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(57) ABSTRACT 

An Illumination device (100) for photodynamic therapy is 
provided, the illumination device comprising at least one 
electromagnetic radiation emitting unit (10), the at least one 
electromagnetic radiation emitting unit comprising at least 
one electromagnetic radiation source (1), the electromag-
netic radiation source being configured to generate radiation 
for the irradiation of a region of an irradiation object in an 
illumination session, wherein the irradiation object is to be 
arranged at a predetermined object location (300), wherein 
the predetermined object location is arranged at a distance 
relative to a radiation output area (11) of the radiation 
emitting unit through which the radiation generated by the at 
least one electromagnetic radiation source exits the radiation 
emitting unit during operation of the illumination device 
(100). 
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1 
ILLUMINATION DEVICE FOR 

PHOTODYNAMIC THERAPY, METHOD FOR 
TREATING A SKIN DISEASE AND METHOD 
FOR OPERATING AN ILLUMINATION 

DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part application of 
U.S. application Ser. No. 17/071,496, filed Oct. 15, 2020, 
which is incorporated herein in its entirety. 

FIELD OF THE INVENTION 

This disclosure relates to an illumination device for 
photodynamic therapy and a method for treating a skin 
disease. Furthermore, the disclosure relates to a method for 
operating an illumination device and a computer program 
product as well as a computer-readable medium. 

BACKGROUND 

Photodynamic therapy (PDT) has been widely studied and 
several approaches have been used successfully for treat-
ment. In general, there are three requirements for PDT: a 
photosensitizer, molecular oxygen and light of a specific 
wavelength. For dermatological PDT usually a prodrug, for 
example aminolevulinic acid (ALA), is topically applied to 
the skin. Subsequently, the prodrug is then converted by the 
cells, e.g. by neoplastic cells, into the actual photosensitizer. 
The molecular mechanism of action in PDT is based on 
cellular ALA uptake, synthesis and accumulation of the 
photosensitizer, which can be excited by light of specific 
wavelengths leading to the formation of reactive oxygen 
species (ROS), upon the presence of oxygen. The ROS can 
initiate cell death, e.g. in the form of apoptosis, necrosis and 
autophagy. 

However, one of the major issues that hinder broad 
acceptance of PDT by patients is the relatively high amount 
of pain perceived by the patients during the illumination 
which ranges from mild inconvenience to severe pain to a 
point where the treatment has to be aborted. In addition, 
although PDT is a highly effective treatment method, reoc-
currence of some diseases like actinic keratosis is common 
and thus patients often, although having been successfully 
treated, later develop different lesions at different skin areas 
and again require medical intervention. Moreover, some 
patients are not completely cured after a single PDT session 
and require a second session. If the first PDT they received 
was very painful the chances of beginning or completing a 
second PDT are small despite the fact that it offers supreme 
efficacy compared to other therapy options. As a result, the 
acceptance of many patients to undergo treatment or re-
treatment decreases. This of course has great negative impli-
cations for an individual PDT and PDT as a whole. 

Nevertheless, PDT efficacy is also limited by any of the 
involved factors, i.e. photosensitizer, oxygen, and light. 
Reduced availability of any of these factors may hamper 
with ROS formation. Optimized pharmaceutical forms, pre-
treatments and incubation modalities can ensure proper and 
abundant deposition of the photosensitizer. Still, light has to 
reach a molecule in sufficient quantities and oxygen needs to 
be present as an energy acceptor. 

In particular the light of the illumination at the appropriate 
wavelength to activate the respective photosensitizer needs 
to be made available at a sufficient dose. For topical appli-

2 
cations, a frequently used photosensitizer is protoporphyrin 
IX (PpIX), mostly produced in skin cells by application of 
a precursor molecule, such as ALA. PpIX can be activated 
by light of a variety of different wavelengths of which red 

5 (approx. 635 mu), blue (approx. 420 mu), yellow (approx. 
542 mu) or green (approx. 506 mu) light are most frequently 
used. Generally, a light dose received by a target, e.g. the 
treated skin, depends on three main factors. The irradiance 
provided by the illumination device, the distance between 

l0 the target area and the illumination device, and the duration 
of the illumination. 
The current practice is to apply the entire light dose within 

a short interval (for example ranging from 7 to 12 minutes 
15 with red light or 15-20 minutes with blue light). Usually, this 

approach is limited by the occurrence of pain. Moreover, 
photobleaching of the photosensitizer may occur to a greater 
extent at higher light intensities and may limit the treatment 
efficiency. Photobleaching describes the effect that the pho-

to tosensitizer is inactivated by permanent disruption of its 
chemical structure, e.g. by cleavage of covalent bonds. This 
photobleaching effect may coincide with temporal oxygen 
depletion in the target tissue due to a massive initial reaction. 
This leads to a rapid decrease in oxygen, which is required 

25 for ROS formation. All photobleaching that occurs during 
the phase where oxygen is limited is likely to be unproduc-
tive, as it yields fewer cytotoxic singlet oxygen. 

It should be noted that the statements above should not be 
construed as being admitted prior art. They are only made to 

30 illustrate the background of the presently disclosed concepts 
and may not have been made available to the public yet. 

SUMMARY OF THE INVENTION 

35 One object to be achieved is to provide an improved 
illumination device for photodynamic therapy. A further 
object to be achieved is to provide a method for treating a 
skin disease in which such an illumination device is used. A 
further object to be achieved is to provide a method for 

40 operating such an illumination device. 
The respective object may, inter alia, be achieved by the 

subject matter of claims 1, 17 and 18. Advantageous 
embodiments and further developments are the subject of 
the dependent claims. However, further advantageous con-

45 cepts may be disclosed herein besides the ones which are 
currently claimed. 

Firstly, the illumination device is specified in more detail. 
According to at least one embodiment, the illumination 

device comprises at least one electromagnetic radiation 
50 emitting unit. "At least one" means that the illumination 

device may comprise one or more radiation emitting units. 
All features which are in the following disclosed for one 
radiation emitting unit are likewise disclosed for all other 
radiation emitting units of the illumination device or only for 

55 some radiation emitting units of the device. The radiation 
emitted by the radiation emitting unit is, for example, 
radiation in the visible wavelength region. 

According to at least one embodiment, the electromag-
netic radiation emitting unit comprises at least one electro-

60 magnetic radiation source. This means, that the electromag-
netic radiation emitting unit may comprise one or more 
electromagnetic radiation sources, particularly several radia-
tion sources. All features which are in the following dis-
closed for one electromagnetic radiation source are likewise 

65 disclosed for all electromagnetic radiation sources of the 
radiation emitting unit or of the illumination device or only 
some radiation sources. 
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According to at least one embodiment, the electromag-

netic radiation source is configured to generate radiation for 
the irradiation of a region of an irradiation object in an 
illumination session. Thus, the electromagnetic radiation 
source is an element of the electromagnetic radiation emit-
ting unit which produce the radiation emitted by the radia-
tion emitting unit. The irradiation object is, for example, a 
mammal, e.g. a human. The region of the irradiation object 
to be irradiated is, for example, a skin region of the human. 
An illumination session lasts, for example, at most 30 min. 

According to at least one embodiment, the irradiation 
object is to be arranged at a predetermined object location, 
e.g. in the illumination session. The predetermined object 
location preferably is a space region or a point in space 
spaced apart from the illumination device and/or the radia-
tion emitting unit. During intended operation, the region of 
the irradiation object to be irradiated is located at or inside, 
for example completely inside, the predetermined object 
location. The region of the irradiation object to be irradiated 
is, during intended operation, also spaced apart from the 
illumination device and/or the radiation emitting unit. 

According to at least one embodiment, the predetermined 
object location is arranged at a distance relative to a radia-
tion output area of the radiation emitting unit through which 
the radiation generated by the at least one electromagnetic 
radiation source exits the radiation emitting unit during 
operation of the illumination device. A distance between two 
objects is herein defined as the shortest connection between 
the two objects. For example, during the illumination ses-
sion, the distance between the predetermined object location 
and the output area is greater than or equal to one of the 
following values: 50 mm, 60 mm, 70 mm, 80 mm. Addi-
tionally or alternatively, the distance may be less than or 
equal to one of the following values: 800 mm, 700 mm, 600 
mm, 500 mm, 400 mm, 300 mm, 100 mm, 80 mm. Likewise, 
the distance between the region of the irradiation object to 
be irradiated and the radiation output area may have these 
values during the illumination session. 

In at least one embodiment, the illumination device for 
photodynamic therapy comprises at least one electromag-
netic radiation emitting unit, the at least one electromagnetic 
radiation emitting unit comprising at least one electromag-
netic radiation source, the electromagnetic radiation source 
being configured to generate radiation for the irradiation of 
a region of an irradiation object in an illumination session. 
The irradiation object is to be arranged at a predetermined 
object location. The predetermined object location is 
arranged at a distance relative to a radiation output area of 
the radiation emitting unit through which the radiation 
generated by the at least one electromagnetic radiation 
source exits the radiation emitting unit during operation of 
the illumination device. 
As mentioned above, pain reduction is of crucial interest 

to increase acceptance levels of PDT treatment as a whole, 
thus increasing the use of this superior treatment. One 
important step to reach this goal is to increase the efficacy of 
PDT, e.g. by improving the homogeneity or uniformity of 
the irradiation of the skin, respectively. In this way, the 
probability that one or only a few sessions are sufficient to 
treat the affected skin area, is increased. Moreover, the 
probability of photobleaching in certain areas is also reduced 
if the homogeneity is increased. 

With the illumination device disclosed herein, an 
improvement in the light dose received by the target, par-
ticularly an improvement in terms of the homogeneity of 
irradiation, is, inter alia, achieved, as will be explained in 

4 
more detail below. For example, using several radiation 
sources can already improve the homogeneity. 
According to at least one embodiment, the radiation 

emitting unit comprises a plurality of radiation sources 
5 arranged on a common radiation source carrier. The radia-

tion source carrier is part of the radiation emitting unit. The 
radiation source carrier is, for example, a contiguously 
formed carrier. The carrier may have a continuous surface on 
which a plurality of radiation sources is arranged. The 

10 radiation source carrier may be self-supporting. It carries the 
radiation sources arranged on it. 
By way of example, the radiation source carrier is plate-

let-shaped and comprises two opposite main sides. All 
15 radiation sources on the radiation source carrier are, for 

example, placed on the same main side of that carrier. In 
plan view on the main side, the radiation source carrier may 
be shaped rectangular. 

According to at least one embodiment, an occupancy 
20 density of the radiation source carrier with radiation sources 

varies over or along the radiation source carrier. 
According to at least one embodiment, an occupancy 

density of the radiation source carrier with radiation sources 
is smaller in a center region of the radiation source carrier 

25 than in peripheral regions of the radiation source carrier 
outside the center region. The center region and the periph-
eral regions are, in particular, regions of the main side of the 
radiation source carrier on which the radiation sources are 
located. 

30 The occupancy density with radiation sources may be 
defined as the number of radiation sources per area. For 
example, the occupancy density in the peripheral regions is 
at least 1.2 times or at least 1.5 times or at least 2 times the 
occupancy density in the center region. Additionally or 

35 alternatively, the occupancy density in the peripheral regions 
may be at most 5 times or at most 3 times the occupancy 
density in the center region. The occupancy density in the 
center region is, for example, between 5/(100 cm2) and 
50/(100 cm2) inclusive. 

40 One major problem with PDT is the uniformity of the 
illumination, which can be divided in several subcategories. 
The first aspect is the uniformity of the provided irradiance, 
especially on irregular or contoured surfaces such as a 
human face, which pose a particular challenge. According to 

45 Lambert's cosine law, light that hits the treatment area at an 
angle other than 90° transfers considerably less energy to the 
skin. This is of special importance when treating a face, as 
the light emitted from a plane illumination source will 
always be in an oblique angle to a certain area of the face 

50 (for example the side surfaces of the nose). This usually 
results in an irradiance gradient which leads to a relative 
overexposure of certain areas while others may not get 
enough light at all, causing potential negative effects in 
regard to PDT efficacy. If not enough energy is supplied, the 

55 generation of cytotoxic singlet oxygen is not sufficiently 
strong, leading to reduced cell death and PDT efficacy, while 
the use of too much energy over a short time period may lead 
to photobleaching of the sensitizer, that also clearly limits 
treatment effects. 

60 A configuration of light sources with lower occupancy 
density in a center region and higher occupancy density in 
peripheral regions is one possibility to increase uniformity 
of irradiance. 

According to at least one embodiment, the radiation 
65 source carrier is a conductor carrier, such as a printed circuit 

board. The radiation source(s) may be electrically connected 
via the radiation source carrier. 

EX2059, Page 13 



US 11,235,169 B1 

5 
According to at least one embodiment, the radiation 

source carrier has a metal core or metal alloy core, particu-
larly to guide heat generated during operation of the radia-
tion sources away from the radiation sources. 

According to at least one embodiment, all radiation 
sources of the radiation emitting unit and/or of the illumi-
nation device are designed to generate radiation of the same 
or essentially the same color or peak wavelength. Peak 
wavelength is the wavelength, at which the emission spec-
trum of the light source has a global maximum. "Essentially 
the same" means the same within manufacturing tolerance, 
which is, for example, a maximum deviation of 5%. For 
example, a maximum deviation in the peak wavelength of 
the radiation sources is at most 10 mn or at most 5 mu. 

