a pixel of the second matrix arrangement
so that the radiation emitted by these pixels overlaps in the
field of view. In particular, each pixel of the first type in the
first matrix arrangement overlaps with a pixel of the second
type in the second matrix arrangement, so that for each
subarea of the field of view to be illuminated, the color
location of the total radiation impinging on this subarea in
the visible spectral range can be adjusted.

[0036] According to at least one embodiment of the illu-
mination device, a radiation conversion element is associ-
ated with the pixels of the first type and/or the pixels of the
second type, which at least partially converts a primary
radiation into a secondary radiation. For example, the pri-
mary radiation is located in the blue spectral range or in the
ultraviolet spectral range. The secondary radiation, for
example, is located in the blue, green, yellow and/or red
spectral range.

[0037] For example, the radiation conversion element has
a thickness between 40 pm and 100 pum inclusive, in
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particular between 60 um and 80 um inclusive. Radiation
conversion elements in this thickness range cause a com-
paratively strong scattering and thus a spatially widened
radiation. It has been shown that an overlap between sub-
areas in the field of view illuminated by adjacent pixels
results in improved images when the illumination device is
used as a flash.

[0038] In particular, it has been shown that for other
applications, such as projection applications or an adaptive
headlamp system, unwanted optical crosstalk between adja-
cent pixels when using the described illumination device as
a flash leads to improved image generation results.

[0039] According to at least one embodiment of the illu-
minating device, a total luminous area of all infrared pixels
of the illuminating device is not more than 80%, for
example, 60% or less of a total luminous area of the pixels
emitting in the visible spectral range. The lower the propor-
tion of the infrared pixels compared is compared to the total
area of the pixels emitting in the visible spectral range, the
less radiation power is lost in the visible spectral range when
the lateral extension is maintained by the additional infrared
pixels.

[0040] Further embodiments provide an electronic device.
The electronic device has an illumination device with at
least one of the features described above. The electronic
device is, for example, a hand-held electronic device, such
as a mobile communication device such as a smartphone or
tablet.

[0041] According to at least one embodiment of the elec-
tronic device, the electronic device has at least one radiation
receiver detecting radiation being radiated into the field of
view and reflected back from the field of view. An image of
the field of view can be generated by means of the radiation
receiver.

[0042] According to at least one embodiment of the elec-
tronic device, the electronic device has an evaluation unit
generating a recording of the field of view based on the
radiation received from the radiation receiver in the visible
spectral range and in the infrared spectral range. Thus, not
only radiation in the visible spectral range is used for the
recording, i.e., in particular radiation components in the red,
green and blue spectral range, but also radiation in the
infrared spectral range. These radiation components can
provide additional information of the scene to be recorded
that would not be available by radiation in the visible
spectral range alone.

[0043] Furthermore, radiation in the infrared spectral
range can be used to illuminate the field of view without, for
example, glaring a person in the field of view. The illumi-
nation device is also particularly suitable for recordings in
low light or in the dark.

[0044] According to at least one embodiment of the elec-
tronic device, the electronic device has a housing with an
opening through which both the radiation of the pixels of the
first type and the radiation of the infrared pixels are emitted.
The radiation emitted by the infrared pixels therefore does
not require an additional opening in the housing.

[0045] Yet further embodiments provide a method for
using the illumination device described above as a light
source for biometric authentication.

[0046] According to at least one embodiment of a use, the
authentication is performed by means of an iris scan by
illumination by the infrared pixels. The infrared pixels can
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be used to illuminate the iris without creating an unpleasant
glare impression for the human eye.

[0047] Such an iris scan may obviate the need to enter
passwords or pin numbers as access control and/or provide
additional security against unauthorized use.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Further embodiments and expediencies result from
the following description of the exemplary embodiments in
connection with the figures.

[0049] They show:

[0050] FIGS. 1A and 1B an exemplary embodiment of an
illumination device in plan view (FIG. 1A) and in sectional
view (FIG. 1B);

[0051] FIGS. 2, 3 and 4 show exemplary embodiments of
a semiconductor component in plan view;

[0052] FIGS. 5, 6, 7, 8 and 9 show exemplary embodi-
ments of a semiconductor component with control circuit in
sectional views;

[0053] FIG. 10 shows an exemplary embodiment of an
electronic device; and

[0054] FIG. 11 shows an exemplary embodiment of a use
of an illumination device.

