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(57) Abstract: The present invention relates to a device (100) for an application of directed actinic radiation to a subject (200), said
device (100) comprising: an exposition tunnel ( 110) being capable of surrounding said subject (200) to be exposed to said actinic
radiation and being formed of one semi-cylinder barrel-shape first surface (120) made of a material substantially permeable to said
actinic radiation, and of at least one second surface (140) made of said material substantially permeable to said actinic radiation and
capable of complementing the first surface (120) in forming said exposition tunnel ( 110); the surfaces (120, 140) of said exposition
tunnel ( 110) separating an inner space (130) where said subject (200) is exposed to said actinic radiation, from outer spaces (150, 160)
where a plurality of radiation sources (170) capable of emitting actinic radiation through said surfaces (120, 140) are mounted; said first
and second parts of the chassis (180, 190) of the device (100) being configured to complement each other in forming the outer shape
of the device (100); said device (100) further comprising at least one further outer space (300) separated from said inner space (130)
and located at either one or both of the longitudinal ends ( 111, 112) of the exposition tunnel ( 110), said at least one further outer space
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(300) housing a plurality of additional radiation sources (3 10A, 310B) configured to emit radiation, wherein at least one of the radiation
sources (170) and the additional radiation sources (3 10A, 310B) comprise at least one reflector (320) or a plurality of reflectors (320).
An improved device distinguishes in that at least one of the radiation sources (170) and the additional radiation sources (3 10A, 310B)
comprise LEDs (322) or a plurality of LEDs (322), and that the at least one reflector (320) or the plurality of reflectors (320) collimate
the radiation emitted by said at least one of the radiation sources (170) and the additional radiation sources (3 10A, 310B).



Irradiating Device and Irradiation Method

Description

Technical Field

The present invention relates to an irradiating device. In particular, the present

invention relates to a device allowing directing irradiating radiation to a subject,

for example to the whole body of a human being, even more specifically to

those parts of the body of a human being which are not exposed at all, or are

exposed to a minor extent, only, to said radiation irradiated by conventional ir¬

radiating devices. Non-restricting examples of those parts of a human being not

targeted by radiation irradiated by conventional irradiating devices are the scalp,

the shoulders, the areas between the arms and the upper part of the body and

the areas between the legs. Without restricting the invention, the present speci¬

fication is exemplarily explaining irradiating devices directing irradiating radia¬

tion to the shoulders of a subject as, for example, of a human being. The pre¬

sent invention also relates to a non-therapeutical method allowing irradiating

radiation to usually unirradiated parts of the body of a human being.

Description of the Prior Art

Devices and methods for irradiating radiation to a subject, for example to the

body of a human being, are known from the prior art and are practically used for

a number of purposes.

Tanning of the human body, i. e. an activation of melanin generation and a con¬

version of melanin into the dark (brown) form of the pigment naturally occurring

in the human skin, is effected by irradiating, to the skin of a subject/ human be¬

ing, radiation having a wavelength λ in the range of from 280 to 315 nm (UV-B

radiation) and/or radiation having a wavelength of from 315 to 400 nm (UV-A



radiation). Tanning may serve purposes in the cosmetic and/or medical field(s).

The number of applications is steadily increasing.

Moreover, radiation having wavelengths in the visible and near IR (infrared)

range (from 400, or better from > 550 nm to 850 nm), when irradiated onto the

human skin, is capable of activating the synthesis of beneficial compounds for

the human skin’s nourishing, rejuvenation and regeneration, e. g. collagen,

elastin, keratin, and hyaluronic acid, as is known from, e. g., EP 2 500 060 A1,

from US 2012/150,265 A 1 and from WO 2010/070,277 A 1 .

Devices capable of irradiating UV-B, UV-A, visible red and near infrared light to

the whole of, or a part of the body of a subject, e. g. of a human being, in the

course of a phototherapy session have beneficial effects on the user standing In

a surrounding vertical light-transmissive (e. g. acrylic) user protection wall of the

device or lying on a light-transmissive (e. g. acrylic) user support of the device

having UV-B, UV-A, and/or visible red and infra-red light-emitting light sources

mounted outside the user protection or below the user support. The latter de¬

vices may also have a hingably connected canopy that contains further UV-B,

UV-A, and/or visible red and infra-red light sources mounted above a light-

transmissive protective layer, thereby allowing the light sources to irradiate UV-

B, UV-A and/or visible red and infra-red light to the face and back sides of the

subject/user.

DE 102 33 984 A 1 relates to a solarium which comprises two semi-cylinder

shape units forming an irradiation tunnel and fitted with UV lamps and optionally

HPA lamps for tanning the face of a user. The solarium can be used in the ver¬

tical and horizontal positions, alternatively.

DE 43 14 679 A 1 relates to a device disclosed to be suitable to improve the in¬

sufficient tanning of the shoulders usually achieved on a tanning bed and, thus,

is expected to achieve a tanning of the user's shoulder which better resembles



to natural tanning under the sun. The device has a reflector integrated in a head

pillow, which reflector provides uniform UV radiation to the user’s whole shoul¬

der skin area by reflecting the UV light emitted by the high pressure UV light

sources tanning the user’s face. Alternatively, low-pressure or high-pressure

lamps arranged in the pillow may emit tanning UV radiation directed to the us¬

er’s shoulders.

One of the disadvantages observed by many users was the fact that not all are¬

as of the user's body could receive that type or amount of radiation to which

other areas of the user’s body user is exposed. Without restriction, the user’s

scalp, shoulders, the areas between the user’s arms and the upper part of the

body and the areas between the user’s legs. This fact is, exemplarily, shown by

Figures 1A and 1B: The user 200 lying in (although not shown: similarly: stand¬

ing within) the irradiation/exposition tunnel 110 of the irradiating device 100 can

receive radiation (exemplified by the dotted arrows) irradiated by the light

sources 170 on his front and back sides, while certain parts of the user’s body

(shown: the scalp 207 and the shoulders 210) can hardly be exposed to such

radiation. In addition, a tanning device as the one disclosed in DE 43 14 678 A 1

addressed above makes the tanning bed structure more complicated.

The above disadvantages should be overcome. Hence, it was an object of the

present invention that an irradiating device and a non-therapeutic irradiation

method be provided which allow irradiating such areas of the user’s skin (as, for

example, the shoulders) with beneficial radiation.