According to at least one embodiment, all radiation 
sources of the radiation emitting unit and/or of the illumi-
nation device are configured alike. For example, the radia-
tion sources are of the same type, comprise the same 
materials and/or are manufactured identically. 

According to at least one embodiment, the radiation 
sources are arranged in a one- or two-dimensional pattern on 
the radiation source carrier. Particularly, in case of a two-
dimensional pattern, the radiation sources of the radiation 
source carrier may all be located on intersection points of 
gridlines of a rectangular grid (pattern with a rectangular 
primitive cell). This means, in particular, that the center of 
the radiation source or of a radiation emitting chip of the 
radiation source lies on the respective intersection point. In 
case of a one-dimensional pattern, the radiation sources may 
all be located on a straight line. 

According to at least one embodiment, the pattern is 
irregular. This means that the pattern changes across the 
source carrier. For example, the primitive translation vectors 
of the pattern, translating one radiation source into an 
adjacent one, change across the radiation source carrier. 
Particularly, one or both primitive translation vectors in the 
center region are different from the primitive translation 
vectors in the peripheral regions. 

According to at least one embodiment, the radiation 
source carrier is an elongate carrier which has a main 
direction of extension defining a longitudinal direction. 
A direction perpendicular to the longitudinal direction and 

parallel to a main extension plane of the radiation source 
carrier is called transversal direction. 

For example, the distance between adjacent radiation 
sources measured along the longitudinal direction changes 
along the longitudinal direction. The distance between each 
pair of adjacent radiation sources measured along the trans-
versal direction may be the same throughout the whole 
radiation source carrier. For example, the grid lines of the 
rectangular grid or the primitive translation vectors of the 
pattern, respectively, run parallel to the longitudinal direc-
tion and the transversal direction. 

According to at least one embodiment, the center region 
of the radiation source carrier, in which the occupancy 
density is lower, is located between the peripheral regions 
along the longitudinal direction. 

According to at least one embodiment, the pattern is 
symmetrical relative to one axis, e.g. along the transversal 
and/or longitudinal direction, or two axes, which are per-
pendicular to each other. For example, one of these axes is 
running parallel to the longitudinal direction. The other axis 
may run parallel to the transversal direction. The pattern 
may have a point symmetry with respect to a geometric 
center of the radiation source carrier. 

According to at least one embodiment, the radiation 
sources on the radiation source carrier are grouped into a 

6 
plurality of groups, wherein the radiation sources of each 
group are arranged in a regular group pattern, wherein at 
least two groups of the plurality of groups have different 
group patterns. In a regular pattern, the primitive translation 

5 vectors do not change across the entire group. Different 
group patterns are, for example, different from each other in 
terms of one or two primitive translation vectors. For 
example, each radiation source on the radiation source 
carrier is assigned to one group. 

10 According to at least one embodiment, at least two 
groups, particularly all groups, have the same number of 
radiation sources. 

According to at least one embodiment, each group has a 
plurality of radiation sources, for example between four and 

15 40, inclusive, or between ten and 25, inclusive. 
According to at least one embodiment, at least two groups 

of the plurality of groups have the same group pattern. 
Particularly, the primitive translation vectors are the same in 
the two groups. 

20 According to at least one embodiment, a first group with 
a first group pattern is arranged between a second group and 
a third group when seen in plan view of the radiation source 
carrier. For example, the first group is located between the 
second group and the third group along the longitudinal 

25 direction. For example, each radiation source of the radia-
tion source carrier is assigned to one of the three groups. 

According to at least one embodiment, the second and the 
third group have the same group pattern and the first group 
has a different group pattern. Particularly, the first group is 

so assigned to the center region and/or has a lower occupancy 
density with radiation sources and the second and third 
groups are assigned to the peripheral regions and/or have a 
higher occupancy density with radiation sources. The values 
for the relative difference in the occupancy density men-

s5 tioned above for the center region and the peripheral regions 
may likewise hold for the first group and the second and 
third groups. 

According to at least one embodiment, the group patterns 
of the groups are one-dimensional or two-dimensional. 

40 According to at least one embodiment, the groups each 
comprise one or a plurality of rows of radiation sources. For 
example, the groups comprise between two and five rows, 
inclusive. The rows may extend parallel to the transversal 
direction. 

45 According to at least one embodiment, the groups each 
comprise one or a plurality of columns of radiation sources. 
For example, the groups comprise between four and ten 
columns, inclusive. The columns may extend parallel to the 
longitudinal direction. 

50 According to at least one embodiment, at least two groups 
or all groups comprise the same number of radiation sources. 
For example, the second and the third group comprise the 
same number of radiation sources. The first group may 
comprise the same number of radiation sources. 

55 According to at least one embodiment, the distance 
between two adjacent groups is greater than a characteristic 
distance, for example the maximum distance, the minimum 
distance or the average distance, between two rows of 
radiation sources and/or greater than a characteristic dis-

60 tance between two columns of radiation sources in one or 
both adjacent groups. The distance between two adjacent 
groups may be the smallest distance between two radiation 
sources of these two adjacent groups. 

For example, the distance between each pair of adjacent 
65 radiation sources within one group is between 5 mm and 40 

mm, inclusive. The distance between two adjacent groups is, 
for example, between 20 mm and 80 mm, inclusive. 
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According to at least one embodiment, the radiation 

source carrier has a carrier edge, wherein the carrier edge 
delimits the radiation source carrier, for example in the 
longitudinal direction and/or in the transversal direction. 

According to at least one embodiment, the distance 
between the group closest to the carrier edge and the carrier 
edge is less than the distance between two adjacent radiation 
sources of this group, which are arranged one behind the 
other in a direction away from the carrier edge. The distance 
between the carrier edge and the group is defined by the 
distance between the carrier edge and the radiation source of 
the group lying closest to the carrier edge. 

According to at least one embodiment, the distance 
between the group closest to the carrier edge and the carrier 
edge is less than the distance between two adjacent radiation 
sources of this group, which adjacent radiation sources are 
arranged one behind the other or sequentially in a direction 
along the carrier edge, which might be the longitudinal 
direction. 

According to at least one embodiment, the radiation 
emitting unit comprises a unit housing which defines an 
outer edge of the radiation emitting unit. For example, the 
outer edge delimits the radiation emitting unit in the trans-
versal direction. The housing may comprise or consist of a 
metal or plastic. The radiation source carrier is, for example, 
mechanically connected to the unit housing and carried by 
the unit housing. When viewed in plan view of a main side 
of the radiation source carrier, the unit housing may com-
pletely surround the radiation source carrier, e.g. laterally. 

According to at least one embodiment, the radiation 
emitting unit comprises a plurality of radiation source car-
riers, each radiation source carrier being provided with a 
plurality of radiation sources. All features disclosed so far 
and in the following in connection with one radiation source 
carrier are likewise disclosed for all or some radiation source 
carriers of the radiation emitting unit and/or the illumination 
device. The radiation source carriers are, for example, 
arranged such that main directions of extension of the 
radiation source carriers run parallel to each other. For 
example, the radiation source carriers are arranged one 
behind the other along the transversal direction running 
perpendicularly to the longitudinal direction. 

According to at least one embodiment, the radiation 
source carrier closest to the outer edge is oriented such that 
a main radiation direction of the radiation sources on this 
radiation source carrier is outwardly offset from or out-
wardly tilted relative to a main radiation direction of the 
radiation sources on another radiation source carrier further 
away from the outer edge. A main radiation direction is the 
direction in which the radiant or luminous intensity has a 
global maximum. "Outwardly offset" particularly means 
that the main radiation direction of the radiation sources of 
the radiation source carrier closest to the outer edge is more 
strongly tilted towards the outer edge than the main radiation 
direction of the radiation sources of the another radiation 
source carrier. For example, the main radiation direction of 
the radiation sources of the radiation source carrier closest to 
the outer edge is tilted with respect the main radiation 
direction of the radiation sources of the another radiation 
source carrier by at least 5° or at least 10° or at least 20° 
towards the outer edge. In other words, the main emission 
directions of the radiation sources on the different radiation 
source carriers of the radiation emitting unit may vary. The 
closer to the outer edge the more the main radiation direction 
may be tilted towards the outer edge and/or away from the 
main radiation direction of radiation sources on a more 
centrally arranged radiation source carrier. 

8 
According to at least one embodiment, the distance 

between two adjacent radiation sources of the radiation 
emitting unit, particularly between each pair of two adjacent 
radiation sources of the radiation emitting unit is greater 

5 than or equal to one of the following values: 5 mm, 10 mm, 
15 mm. 
According to at least one embodiment, the distance 

between two adjacent radiation sources of the radiation 
emitting unit, particularly between each pair of two adjacent 

io radiation sources of the radiation emitting unit is less than or 
equal to one of the following values: 40 mm, 35 mm, 30 mm, 
25 mm, 20 mm. 

According to at least one embodiment, an area on the 
radiation source carrier occupied with radiation sources is at 

15 least 200 cm2 or at least 300 cm2. Additionally or alterna-
tively, the area is at most 600 cm2 or at most 500 cm2. For 
example, the area is at most 28 cmx16 cm and/or at least 22 
cmx10 cm, e.g. 26 cmx12 cm. The area is limited or defined 
by the positions of the outermost radiation sources. 

20 According to at least one embodiment, the radiation 
emitting unit comprises one continuous radiation source 
carrier common for all radiation sources of the radiation 
emitting unit. 

According to at least one embodiment, the area of the 
25 surface of the radiation source carrier is at least 300 cm2 

and/or at most 600 cm2. For example, the area is at least 24 
cmx14 cm and/or at most 30 cmx18 cm, e.g. 28 cmx16 cm. 
The surface of the radiation source carrier is the surface on 
which the radiation sources are arranged. 

30 According to at least one embodiment, at least two, e.g. 
adjacent, radiation source carriers of the radiation emitting 
unit are arranged angled relative to one another. Particularly, 
vertical axes of the carriers, running perpendicularly to main 
extension planes of the carriers, are angled relative to one 

35 another. By way of example, the angle between the vertical 
axes of two radiation source carriers is at least 5° at least 10° 
or at least 20°. Particularly, the vertical axes of a radiation 
source carrier runs parallel or essentially parallel to the main 
radiation direction of the radiation sources of this radiation 

40 source carrier. 
According to at least one embodiment, the radiation 

source carriers of the radiation emitting unit are fixed in their 
relative position to one another. Alternatively, the radiation 
source carriers of the radiation emitting unit may be mov-

45 able, in particular tiltable, relative to one another. The 
movement relative to one another may be performed manu-
ally. Alternatively, the radiation emitting unit may comprise 
one or more actuators assigned to the radiation source 
carriers and configured to move the radiation source carriers. 

5o The actuators may be controllable by an electronic control 
unit of the illumination device. In this way an automatic 
movement of the radiation source carriers relative to one 
another may be realized. 

According to at least one embodiment, the at least one 
55 radiation source is an optoelectronic component, for 

example a light emitting diode (LED) and/or a surface 
mountable component. All features disclosed so far and in 
the following for the at least one radiation source are 
likewise disclosed for all or some radiation sources of the 

60 illumination device. 
According to at least one embodiment, the optoelectronic 

component comprises a semiconductor chip. The optoelec-
tronic component may comprise exactly one semiconductor 
chip. The semiconductor chip may be based on a III-V-

65 compound semiconductor material, like A1GaInN or 
A1GaInP or A1Ga1nAs or binary or ternary subsystems 
thereof. The semiconductor chip may be a surface emitter, 
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particularly a so-called thin-film chip, where the growth 
substrate of the semiconductor material is removed. Alter-
natively, the semiconductor chip may be a so-called volume 
emitter, where the growth substrate is still part of the 
semiconductor chip. 

According to at least one embodiment, the optoelectronic 
component comprises a chip carrier on which the semicon-
ductor chip is arranged. The chip carrier may be pierced by 
through connections, electrically connecting the semicon-
ductor chip on the front side of the chip carrier with contact 
pads on the rear side of the chip carrier. 

According to at least one embodiment, the chip carrier 
comprises a ceramic material, like AIN or A1203. This is 
advantageous in terms of heat dissipation. 

According to at least one embodiment, the chip carrier is 
a cavity-free or plane chip carrier. In this case, the chip 
carrier does not laterally surround the semiconductor chip. 

According to at least one embodiment, the semiconductor 
chip is embedded in an encapsulation. The encapsulation 
may comprise silicone or epoxy or resin or consist thereof. 
The semiconductor chip may be laterally surrounded by the 
encapsulation. The encapsulation may cover a radiation exit 
surface of the semiconductor chip. The radiation exit surface 
faces away from the chip carrier. 

According to at least one embodiment, the encapsulation 
is lens-shaped. Particularly, the encapsulation may be 
shaped such that it collimates the light or radiation emitted 
by the semiconductor chip. For example, the encapsulation 
reduces the opening angle of the emitted radiation/light. 

According to at least one embodiment, the semiconductor 
chip is a light-emitting diode chip (LED-chip). 

According to at least one embodiment, the optoelectronic 
component has lateral dimensions of at most 5 mmx5 mm. 
A thickness of the optoelectronic component is, for example, 
at most 4 mm. 