[0055] Equal, similar or equivalent elements are provided
with the same reference signs in the figures.

[0056] The figures are schematic representations and
therefore not necessarily true to scale. Rather, comparatively
small elements and, in particular, layer thicknesses can be
displayed exaggeratedly large for clarification.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0057] FIGS. 1A and 1B show an exemplary embodiment
of'an illumination device 1, wherein in the plan view of FIG.
1A only the semiconductor component 2 is shown schemati-
cally for simplified illustration.

[0058] The radiation emitted during operation of the semi-
conductor component 2 is directed by means of an optical
element 5 into a field of view 10 to be illuminated.

[0059] The semiconductor component 2 has a plurality of
pixels of the first type 31. The pixels of the first type 31 are
arranged in a first matrix arrangement 21. The semiconduc-
tor component 2 further comprises a plurality of pixels of the
second type 32, wherein the pixels of the second type 32
being arranged in a second matrix arrangement 22. The
pixels of the first type and the pixels of the second type are
different with regard to their radiation, especially their
spectral radiation. For example, pixels of the first type emit
light that appears warm white to the human eye and pixels
of the second type emit light that appears cold white to the
human eye.

[0060] The semiconductor component 2 further has a
plurality of infrared pixels 4. The infrared pixels 4 are
provided both in the first matrix arrangement 21 and in the
second matrix arrangement 22. The infrared pixels 4 and the
pixels of the first type 31 as well as the infrared pixels 4 and
the pixels of the second type 32 are thus each located in a
common matrix arrangement 20.

[0061] The first matrix arrangement 21 and the second
matrix arrangement 22 are arranged next to one another in
lateral direction. In plan view of the semiconductor compo-

Feb. 6, 2020

nent, the first matrix arrangement and the second matrix
arrangement are arranged next to one another without over-
lapping.

[0062] The optical element 5 has a plurality of segments
51, wherein each matrix arrangement is associated with one
segment, in particular uniquely. The segments 51 of the
optical element are formed in such a way that a pixel of the
second matrix arrangement is associated with each pixel of
the first matrix arrangement so that the radiation emitted by
these pixels in the field of view 10 overlaps in a subarea 15
in particular congruently or substantially congruently. This
is shown in Figure IB by means of the dotted lines, which
schematically define a beam path extending from one pixel
each of the first matrix arrangement 21 and the second
matrix arrangement 22 starting through the associated seg-
ment 51 of the optical element 5 and define the subarea 15
in the field of view 10. However, these beam paths only
serve to explain the functional principle and do not represent
precise beam paths in the sense of geometric optics.
[0063] In FIG. 1B, the segments 51 have a convex shape
both on a side facing the semiconductor component 2 and on
a side facing away from the semiconductor component.
However, the optical element can also be formed differently,
for example, in the form of a Fresnel optic for each segment.
[0064] Optical elements, with which a superposition of
associated pixels in a subarea of a field of view can take
place are described in the German patent applications 10
2016 124 871.1 and 10 2016 124 866.5, the entire disclosure
content of which is included in the present application by
reference.

[0065] By varying the current ratio between the pixel of
the first type 31 and the associated pixel of the second type
32, the color location in the subarea 15 of the field of view
lo illuminated by these pixels can be adjusted during opera-
tion of the illumination device 1.

[0066] Each infrared pixel 4 of the first matrix arrange-
ment 21 is also associated with a corresponding infrared
pixel 4 of the second matrix arrangement 22. These infrared
pixels can be controlled in such a way that their total
radiation emitted in the associated subarea of 15 has the
desired intensity.

[0067] The illumination device 1 also has a control circuit
6, via which the pixels of the first type 31, the pixels of the
second type 32 and the infrared pixels 4 can be operated.
Possible configurations for the electrical connection
between the pixels and the control circuit as well as details
of the semiconductor component are described in more
detail below using FIGS. 5 to 9.

[0068] The number of the pixels of the first type 31 as well
as the pixels of the second type 32 and infrared 4 pixels can
be varied within wide limits. For example, the illumination
device has between including 10 and including woo pixels
of the first type. The number of pixels of the first type is
preferably equal to the number of pixels of the second type.
[0069] In addition to radiation in the visible spectral range,
the illumination device 1 also supplies radiation in the
infrared spectral range by means of the infrared pixels 4.
Different subareas of the field of view can be illuminated to
different degrees by different currents applied to the infrared
pixels 4. Such an illumination device is particularly suitable
as a light source for an electronic device, such as a hand-held
electronic device such as a smartphone or a tablet.