DE 87 0 1 889 U1 describes a device for an application of directed actinic radia¬

tion to a subject, comprising an exposition tunnel being capable of surrounding

the subject and having an inner space where said subject is exposed to actinic

radiation separated from an outer space comprising a plurality of radiation

sources, wherein a further outer space separated from said inner space is lo¬

cated at a longitudinal end of the exposition tunnel, the further outer space



comprising a plurality of additional radiation sources configured to emit actinic

radiation towards the subject. The device further comprises a reflector config¬

ured as a mirror reflecting the light from the additional radiation sources in an

angle of approx. 45°.

US 2004 008 028 A 1 describes a device for an application of directed actinic

radiation to a subject, comprising an exposition tunnel being capable of sur¬

rounding the subject and having an inner space where said subject is exposed

to actinic radiation separated from an outer space comprising a plurality of radi¬

ation sources, wherein a further outer space separated from said inner space is

located at a longitudinal end of the exposition tunnel, the further outer space

comprising a plurality of additional radiation sources configured to emit actinic

radiation towards the subject. The device further comprises a reflector config¬

ured as a mirror behind the additional radiation sources to reflect backwardly

emitted light into the exposition tunnel.

DE 195 02 983 A 1 describes a device for application of directed actinic radiation

to a subject, comprising an exposition tunnel being capable of surrounding the

subject and having an inner space where said subject is exposed to actinic ra¬

diation separated from an outer space comprising a plurality of radiation

sources, wherein a further outer space separated from said inner space is lo¬

cated at a longitudinal end of the exposition tunnel, the further outer space

comprising a plurality of additional radiation sources configured to emit actinic

radiation towards the subject. The device further comprises a reflector config¬

ured as a mirror behind the additional radiation sources to reflect backwardly

emitted light into the exposition tunnel.

DE 295 16 572 U1 describes a device for application of directed actinic radia¬

tion to a subject, comprising an exposition tunnel being capable of surrounding

the subject and having an inner space where said subject is exposed to actinic

radiation separated from an outer space comprising a plurality of radiation



sources, wherein a further outer space separated from said inner space is lo¬

cated at a longitudinal end of the exposition tunnel, the further outer space

comprising a plurality of additional radiation sources configured to emit actinic

radiation towards the subject.

DE 196 40 118 A 1 describes a device for application of directed actinic radiation

to a subject, comprising an exposition tunnel being capable of surrounding the

subject and having an inner space where said subject is exposed to actinic ra¬

diation separated from an outer space comprising a plurality of radiation

sources, wherein a further outer space separated from said inner space is lo¬

cated at a longitudinal end of the exposition tunnel, the further outer space

comprising a plurality of additional radiation sources configured to emit actinic

radiation towards the subject.

W O 2010 004 500 A 1 describes a device for application of directed actinic radi¬

ation to a subject, comprising means to convert light emitted by radiation

sources having a first wavelength to a different wavelength, wherein the differ¬

ent wavelength is in the visible wavelength spectrum. The different wavelength

also serves to irradiate the subject. The means for converting can be a fluores¬

cent color or a combination of colors.

Description of the Invention

Hence, the invention relates to a device for an application of directed actinic

radiation to a subject, said device comprising:

- an exposition tunnel being capable of surrounding said subject to be

exposed to said actinic radiation, said exposition tunnel being formed

of one semi-cylinder barrel-shape first surface made of a material

substantially permeable to said actinic radiation to be applied to the

subject, and of at least one second surface made of said material



substantially permeable to said actinic radiation to be applied to the

subject, said at least one second surface being capable of comple¬

menting the first surface in forming said exposition tunnel;

- the surfaces of said exposition tunnel separating an inner space

where said subject is exposed to said actinic radiation, from outer

spaces, where a plurality of radiation sources capable of emitting ac¬

tinic radiation through said surfaces are mounted;

- said outer spaces being housed in at least first and second parts of a

chassis of the device and comprise means for fixedly holding, and

electrically and electronically operating, said plurality of radiation

sources; means providing said at least first and second parts of the

chassis with electric power; means capable of ventilating, heating

and/or cooling the device; and means for the operation of the device,

including a processing unit;

- said first and second parts of the chassis of the device being config¬

ured to complement each other in forming the outer shape of the de¬

vice by being configured to hingedly move away from, or towards,

each other;

said device further comprising

at least one further outer space separated from said inner space by not

any of said radiation-permeable first and second surfaces and located at

either one or both of the longitudinal ends of the exposition tunnel, said at

least one further outer space housing a plurality of additional radiation

sources configured to emit radiation towards the subject in a direction

forming an acute angle with the longitudinal axis A - A of the device.

One will understand that while the (actinic) radiation emitted by said additional

radiation sources (arranged in said further outer space) preferably forms an

acute angle with the longitudinal axis A - A of the device, the (actinic) radiation

emitted by said radiation sources (arranged in said outer spaces) forms an ob¬

tuse or even right angle with the longitudinal axis A - A of the device.



According to a preferred aspect, at least one of the radiation sources and the

additional radiation sources comprises at least one reflector or a plurality of re¬

flectors; further, at least one of the radiation sources and the additional radiation

sources comprises at least one LED or a plurality of LEDs; the at least one re¬

flector or the plurality of reflectors collimate the radiation emitted by said at least

one of the radiation sources and the additional radiation sources.

According to a preferred aspect, the device comprises at least one cooling

means for at least one of the radiation sources and the additional radiation

sources; further, at least one of the radiation sources and the additional radia¬

tion sources comprises at least one LED or a plurality of LEDs; the device com¬

prises at least one narrow space light appliance cooling system comprising heat

pipes for cooling said at least one of the radiation sources and the additional

radiation sources.

According to a preferred aspect, at least one of the radiation sources and the

additional radiation sources comprises at least one LED or a plurality of LEDs;

further, said device comprises a fluorescent covering comprising at least one

fluorescent area excitable by the light emitted by said at least one LED or said

plurality of LEDs to have said at least one fluorescent area emitting light of the

visible wavelength range.

Further preferred embodiments of the device are claimed in dependent claims.

The invention also relates to a non-therapeutical method of operating a device

applying a directed actinic radiation to a subject, said method comprising the

steps of

providing a device as described in detail below in the detailed de¬

scription of the invention; and



operating at least one of the device's additional actinic light radiation-

emitting light sources by allowing at least one of them to emit directed

actinic radiation towards a subject being accommodated on or in said

device in a direction forming an acute angle with the longitudinal axis

A - A of the device.

Preferred embodiments of the method are recited in the dependent claims.