According to at least one embodiment, the optoelectronic 
component has a luminous efficacy of greater than or equal 
to one of the following values: 601m/W, 701m/W, 75 lm/W, 
80 lm/W, 85 lm/W, 90 lm/W, 100 lm/W. Additionally or 
alternatively the luminous efficacy is smaller than or equal 
to one of the following values: 200 lm/W, 180 lm/W, 160 
lm/W, 140 lm/W, 1201 m/W. For example, the luminous 
efficacy is between 100 lm/W and 120 lm/W inclusive. For 
example, the luminous efficacy is measured at an operating 
current of 350 mA. The luminous efficacy is defined as the 
ratio between the luminous flux (D and the radiant flux (De. 

According to at least one embodiment, for intended 
operation, the optoelectronic component is operated with an 
operating current greater than or equal to one of the follow-
ing values: 400 mA, 450 mA, 500 mA, 550 mA, 600 mA, 
750 mA, 850 mA, 950 mA. 

According to at least one embodiment, for intended 
operation, the optoelectronic component is operated with an 
operating current less than or equal to one of the following 
values: 1300 mA, 1200 mA, 1100 mA, 1000 mA, 900 mA, 
850 mA, 800 mA, 750 mA, 700 mA, 650 mA, 600 mA. 

According to at least one embodiment, the radiation 
emitting unit comprises a number of radiation sources or 
optoelectronic components which is greater than or equal to 
any one the following numbers: 20, 25, 30, 35, 40, 45. 

According to at least one embodiment, the radiation 
emitting unit comprises a number of radiation sources or 
optoelectronic components which is less than or equal to any 
one the following numbers: 60, 55, 50, 45. 

According to at least one embodiment, the emission 
characteristics or the radiant intensity of the optoelectronic 
component has a maximum at an emission angle of less than 

10 
20° or less than 10° or less than 5°, for example at 0°. The 
angle is particularly measured with respect to an axis 
running perpendicularly to a main extension plane of the 
optoelectronic component or a main extension plane of the 

5 respective semiconductor chip. 
According to at least one embodiment, the optoelectronic 

component emits a major part of its radiant power, for 
example at least 50% or at least 75% or at least 90% of its 
radiant power, under an opening angel (emission angle 

io range) of less than or equal to 90° or 85° or 80°. 
According to at least one embodiment, the emission 

spectrum of the optoelectronic component has a peak wave-
length in one of the following ranges: 634 mut4 mu, 635±5 
mu, 542 mut4 mu, 506 mut4 mu. Particularly, this peak 

15 wavelength is obtained at an operating temperature of the 
optoelectronic component below 50° C., for example at 25° 
C., and at operating currents between 100 mA and 1000 mA, 
inclusive. The half-band width of the spectrum is, e.g. at 
least 10 mu and/or at most 20 nm, e.g. 16 nm. 

20 According to at least one embodiment, a maximum tem-
perature induced variation of the peak wavelength of the 
emission spectrum of the optoelectronic component is less 
than or equal to one of the following values: 15 mu, 12 mu, 
10 mu. This applies for a temperature range from —40° C. to 

25 130° C. and at an operating current of 350 mA. 
According to at least one embodiment, a temperature 

induced maximum variation in the relative luminous flux 
(D,/(D (25° C.) of the optoelectronic component is less than 
or equal to one of the following values: 1.0, 0.9. This applies 

30 for a temperature range from —40° C. to 130° C. and at an 
operating current of 350 mA. 

In fact, another aspect which interferes with a uniform 
illumination is the ability of radiation sources to emit light 
of the same wavelength and irradiance throughout a com-

35 plete treatment duration. In the case of a light-emitting diode 
(LED) for example, with changes of the LED temperature, 
the light emission properties may shift in either direction, 
meaning one of or both of the radiant flux and the peak 
emission wavelength may increase or decrease, depending 

40 on the exact type of the LED. A change of the radiant flux 
may result in a change of the irradiance and this might have 
potential negative effects due to the same reasons as 
described above. A shift of the wavelength could move the 
emission spectrum away from the absorption band of, e.g. 

45 PpIX which would in turn have the same results as a 
shortage of delivered energy. Due to an insufficient amount 
of absorbed energy by PpIX, the formation of cytotoxic 
singlet oxygen is also decreased with the same negative 
consequences for the treatment success. 

50 According to at least one embodiment, the radiation 
source has a bandwidth (Full Width Half Maximum, 
FWHM) of the emission peak with the peak wavelength 
which is at most 30 mu or at most 25 mu or at most 20 mu. 
Additionally or alternatively, the bandwidth is at least 5 mu 

55 or at least 10 mu. 
According to at least one embodiment, the radiation 

output area of the radiation emitting unit is a discontinuous 
area which is composed of the radiation output surfaces of 
the optoelectronic components. This means, that the radia-

60 tion output area is not a homogenous emission surface but 
rather comprises several spatially separated emission spots 
assigned to the radiation sources, where the radiation is 
emitted. In the region of the radiation output area between 
the radiation spots, less radiation, for example no radiation, 

65 is emitted. 
According to at least one embodiment, the radiation 

output area is formed by a cover plate of the radiation 
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emitting unit covering all radiation sources of the radiation 
emitting unit, especially when viewed in plan view of the 
cover plate. The cover plate is, for example, formed of a 
transparent material, like glass or plexiglass, e.g. of casted 
plexiglass. The cover plate may form a heat shield for a 
patient. The heat shield may absorb or deflect heat radiation 
emitted by the radiation source(s) and thus protect the 
patient from this heat. The cover plate may have a thickness 
of 2 mm±0.6 mm. 

According to at least one embodiment, the illumination 
device comprises a plurality of radiation emitting units 
which are movably connected to one another. For example, 
the radiation emitting units are pivotally connected to each 
other. For example, they are connected to each other via 
hinges. 

According to at least one embodiment, the plurality of 
radiation emitting units is linearly connected. This means 
that the radiation emitting units are arrange one behind the 
other along a line. 

According to at least one embodiment, a pivot axis around 
which the radiation emitting units are pivotable relative to 
one another is parallel or essentially parallel to the longitu-
dinal direction, defined by the main direction of extension of 
one radiation source carrier. "Essentially parallel" means, 
for example, that they are tilted to each other by at most 5° 
or at most 2°. 

According to at least one embodiment, the radiation 
emitting units are aligned such that the main directions of 
extension of the radiation source carriers of the respective 
radiation emitting units are parallel to one another. Prefer-
ably all main directions of extension of the radiation source 
carriers of one radiation emitting unit or of all radiation 
emitting units are parallel or essentially parallel to each 
other. 

According to at least one embodiment, the radiation 
emitting units are connected such that a radiation emitting 
unit can be pivoted relative to an adjacent radiation emitting 
unit by at least 20° at least 30° or at least 45° or at least 60° 
or at least 90°. Additionally or alternatively, a radiation 
emitting unit can be pivoted relative to an adjacent radiation 
emitting unit by at most 170° or at most 150°. 

According to at least one embodiment, all of the radiation 
emitting units of the illumination device are configured 
identically. This means identically within the limits of 
manufacturing tolerances, of course. For example, all radia-
tion emitting units comprise the same number of radiation 
source carriers, the same number of radiation sources and 
the same type of radiation sources, e.g. emitting radiation 
with the same or essentially the same peak wavelength. 

According to at least one embodiment, the illumination 
device comprises three or more, for example four or more, 
such as five or more, radiation emitting units. 

According to at least one embodiment, the radiation 
emitting units are connected to one another such that the 
radiation emitting units can be moved relative to one another 
in order to adjust the illumination device for irradiating a 
surface of a non-plane shape, where the shape of different 
surfaces to be illuminated may vary. For example, the 
illumination device can be adjusted for irradiating a surface 
of cylindrical shape or a human head, which may be 
idealized. The radiation emitting units can then be arranged 
such that the radiation output areas of the radiation emitting 
units have all the same distance to a lateral surface of the 
cylinder defining the cylindrical shape. 

According to at least one embodiment, the radiation 
emitting units can be arranged in a C-shape configuration 
and/or a semi-circle configuration. Particularly, they may all 

12 
emit radiation on the irradiation object, when in the C-shape 
or semi-circle configuration. The radiation of the radiation 
emitting units may overlap in the object location. In the 
C-shape configuration or semi-circle configuration, respec-

5 tively, the angle between two adjacent radiation emitting 
units may be at least 100° or at least 110° and/or at most 
150° or at most 130°, e.g. 120°. Such a configuration may 
result in a more homogeneous illumination, e.g. of a human 
face. 

10 The angle between two radiation emitting units is, in 
particular, defined as the angle between the output areas 
and/or the radiation source carriers of the two radiation 
emitting units. 

For example, a first radiation emitting unit constitutes a 
15 center radiation emitting unit. A second and a third radiation 

emitting unit may be arranged adjacent to the first radiation 
emitting unit on the left and right side, i.e. on opposite sides, 
of the first radiation emitting unit, respectively, and may be 
configured to be arranged such that they are tilted towards 

20 each other, e.g. so that main radiation axes of the second and 
third radiation emitting units cross, e.g. in the object loca-
tion. The value of the angle between the second and the first 
radiation emitting unit may be the same as the value of the 
angle between the third and the first radiation emitting unit. 

25 A fourth radiation emitting unit may be arranged adjacent to 
the second radiation emitting unit on the left side of the 
second radiation emitting unit, i.e. on the side remote from 
the first radiation emitting unit. A fifth radiation emitting unit 
may be arranged adjacent to the third radiation emitting unit 

30 on the right side of the third radiation emitting unit, i.e. on 
the side remote from the first radiation emitting unit. The 
first, second and third radiation emitting units may therefore 
be arranged between the fourth and the fifth radiation 
emitting units. The fourth and the fifth radiation emitting 

35 units may be configured to be arranged such that they are 
tilted towards each other so that main radiation axes of the 
fourth and fifth radiation emitting unit cross, e.g. in the 
object location. The value of the angle between the fourth 
and the first radiation emitting unit may be the same as the 

40 value of the angle between the fifth and the first radiation 
emitting unit. However, this value may be different, e.g., 
smaller, than the value of the angle between the second and 
the first radiation emitting unit or between the third and the 
first radiation emitting unit. The fourth and fifth radiation 

45 emitting unit may be more tilted/may have smaller angles 
with respect to the first radiation emitting unit than the 
second and third radiation emitting unit. For example, the 
output areas of the fourth and fifth radiation emitting unit 
may be closer to a parallel arrangement than the output areas 

50 of the second and the third radiation emitting units or they 
may be arranged parallel. 

According to at least one embodiment, the minimum 
angle which can be set between the fourth and the second 
radiation emitting unit and between the third and fifth 

55 radiation emitting unit is between 60° and 80°, e.g. about 
68°. 
According to at least one embodiment, in the C-shape 

configuration and/or in the semi-circle configuration, the 
distance, e.g. the maximum distance or the average distance, 

6o between the output areas of the fourth and fifth radiation 
emitting unit is at least 30 cm or at least 35 cm and/or at most 
50 cm or at most 55 cm. For example, the distance is 39 cm. 
According to at least one embodiment, the radiation 

emitting unit comprises one or more electronic control units 
65 for controlling the operation of the illumination device. 

According to at least one embodiment, the illumination 
device comprises a motor configured to move the radiation 
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emitting unit, e.g. relative to a mount of the radiation 
emitting unit, relative to another radiation emitting unit of 
the illumination device, and/or relative to the illumination 
object. For example, the illumination device comprises 
several motors, each uniquely assigned to one radiation 
emitting unit. The motor or the motors are configured to 
move the radiation emitting units relative to one another 
and/or relative to the illumination object, in particular in 
order to adjust the illumination device for irradiating a 
surface of a non-plane shape homogenously. 

In order to move the radiation emitting units with help of 
the motor or the motors, an electronic control unit of the 
illumination device may be operatively coupled to the 
motors and configured to operate the motors according to a 
preselected arrangement of the radiation emitting units. 

According to at least one embodiment, the radiation 
emitting units are selectively activatable to emit radiation in 
the illumination session. In other words, the radiation emit-
ting units can be turned on and off individually and inde-
pendently from one another. Preferably, also the radiation 
intensity emitted by the radiation emitting units (and, hence, 
the irradiance of the region of the illumination object 
illuminated by the respective unit) can also be set individu-
ally for each radiation emitting unit independently of the 
other radiation emitting units. 

In order to realize this, an electronic control unit of the 
illumination device may be operatively coupled to the 
radiation emitting units and configured to activate the radia-
tion emitting units, particularly the radiation sources, 
according to a predetermined irradiation pattern. 

The second aspect which is important in respect to 
irradiance uniformity is the distance of the illumination 
device and the irradiation object. For example, during the 
treatment of irregular or contoured surfaces like the human 
face, the outer regions of the light emitting surface of a plane 
illumination device are further away from the irradiation 
object than a spot located directly in the center of the light 
emitting surface. This can be mitigated by a curved light 
emitting surface which then in turn causes illumination 
deficits when illuminating a plane treatment area. However, 
even when using a curved light emitting surface, it is still 
very likely that either the patient is not correctly placed by 
the operating personnel at the start of the treatment or 
illumination session or that the patient moves during the 
treatment. Both scenarios lead to incorrect treatment dis-
tances that may negatively affect the treatment efficacy. 
By using several radiation emitting units, which can even 

be moved relative to each other, a non-plane surface, like the 
human face, can be treated more homogeneously. Further-
more, displacements of the patient during or before the 
treatment can be corrected during the treatment or the 
illumination session. 