[0070] FIG. 10 shows an exemplary embodiment of an
electronic device 100 in the form of a smartphone. The
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device 100 has a housing 150, in which the illumination
device is arranged. For example, the illumination device is
located behind an opening 101 of the housing iso. The
device loo also has a radiation receiver 102 for the spatially
resolved detection of radiation in the red, green and blue
spectral range as well as a further radiation receiver 103 for
the detection of radiation in the infrared spectral range. To
capture an image, a scene to be illuminated can be illumi-
nated in the field of view of the illumination device 1,
wherein the illumination device 1 provides both radiation in
the visible spectral range and radiation in the infrared
spectral range. These two radiation components can exit
through a common opening in the housing 150, so that it is
possible to dispense with an additional opening in the
housing.

[0071] The radiation of the infrared pixels can be detected
by the further radiation receiver 103 and, in addition to
radiation components in the visible spectral range, can
provide information in spatial resolution, which can be used
to improve the image quality, for example, in low light
conditions or at night.

[0072] Deviating from the described exemplary embodi-
ment, the radiation receiver 102 can also be formed in such
a way that it is also sensitive to the infrared radiation emitted
by the infrared pixels 4. In this case, each pixel of the
radiation receiver 102 can have a partial range for the
detection of radiation in the red, green, blue and infrared
spectral ranges. In this case, the further radiation receiver
103 can be dispensed with.

[0073] For example, the first radiation receiver 102 has an
infrared filter that blocks radiation in the infrared spectral
range and only transmits infrared radiation in the wave-
length range of the radiation emitted by the infrared pixels.
[0074] By means of the described illumination device, the
functionality of a light source in the visible spectral range
and in the infrared spectral range can thus be integrated into
an electronic device in a particularly space-saving manner
and without an additional opening. This further increases the
design possibilities for the electronic device compared to the
need for multiple openings.

[0075] FIG. 11 shows an exemplary embodiment of a use
of the illumination device as a light source for biometric
authentication.

[0076] For this purpose, illumination device 1 is integrated
into a flashlight on the front of the electronic device, such as
a smartphone. The radiation emitted by the infrared pixels is
directed at a person to be identified 140 by means of the
optical element 5. The infrared radiation illuminates the iris
of the person 140 without a glare effect for the person. The
radiation reflected by the iris can be picked up by a radiation
receiver 130 and fed to an evaluation unit 120 of a controller
no of the device loft The illumination device thus offers
authentication by means of an iris scan by illumination by
the infrared pixels, without glaring the person to be identi-
fied in the dark.

[0077] The arrangement and the number of infrared pixels
can be varied within wide limits.

[0078] For example, in the exemplary embodiment shown
in FIG. 1A, the infrared pixels 4 are located only in a central
region 29 of the first matrix arrangement 21 and the second
matrix arrangement 22. An edge region 28 surrounding the
central region in the form of a frame is free of infrared pixels
or has at least fewer infrared pixels. Such an arrangement of
the infrared pixels 4 is suitable, for example, for applica-
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tions, in which the central region of the field of view 10 is
predominantly to be illuminated with infrared radiation.
This is the case, for example, when used for authentication
using an iris scan where the human eye is typically located
in the center of the field of view 15.

[0079] For example, the total number of pixels 31, 32
emitting in the visible spectral range is at least 50%, is at
least twice as large or at least three times as large as the
number of infrared pixels.

[0080] Of course, the illumination device can have only
exactly one matrix arrangement 21 deviating from the
exemplary embodiment described in FIGS. 1A and 1B. An
optical element 5 with a plurality of segments 51 is not
required in this case.

[0081] The exemplary embodiment for a semiconductor
component 2 shown in FIG. 2 essentially corresponds to the
exemplary embodiment described in connection with the
FIGS. 1A and 1B. In contrast to this, the pixels of the first
type 31 and the infrared pixels 4 of the first matrix arrange-
ment 21 are arranged alternately in columns. The number of
infrared pixels 4 is therefore equal to the number of pixels
of the first type 31. The denomination as columns and rows
of the matrix arrangement are interchangeable in this con-
text.