Brief Description of the Figures

The present invention is now described in detail by referring to the Figures,

wherein:

Figures 1A and 1B show a radiation application device of the prior art as head

(Figure 1A) and side (Figure 1B) elevational views, where not all areas of the

user's body (e. g. the scalp and the shoulders) could receive the radiation to

which the user is exposed;

Figure 2A shows a side elevational view of the device of the present invention,

similar to the one of Figure 1B (but showing a device of the present invention),

which device is shown to be configured to irradiate the user with radiation, while

being reclined in a horizontal exposition tunnel, by means of irradiating light

sources being accommodated in a lower part of the exposition tunnel configured

to irradiate the user's back and in a hingably connected canopy configured to

irradiate the user's face and thorax; as well as by means of additional radiation

sources configured to emit radiation towards the subject - exemplarily - from

the head side longitudinal end of the exposition tunnel in a direction forming an

acute angle with the longitudinal axis A of the device;



Figure 2B shows a top elevational view of the device of the present invention,

similar to Figure 2A;

Figure 2C shows a perspective total view of the device shown in Figures 2A/2B;

Figure 3 shows a device of the present invention configured to irradiate the user

with radiation while standing in a vertical exposition tunnel (or cylinder) by

means of irradiating light sources arranged around the user;

Figure 4 shows that part of the device of the present invention which corre¬

sponds to the further outer space 300 which is configured to house additional

radiation sources configured to irradiate actinic radiation - exemplarily - from

the head side longitudinal end of the exposition tunnel towards the subject/user,

together with its optional restricted or confined space cooling system;

Figure 5 shows a partial view of the additional radiation source housing 300 of

Figure 4, specifically its LED array 350 and the additional array for accommo¬

dating high pressure lamps or - alternatively - low pressure lamps;

Figures 6A and 6B show a front view and a back view of a reflector array 360

suitable for the operation with an LED array 350 for collimating the LED light

when emitted to the subject 200; and

Figures 7A to 7D show a restricted/confined space cooling system operable

with the radiation application device 100 of the present invention.

Reference is now made, for a detailed description of the invention, as broadly

defined, and of its particular, in part preferred, embodiments, to the above Fig¬

ures. In the following description, a reference to preferred embodiments, either

in the description or in the Figures, should not be construed as a restriction of

the invention to the preferred embodiments. Preferred embodiments, even if



described in the description as such or shown in one or more than one of the

Figures, serve only the purpose of exemplarily demonstrate the invention for a

better understanding thereof. The scope of the invention can be derived by a

skilled person from the claims. Moreover, the present invention is described

primarily, but not exclusively, with regard to the radiation application device of

the present invention shown in Figure 2C, i . e. with regard to the device wherein

a subject/user is accommodated in a reclined position. However, the invention

is not restricted to the embodiments of a device having its longitudinal axis ar¬

ranged horizontally.

Definitions

The terms “comprise”, “comprises" or “comprising” as used in the present speci¬

fication and claims, for example in any of the claims, has/have the meaning that

the device of the invention may comprise (i) one means or may comprise (ii) two

or more means as mentioned in, for example, the independent claim, or that (iii)

further components, means etc. (more specifically defined below) may also be

comprised by the device. In a similar manner, the terms “comprise”, "comprises”

or “comprising” has/have the meaning that the method of the invention may

comprise (i) one step or may comprise (ii) two or more steps as mentioned in,

for example, the independent claim, or that (iii) further steps etc. (more specifi¬

cally defined below) may also be comprised by the method.

The terms “comprise" , “comprises" or “comprising” as used in the present spec¬

ification and claims may, however, also include cases where the device/method

of the invention mainly consists of (i) at least one means/step or mainly consists

of (ii) two or more means (or steps) mentioned, for example, in the independent

claim, optionally together with any necessary component or means or step a

skilled person may include into such a device / method in order to achieve the

object of the invention, or may even include cases where the device / method of

the invention exclusively consists of (i) at least means or step or exclusively



consists of (ii) two or more means or steps, optionally, but not necessarily, to¬

gether with any necessary component, means, step etc. a skilled person may

include into such a device / method in order to achieve the object of the inven¬

tion. Particularly in the latter case where the terms "comprise” , “comprises" or

“comprising” as used in the present specification and claims may have the

meaning of an “exclusively consisting of, subclaims of the present application

may claim, and corresponding parts of the specification may describe, further

preferred embodiments, which are characterized by additional specified fea¬

tures which, in combination with the features of the independent claim and cor¬

responding parts of the description, are summarized to belong to the invention

as described in its broadest scope claimed.

In other words: The terms “comprise” or “comprises” or “comprising" may have

the meaning of describing a non-exhaustive enumeration of elements / steps or,

alternatively, may have the meaning of describing an exhaustive enumeration of

elements / steps, in the latter case without excluding further preferred embodi¬

ments being characterized by additional features.

Hence, by the terms “comprises”, “comprise” or “comprising", a non-exhaustive

enumeration and an exhaustive enumeration of elements or features or method

steps is disclosed in the present application and claimed in the appended

claims.

The features according to the present specification described in connection to

the preferred embodiments may each be realized as single features or may be

realized in combination with one further feature or together with few other fea¬

tures or with several other features or with all features described in the present

specification and claimed in the claims. All these combinations of two or more

features are coved by the present invention as claimed.

Detailed Description of the Embodiments



Reference is now made to Figures 2A to 2C showing a preferred embodiment of

a radiation application device 100 of the present invention.

Such a device 100 as shown in Figures 2A to 2C serves an application, to a

subject 200, of directed actinic radiation.

The term “actinic radiation", as used in the present specification and claims, is

understood to mean light or (broader) radiation of the whole electromagnetic

spectrum (see the definition given in “Römpp Chemie-Lexikon", Thieme Pub¬

lishers, Stuttgart, Germany), which has a photochemical (including a photobio¬

chemical) effect and includes, as the case may be, light/radiation of natural or

artificial origin. In the claims and specification, “actinic light" or “actinic radiation”

is mainly, but not restrictively, used for light or radiation having an artificial

origin, e. g. light/radiation emitted by light sources in a radiation application de¬

vice 100 of the present invention. The term “directed actinic radiation", as used

in the present specification and claims, has the meaning of actinic radiation

which is irradiated with a preferred, if not even a more or less exclusive, focus

to a target which is, in accordance with the present invention, a subject, more

preferably a human subject or human user, i. e. a human being 200.

In one preferred embodiment of the device 100 of the invention, which may be

realized separately or together with one or two or several or all other features of

the invention, said actinic radiation may be broad wavelength range actinic ra¬

diation the wavelength or wavelength range of which is not at all restricted in the

present invention. Alternatively, albeit also preferred, said actinic radiation may

be narrow wavelength range actinic radiation or even actinic radiation of a very

specific wavelength or several specific wavelengths. This is known to a skilled

person, who may select the wavelength or wavelengths or wavelength ranges

or bands to be applied in accordance with the requirements of a specific case.