According to at least one embodiment, the illumination 
device comprises a location or distance monitoring system. 
The monitoring system is configured to monitor the location 
and/or the distance of the irradiation object from the radia-
tion emitting unit and/or from the predetermined object 
location. One distance monitoring system may be assigned 
to each radiation emitting unit. 

According to at least one embodiment, the monitoring 
system comprises a distance sensor arranged on the radiation 
source carrier of the at least one radiation emitting unit. 
Particularly, each radiation emitting unit of the illumination 
device may comprise at least one distance sensor assigned to 
the respective radiation emitting unit. The distance sensor 
may be arranged on the radiation source carrier. All features 

14 
disclosed for one distance sensor are likewise disclosed for 
some or all distance sensors of the illumination device. 
The distance sensor is, for example, a time-of-flight 

sensor. The distance sensor may comprise a laser diode, like 
5 a VCSEL, a radiation receiving sensor element and a micro 

controller. 
According to at least one embodiment, the distance sensor 

is located offset of a geometric center of the radiation source 
carrier when viewed in plan view of a main side or the 

io radiation source carrier. Particularly, in plan view, a radia-
tion source overlaps with the geometric center of the radia-
tion source carrier. The distance sensor is, for example, 
offset from the geometric center by at most 40 mm and/or at 
least 5 mm. For example, the distance sensor is located 

15 between a radiation source at the geometric center of the 
radiation source carrier and a radiation source closest to the 
radiation source in the geometrical center, when viewed in 
plan view of the main side. 

According to at least one embodiment, the distance moni-
20 toring system comprises an electronic control unit. The 

electronic control unit may be a microcontroller. The elec-
tronic control unit may be operatively coupled to the motor 
or the motors of the illumination device and may be con-
figured to operate the motors in order to change relative 

25 positions of the radiation emitting units. Additionally, the 
electronic control unit may be operatively coupled to the 
radiation sources of the radiation emitting units and may be 
configured to operate the radiation sources in order to 
change the radiant power emitted by the radiation sources. 

30 Thus, the same electronic control unit may be used for 
controlling the motors and the selective activation of the 
radiation emitting units. Alternatively, there may be several 
control units, at least one for controlling the motors and at 
least one for selectively activating the radiation emitting 

35 units. 
According to at least one embodiment, the illumination 

device is configured to compensate for distance or location 
variations of the irradiation object from the respective 
radiation emitting unit and/or the predetermined object 

40 location in order to maintain a predetermined radiation or 
light dose during the illumination session. Preferably, in this 
way, the distance between the respective unit and the illu-
mination object may be kept constant. The terms radiation 
dose and light dose are herein used as equivalents. 

45 For example, the illumination device is operated as fol-
lows: 

an irradiation object, such as a human being, is irradiated 
by the illumination device, 

a variation of the irradiation object from a radiation 
50 emitting unit is measured with help of the distance sensor of 

the radiation emitting unit, 
the measurement signal is processed and the electronic 

control unit generates a corresponding operation signal for 
operating the motor assigned to the radiation emitting unit so 

55 that the distance or location variation is compensated. 
According to at least one embodiment, the distance moni-

toring system is configured to adjust the operation of the 
illumination device or to call for an adjustment of the 
operation of the illumination device by using one of, an 

6o arbitrary combination of or all of the following measures: 
varying the distance between the respective radiation 

emitting unit and the irradiation object, 
adjusting the radiation power emitted by the respective 

radiation emitting unit, and/or 
65 adjusting a duration of the illumination session. 

Particularly, a distance or location variation of the irra-
diation object is measured by the one or the plurality of 
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distance sensors of the radiation emitting units. The mea-
surement signals indicative for the distance or location 
variation are processed and corresponding operation signals 
are produced with which the electronic control unit accord-
ingly automatically operates the motors assigned to the 
radiation emitting units or the radiation sources of the 
radiation emitting units. 

According to at least one embodiment, during the illumi-
nation session, the distance between the radiation output 
area of a radiation emitting unit and the object location or the 
region of the irradiation object to be irradiated is kept at 
values less than or equal to one of the following values: 20 
cm, 15 cm, 10 cm, 8 cm, 7 cm, 6 cm, 5 cm. Alternatively or 
additionally, the respective distance is kept at values greater 
than or equal to one of the following values: 1 cm, 2 cm, 3 
cm, 4 cm, 5 cm. For example, the optimum distance, also 
referred to as nominal distance, may be 12 cm±1.0 cm or 
12.5 cm±1.5 cm. 
According to at least one embodiment, the area of the 

irradiation object illuminated by the radiation emitting units 
of the illumination device (the illuminated area), when the 
radiation emitting units are at the nominal distance to the 
irradiation object, is between 400 cm2 and 1000 cm2, inclu-
sive. For example, the illuminated area is at most 32 cmx26 
cm and/or at least 26 cmx20 cm, e.g. 29 cmx23 cm. 
Particularly, this may hold for the illumination device being 
in the C-shape configuration or the semi-circle configura-
tion. Particularly, this holds when all radiation emitting units 
of the illumination device emit radiation and are each at the 
nominal distance. The illuminated area is, in particular, the 
area in which the irradiance caused by the radiation emitting 
units is at least 50% or at least 75% of the maximum 
irradiance caused by the radiation emitting units. 

According to at least on embodiment, the entire illumi-
nation session is less than or equal to one of the following 
values: 20 min, 19 min, 18 min, 17 min, 16 min, 15 min, 14 
min, 13 min. Session durations up to 20 minutes are usually 
accepted by users. Additionally or alternatively, the duration 
of the entire illumination session is greater than or equal to 
one of the following values: 10 min, 11 min, 12 min, 13 min. 
The duration of the session may be between 10 min and 20 
min, for example, e.g. 18 minutes. 

According to at least one embodiment, the illumination 
device is configured to irradiate the region of the irradiation 
object with a predetermined light dose during the illumina-
tion session. The light dose may be greater than or equal to 
one of the following values when the irradiation object is 
arranged at the object location, particularly at the nominal 
distance to the radiation emitting unit(s), during the illumi-
nation session: 30 7/cm2, 35 7/cm2, 37 7/cm2. Alternatively 
or additionally, the light dose may be less than or equal to 
one of the following values when the irradiation object is 
arranged at the object location during the illumination 
session: 45 J/cm2, 40 J/cm2, 37 J/cm2. The mean or maxi-
mum irradiance may be greater or equal to one of the 
following values when the irradiation object is arranged at 
the object location (nominal distance) during the illumina-
tion session: 25 mW/cm2, 40 mW/cm2, 50 mW/cm2. Alter-
natively or additionally, the mean or maximum irradiance 
may be smaller or equal to one of the following values when 
the irradiation object is arranged at the object location 
(nominal distance) during the illumination session: 75 
mW/cm2, 65 mW/cm2, 60 mW/cm2. For example, the mean 
or maximum irradiance when the irradiation object is 
arranged at the object location during the illumination 
session is 62 mW/cm2 or 61 mW/cm2. The values above 

16 
particularly hold at least for red light, e.g. with a peak 
wavelength at 634 mut4 mn at 25° C. 
A sufficient light dose is one of the key requirements to 

successfully carry out PDT. However, when choosing the 
5 light dose, the maximum tolerable level of pain for the 

patient must also be taken into account. The range between 
a light dose of 30 and 45 7/cm2, in particular a light dose of 
37 7/cm2, may be considered the best compromise between 
adequate treatment efficiency and pain burden, e.g. when 

io using red light. Additionally or alternatively, a mean or 
maximum irradiance between 25 mW/cm2 and 75 mW/cm2, 
particularly a mean or maximum irradiance of 62 mW/cm2 
may be considered the best compromise between adequate 
treatment efficiency and pain burden, e.g. when using red 

15 light. 
According to at least one embodiment, the illumination 

device is configured to irradiate the region of the irradiation 
object with a predetermined light dose during the illumina-
tion session. The light dose may be greater than or equal to 

20 one of the following values when the irradiation object is 
arranged at the object location during the illumination 
session: 8 J/cm2, 9 J/cm2, 10 J/cm2. Alternatively or addi-
tionally, the light dose may be less than or equal to one of 
the following values when the irradiation object is arranged 

25 at the object location during the illumination session: 12 
7/cm2, 11 7/cm2, 10 7/cm2. The values above particularly 
hold at least for blue light. 
The range between a light dose of 8 and 12 7/cm2, in 

particular a light dose of 10 7/cm2, may be considered the 
3o best compromise between adequate treatment efficiency and 

pain burden, e.g. when using blue light. 
According to at least one embodiment, the illumination 

device comprises a feedback system which is configured to 
provide feedback in order to assist in keeping the irradiation 

35 object, for example a patient, in the predetermined object 
location, close to the predetermined object location and/or at 
a predetermined distance relative to the respective radiation 
emitting unit. The feedback system is, for example, opera-
tively coupled to the monitoring system. 

40 According to at least one embodiment, the feedback 
system is configured to issue visual, audible and/or tactile 
feedback to the patient or an operator of the illumination 
device which indicates whether the current object location is 
sufficiently close to the predetermined object location or 

45 whether adjustment is required. For example, the illumina-
tion device comprises a display and/or a loudspeaker for 
giving visual and/or audible feedback. For example, the 
visual or audible or tactile feedback asks the patient to move 
and/or asks an operator to adjust the positions of the radia-

50 tion emitting unit(s) or the radiation power emitted by the 
radiation emitting unit(s). 

The feedback system may be operated in addition or as an 
alternative to the automatic adjustment of the distance 
between the respective radiation emitting unit and the irra-

55 diation object and the radiation power emitted by the respec-
tive radiation emitting. 

According to at least one embodiment, the illumination 
device is configured such that the radiation emitting unit can 
be switched on, e.g. via a user interface, particularly via the 

6o display. For example, the operator has to operate or press a 
switch-on button. The button may also be a region on a touch 
display, i.e. a virtual button. The illumination device may be 
configured such that each radiation emitting unit of the 
illumination device may be switched on separately and/or 

65 independently or all radiation emitting units can only be 
switched on together and/or simultaneously. The illumina-
tion device may also be configured such each of the radiation 
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emitting units can be switch off separately and/or individu-
ally after having been switched on. 
When switched on, the distance sensor of the radiation 

emitting unit may be activated in order to measure the 
distance to the irradiation object. When switched on, the 
radiation emitting unit may be operable in at least three 
modes, e.g. a no-intensity mode (or distance monitoring 
mode), a low-intensity mode and a nominal-intensity mode, 
the different modes being modes in which the radiation 
emitting unit emits different radiation intensities or no 
intensity in case of the no-intensity mode. When the radia-
tion emitting unit is switched on it may, by default, be in the 
no-intensity mode. In the no-intensity mode, only the dis-
tance monitoring system may be operable. The distance 
sensor may continuously poll for objects within a predeter-
mined distance from the unit in that mode. 

According to at least one embodiment, the illumination 
device is configured such that the radiation emitting unit is 
operable in the low-intensity mode when the distance of the 
radiation emitting unit to the irradiation object lies within an 
irradiation range around the nominal distance. In the low-
intensity mode, the assigned distance sensor may be acti-
vated. The irradiation range may be, e.g., ±2.0 cm or ±1.5 
cm around the nominal distance. The nominal distance may 
be, e.g., 12.0 cm or 12.5 cm. The distance between a 
radiation emitting unit and the irradiation object is, in 
particular, defined as the distance of the output area to the 
irradiation object. 
By way of example, the radiation emitting unit is only 

operable in the low-intensity mode when the distance of the 
radiation emitting unit to the irritation object lies within the 
irradiation range. If the distance does not lie in the irradia-
tion range, the radiation emitting unit may not be switchable 
or may not switch into the low-intensity mode or in any 
other mode in which radiation is emitted. 

According to at least one embodiment, the low-intensity 
mode is a mode in which the radiation intensity emitted by 
the radiation emitting unit is smaller than a nominal radia-
tion intensity used during the illumination session. For 
example, in the low-intensity mode, the radiation intensity is 
at most 50% or at most 25% or at most 10% or at most 5% 
of the nominal radiation intensity. Additionally or alterna-
tively, the radiation intensity in the low-intensity mode is at 
least 0.5% or at least 1% or at least 5% or at least 10% of 
the nominal radiation intensity. Particularly, the radiation 
intensity in the low-intensity mode is sufficient to see an 
illuminated area on the irradiation object caused by the 
radiation emitting unit on the irradiation object. For 
example, the radiation emitted in the low intensity mode is 
so small that the patient does not feel any pain, whereas 
noticeable pain may be experienced in the nominal-intensity 
mode. 

The nominal radiation intensity is particularly the radia-
tion intensity which results in the mean or maximum irra-
diance of the irradiation object during the illumination 
session specified above when the irradiation object is at the 
object location or at the nominal distance, respectively. 

According to at least one embodiment, the illumination 
device is configured such that the at least one radiation 
emitting unit is switched or is switchable from the low-
intensity mode into the no-intensity mode when the distance 
of the radiation emitting unit to the irradiation object leaves 
the irradiation range. For example, the radiation emitting 
unit is then automatically switched from the low-intensity 
mode into the no-intensity mode. Likewise, the radiation 
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emitting unit may switch automatically from the no-intensity 
mode into the low-intensity mode when the distance is in the 
irradiation range. 