[0082] Analogously, in the second matrix arrangement 22
the pixels of the second type 32 and the infrared pixels 4 are
arranged alternately in columns. By providing an equal
number of pixels of the first type 31 and infrared pixels 4 or
pixels of the second type 32 and infrared pixels 4, respec-
tively, it is easily ensured that an almost congruent region is
associated with each of a subarea of a pixel of the first type
or pixel of the second type illuminated in the visible spectral
range which is irradiated by infrared pixels 4.

[0083] The exemplary embodiment of a semiconductor
component shown in FIG. 3 is essentially the same as the
exemplary embodiment described in FIGS. 1A and 1B.

[0084] In contrast, the semiconductor component 2 has a
first matrix arrangement 21, a second matrix arrangement 22
and a third matrix arrangement 23. The first matrix arrange-
ment 21 forms the pixels of the first type 31, the second
matrix arrangement 22 forms the pixels of the second type
32 and the third matrix arrangement 23 forms the infrared
pixels 4.

[0085] In the shown representation, the pixels of the first
type 31, the pixels of the second type 32 and the infrared
pixels 4 each have the same lateral extent. In each subarea
of the field of view, radiation of an associated pixel of the
first type, an associated pixel of the second type and/or an
associated infrared pixel can be directed.

[0086] However, the number of infrared pixels 4 may be
larger or smaller than the number of pixels of the first type
31 and pixels of the second type 32. In extreme cases it is
conceivable that only one infrared pixel 4 is provided.

[0087] The matrix arrangements of the semiconductor
component 2 or the matrix arrangements and the exactly one
infrared pixel are preferably integrated into a common
package in this exemplary embodiment.

[0088] This exemplary embodiment is characterized by a
particularly simple predictability, since the integration of at
least one infrared pixel 4 can take place without changing
the structural structure of the first matrix arrangement 21 or
the second matrix arrangement 22. Only the optical element
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5 has to be adapted accordingly so that the radiation of the
at least one infrared pixel or infrared pixels is also directed
into the field of view.

[0089] The exemplary embodiment of a semiconductor
component shown in FIG. 4 is essentially the same as the
exemplary embodiment described in FIGS. 1A and 1B.
[0090] In contrast, the pixels of the first type 31, the pixels
of'the second type 32 and the infrared pixels 4 are integrated
in a common matrix arrangement 20. In this case, the optical
element 5 therefore does not require any segments to super-
impose the radiation emitted by adjacent matrix arrange-
ments in associated subareas of a field of view. The require-
ments for the optical element 5 are thus reduced.
Furthermore, a particularly compact form in the lateral
direction can be realized, especially in comparison to matrix
arrangements arranged next to one another.

[0091] FIG. 5 shows an exemplary embodiment of a
semiconductor component 2 with which, for example, a
common matrix arrangement 20 as shown in FIG. 4 can be
realized. The pixels of the first type 31, the pixels of the
second type 32 and the infrared pixels 4 are arranged next to
one another as separate first semiconductor chips 71, second
semiconductor chips 72 and third semiconductor chips 73,
respectively. The pixels of the first type 31 and the pixels of
the second type 32 may each have semiconductor chips of
the same type, so that the pixels of the first type 31 and the
pixels of the second type 32 differ from one another only by
the first radiation conversion element 81 and the second
radiation conversion element 82 applied to the semiconduc-
tor chips 71 and 72, respectively.

[0092] For example, the first semiconductor chip 71 and
the second semiconductor chip 72 each emit radiation in the
blue spectral range. The first radiation conversion element
81 partially converts this radiation into radiation in the
yellow, green and/or red spectral range, so that the pixels of
the first type 31 emit mixed light that appears warm white.
[0093] In contrast, the second radiation conversion ele-
ment 82 is formed in such a way that the radiation emitted
by the pixels of the second type 32 appears cold-white in
total.