Particular examples of actinic radiation having useable wavelengths in the

frame of the present invention are: actinic radiation having a wavelength in the

range of from 280 to 315 nm (UV-B radiation) and/or of actinic radiation having

a wavelength λ in the range of from 315 to 400 nm (UV-A radiation) for tanning

the human body for the activation of melanin generation and melanin conver¬

sion into the dark (brown) form of the pigment naturally occurring in the human

skin, which tanning may serve purposes in the wellness and/or cosmetic and/or

medical field(s); actinic radiation in the form of short wavelength UV-B radiation

in the wavelength range of λ = 297 nm ± 10 nm for promoting Vitamin D biosyn¬

thesis from Vitamin D precursors in the human skin; or actinic radiation having

wavelengths λ in the visible and near IR (infrared) range (400 or, even better >

550 nm, to 850 nm), which actinic radiation, when applied to the human skin, is

capable of activating the biosynthesis of beneficial compounds for the skin’s

nourishing and rejuvenation and regeneration, as for example collagen, elastin,

keratin and hyaluronic acid. These examples, however, should not be construed

to restrict the invention.

The term “directed” in combination with “actinic radiation", as used in the pre¬

sent specification and claims, is understood to mean actinic radiation which is

emitted by an actinic radiation-emitting light source and which has a direction

originating from a light source and arriving at, or impinging on, a certain target,

e . g. a (general) surface A or a (specific) body surface of a subject/user 200.

This is shown in Figures 1A and 1B for the prior art and in Figures 2A and 2B

for the present invention. As an example, Figures 2A, 2B, 4 and 5 show light

sources with reflectors and emitting actinic radiation. In the frame of the present

invention, the target preferably is a subject, particularly a human being. Directed

radiation may be emitted from light sources provided with shutters and/or reflec¬

tors and/or filters and/or other directing means or combinations thereof.

The term “actinic light-emitting light source” or, simply "light source”, as used in

the present specification and claims, is understood to mean means emitting



light/radiation of a certain wavelength or of a more or less broad wavelength

band. In accordance with the invention, any such light-emitting means may be

designated to be an actinic light-emitting light source. A skilled person knows a

great number of different light sources in the frame of the above definition. Ex¬

emplary embodiments of such actinic light-emitting light sources are gas dis¬

charge low pressure light emission lamps (or tubes) (also: low pressure fluores¬

cent lamps) o r high-pressure light emission lamps (or radiators), which usually

emit light of relatively broad wavelength bands, and of which various types are

well-known to a skilled person and need no more detailed description here. The

term “actinic light-emitting light source” also includes LED's which usually emit

light of very specific (and usually narrow) wavelength bands. All such actinic

radiation-emitting light sources may be used in the present invention, as a

skilled person will easily learn from the subsequent specification and from the

claims.

The term “subject”, as used in the present specification and claims, is under¬

stood to mean any subject to which actinic radiation can be applied in a directed

manner. A skilled person knows a number of subjects (including apparatus) to

which actinic radiation may be applied. In preferred embodiments of the inven¬

tion, the subject is a human being, and the terms “human”, “human being” and

“subject” are used synonymously in the present application.

The terms “application” and “apply” and “applying”, as used in the present

specification and claims, are understood to mean, when combined with “actinic

radiation" or (more generally) “radiation”, the step of irradiating actinic radiation

from an actinic radiation-emitting light source to a subject with the aim of exert¬

ing a certain photochemical or photobiochemical effect.

In accordance with the present invention, the device 100 for an application of

directed actinic radiation to a subject 200 comprises several elements which are

explained in detail below.



Such a radiation application device 100 may be a well-known device with re¬

spect to the majority of its elements and is described in detail generally and in

its preferred embodiments, by referring to Figures 2A, 2B, 2C and 3, and in par¬

ticular to Figures 2A, 2B and 2C, as follows:

The device 100 for an application of directed actinic radiation to a subject 200

comprises, as its central element, a so-called “exposition tunnel” 110. The term

“exposition tunnel”, as used in the present specification and claims, is under¬

stood to mean a tunnel-shaped space 110 wherein a subject 200 can be re¬

ceived, i. e. which exposition tunnel 110 is capable of surrounding said subject

200, and wherein said subject 200, when received, may be exposed to directed

actinic radiation. The size and shape of such an exposition tunnel 110 is not

restricted and may be selected by a skilled person in accordance with the re¬

quirements of the specific case. In any case, the exposition tunnel 110 must

have at least a size, i . e. a longitudinal length and a width and a height perpen¬

dicular to the longitudinal length, such that the subject 200 can be surrounded

generously by the exposition tunnel 100 to be reclined or to stand therein com¬

fortably.

A skilled person knows from the general art published in this technical field the

size and shape of an exposition tunnel 110 capable of surrounding a subject for

the application of actinic radiation. In preferred embodiments of the invention

(as in the prior art), the exposition tunnel may have a size suitable to house the

subject in a convenient (lying, i . e. recumbent, or standing, i. e. erect) position.

Hence, the size may be from 200 to 220 cm in length, 90 to 120 cm in

width/height around said subject, without restricting the invention to such a size.

In further preferred embodiments of the invention (not restricting the invention),

the shape of an exposition tunnel 110 is an (at least approximate) cylinder

shape.



In one preferred embodiment of the radiation application device 100 of the in¬

vention, which may be realized separately or together with one or two or several

or all other features of the invention, said exposition tunnel 110 has a longitudi¬

nal axis A - A , i. e. an axis identical to the axis of a cylinder shape, which is ar¬

ranged horizontally, i. e. parallel to the ground on which the device 100 is posi¬

tioned when in operation. Devices 100 comprising said exposition tunnel 110

having the axis horizontally arranged are usual exposition “beds” receiving the

subject 200 in a recumbent position. This is evaluated by most users of the de¬

vice 100 to be very convenient and relaxing.

Moreover, actinic radiation may advantageously also be irradiated onto parts of

the subject's / user's body in accordance with the present invention which are

not at all, or only to a minor extent, targeted by radiation emitted by the radiation

sources 170 of the device 100 of the invention.

An example of such a device 100 is shown in Figures 2A, 2B and 2C. As seen

exemplari!y from Figure 2A, the device 100 comprises a first part 180 of a chas¬

sis and a second part 190 of a chassis, and the first (in operation of the device

100: the upper) part 180 can be pivoted away from the second (in operation: the

lower) part 190 along an axis parallel to the longitudinal axis A - A of the expo¬

sition tunnel 110, so as to allow the subject / person 200 entering into the de¬

vice 100, i. e. onto the exposition bed within the exposition tunnel 110, in an

easy and convenient manner.