According to at least one embodiment, the no-intensity 
5 mode is a mode in which the radiation emitting unit does not 

emit radiation. However, in the no-intensity mode, the 
distance sensor of the radiation emitting unit may still be 
switched on in order to measure the distance to the irradia-

to tion object, e.g. by performing measurements in specific 
intervals. 
The illumination device may be configured such that, if 

the distance of one radiation emitting unit to the irradiation 
object leaves the irradiation range, only this radiation emit-

15 ting unit is switched into the no-intensity mode or several or 
all radiation emitting units are switched into the no-intensity 
mode, e.g. regardless whether they are in the irradiation 
range or not. 

According to at least one embodiment, the illumination 
20 device is configured such that the at least one radiation 

emitting unit is switchable from the low-intensity mode 
and/or the no-intensity mode into the nominal-intensity 
mode. The nominal-intensity mode is, in particular, a mode 
in which the radiation intensity is the nominal intensity. For 

25 example, the radiation emitting unit is only switchable from 
the no-intensity mode and/or the low-intensity mode into the 
nominal-intensity mode when the distance between the 
radiation emitting unit and the irradiation object is in the 
irradiation range. Alternatively, the radiation emitting unit 

30 may be switchable from the no-intensity mode and/or the 
low-intensity mode into the nominal-intensity mode regard-
less whether the distance is or is not in the irradiation range. 
In this second case, when the radiation emitting unit is 
switched in the nominal-intensity mode, a warning signal 

35 may be generated in order to warn a user that the radiation 
emitting unit is not in the irradiation range. 

Alternatively, the radiation emitting unit may only be 
switchable into the nominal-intensity mode when starting 
from the low-intensity mode. For example, in this case, the 

4o nominal-intensity mode may not be directly reachable from 
the no-intensity mode. 
The illumination device may be configured such that each 

radiation emitting unit is switchable into the nominal-inten-
sity mode, e.g. regardless of the mode of the other radiation 

45 emitting units. For example, all radiation emitting units are 
simultaneously switchable into the nominal-intensity, e.g. by 
pressing a start button, regardless of whether all of them are 
in the respective irradiation range or not or regardless of the 
mode of the radiation emitting units. 

50 Alternatively, a radiation emitting unit may only be swit-
chable into the nominal intensity mode if several or all 
radiation emitting units of the illumination device, particu-
larly those which have been switched on, are in their 
respective low-intensity mode and/or have a distance to the 

55 irradiation object in the irradiation range. 
Switching a radiation emitting unit into the nominal-

intensity mode may be done manually by the operator, e.g. 
by operating an element of the user interface, like a start 
button, which again may be a region on a touch display. 

60 Operating the element may simultaneously switch all radia-
tion emitting units into the nominal-intensity mode. 

For example, the illumination device is configured such 
that, when switching a radiation emitting unit on, it is 
automatically either switched into the no-intensity mode or 

65 into the low-intensity mode, depending on the distance 
between the irritation object and the radiation emitting unit 
when being switched on. 
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Next, a method for treating a skin disease is specified. The 

illumination device specified herein is expediently used for 
this method. All features disclosed in connection with the 
illumination device are therefore also disclosed for the 
method and vice versa. 

According to at least one embodiment, the method com-
prises a step a), in which a pharmaceutical substance is 
applied to the surface of the skin in a region which is to be 
treated. In a step b), the skin region to be treated is arranged 
in a predetermined object location of the illumination device 
according to any of the embodiments described herein. In a 
step c), the skin region to be treated is irradiated with the 
illumination device. In this step, the illumination session is 
executed. 

The skin disease or disorder may be or may comprise a 
neoplastic skin disease, like actinic keratosis, basal cell 
carcinoma, squamous cell carcinoma in situ, warts, acne, 
wound healing disorders/chronic wounds, bacterial and/or 
fungal infections or inflammatory skin diseases. It should be 
noted that the present disclosure covers non-therapeutic 
methods. For example, the pharmaceutical substance is 
suitable to be topically applied to the skin in a region to be 
treated. 

According to at least one embodiment, the pharmaceutical 
substance is a photosensitizing drug or precursor to such a 
drug that is excitable by light in the radiation spectrum 
emitted by the illumination device. 

According to at least one embodiment, the pharmaceutical 
substance comprises 5-aminolevulinic acid. 5-aminolevu-
linic acid has been well studied and is considered a reliable 
prodrug for generating a photo sensitizer. 

According to at least one embodiment, the skin disease is 
a neoplastic skin disease like actinic keratosis, basal cell 
carcinoma, squamous cell carcinoma in situ, or warts, acne, 
wound healing disorders/chronic wounds, bacterial and/or 
fungal infections, inflammatory skin diseases. 

According to at least one embodiment, the method com-
prises: 

providing a measurement signal which is indicative for a 
distance between the radiation emitting unit and the radia-
tion object, 

generating an operation signal as a function of the mea-
surement signal, said operation signal being configured to 
cause the illumination device to adjust the operation of the 
illumination device or to call or to trigger a call for an 
adjustment of the operation of the illumination device. 
Adjusting the operation may comprise one or more of: 

varying the distance between the respective radiation 
emitting unit and the irradiation object, 

adjusting the radiation power emitted by the respective 
radiation emitting unit, and/or 

adjusting a duration of the illumination session. 
According to at least one embodiment, the method for 

operating an illumination device comprises the execution of 
a start sequence prior to the illumination session. 

According to at least one embodiment, the execution of 
the start sequence comprises switching on the radiation 
emitting unit such that the assigned distance sensor is 
activated for measuring the distance to the irradiation object 
(step Sl). The switching on may be performed by an 
operator, e.g. by operating a switch-on button, e.g. on a 
touch display. 

According to at least one embodiment, the execution of 
the start sequence comprises adjusting the distance of the 
radiation emitting unit to the irradiation object until the 
distance is within the irradiation range (step S2). Adjusting 

20 
the distance may be done manually by the operator, e.g. by 
manually moving the radiation emitting unit and/or the 
irradiation object. 

According to at least one embodiment, the execution of 
5 the start sequence comprises operating the radiation emitting 

unit in the low-intensity mode in order to illuminate the 
irradiation object with a low radiation intensity, when the 
distance is in the irradiation range (step S3). 

According to at least one embodiment, the execution of 
10 the start sequence comprises adjusting the position of the 

irradiation object relative to the illumination device while 
maintaining the distance of the radiation emitting unit to the 
irradiation object in the irradiation range (step S4). 

According to at least one embodiment, the execution of 
15 the start sequence comprises switching the radiation emit-

ting unit from the low-intensity mode into the no-intensity 
mode if the distance of the radiation emitting unit to the 
irradiation object leaves the irradiation range (step S5). This 
may interrupt or cancel the start sequence. This step may 

20 happen automatically. 
According to at least one embodiment, the execution of 

the start sequence comprises switching the radiation emit-
ting unit into the nominal-intensity mode when the position 
of the irradiation object relative to the illumination device is 

25 adjusted such that the desired illuminated area of the irra-
diation object is illuminated (step S6). 

According to at least one embodiment, the steps Sl to S6 
are executed in the specified order and/or one after the other. 

Particularly before starting the actual illumination ses-
s0 sion, it may be desired to correctly position the irradiation 

object with respect to the illumination device or vice versa. 
When the radiation emitting unit is switched on, the distance 
sensor is activated so that the distance to the irradiation 
object is measured. The radiation emitting unit may imme-

s5 diately be switched into the no-intensity mode or the low-
intensity mode, depending on whether the distance is outside 
the irradiation range or within the irradiation range. Using 
the low-intensity mode when the irradiation object has the 
correct distance to the radiation emitting unit can be used for 

40 further positioning the irradiation object relative to the 
illumination device. The operator may see by eye the 
irradiance of the irradiation object in an illuminated area 
caused by the radiation emitting unit in the low-intensity 
mode and this may help to correctly position the irradiation 

45 object relative to the illumination device or vice versa. The 
occurrence of pain may be prevented in the low-intensity 
mode due to the low intensity so that the adjustment of the 
position is not painful for the patient. 

If two or more radiation emitting units are used, several 
50 or all radiation emitting units may be switched on in step Sl, 

e.g. simultaneously or individually one after the other. For 
example, only the radiation emitting units which have been 
selected by an operator before (e.g. in a step SO) are 
switched on. If the distance of at least one radiation emitting 

55 unit to the irradiation object is not within the irradiation 
range or leaves the irradiation range, only this radiation 
emitting unit or several radiation emitting units or all 
radiation emitting units may be switched into the no-inten-
sity mode. This may happen automatically. Furthermore, if 

6o at least one radiation emitting unit is not in the low-intensity 
mode and/or the distance of at least one radiation emitting 
unit to the irradiation object is not in the irradiation range, 
none of the radiation emitting units may be switchable into 
the nominal-intensity mode. 

65 Alternatively, all radiation emitting units may be switch-
able into the nominal-intensity mode regardless of whether 
one or more or all radiation emitting units are in the 
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low-intensity mode or whether the distances are in the 
irradiation range. Alternatively, only those radiation emit-
ting units for which the respective distance is not in the 
irradiation range and/or which are not in the low-intensity 
mode may be prevented from being switched into the 
nominal intensity mode. 

Hereinafter, an illumination device and a method for 
treating a skin disease described herein will be explained in 
more detail with reference to drawings on the basis of 
exemplary embodiments. Same reference signs indicate 
same elements in the individual figures. However, the size 
ratios involved are not necessarily to scale, individual ele-
ments may rather be illustrated with an exaggerated size for 
a better understanding. 

Next, a method for operating an illumination device is 
specified. Particularly, an illumination device specified 
herein can be operated with this method. All features dis-
closed in connection with the illumination device are there-
fore also disclosed for the method and vice versa. 

According to at least one embodiment, the method com-
prises a step in which a measurement signal is provided, said 
measurement signal being indicative for a distance between 
the radiation emitting unit and the irradiation object. In a 
further step, an operation signal is generated as a function, 
i.e. depending on, of the measurement signal, said operation 
signal being configured to cause the illumination device to 
adjust the operation of the illumination device or to call or 
to trigger a call for an adjustment of the operation of the 
illumination device. 

Furthermore, a computer program product is specified. 
The computer program product comprises machine-readable 
instructions, which, when loaded and executed on a proces-
sor, are configured to cause the illumination device to 
execute the method for operating the illumination device. 
The processor may be part of the illumination device. 

Moreover, a computer-readable medium is specified, hav-
ing stored thereon the computer program product. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1 and 2 show an exemplary embodiment of the 
illumination device in different configurations, 

FIGS. 3 to 8 show exemplary embodiments of radiation 
emitting units, 

FIG. 9 shows simulation results for the irradiance on a 
cylindrical surface obtained with an exemplary embodiment 
of the illumination device, 

FIG. 10 shows an exemplary embodiment of a radiation 
source, 

FIG. 11 shows an exemplary embodiment of the method 
for treating a skin disease on the basis of a flow chart, 

FIG. 12 shows an exemplary embodiment of a graphical 
user interface of a feedback system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows an exemplary embodiment of the illumina-
tion device 100 for photodynamic therapy. The illumination 
device 100 comprises several radiation emitting units 10 
which are linearly connected to each other. The radiation 
emitting units 10 are movably, especially pivotally, con-
nected to each other. For this purpose, hinges 15 are used 
between the radiation emitting units 10. The radiation emit-
ting units 10 each comprise a radiation output area 11 
through which radiation generated by the respective radia-
tion emitting unit 10 is coupled out of the illumination 

22 
device 100. The output areas 11 are, for example, in each 
case formed by a (plexiglass or glass) cover plate of the 
respective radiation emitting unit 10. 

In FIG. 1, the illumination device 100 is configured to 
5 irradiate a plane surface. The radiation emitting units 10 are 

arranged such that the radiation output areas 11 lie substan-
tially in a common plane. Main radiation directions of the 
radiation emitting units 10 are substantially parallel to each 
other. 

10 FIG. 2 shows the illumination device 100 of FIG. 1 in a 
different configuration in which the illumination device 100 
is configured to irradiate a surface of non-plane shape, 
namely a cylinder surface, particularly a human face. The 

15 radiation emitting units 10 are arranged in a C-shape con-
figuration. For this purpose, the radiation emitting units 10 
have been pivoted relative to each other so that the distances 
of the radiation output areas 11 of the radiation emitting 
units 10 to the cylinder surface are substantially the same. 

20 The rearrangement or movement of the radiation emitting 
units 10 can be done manually. In the present case, each 
radiation emitting unit 10 is assigned a motor 42, which is 
configured to move/pivot the respective radiation emitting 
unit 10 relative to the further radiation emitting units 10. 

25 The cylinder around which the radiation emitting units 10 
are arranged defines a predetermined object location 300. 
The object location 300 is arranged at a distance to the 
radiation output areas 11 of the radiation emitting units 10. 
Inside the object location 300, an irradiation object 200 is 

so arranged. The irradiation object 200 is, for example, a 
human head. The head 200 is therapeutically treated by 
irradiating with the irradiation device 100. 