[0094] For example, a thickness of the first radiation
conversion element 81 and/or the second radiation conver-
sion element 82 is between 40 vtrn and loo vtrn inclusive, in
particular between 60 pm and 80 um inclusive. In contrast
to a thinner radiation conversion element, this results in
smoother transitions in the field of view between subareas to
be illuminated. The radiation conversion elements therefore
not only determine the color location of the radiated radia-
tion, but also influence the spatial radiation characteristics.
[0095] The third semiconductor chips 73 for the infrared
pixel 4 preferably have a different semiconductor material
from the first semiconductor chips 71 and second semicon-
ductor chips 72. For example, semiconductor chips based on
arsenide compound semiconductor material are suitable for
generating radiation in the infrared spectral range.

[0096] By forming the different pixels as separate semi-
conductor chips with regard to their radiation emission, the
suitable semiconductor material can be selected according to
the respective radiation generation. Such an arrangement
can therefore be characterized by a particularly high effi-
ciency of radiation generation.

[0097] Of course, the individual semiconductor chips can
also form more than one pixel. For example, in the exem-
plary embodiment shown in FIG. 4, the first semiconductor
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chip 71 alone forms a column of the common matrix
arrangement 20. This reduces the total number of semicon-
ductor chips to be placed.

[0098] For an electrically conductive connection between
the first semiconductor chips 71, the second semiconductor
chips 72 and the third semiconductor chips 73, the semi-
conductor chips can be arranged next to one another in
lateral direction on an intermediate carrier 65. The interme-
diate carrier 65 provides a simplified electrical contact
between the semiconductor chips and the control circuit 6.
For example, a contact 711 of the first semiconductor chip
71, a contact 721 of the second semiconductor chip 72 and
a contact 731 of the third semiconductor chip 73 are each
electrically conductively connected to a connection 61 of the
control circuit 6. A counter contact 712 of the first semi-
conductor chip, a counter contact 722 of the second semi-
conductor chip and a counter contact 732 of the third
semiconductor chip are electrically conductively connected
to a common counter connection 62 of control circuit 6.
[0099] The electrical contact within the intermediate car-
rier 65 is made, for example, via supply lines 67 on or in the
intermediate carrier. The supply lines can extend at different
levels of the intermediate carrier in places. In plan view on
the intermediate carrier, various supply lines can cross or
overlap in places without being electrically conductively
connected to one another. In the vertical direction, the
supply lines extend through through-connections 66 to the
control circuit, so that the control circuit 6 can be arranged
directly below the semiconductor chips 71, 72, 73 intended
for radiation generation.

[0100] Deviating from this, the control circuit 6 can also
be arranged spatially separated from the semiconductor
component 2 and electrically conductively connected to it
via supply lines 67. This is shown schematically in FIG. 6.
The vertical space requirement for the illumination device
can thus be reduced.

[0101] FIG. 7 shows an exemplary embodiment of a
semiconductor component 2, in which several pixels are
integrated into a common semiconductor chip 7. For
example, several pixels of one type, for example, several
pixels of the first type or several pixels of the second type or
several infrared pixels are integrated into a common semi-
conductor chip. Furthermore, pixels of different types, such
as pixels of the first type and infrared pixels or pixels of the
second type and infrared pixels or pixels of the first type,
pixels of the second type and infrared pixels, can be inte-
grated into a common semiconductor chip.

[0102] FIG. 8 shows an exemplary embodiment of a
semiconductor component, in which several pixels are inte-
grated into a semiconductor chip 7, as described in connec-
tion with FIG. 7.

[0103] The semiconductor chip 7 has an in particular
epitaxially deposited semiconductor layer sequence 9 with
an active region 90 intended for the generation of radiation,
wherein the active region 90 is arranged between a first
semiconductor layer 91 of a first conductivity type, for
example, n-conductive, and a second semiconductor layer
92 of a second conductivity type, for example, p-conductive,
being different from the first conductivity type.

[0104] The individual pixels, i.e., the pixels of the first
type 31, the pixels of the second type 32 and the infrared
pixels 4, in particular the active regions of these pixels
emerge from a partial region of the semiconductor layer
sequence 9.
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[0105] In particular, these partial regions result from the
same semiconductor layer sequence in the production of the
semiconductor chip, so that the semiconductor layers of the
individual pixels do not differ in terms of their material and
layer thickness apart from production-related lateral fluc-
tuations.

[0106] The individual pixels are separated from one
another by intermediate spaces 99. The intermediate spaces
99 cut through in particular the active regions 90 of neigh-
boring pixels. For example, the intermediate spaces cut
through the entire semiconductor layer sequence in a vertical
direction, i.e., perpendicular to a main plane of extension of
the semiconductor layer sequence.