In one alternative preferred embodiment of the device 100 of the invention, said

exposition tunnel 110 has a longitudinal axis, i. e. an axis identical to the axis of

a cylinder shape, which is arranged vertically, i. e. perpendicular to the ground

on which the device 100 is positioned when in operation. Devices 100 compris¬

ing said exposition tunnel 110 having the axis vertically arranged are exposition

“cabins" receiving the subject 200 in an erect or standing position. This is eval-



uated by most users of the device 100 to be very dynamic while in move. More¬

over, such a device 100 obviously is very space-saving.

Moreover, actinic radiation may advantageously also be irradiated onto parts of

the subject’s / user's body in accordance with the present invention which are

not at all, or only to a minor extent, targeted by radiation emitted by the radiation

sources 170 of the device 100 of the prior art as shown in Figures 1A and 1B.

An example of such a device 100 is shown in Figure 3. As seen exemplarily

from Figure 3, the device 100 comprises a first (or front) part 180 and a second

(or rear) part 190 of a chassis, and the first (in operation of the device 100: the

front) part 180 can be pivoted away, in a manner similar to a door, from the

second (in operation: the rear) part 190 along an axis parallel to the longitudinal

axis A - A of the exposition tunnel, so as to allow the subject / person 200 en¬

tering into the device 100, i. e. into the exposition cabin within the exposition

tunnel 110, in an easy and convenient manner.

Depending upon the type of device 100 (i. e. accommodating the subject in a

recumbent or erect position), said exposition tunnel 110 is formed of one semi-

cylinder barrel-shape first surface 120 and of at least one second surface 140,

wherein said at least one second surface 140 is capable of complementing the

first surface 120 in forming said exposition tunnel 110. This means that, in spe¬

cific embodiments of the device 100 of the invention, an exposition tunnel 110

may be defined in shape and size by said first and second surfaces 120, 140

completely.

In more preferred embodiments of the radiation application device 100 of the

invention, which may be realized separately or together with one or two or sev¬

eral or all other features of the invention, said exposition tunnel 110 is formed of

said one semi-cylinder barrel-shape surface 120 and of at least one substantial¬

ly flat surface 142. Preferably, this is an embodiment of the device 100 having

the shape of an exposition “bed" on which the subject may be exposed to di-



rected actinic radiation in a recumbent position: The subject 200 is positioned

on said substantially flat surface 142 which, in this embodiment, is in a horizon¬

tal orientation. In such an embodiment, said one semi-cylinder barrel-shape sur¬

face 120 is arranged above said substantially flat surface 142, usually capable

of being moved away from said flat surface 142 by pivoting said semi-cylinder

barrel-shape surface 120 around an axis parallel to one side edge of said flat

surface 142 so as to “open” the exposition tunnel 110 for an easy entry of the

subject 200 for actinic radiation exposure.

The term “substantially flat" in connection to the subject’s lying surface 142, as

used in the present specification and claims, is understood to mean a surface

which extends into a horizontal plane substantially without recesses and eleva¬

tions. As is usual, however, in the present field of the art, such a lying surface

for the subject 100 to be exposed to actinic radiation may include recesses for a

positioning of the subject’s head 205, back, arms 215 or legs 220, without sub¬

stantially departing from the overall flatness.

in similarly preferred alternative embodiments of the device 100 of the inven¬

tion, which may be realized separately or together with one or two or several or

all other features of the invention, said exposition tunnel 110 is formed of said

one semi-cylinder barrel-shape surface 120 and at least of one further, or sec¬

ond, semi-cylinder barrel-shape surface 141. Preferably, this is an embodiment

of the device 100 having the shape of an exposition “cabin" within which the

subject 200 may be exposed to directed actinic radiation in an erect position:

The subject 200 is positioned between said two semi-cylinder barrel-shape sur¬

faces 120, 141 which, in this embodiment, are in a vertical arrangement. In such

an embodiment, said one semi-cylinder barrel-shape surface 120 is arranged

side by side with said second semi-cylinder barrel-shape surface 141 so as to

form a full cylinder. One part of said cylinder usually is capable of being moved

away from said second semi-cylinder barrel-shape surface 141 by pivoting said

semi-cylinder barrel-shape surface 120 around at least one axis parallel to one



vertical edge of said second semi-cylinder barrel-shape surface 141 so as to

“open" the exposition tunnel 110 for an easy entry of the subject 200 for actinic

radiation exposure. The subject 200 stands substantially in the center of a cyl¬

inder-shape space formed by the two semi-cylinder barrel-shape surfaces 120,

141 and, while being exposed to actinic radiation, optionally, is turning around

his/her own vertical axis.

In accordance with the invention, the semi-cylinder barrel-shape first surface

120, and the at least one second surface 140 as well, are made of a material

substantially permeable to said actinic radiation to be applied to the subject 200.

The term “material substantially permeable to said actinic radiation” as used in

the present specification and claims, is understood to mean that the material of

the surfaces is of such a nature that at least that portion of the actinic radiation

emitted by the light sources for having the desired photochemical effect or pho¬

tobiochemical effect can pass said walls without that substantial amounts there¬

of are absorbed by the surface material. Moreover, the material selected is re¬

quired to have a sufficient strength and rigidity to bear the user lying thereon. A

skilled person in this technical field knows such materials and may select them

from a number of materials in accordance with the requirements of a specific

case. In particularly preferred embodiments of the invention, the surfaces 120,

140 are made from a material selected from the group of actinic light-permeable

polymeric materials, and acrylic polymers are particularly preferred, as also in

the prior art. Also, other known prior art materials capable of allowing a passage

of substantially all actinic radiation directed thereto may be used alone or in

combination.

In an even more preferred embodiment of the invention, an additional surface

143, similar to the semi-cylinder barrel-shape first surface 120 and the at least

one second surface 140, is also made of a material substantially permeable to

said actinic radiation to be applied to the subject 200.



In accordance with the invention, the device 100 for an application of directed

actinic radiation to a subject 200 is shaped in a way that the surfaces 120, 140

and, optionally also any additional surface 143, of the exposition tunnel 110

separate an inner space 130, where a subject 200 to be exposed to actinic ra¬

diation is surrounded by said surfaces and is exposed to said actinic radiation,

from outer spaces 150, 160 where light sources 170 capable of emitting actinic

radiation through said surfaces 120, 140 are mounted in such a way that said

light sources can emit said actinic radiation through said surfaces 120, 140 to¬

wards the subject 200. Such outer spaces 150, 160 may have any shape a

skilled person may consider suitable for the purpose of, inter alia, accommodat¬

ing said light sources 170, without that the invention is restricted in any way.