During therapeutic treatment, the distances of the radia-
tion emitting units 10 with respect to the irradiation object 

35 200 or with respect to the predetermined object location 300 
shall be kept substantially constant, particularly at a nominal 
distance or within an irradiation range around the nominal 
distance. For this purpose, the illumination device 100 
comprises a location or distance monitoring system 4. The 

40 monitoring system 4 comprises distance sensors 40 (see for 
example FIG. 4), each radiation emitting unit 10 assigned 
one distance sensor 40. The distance of the radiation emit-
ting units 10 with respect to the irradiation object 200 or the 
predetermined object location 300 is measured with help of 

45 the distance sensors 40. 
The monitoring system 4 further comprises an electronic 

control unit 41 and the motors 42 specified above. During 
operation of the illumination device 100, the distances of the 
radiation emitting units 10 to the irradiation object 200 or the 

50 predetermined object location 300 is constantly or repeat-
edly measured with help of the distance sensors 40. Corre-
sponding measurement signals are processed in the moni-
toring system 4. In case the measurement signals indicate a 
variation in the distance of one radiation emitting unit 10 to 

55 the object 200 or the location 300, a corresponding operation 
signal or corresponding operations signals are generated, 
which cause the electronic control unit 41 to operate one or 
more motors 42 in order to adjust the distance of the 
radiation emitting units 10 with respect to the irradiation 

60 object 200 or the predetermined object location 300. For 
example, the distance is kept between 50 mm inclusive and 
200 mm inclusive, preferably 125 mm. By way of example, 
if a variation in the distance of more than or equal to 15 mm 
is measured, the distance is adjusted. For operation the 

65 illumination device as stated above and in the following, the 
computer program product specified herein may be executed 
on a processor of the illumination device. 

EX2059, Page 22 



US 11,235,169 B1 

23 
Additionally or alternatively, the monitoring system 4 

may be configured to call for an adjustment, if the measure-
ment signals form the distance sensors 40 indicate a varia-
tion in the distance and/or a leaving of the irradiation range. 
The operation signal(s) are then configured to call or to 
trigger a call for such an adjustment. An operator may then 
move the radiation emitting units 10 manually or by oper-
ating the motors 42. 

The illumination device 100 may be further configured to 
adjust the radiation power emitted by the respective radia-
tion emitting unit and/or to adjust the duration of the 
illumination session. The electronic control unit 41 or a 
different electronic control unit may then, as a function of 
the measurement signals of the distance sensors 40, vary the 
radiation power on the basis of one or more operation signals 
generated as a function of the measurement signals. For 
example, if the distance increases, the radiation power is 
increased. If the distance is reduced, the radiation power 
may be reduced. Additionally or alternatively, if the distance 
increases, the duration of the illumination session may be 
increased and if the distance decreases, the duration of the 
illumination session may be reduced. Increasing or reducing 
the duration of the illumination session may be controlled 
automatically by the monitoring system 4. Particularly, the 
monitoring system 4 ensures that the predetermined light 
dose, of e.g. 37 7/cm2, is received. 

It is also possible that, as a function of the measurement 
signals of the distance sensors 40, the monitoring system 4 
may call for an adjustment of the radiation power or the 
duration of the illumination session, e.g. by an according 
output on a display or a different user interface of the system 
(see FIG. 12, for example). An operator may then vary the 
radiation power of the respective radiation emitting unit 10 
or may increase or reduce the duration of the illumination 
session. 
The illumination device 100 may further comprise a 

feedback system (see FIG. 12) which is configured to 
provide feedback in order to assist in keeping the irradiation 
object 200 at the predetermined object location 300. The 
feedback system may be configured to issue visual, audible 
and/or tactile feedback which indicates whether the object 
200 is at the predetermined object location 300 or at a 
distance to the radiation emitting units 10 within the irra-
diation range, respectively, or if an adjustment is required. 
For this purpose, the feedback system may comprise a 
display and/or a loudspeaker. 

FIG. 12 shows an exemplary embodiment of a graphical 
user interface 45 of such a feedback system. The user 
interface 45 illustrates the five radiation emitting units 
10a ... 10e. Three of the radiation emitting units 10a, 10b, 
10e are indicated to be not activated/switched on, which is 
indicated by the "off'-symbols in the respective radiation 
emitting unit. One radiation emitting unit 10c is activated/ 
switched on and at the correct distance (within the irradia-
tion range), indicated by the check mark in that radiation 
emitting unit. One radiation emitting unit 10d is activated/ 
switched on but an adjustment of the distance is called for 
or is being carried out by the monitoring system itself. This 
is indicated by the two arrows pointing in opposite direc-
tions. The representation on the user interface 45 might be 
generated by the computer program product specified 
herein. 

Before starting an illumination session with the illumina-
tion device 100, a start sequence may be performed. Firstly, 
the operator may switch on each of the radiation emitting 
units, e.g. by operating one or more buttons on the user 
interface 45. By switching on, the distance sensors 40 may 

24 
be activated. After switching on, the radiation emitting units 
10 may first be in a no-intensity mode, in which no radiation 
is emitted, or may be in a low-intensity mode, in which a low 
radiation intensity is emitted. The operator may then adjust 

5 the distances between the radiation emitting units 10 and the 
irradiation object 200 in order to have the distance of each 
radiation emitting unit 10 to the irradiation object 200 in the 
irradiation range, which is, e.g., between I I cm and 14 cm. 
The user interface 45 might indicate for each radiation 

to emitting unit 10 the distance to the irradiation object 200 
and/or if the distance has to be increased or reduced in order 
to come into the irradiation range. 
As soon as the distance of a radiation emitting unit 10 to 

15 the irradiation object 200 is within the irradiation range, a 
check mark may appear on the user interface 45 for the 
respective radiation emitting unit 10 (see FIG. 12). The 
radiation emitting unit 10 in the correct distance, namely in 
the irradiation range, may then be automatically switched 

20 from the no-intensity mode into the low-intensity mode. A 
corresponding illumination caused by said radiation emit-
ting unit may be visible on the irradiation object 200. 
When all radiation emitting units 10 are in the correct 

distance to the irradiation object 200, particularly when 
25 check marks appear on the interface 45 for all radiation 

emitting units 10, all radiation emitting units 10 may be in 
the low-intensity mode. The operator may now further adjust 
the position of the illumination device 100 relative to the 
irradiation object 200, for example by shifting the illumi-

3o nation device 100 from a position illuminating an upper 
head region into a position in which the illumination device 
100 illuminates the lower head region. During this adjust-
ment of the position, the distances shall be maintained 
within the irradiation ranges. If, however, during said adjust-

35 ment of the position the distance of one of the radiation 
emitting unit 10 leaves the irradiation range, this radiation 
emitting unit 10 may be automatically switched from the 
low-intensity mode into the no-intensity mode. The operator 
may notice this by a change of the illumination on the 

40 irradiation object 200. Additionally or alternatively, the 
interface 45 may indicate this event by letting the checkmark 
disappear and/or by creating a noise, for example a warning 
noise. The operator may then readjust the distance of this 
radiation emitting unit 10. 

45 After the illumination device 100 has been brought into 
the correct position relative to the irradiation object 200 and 
when the distances of all radiation emitting units 10 are still 
in the irradiation range, the operator may switch one or more 
or all of the radiation emitting units 10 into the nominal-

5o intensity mode, in which the radiation emitting units 10 emit 
the nominal radiation intensity for the treatment of the skin 
disease. For example, if the distance of one of the radiation 
emitting units 10 is not within the irradiation range, only this 
radiation emitting unit 10 may not be switchable into the 

55 nominal-intensity mode. It is also possible that, if at least 
one of the radiation emitting units 10 is not within the 
irradiation range, none of the radiation emitting units 10 can 
be switched into the nominal intensity mode. Alternatively, 
all radiation emitting units may be switchable into the 

6o nominal-intensity mode, regardless whether one or more or 
all radiation emitting units are within the irradiation range or 
not. Switching into the nominal-intensity mode may be done 
manually by the operator, e.g. by operating a start button on 
the interface. 

65 FIG. 3 shows an exemplary embodiment of a radiation 
emitting unit 10 in plan view of the radiation emitting unit 
10, for example in plan view of the cover plate. The radiation 
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emitting unit 10 of FIG. 3 is, for example, used for all 
radiation emitting units 10 in the illumination device 100 of 
FIGS. 1 and 2. 

The radiation emitting unit 10 comprises a unit housing 3, 
for example comprising metal and/or plastic, and a radiation 
source carrier 2 laterally surrounded by the unit housing 3 in 
the shown plan view. The unit housing 3 defines a lateral 
edge 30 of the radiation emitting unit 10 delimiting the 
radiation emitting unit 10 in a transversal direction T. 

The radiation source carrier 2 is, for example, a printed 
circuit board, PCB for short. The radiation source carrier 2 
is an elongated, rectangular shaped carrier. Amain direction 
of extension of the radiation source carrier 2 defines a 
longitudinal direction L. A direction perpendicular to the 
longitudinal direction L and running parallel to a main 
extension plane of the radiation source carrier 2 defines the 
transversal direction T. The radiation source carrier 2 is 
delimited in the longitudinal direction L and in the trans-
verse direction T by carrier edges 20. 
A plurality of radiation sources 1 is arranged on the 

radiation source carrier 2. The exact positions of the radia-
tion sources 1 on the radiation source carrier 2 is indicted by 
the intersection points of the squared brackets. For example, 
a center of a chip surface of a semiconductor chip assigned 
to the radiation source overlaps with the respective inter-
section point. 

In the exemplary embodiment, all radiation sources 1 of 
the radiation emitting unit 10 are arranged on a common 
radiation source carrier 2. During intended operation, all 
radiation sources 1 preferably emit radiation in the visible 
spectrum and of essentially the same color and/or with 
essentially the same peak wavelength. 
As can be seen in FIG. 3, the radiation sources 1 are 

arranged on the carrier 2 in three different groups 12, 13, 14, 
wherein each radiation source 1 is uniquely assigned to one 
group 12, 13, 14. The groups 12, 13, 14 are indicated by the 
dashed rectangles. A first group 12 with 15 radiation sources 
1 is located in a center region of the radiation source carrier 
2. A second 13 and a third 14 group, each with 15 radiation 
sources 1, are located on peripheral regions of the radiation 
source carrier 2. When viewed along the longitudinal direc-
tion L, the second 13 and third 14 group are located before 
and behind the first group 12. Within each group 12, 13, 14 
the radiation sources 1 are arranged in a two-dimension 
regular group pattern. The group patterns of the second 13 
and third 14 group are identical, whereas the group pattern 
of the first group 12 is different. 

In the second 13 and the third 14 group, the radiation 
sources 1 are arranged more densely on the radiation source 
carrier 2 than in the first group 12. Thus, the occupancy 
density of the radiation source carrier 2 with radiation 
sources 1 in the second 13 and third 14 group is greater than 
in the first group 12. This arrangement is particular advan-
tageous in terms of a homogeneous irradiation of the irra-
diation object along the longitudinal direction L. 
As can also be seen in FIG. 3, the distance between two 

adjacent groups 12, 13, 14 is greater than a distance between 
the radiation sources 1 within a group 12, 13, 14 (the 
distance between two adjacent groups is the shortest dis-
tance between two radiation sources 1 of these two groups). 
Moreover, it is visible form FIG. 3 that the two-dimensional 
pattern in which the radiation sources 1 are arranged on the 
radiation source carrier 2 is symmetric with respect to an 
axis running parallel to the longitudinal direction L and also 
with respect to an axis running parallel to the transversal 
direction T. 
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In the exemplary embodiment of FIG. 3, a radiation 

source 1 is arranged in the geometric center of the radiation 
source carrier 2. Slightly offset from this geometric center, 
a distance sensor 40 is arrange on the radiation source carrier 

5 2. The distance sensor 40 is part of the previously described 
monitoring system 4. The distance sensor 40 is, for example, 
a time-of-flight sensor comprising a laser diode. A distance 
to the adjacent radiation source 1 in the geometric center is, 
e.g., 10 mm. 

10 Additionally or alternatively, the distance sensor 40 may 
be slightly offset, e.g. by at least 5 mm and at most 40 mm, 
form the center of a radiation field created by the radiation 
sources of the radiation emitting unit. The center of the 
radiation field may be the position of the center of mass 

15 when integrating over all the radiation sources of the radia-
tion emitting unit. 