[0107] The semiconductor layer sequence 9 is arranged on
a carrier 97. The carrier also serves for the mechanically
stabilization of the semiconductor layer sequence 9, so that
a growth substrate for the semiconductor layer sequence is
no longer required for this and can therefore be removed.
[0108] A control circuit 6 with a plurality of switches 60
is arranged in the carrier 97. A switch 60 is associated with
each pixel so that the individual pixels can be operated
independently of one another during operation of the illu-
mination device. At least part of the electrical control circuit,
such as a switch, is thus integrated into the semiconductor
chip.

[0109] The first semiconductor layer 91 arranged on the
side of the active regions 90 facing away from the carrier 97
is electrically conductively connected to an associated
switch 60 by means of recesses 95. The recesses extend
through the second semiconductor layer 92 and the active
region 90. The second semiconductor layers 92 of the pixels
are electrically conductively connected to one another and
can have the same electrical potential during operation of the
illumination device 1. Both sides of the active region 90 are
therefore accessible for electrical contact from the side
facing the carrier 97. Of course, the electrical contact of the
individual pixels can be varied within wide limits, as long as
the individual pixels can be individually controlled and,
during operation of the semiconductor component 2, charge
carriers from opposite sides reach the active region 90 and
can recombine there by emission of radiation.

[0110] On the side of the semiconductor layer sequence 9
facing away from the carrier 97, a first radiation conversion
element 81, a second radiation conversion element 82 and a
third radiation conversion element 83 respectively are asso-
ciated with the pixels of the first type 31, the pixels of the
second type 32 and the infrared pixels 4, respectively. The
first radiation conversion element 81 and the second radia-
tion conversion element 82 may be formed as described in
connection with FIG. 5.

[0111] The third radiation conversion element 83 is
formed to convert primary radiation generated in the active
region 90 into secondary radiation in the infrared spectral
range, in particular completely.

[0112] For example, a process which converts a photon in
the blue spectral range into two photons in the infrared
spectral range by excitation by short-wave radiation, for
example, radiation in the blue spectral range, is also suitable
for the radiation conversion. This physical effect is also
known as “photon cutting”. Alternatively, quantum dots that
absorb radiation in the blue or ultraviolet spectral range and
emit radiation in the infrared spectral range are suitable.
[0113] The exemplary embodiment of a semiconductor
component 2 described in FIG. 9 corresponds substantially
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to the exemplary embodiment described in connection with
FIG. 8. In contrast to this, a common first radiation conver-
sion element 81 extends over the semiconductor chip 7. The
semiconductor chip 7 forms a plurality of similar pixels, for
example, a plurality of pixels of the first type 31. Of course,
such a common radiation conversion element can also be
used for the formation of similar pixels in the exemplary
embodiment described in connection with FIG. 8.

[0114] Furthermore, the semiconductor layer sequence 9
in the exemplary embodiment shown in FIG. 9 is not severed
between adjacent pixels of the first type 31. The spatial
separation between neighboring pixels is mainly due to the
limited lateral current expansion in the electrical contact of
the individual pixels. In the exemplary embodiment shown,
the spatial expansion of the electrical connection to the
second semiconductor layer 92 determines the lateral expan-
sion of the radiation emission of a pixel of the first type 31.
[0115] Analogue, the pixels of the second type 32 and/or
infrared pixels 4 can be formed by such a semiconductor
chip.

[0116] This results in smooth transitions between the
individual pixels of the first type 31. When such an illumi-
nation device is used as a segmented flash, the risk of too
sharp transitions between subareas of the field of view to be
illuminated to different degrees, which make images taken
with such lighting could appear unnatural, is thus reduced.
[0117] Further embodiments of semiconductor chips with
individually controllable pixels are described in U.S. Pat.
Nos. 9,362,335 and 9,192,021 in connection with an adap-
tive front headlamp and a projection display. The entire
disclosure content of these publications is hereby incorpo-
rated into the present application by reference. It has been
shown that the basic type of the configuration and electrical
contact of individual pixels in a common semiconductor
chip for an illumination device for use in a flash is suitable.
[0118] Further embodiments of semiconductor chips with
individually controllable emission regions are described in
document US 2013/0249396 in connection with a signal
lamp, for example, as a light source in a motor vehicle
headlamp. The entire disclosure content of this publication
is hereby incorporated into the present application by ref-
erence.