Particularly, the shape of said outer spaces 150, 160 may depend on the type of

device 100 used.

In preferred embodiments of the device 100 of the invention, which may be real¬

ized separately or together with one or two or several or all other features of the

invention, if said exposition tunnel 110 has a longitudinal axis A - A arranged

horizontally, as shown in Figures 2A, 2B and 2C, upper light sources 170u ca¬

pable of emitting actinic radiation through said surface 120 downwards to the

subject 200 lying in the recumbent position on said substantially flat surface

142, and lower light sources 170l capable of emitting actinic radiation through

said surface 140, 141, 142 upwards to the subject 200 lying in the recumbent

position are mounted above said surface 120 in said outer space 150 and below

said surface 140, 141, 142 in said outer space 160. In this embodiment, the

outer spaces 150, 160 are upper and lower spaces and are used, inter alia, for

an accommodation of said upper and lower light sources 170u, 170l. The outer

spaces 150, 160 may be used in accordance with the invention for other pur¬

poses, too, which are described below in further detail.

In alternative preferred embodiments of the device 100 of the invention, which

may be realized separately or together with one or two or several or all other



features of the invention, if said exposition tunnel 110 has a longitudinal axis A

- A arranged vertically (as shown in Figure 3), front side light sources 170fs

capable of emitting actinic radiation through said surface 120 backwards to the

subject 200 standing in an erect position in said Inner space 130 surrounded by

said surfaces 120, 140, and back side light sources 170bs capable of emitting

actinic radiation through said surface 140 towards the standing subject 200 are

mounted on the outer sides of said surfaces 120, 140 in said outer spaces 150,

160. In this alternative embodiment, the outer spaces 150, 160 are front side

outer spaces and back side outer spaces, which are used, inter alia, for an ac¬

commodation of said front side and back side light sources 170fs, 170bs. The

outer spaces 150, 160 may be used in accordance with the invention for other

purposes, too, which are described below in further detail.

In accordance with the invention, said outer spaces 150, 160 are housed in at

least first and second parts of a chassis 180, 190 of the device 100 and com¬

prise means 181 , 191 for fixedly holding, and electrically and electronically op¬

erating, said light sources 170 and/or means 182, 192, providing said at least

first and second parts of the chassis 180, 190, and the components therein, for

example said light sources 170 emitting actinic radiation to the subject 200, with

electric power and/or means 183, 193 capable of ventilating, heating and/or

cooling the device 100; and means 184, 194 for the further operation of the de¬

vice 100, as for example control means and/or at least one processing unit for

controlling the operation of the device 100 and/or for allowing external control

means to be connected. Further means as known to a skilled person from simi¬

lar devices of the prior art may also be mounted, singly or in combination, to the

outer spaces 150, 160 of the first and second parts 180, 190 of the chassis, as

for example handles for opening and closing the movable chassis parts 180,

emergency switches capable of stopping the operation of the device 100 in

cases of emergency, nozzles (and their operation channels and pumps) for al¬

lowing an access of fresh, cooling or warming air or of liquid sprays to the expo¬

sition tunnel 130, a central processing unit 194 capable of operating the device



100, actinic radiation sensors, a skin colour/skin status sensor for determining

the subject’s/user's skin condition as far as relevant for an actinic radiation ex¬

posure, to enumerate only few examples.

In preferred embodiments of the invention, which may be realized separately or

together with one or two or several or all other features of the invention, the

subject 200 is a human being 200 to be exposed to said directed actinic radia¬

tion. Human beings 200 to be exposed to said directed actinic radiation are

sometimes also referred to, in this specification, as “users” of the device 100.

As already described above in detail, in accordance with the present invention,

the first and second parts of the chassis 180, 190 of the device 100 are capable

of complementing each other in forming the outer shape of the device 100 by

hingedly moving away from, or towards, each other. As seen exemplarily from

Figures 2A and 2C, the device 100 comprises a first part 180 and a second part

190 of a chassis, and the first (in operation of the device 100: the upper) part

180 can be pivoted away from the second (in operation: the lower) part 190

along an axis parallel to the longitudinal axis A - A of the exposition tunnel 110,

so as to allow entering into the device 100, i. e. onto the exposition bed within

the exposition tunnel 110, in an easy and convenient manner.

In accordance with the invention and as shown in Figures 2A and 2B, the de¬

vice 100 further comprises at least one further outer space 300 separated from

said inner space 130 by not any of said radiation-permeable first and second

surfaces 120, 140 and located at either one or both of the longitudinal ends, i. e.

head side end 111, in a longitudinal direction, of the exposition tunnel 110 and

foot side end 112, in a longitudinal direction of the exposition tunnel 110. In ac¬

cordance with the invention, said at least one further outer space 300 houses a

plurality of additional radiation sources 3 10A, 310B capable of emitting radiation

towards the subject 200 in a direction forming an acute angle with the longitudi¬

nal direction of the device 100. There may be one further outer space 300, or



there may be two (or even more, e. g. three or four) further outer spaces 300

located at one or at two of the longitudinal ends 111, 112 of the exposition tun¬

nel 110, suitable and configured to accommodate a plurality of additional radia¬

tion sources 3 10A, 3 1OB and capable of emitting radiation towards the subject

200 in a direction forming an acute angle with the longitudinal direction of the

device 100. A selection of the number of further outer spaces 300 may be made

by a skilled person on the basis of the requirements of a single case.

In preferred embodiments of the invention, which may be realized separately or

together with one or two or several or all other features of the invention, said at

least one further outer space 300 is one further outer space 300 located at the

head-side longitudinal end 11 1 of the exposition tunnel 110, said one further

outer space 300 housing a plurality of additional radiation sources 3 10A, 310B

capable of emitting radiation towards, for example and without restriction, the

subject’s scalp 207 and shoulders 210. This embodiment of the invention is

considered to be particularly advantageous, because the object of the invention

can be achieved easily: Areas of the user’s body not targeted by irradiated light

on usual irradiating devices 100 can receive radiation as desired.