FIG. 4 shows an exemplary embodiment of a radiation 
emitting unit 10 in a true-to-scale view. This exemplary 
embodiment might be used in the illumination device 100 of 

20 FIGS. 1 and 2. The transversal distance between two radia-
tion sources 1 being adjacent along the transversal direction 
T is 30 mm in each case. The longitudinal distance between 
two radiation sources 1 being adjacent along the longitudinal 
direction L is 15 mm in the second 13 and third 14 group and 

25 is 40 mm in the first group 12. The longitudinal distance 
between two adjacent groups is 60 mm. The radiation source 
carrier 2 may have an expansion along the transversal 
direction T of 160 mm and along the longitudinal direction 
of 280 mm. Connectors 43, 44 for a connection to other 

3o radiation emitting units are provided. 
FIG. 5 shows a further exemplary embodiment of a 

radiation emitting unit 10 in plan view. Also this radiation 
emitting unit 10 might be used for the radiation emitting 
units 10 in the illumination device 100 of FIGS. 1 and 2. In 

35 contrast to FIGS. 3 and 4, the radiation emitting unit 10 of 
FIG. 5 does not only comprise one radiation source carrier 
2 common to all radiation sources 1 of the respective 
radiation emitting unit 10, but several radiation source 
carriers 2. Each radiation source carrier 2 is elongated with 

4o a main direction of extension parallel to the longitudinal 
direction L. Along the transversal direction T running per-
pendicularly to the main longitudinal direction L, the radia-
tion source carriers 2 are arranged one behind the other. 
On each radiation source carrier 2, a plurality of radiation 

45 sources 1 is arranged. The radiation sources 1 are in each 
case arranged in a one-dimensional irregular pattern. Again, 
on each radiation source carrier 2, the radiation sources 1 are 
grouped in three groups 12, 13, 14. Each group 12, 13, 14 
comprises three radiation sources 1. The first group 12, 

50 located in each case between the second 13 and the third 14 
group, has a smaller occupancy density with radiation 
sources 1 than the respective second 13 and third 14 group. 
The group pattern in each group 12, 13, 14 is regular. 
Using several radiation source carriers 2 can be advanta-

55 geous for further improving the homogeneity of the irradia-
tion pattern. As shown in FIG. 6, which is a cross sectional 
view along the transversal direction T of FIG. 5, the indi-
vidual radiation source carriers 2 are arranged angled rela-
tive to one another. Consequently, the main radiation direc-

60 tions V of the radiation sources 1 of different radiation 
source carriers 2 are tilted relative to each other. In the 
exemplary embodiment of FIG. 6, the radiation source 
carrier 2 closets to the outer edges 30 of the housing unit 3 
is oriented such that the main radiation direction V of the 

65 respective radiation sources 1 on this radiation source carrier 
2 is outwardly offset from a main radiation direction V of the 
radiation sources 1 on another radiation source carrier 2 
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further away from the outer edge 30. In this way irradiation 
at the outer edges 30 of the radiation emitting unit 10 where 
the hinges 15 are placed (see FIGS. 1 and 2) can be 
improved. 

The individual radiation source carriers 2 of the radiation 
emitting unit 10 may be fixed in their relative position to one 
another. Alternatively, they may be movable relative to 
another, for example manually or with help of actuators. 

FIG. 7 shows a further exemplary embodiment of a 
radiation emitting unit 10 in plan view. This exemplary 
embodiment is similar to the ones of FIGS. 3 and 4. Again, 
all radiation sources 1 are placed on a common radiation 
source carrier 2. Also this radiation emitting unit 10 may be 
used for the radiation emitting units 10 in the illumination 
device 100 of FIGS. 1 and 2. 
A difference of FIG. 7 to FIGS. 3 and 4 is the arrangement 

of the radiation sources 1 on the radiation source carrier 2. 
In FIG. 7, the first group 12 comprises 25 radiation sources 
1 arranged in a regular group pattern. The second 13 and 
third 14 group each comprise only ten radiation sources 1 in 
each case arranged in a regular group pattern. In the first 
group 12, the transversal distances between adjacent radia-
tion sources 1 is in each case 30 mm and the longitudinal 
distance between adjacent radiation sources 1 is in each case 
35 mm. In the second 13 and third 14 group, the transversal 
distance between adjacent radiation sources 1 is in each case 
30 mm and the longitudinal distance is in each case 15 mm. 
The longitudinal distance between two adjacent groups 12, 
13, 14 is 45 mm in each case. 

FIG. 8 shows an exemplary embodiment of a radiation 
emitting unit 10, for which a particularly homogeneous 
irradiation pattern along the longitudinal direction could be 
obtained. The arrangement of the radiation sources 1 on the 
radiation source carrier 2 is similar to FIG. 3 or FIG. 4, 
respectively. Only the longitudinal distances are chosen 
slightly differently. In the first group 12, the longitudinal 
distances between adjacent radiation sources 1 is 36 mm in 
each case. In the second 13 and third 14 group, the longi-
tudinal distances between adjacent radiation sources 1 are 22 
mm in each case. The longitudinal distance between adja-
cent groups 12, 13, 14 is 28 mm in each case. 

FIG. 9 shows simulation results for the irradiance on a 
cylindrical surface obtained with an exemplary embodiment 
of the illumination device 100. For this simulation, an 
illumination device 100 with five radiation emitting units 10 
as described in connection with FIG. 3 was used. The 
radiation emitting units 10 were arranged around a cylinder 
with a diameter of 200 mm and a height of 300 mm. The 
radiation emitting units 10 were arranged such that the 
distance of the radiation output area 11 of each radiation 
emitting unit 10 to the cylinder surface was 125 mm. The 
upper picture of FIG. 9 shows the arrangement. 

The homogeneity of the irradiance on the cylinder surface 
was investigated as a function of the azimuthal angle 
(middle picture of FIG. 9). On the y-axis, the irradiance in 
arbitrary units is shown. On the x-axis the azimuthal angle 
is shown. The different data samples Zl ... Z5 correspond 
to measurements at different heights along the longitudinal 
direction L (see also upper picture of FIG. 9). 

In the lower picture of FIG. 9, the irradiance in arbitrary 
units (y-axis) is shown as function of the height along the 
longitudinal direction L (x-axis). The different data samples 
Zl ... Z6 correspond to measurements at different azimuthal 
angles. 
As becomes clear from FIG. 9, lower picture, the special 

arrangement of the radiation sources 1 on the respective 

28 
radiation source carriers 2 of the radiation emitting units 10 
results in a very homogeneous irradiance along the longi-
tudinal direction L. 

In FIG. 9, middle picture, one can see that due to the 
5 configuration of the illumination device 100 with several 

radiation emitting units 10, which are pivotally connected to 
each other, and thus can be arranged around the cylinder 
with equal distances to the cylinder surface, a very homog-
enous irradiance along the azimuthal angle up to 90° is 

io obtained. 
FIG. 10 shows an exemplary embodiment of a radiation 

source 1 being an optoelectronic component. All radiation 
sources 1 of the radiation emitting unit 10 or of the whole 
illumination device 100 are preferably formed identically 

15 within the manufacturing tolerance and may each be such an 
optoelectronic component. 
The optoelectronic component 1 comprises a semicon-

ductor chip la, for example based on a III-V-compound 
semiconductor material. The semiconductor chip la is 

20 mounted on a front side of a ceramic chip carrier lb. The 
chip carrier lb may be pierced by through connections (not 
shown), electrically connecting metallic front side pads ld 
on the front side with metallic rear side pads le on the rear 
side of the chip carrier lb. The semiconductor chip la is 

25 electrically connected to the front side pads ld. A thermal 
pad lf, for example made of metal, on the rear side helps to 
remove heat from the optoelectronic component 1. 

The semiconductor chip la is embedded in a lens-shaped 
encapsulation lc, which collimates the radiation coming 

30 from the semiconductor chip la. The encapsulation is, for 
example, made of transparent silicone. 
The properties of the optoelectronic component 1 are, for 

example, as follows: A peak wavelength of the emitted 
radiation is 634.0 mu when operated with an operation 

35 current of 350 mA and at an operation temperature of 25° C. 
An opening angle into which at least 75% of the radiation 
intensity is emitted is at most 80°. Amain radiation direction 
is 0°, wherein the radiation direction is measured relative to 
a normal axis running perpendicularly to a main extension 

40 plane of the chip carrier lb or to a radiation exit surface of 
the semiconductor chip la. The emission angle at which the 
radiance decreases from its maximum at 0° to 50% of the 
maximum value is at ±40°. The luminous efficacy is 111 
IM/W. 

45 During operation of the illumination device 100, each 
optoelectronic component 1 is, for example, operated with 
an operation current of 1000 mA. 

FIG. 11 shows an exemplary embodiment of the method 
for treating a skin disease on the basis of a flow chart. In a 

50 step Sl, a pharmaceutical substance is applied to the surface 
of the skin of a human being in a region which is to be 
treated. It might be the region in a face. The pharmaceutical 
substance is, for example, a photosensitizing drug or pre-
cursor to such a drug that is excitable by light in the radiation 

55 spectrum emitted by the illumination device 100. The phar-
maceutical substance may comprise 5-aminolevulinic acid. 

In a step S2, the skin region to be treated is arranged in 
the predetermined object location 300 of the illumination 
device 100 (see FIG. 2). 

60 In a step S3, the skin region to be treated is irradiated with 
the illumination device, for example for at least 10 min and 
at most 20 min. During the illumination session, the skin 
region is irradiated with a predetermined light dose of, e.g., 
at least 30 and at most 45 7/cm2, such as 37 7/cm2. A light 

65 dose of 37 7/cm2 is especially suitable if red light with a 
wavelength of about 635 nm is used to irradiate the object. 
In case green or blue light is used, e.g. for irradiating a skin 
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surface onto which ALA has been topically applied before 
the irradiation, the total light dose applied to the irradiation 
object during the illumination session may have a different 
value due to the different absorption properties for these 
wavelengths. The general teaching in the present disclosure 
does not only apply for light sources emitting red light but 
also for light sources of different colored light, e.g. blue or 
green light, particularly if ALA-based PDT is performed. 

The invention described herein is not limited by the 
description in conjunction with the exemplary embodiments. 
Rather, the invention comprises any new feature as well as 
any combination of features, particularly including any 
combination of features in the patent claims, even if said 
feature or said combination per se is not explicitly stated in 
the patent claims or exemplary embodiments. 

In the following, a set of embodiments is disclosed. The 
embodiments are numbered to facilitate referencing the 
features of one embodiment in other embodiments. The 
embodiments form part of the disclosure of the present 
application and could be made subject to independent and/or 
dependent claims irrespective of what currently is claimed in 
the application and also independent of the references in 
brackets. We note, however, that the scope of protection is 
defined by the appended claims, where the following 
embodiments do not constitute claims. The embodiments 
are: 

Embodiments 

1. Illumination device (100) for photodynamic therapy, 
the illumination device (100) comprising at least one 

electromagnetic radiation emitting unit (10), 
the at least one electromagnetic radiation emitting unit 

(10) comprising at least one electromagnetic radiation 
source (1), 

the electromagnetic radiation source (1) being configured 
to generate radiation for the irradiation of a region of an 
irradiation object (200) in an illumination session, 

wherein the irradiation object (200) is to be arranged at a 
predetermined object location (300), 

wherein the predetermined object location (300) is 
arranged at a distance relative to a radiation output area (11) 
of the radiation emitting unit (10) through which the radia-
tion generated by the at least one electromagnetic radiation 
source (1) exits the radiation emitting unit (10) during 
operation of the illumination device (100). 

2. Illumination device (100) according to embodiment 1, 
wherein the radiation emitting unit (10) comprises a 

plurality of radiation sources (1) arranged on a common 
radiation source carrier (2), 

wherein an occupancy density of the radiation source 
carrier (2) with radiation sources (1) is smaller in a center 
region of the radiation source carrier (2) than in peripheral 
regions of the radiation source carrier (2) outside the center 
region. 

3. Illumination device (100) according to embodiment 2, 
wherein the radiation sources (1) are arranged in a one- or 
two-dimensional pattern on the radiation source carrier (2). 

4. Illumination device (100) according to embodiment 3, 
wherein the pattern is irregular. 

5. Illumination device (100) according to any of the 
embodiments 2 to 4, 

wherein the radiation source carrier (2) is an elongate 
carrier with a main direction of extension defining a longi-
tudinal direction (L). 

30 
6. Illumination device (100) according to embodiment 3 

or any of embodiments 4 and 5 in their dependency of 
embodiment 3, 

wherein the pattern is symmetrical relative to one axis or 
5 two axis, which are perpendicular. 

7. Illumination device (100) according to any of the 
embodiments 2 to 6, 

wherein the radiation sources (1) on the radiation source 
carrier (2) are grouped into a plurality of groups (12, 13, 14), 

io wherein the radiation sources (1) of each group (12, 13, 14) 
are arranged in a regular group pattern, wherein at least two 
groups (12, 13) of the plurality of groups have different 
group patterns. 

8. Illumination device (100) according to embodiment 7, 
15 wherein at least two groups (13, 14) of the plurality of 

groups (12, 13, 14) have the same group pattern. 
9. Illumination device (100) according to embodiment 8, 
wherein a first group (12) with a first group pattern is 

arranged between a second group (13) and a third group 
20 (14), when seen in plan view of the radiation source carrier 

(2), 
wherein the second (13) and the third (14) group have the 

same group pattern and the first group (12) has a different 
group pattern. 

25 10. Illumination device (100) according to any of the 
preceding embodiments, wherein the radiation emitting unit 
(10) comprises a unit housing (3) which defines an outer 
edge (30) of the radiation emitting unit (10). 

11. Illumination device (100) according to embodiment 
30 10, 

wherein the radiation emitting unit (10) comprises a 
plurality of radiation source carriers (2), each radiation 
source carrier (2) being provided with a plurality of radiation 
sources (1), 

35 wherein the radiation source carrier (2) closest to the outer 
edge (30) is oriented such that a main radiation direction (V) 
of the radiation sources (1) on this radiation source carrier 
(2) is outwardly offset from a main radiation direction (V) of 
the radiation sources (1) on another radiation source carrier 

40 (2) further away from the outer edge (30). 
12. Illumination device according to any of the preceding 

embodiments, 
wherein the radiation emitting unit (10) comprises one 
continuous radiation source carrier (2) common for all 

45 radiation sources (1) of the radiation emitting unit (10). 
13. Illumination device according to any of the embodi-

ments 1 to 10, 
wherein the radiation emitting unit (10) comprises a plural-
ity of radiation source carriers (2), each radiation source 

50 carrier (2) being provided with a plurality of radiation 
sources (1), at least two radiation source carriers (2) being 
arranged angled relative to one another, wherein the radia-
tion source carriers (2) are 

fixed in their relative position to one another or 
55 movable relative to one another. 