[0119] The invention is not limited by the description of
the exemplary embodiments. Rather, the invention includes
any new feature and any combination of features, which in
particular includes any combination of features in the
claims, even if that feature or combination itself is not
explicitly mentioned in the claims or the exemplary embodi-
ments.

1-20. (canceled)

21. An illumination device comprising:

at least one semiconductor component configured to gen-
erate radiation;

an optical element; and

a control circuit,

wherein the optical element is configured to direct the
radiation into a field of view to be illuminated,

wherein the semiconductor component has a plurality of
pixels of a first type, each pixel configured to illuminate
the field of view in regions with radiation in a visible
spectral range,
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wherein the semiconductor component has at least one
infrared pixel configured to illuminate the field of view
at least in regions with radiation in an infrared spectral
range,
wherein the pixels of the first type are arranged in a first
matrix arrangement and a plurality of infrared pixels
are arranged in a second matrix arrangement,

wherein the pixels of the first matrix arrangement are
formed by a first semiconductor chip and the pixels of
the second matrix arrangement are formed by a second
semiconductor chip, and

wherein the pixels of the first type and the at least one

infrared pixel are operable via the control circuit.

22. The illumination device according to claim 21,
wherein the first matrix arrangement and the second matrix
arrangement are laterally spaced apart from one another.

23. The illumination device according to claim 21,
wherein the pixels of the first type and the infrared pixels are
arranged in a common matrix arrangement.

24. The illumination device according to claim 23,
wherein a degree of surface coverage of infrared pixels in a
central region of the common matrix arrangement is higher
than in an edge region of the common matrix arrangement.

25. The illumination device according to claim 23, further
comprising an intermediate carrier arranged between the
control circuit and the first and second semiconductor chips,
wherein the semiconductor chips are electrically conduc-
tively connected to the control circuit via the intermediate
carrier.

26. The illumination device according to claim 23,
wherein the pixels of the first type and the infrared pixels of
the common matrix arrangement are integrated into a com-
mon semiconductor chip.

27. The illumination device according to claim 21,
wherein the semiconductor component has a plurality of
pixels of a second type configured to emit radiation in the
visible spectral range.

28. The illumination device according to claim 27,
wherein the pixels of the first type are configured to emit
warm white light and the pixels of the second type are
configured to emit cold white light.

29. The illumination device according to claim 27,
wherein the pixels of the first type, the pixels of the second
type and the infrared pixels are arranged in a common matrix
arrangement.
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30. The illumination device according to claim 27,
wherein the pixels of the first type are arranged in a first
matrix arrangement and the pixels of the second type are
arranged in a second matrix arrangement, and wherein both
the first matrix arrangement and the second matrix arrange-
ment have a portion of the infrared pixels.

31. The illumination device according to claim 30,
wherein each pixel of the first matrix arrangement is asso-
ciated with a pixel of the second matrix arrangement such
that the radiation emitted by these pixels overlap in the field
of view.

32. The illumination device according to claim 21, further
comprising a radiation conversion element associated with
the pixels of the first type, wherein the radiation conversion
element is configured to at least partially convert primary
radiation into secondary radiation, and wherein the radiation
conversion element has a thickness between 40 um and 100
um inclusive.

33. The illumination device according to claim 21,
wherein a total luminous area of all infrared pixels is not
more than 80% of a total luminous area of the pixels
emitting in the visible spectral range.

34. An electronic device comprising:

the illumination device according to claim 21; and

at least one radiation receiver configured to detect radia-

tion radiated into the field of view and reflected back
from the field of view.

35. The electronic device according to claim 34, further
comprising an evaluation unit configured to generate a
recording of the field of view based on the radiation received
from the radiation receiver in a visible spectral range and in
an infrared spectral range.

36. The electronic device according to claim 34, further
comprising a housing with an opening through which both
the radiation of the pixels of the first type and the radiation
of the infrared pixels are emittable.

37. A method comprising:

using the illumination device according to claim 21 as a

light source for a biometric authentication.

38. The method according to claim 37, wherein the
authentication is performed by an iris scan using illumina-
tion by the infrared pixels.
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