14. Illumination device (100) according to any of the 
preceding embodiments, 

wherein the at least one radiation source (1) is an opto-
electronic component, 

60 wherein the emission spectrum of the optoelectronic 
component has a peak wavelength in one of the following 
ranges: 635 nm±4 mu, 542 nm±4 mu, 506 nm±4 mu. 

15. Illumination device (100) according to any of the 
preceding embodiments, 

65 wherein the illumination device (100) comprises a plurality 
of radiation emitting units (10) which are movably con-
nected to one another. 
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16. Illumination device (100) according to any of the 

preceding embodiments, 
wherein the illumination device (100) comprises a location 
or distance monitoring system (4), wherein the monitoring 
system (4) is configured to monitor the location and/or the 
distance of the irradiation object (200) from the radiation 
emitting unit (10) and/or from the predetermined object 
location (300). 

17. Illumination device (100) according to embodiment 
16 in its dependency of embodiment 2, wherein 

the monitoring system (4) comprises a distance sensor 
(40) arranged on the radiation source carrier (2) of the at 
least one radiation emitting unit (10), 

the distance sensor (40) is located offset of a geometric 
center of the radiation source carrier (2) when viewed in plan 
view. 

18. Illumination device (100) according to embodiment 
17, 
wherein the illumination device (100) is configured to 
compensate for distance or location variations of the irra-
diation object (200) from the respective radiation emitting 
unit (10) and/or the predetermined object location (300) in 
order to maintain a predetermined radiation dose during the 
illumination session. 

19. Illumination device (100) according to any of embodi-
ments 16 to 18, 
wherein the monitoring system (4) is configured to adjust the 
operation of the illumination device (100) or to call for an 
adjustment of the operation of the illumination device (100) 
by using one of, an arbitrary combination of or all of the 
following measures: 

varying the distance between the respective radiation 
emitting unit (10) and the irradiation object (200), 

adjusting the radiation power emitted by the respective 
radiation emitting unit (10), and/or 

adjusting a duration of the illumination session. 
20. A method for treating a skin disease comprising the 

following steps: 
a) applying a pharmaceutical substance to the surface of the 
skin in a region which is to be treated; 
b) arranging the skin region to be treated in a predetermined 
object location (300) of the illumination device (100) 
according to any of the preceding embodiments, 
c) irradiating the skin region to be treated with the illumi-
nation device (100). 

21. A method for operating an illumination device (100) 
according to any of the embodiments 1 to 19, comprising the 
steps of: 

providing a measurement signal which is indicative for a 
distance between the radiation emitting unit (10) and the 
radiation object (200), 

generating an operation signal as a function of the mea-
surement signal, said operation signal being configured to 
cause the illumination device (100) to adjust the operation of 
the illumination device (100) or to call for an adjustment of 
the operation of the illumination device (100). 

22. Computer program product comprising machine-read-
able instructions, which, when loaded and executed on a 
processor, are configured to cause the illumination device to 
execute the method of embodiment 21. 

23. A computer-readable medium having stored thereon 
the computer program product according to embodiment 22. 

This patent application claims the priority of the U.S. 
patent application Ser. No. 17/071,496, the disclosure con-
tent of which is hereby incorporated by reference. 

REFERENCE SIGN LIST 

1 radiation source 
2 radiation source carrier 

32 
3 unit housing 
4 monitoring system 
10 radiation emitting unit 
l0a ... 10e graphical representations of radiation emitting 

5 units 
11 radiation output area 
12 first group 
13 second group 
14 third group 

io 15 hinge 
20 carrier edge 
30 outer edge 
40 distance sensor 
41 electronic control unit 

15 42 motor 
43 connector 
44 connector 
45 graphical user interface 
100 illumination device 

20 200 irradiation object 
300 object location 
L longitudinal direction 
T transversal direction 
V main radiation direction 

25 Al... A5 data samples 
Zl ... Z6 data samples 
Sl ... S3 method steps 

We claim: 
30 1. Illumination device for photodynamic therapy, 

the illumination device comprising five or more electro-
magnetic radiation emitting units, 

each electromagnetic radiation emitting unit comprising 
several radiation sources, 

35 the electromagnetic radiation sources being configured to 
generate radiation for the irradiation of a region of an 
irradiation object in an illumination session, 

wherein the irradiation object is to be arranged at a 
predetermined object location, 

40 wherein the predetermined object location is arranged at 
a distance relative to radiation output areas of the 
radiation emitting units through which the radiation 
generated by the electromagnetic radiation sources 
exits the respective radiation emitting unit during 

45 operation of the illumination device), 
wherein in each radiation emitting unit 

a plurality of radiation sources is arranged on a radia-
tion source carrier, 

the radiation sources on the radiation source carrier are 
50 grouped into a plurality of groups, wherein the 

radiation sources of each group are arranged in a 
regular, two-dimensional group pattern, wherein at 
least two groups of the plurality of groups have 
different group patterns, 

55 each group comprises a plurality of radiation sources, 
a first group with a first group pattern is arranged 
between a second and a third group, when seen in 
plan view of the radiation source, 

the second and the third group have the same group 
60 pattern and the first group has a different group 

pattern, 
the first group has a lower occupancy density with 

radiation sources than the second and third groups, 
wherein the illumination device comprises a distance 

65 monitoring system, wherein the distance monitoring 
system is configured to monitor the distance of the 
irradiation object from the radiation emitting units, 
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wherein the distance monitoring system comprises a 

plurality of distance sensors and each radiation emitting 
unit is assigned a distance sensor for measuring a 
distance between the irradiation object and the respec-
tive radiation emitting unit 

wherein the illumination device is configured such that 
each radiation emitting unit, 
is operable in a low-intensity mode when the distance 

of the radiation emitting unit to the irradiation object 
lies within an irradiation range of ±2.0 cm around a 
nominal distance of 12.0 cm or 12.5 cm, the low-
intensity mode being a mode in which the radiation 
intensity emitted by the radiation emitting unit is at 
most 50% of a nominal radiation intensity used 
during the illumination session, wherein the nominal 
radiation intensity is the radiation intensity which 
results in the maximum irradiance of the irradiation 
object during the illumination session, 

is automatically switched from the low-intensity mode 
into a no-intensity mode when the distance of the 
radiation emitting unit to the irradiation object leaves 
the irradiation range, the no-intensity mode being a 
mode in which the radiation emitting unit does not 
emit radiation, 

is switchable from the low-intensity mode into a nomi-
nal-intensity mode, the nominal-intensity mode 
being a mode in which the radiation intensity is the 
nominal radiation intensity. 

2. Illumination device according to claim 1, 
wherein an occupancy density of the radiation source 

carrier with radiation sources is smaller in a center 
region of the radiation source carrier than in peripheral 
regions of the radiation source carrier outside the center 
region. 

3. Illumination device according to claim 2, wherein the 
electromagnetic radiation emitting units are configured to be 
arranged in a C-shape configuration and/or semi-circle con-
figuration. 

4. Illumination device according to claim 3, wherein the 
radiation source carrier is an elongate carrier with a main 
direction of extension defining a longitudinal direction (L). 

5. Illumination device according to claim 3, wherein, 
when the distance of the radiation emitting units to the 
irradiation object is each the nominal distance, the illumi-
nated area on the irradiation object illuminated by the 
radiation emitting units is at most 32 cmx26 cm and at least 
26 cmx20 cm. 

6. Illumination device according to claim 5, 
wherein, in each radiation emitting unit, the pattern of the 

radiation sources on the radiation source carrier is 
symmetrical relative to one axis or two axis, which are 
perpendicular. 

7. Illumination device according to claim 6, wherein the 
occupancy density with radiation sources in the second and 
third group is at least 1.2 times and at most 5 times the 
occupancy density in the first group. 

8. Illumination device according to claim 7, 
wherein the radiation emitting unit comprises a unit 

housing which defines an outer edge of the radiation 
emitting unit. 

9. Illumination device according to claim 8, wherein, in at 
least one radiation emitting unit, an area on the radiation 
source carrier occupied with radiation sources is at most 28 
cmx16 cm and at least 22 cmx10 cm. 

34 
10. Illumination device according to claim 9, 
wherein the radiation emitting unit comprises one con-

tinuous radiation source carrier common for all radia-
tion sources of the radiation emitting unit. 

5 11. Illumination device according to claim 10, 
wherein the radiation sources are optoelectronic compo-

nents, 
wherein the emission spectrum of the optoelectronic 

components has a peak wavelength in the following 
10 range: 635 nm±5 mu. 

12. Illumination device according to claim 11, 
wherein the radiation emitting units are movably con-

nected to one another. 
13. Illumination device according to claim 12, wherein 

15 in at least one radiation emitting unit, the distance sensor 
is located offset of a geometric center of the radiation 
source carrier when viewed in plan view. 

14. Illumination device according to claim 13, 
wherein the distance monitoring system is configured to 

20 call for an adjustment of the operation of the illumi-
nation device by: 
varying the distance between the respective radiation 

emitting unit and the irradiation object. 
15. A method for treating a skin disease comprising the 

25 following steps: 
a) applying a pharmaceutical substance to the surface of 

the skin in a region which is to be treated; 
b) arranging the skin region to be treated in a predeter-

mined object location of the illumination device 
30 according to claim 1, 

c) irradiating the skin region to be treated with the 
illumination device. 

16. Method according to claim 15, comprising an execu-
tion of a start sequence prior to an illumination session, 

35 wherein the execution of the start sequence comprises: 
switching on the radiation emitting units such that the 

respectively assigned distance sensor is activated for 
measuring the distance to the irradiation object, 

adjusting the distance of each radiation emitting unit to 
40 the irradiation object until the respective distance is 

within the irradiation range, 
when the distance of the respective radiation emitting unit 

is in the irradiation range, operating the radiation 
emitting units in the low-intensity mode in order to 

45 illuminate the irradiation object with a low radiation 
intensity, 

adjusting the position of the irradiation object relative to 
the illumination device while maintaining the distance 
of each radiation emitting unit to the irradiation object 

50 in the irradiation range, 
switching a radiation emitting unit from the low-intensity 
mode into the no-intensity mode if the distance of said 
radiation emitting unit to the irradiation object leaves 
the irradiation range, 

55 switching at least one radiation emitting unit into the 
nominal-intensity mode when the position of the irra-
diation object relative to the illumination device has 
been adjusted. 

17. A method for operating an illumination device accord-
60 ing to claim 1, comprising the steps of: 

providing a measurement signal which is indicative for a 
distance between at least one radiation emitting unit 
and the radiation object, 

generating an operation signal as a function of the mea-
65 surement signal, said operation signal being configured 

to trigger a call for an adjustment of the operation of the 
illumination device. 

EX2059, Page 28 



US 11,235, 

35 
18. Computer program product comprising machine-read-

able instructions, which, when loaded and executed on a 
processor, are configured to cause the illumination device to 
execute the method of claim 17. 

19. A computer-readable medium having stored thereon 5 

the computer program product according to claim 18. 
20. Illumination device for photodynamic therapy, 
the illumination device comprising five or more electro-

magnetic radiation emitting units, 
each electromagnetic radiation emitting unit comprising io 

several radiation sources, 
the electromagnetic radiation sources being configured to 

generate radiation for the irradiation of a region of an 
irradiation object in an illumination session, 

wherein the irradiation object is to be arranged at a 15 

predetermined object location, 
wherein the predetermined object location is arranged at 

a distance relative to radiation output areas of the 
radiation emitting units through which the radiation 
generated by the electromagnetic radiation sources 20 

exits the respective radiation emitting unit during 
operation of the illumination device, 

wherein the illumination device comprises a distance 
monitoring system, wherein the distance monitoring 
system is configured to monitor the location and/or the 
distance of the irradiation object from the radiation 
emitting units, 

wherein the distance monitoring system comprises a 
plurality of distance sensors and each radiation emitting 
unit is assigned a distance sensor for measuring a 30 

distance between the irradiation object and the respec-
tive radiation emitting unit, 

wherein the distance monitoring system is configured to 
call for an adjustment of the operation of the illumi-

169 B1 
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nation device by varying the distance between the 
radiation emitting units and the irradiation object, 

wherein the illumination device is configured such that 
each radiation emitting unit, 

is operable in a low-intensity mode when the distance 
of the radiation emitting unit to the irradiation object 
lies within an irradiation range of ±2.0 cm around a 
nominal distance of 12.0 cm or 12.5 cm, the low-
intensity mode being a mode in which the radiation 
intensity emitted by the radiation emitting unit is at 
most 50% of a nominal radiation intensity used 
during the illumination session, wherein the nominal 
radiation intensity is the radiation intensity which 
results in the maximum irradiance of the irradiation 
object during the illumination session, 

is automatically switched from the low-intensity mode 
into a no-intensity mode when the distance of the 
radiation emitting unit to the irradiation object leaves 
the irradiation range, the no-intensity mode being a 
mode in which the radiation emitting unit does not 
emit radiation, 

is switchable from the low-intensity mode into a nomi-
nal-intensity mode, the nominal-intensity mode 

25 being a mode in which the radiation intensity is the 
nominal radiation intensity, 

wherein in each radiation emitting unit 

a plurality of radiation sources is arranged on a radia-
tion source carrier, 

the assigned distance sensor is located offset of a 
geometric center of the radiation source carrier when 
viewed in plan view. 
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