In further preferred embodiments of the invention, which may be realized sepa¬

rately or together with one or two or several or all other features of the inven¬

tion, the device 100 of the invention may be capable of irradiating radiation of

different types onto a user 300:

In one preferred embodiment, the device 100 is a tanning device irradiating tan¬

ning radiation onto a user 200, e. g. radiation having an intensity suitable for

tanning the user's body in the wavelength ranges of from 280 to 315 nm (UV-B

radiation) and/or radiation having a wavelength of from 315 to 400 nm (UV-A

radiation). Conventional tanning devices did not effect, in a technically simple

manner, tanning of the user’s shoulders 210 or scalp 207, for example, and a

uniform tan on the user’s skin could hardly be achieved. In accordance with the



present invention, also those parts of the user's body usually not targeted by

tanning UV radiation (e. g. the shoulders 210) can be tanned reliably, thereby

achieving a uniform tan of the user's whole body.

In another preferred embodiment, the device 100 is a device irradiating onto the

user’s body visible red light and/or near infrared light of wavelengths in the

range of from 400, or better from > 550 nm, to 850 nm, thereby activating the

synthesis of beneficial compounds for the human skin’s nourishing and rejuve¬

nation and regeneration, e. g. collagen, elastin, keratin, and hyaluronic acid.

For these and other purposes, in preferred embodiments of the invention, which

may be realized separately or together with one or two or several or all other

features of the invention, the plurality of additional radiation sources 3 10A, 3 1OB

is selected from the group consisting of high-pressure lamps, medium pressure

lamps, gas discharge low-pressure lamps, LEDs and combinations thereof.

Even more preferably, the plurality of additional radiation sources 3 10A, 31OB is

selected from the group consisting of high-pressure lamps, LEDs and combina¬

tions thereof.

While high pressure lamps or low pressure lamps may be used, in accordance

with the invention, as single radiation-emitting sources or as pairs of two or

groups of three or more of them in the device 100 of the present invention,

LEDs may preferably be used as a plurality of LEDs arranged in arrays of^for

example, 20 or 30 or even less of them or even more of them, fixed and electri¬

cally connected and electronically controlled on one board.

In further preferred embodiments of the invention, which may be realized sepa¬

rately or together with one or two or several or all other features of the inven¬

tion, for the example of an irradiating device 100 suitable for tanning the user's

body, several combinations of additional radiation-emitting radiation sources



3 10A, 31OB were developed and found to be suitable, without being restricted

to these preferred embodiments.

While the present invention proposes that, for targeting tanning radiation to

parts of the user’s body which, when using prior art tanning devices, do not re¬

ceive tanning radiation at all or receive only amounts of tanning radiation evalu¬

ated to be insufficient for the desired tanning result, LEDs be used as additional

radiation sources 3 10A, 310B, a good shoulder, scalp etc. tanning may be

achieved also, in accordance with the present invention, by irradiating the sub¬

ject’s/user's shoulder (as an exemplary embodiment of the invention) or scalp

by means of low pressure fluorescent lamps or high-pressure discharge lamps

or LEDs emitting the suitable wavelength (range) radiation alone or in each

conceivable combination. Particularly suitable are combinations of LEDs with

low pressure fluorescent lamps or combinations of LEDs with high pressure dis¬

charge lamps, all of them emitting tanning UV radiation of the relevant UV-A

and UV-B ranges. Of course, a skilled person is not restricted by the present

invention to select radiation sources emitting such relevant UV-A and UV-B

ranges in accordance with the requirements of a single case. In further pre¬

ferred embodiments, such UV radiation may also be combined with radiation of

the visible and/or IR (infrared) wavelengths ranges for specific purposes, as a

skilled person will recognize, without being bound by any restrictions imposed

by the present invention.

In other words: In further preferred embodiments of the invention, which may be

realized separately or together with one or two or several or all other features of

the invention, for the example of an irradiating device 100 suitable for tanning

the user's body, the usual low pressure (fluorescent) lamps may be used as the

light/actinic radiation sources 170. Moreover, it is possible (as another preferred

embodiment of the invention) that medium-pressure or high pressure (dis¬

charge) lamps be used in addition (i. e. combined with low pressure lamps) for

specific purposes: As is known to a skilled person, in tanning devices as the



devices 100 of the present invention, high pressure lamps (radiators) may be

employed, e. g. for tanning specific parts of the user’s body, e. g. the user’s

face. In further preferred devices 100 of the invention, LEDs emitting the appro¬

priate radiation of tanning light wavelengths may be used, alone (i. e. instead of)

or in combination with other radiation-emitting light sources 170, e. g. low pres¬

sure (fluorescent) lamps and/or medium pressure or high pressure (discharge)

lamps. In particularly preferred embodiments of devices 100 of the invention,

the light/actinic radiation-emitting light sources 170 are low pressure (fluores¬

cent) lamps and/or high pressure (discharge) lamps, and the additional

light/radiation sources 3 10A and 3 10B are selected from either combinations of

LEDs and low pressure lamps and/or high pressure lamps and LEDs or from

LEDs, exclusively. A skilled person may select the suitable light/radiation

sources 170 and/or 310A/310B, and combinations thereof, of the devices 100 of

the present invention on the basis of the requirements of a single case, without

being bound by any restrictions.

In further preferred embodiments of the invention, which may be realized sepa¬

rately or together with one or two or several or all other features of the inven¬

tion, the device 100 may be provided with further lamps / light sources in order

to achieve a number of specific objects, as for example improving the tanning

effect of tanning light sources and/or stimulating a synthesis of collagen, keratin

or other biochemically beneficial compounds. Such stimulation may preferably

be initiated (without restriction) by emitting, onto the user's body or parts there¬

of, light / radiation in wavelength ranges from 400 nm (visible wavelengths) to

850 nm (near infrared wavelengths) or in partial ranges thereof. Non-restricting

examples for LEDs emitting visible light / radiation in specific wavelengths are

shown in the following Table:



Table non-restricting examples of suitable LED wavelength ranges/wavelengths

In further preferred embodiments of the invention, which may be realized sepa¬

rately or together with one or two or several or all other features of the inven¬

tion, the device 100 may comprise further elements, for example for improving

the efficacy of the light emitted by the light sources 170 and/or 310A/310B. With

reference to Figures 2A, 2B, 4 and 5, it is exemplified (without restricting the

invention to such embodiments) that light sources 170 and/or 310A/310B emit-



ting actinic radiation in accordance with the invention may be provided with

shutters and/or reflectors and/or filters and/or other directing means or combina¬

tions thereof. In the frame of the present invention, the target preferably is a

subject, particularly a human being. In particularly preferred embodiments of the

invention in cases where LEDs are employed, e. g. in cases of additional radia¬

tion-emitting light sources 3 1OA and 3 1OB of the invention, LED arrays compris¬

ing a larger number of LEDs (as for example, but not restricting, 16 LEDs, 20

LEDs, 24 LEDs or any other preferred number of LEDs), an “array” of reflectors

may be provided. As is known to a skilled person in this technical field, the radi¬

ation emitted by each of the LEDs each provided with a reflector can be colli¬

mated, i. e. concentrated and directed to a predeterminable, relatively small ar¬

ea at the target (here: on the user’s body or on parts thereof), thereby improving

its efficacy. In particularly preferred embodiments of the invention, at least one

reflector, even more preferred: one reflector per LED, is used with the aim of

collimating the radiation emitted by said LEDs as the additional light/radiation

sources 31OA, 3 1OB. This is shown in Figures 4, 5, 6A and 6B. Similarly, light

sources other than LEDs and emitting suitable tanning radiation to the sub¬

ject’s/user’s body may be provided with suitable means, e. g. reflectors, for col¬

limating and/or concentrating the emitted radiation to the desired target, i. e. to

the object’s/user’s body, especially to parts thereof, more preferably to those

parts not receiving sufficient tanning radiation when using prior art tanning de¬

vices.

In further preferred embodiments of the invention, which may be realized sepa¬

rately or together with one or two or several or all other features of the inven¬

tion, the device 100 may comprise means for cooling the light sources 170

and/or the additional light sources 310a / 310b. As is well known to a person

skilled in the present field of the art, a considerable part of the energy emitted

by the light sources 170 and/or by the additional light sources 310a / 310b is

emitted in the form of heat radiation. Particularly high pressure “discharge”

lamps as well as LEDs usually emit heat radiation in addition to the radiation of



the UV, visible and/or R radiation wavelengths which they are devised for. The

emitted heat may beneficially be used for warming up either the radiation tun¬

nel’s air volume (where the subject to be irradiated is reclining or standing) or at

least one part of the irradiation device 100, for example (but not restricting) the

light-transparent protection layer on which the subject/user to be irradiated is

reclining. On the other hand, it has to be considered that the heat emitted by the

light sources must be dissipated in order not to deteriorate the light source

lamps’ functions and not to shorten the light source lamps’ service life. Dissipat¬

ing the heat developed and emitted by the light sources may be achieved by

means known to a skilled person from the prior art, and no restriction is im¬

posed to a skilled person in the present invention in this respect. Hence, suita¬

ble cooling means may be selected by a skilled person in accordance with the

circumstances of a single case.

While cooling means for lamps of the radiation sources 170 of the invention, i .

e. for those accommodated above/behind the semi-cylinder barrel-shape first

surface 120 and emitting radiation to the subject’s / user’s face and belly and for

those accommodated below/behind the second surface 140 (either be¬

low/behind the semi-cylinder barrel-shape second surface 141 or below/behind

the substantially flat second surface 142) can be selected without any re¬

strictions concerning the available space for their accommodation and way of

operation. Hence, such cooling means may be usual fans blowing air against

the radiation sources for cooling, or may be usual cooling jackets making use of

cooling fluids (including liquid cooling fluids) for dissipating the excessive heat.

However, such usual cooling means cannot be used in cases where the space

for accommodating the radiation sources as such is restricted already, as pro¬

posed as one alternative, e. g. when using arrays of a plurality of LEDs, thereby

confining the space for (further) accommodation of cooling means considerably.

Hence, in further preferred embodiments of the invention, which may be real¬

ized separately or together with one or two or several or all other features of the

invention, the device 100 may comprise a restricted/confined space cooling sys-



tem 500 as a cooling means for dissipating the heat generated / emitted by the

light sources’ lamps and not required for any beneficial heating purpose. Even

more preferred in accordance with the invention, and optionally realized sepa¬

rately or together with one or two or several or all other features of the inven¬

tion, the device 100 of the invention may comprise a restricted space light ap¬

pliance cooling system 500 with the aim of, and for the purpose of, cooling (and

thereby dissipating the heat generated by) the plurality of additional radiation

sources 3 10A, 310B configured to emit radiation towards the subject’s / user’s

scalp 207 and shoulders 210. In this context, in the present specification and

claims, the terms “narrow space” or “restricted space” or “confined space" are

used interchangeably or synonymously and have the meaning that, due to re¬

quirements imposed by the device or its components to be cooled, only an in¬

sufficiently narrow or restricted or confined space is available for accommodat¬

ing the components to be cooled together with a cooling system effecting the

cooling action. Due to the insufficiency of space for accommodating the com¬

plete cooling appliance in close proximity to the components or devices to be

cooled, the cooling system is splitted into a heat absorption component absorb¬

ing the heat where it is generated and a heat dissipation component dissipating

the heat at a distance away f om the heat generation area, and the heat is

“transported" efficiently from the heat generation area to the heat dissipation

area, without a requirement of spending additional energy for the heat transport.

In the present specification and claims, the terms “proximal" and “distal" are

terms used to indicate, for the restricted space cooling system 500 used togeth¬

er with the invention, a short ("proximal”) and long (“distal”) distance between

the component to be cooled (and the thermal interface 510 accommodated in

close proximity to the component(s) to be cooled), on the one side, and the re¬

maining components of a heat pipe arrangement, on the other side.

A general restricted/confined space cooling system useable as an element in,

and in combination with, the radiation application device 100 of the present in-



vention is disclosed in European Patent Application 18 18 45 13.2 having the

title "Restricted Space Cooling System and its Use" filed with the European Pa¬

tent Office on July 19, 2018, which is referred to by reference and which is

shown exemplarily in Figure 7A.

Such a restricted space cooling system 500 useable in the device 100 of the

invention as one restricted space cooling system or as more than one (i. e. a

plurality of two or of three or of even more) restricted space cooling system(s)

and shown as one restricted space cooling system 500 in Figure 7A may com¬

prise as its main components

at least one thermal interface 510 configured to absorb heat from

heat-discharging appliances closely adjoining the at least one thermal

interface 510;

at least one heat pipe 520 configured to transfer heat from the heat

pipe's end 521 proximal to the thermal interface 510 to the heat pipe's

end 522 distal from the thermal interface 510;

at least one heat exchanger 530 or heat sink 530 configured to dissi¬

pate the heat released by the heat pipe distal end 522; and optionally

at least one heat dissipation means 540 configured to force a heat-

absorbing medium 550 to take up and dissipate the latent heat from

the heat exchanger 530 to an environment.

In accordance with the proposal of the present invention, the above main com¬

ponents of a restricted space cooling system 500 may be part of the restricted

space cooling system 500 as at least one of each of the components. In other

embodiments of the invention, one or two or all of the components may be part

of the restricted space cooling system 500 as two or three or even more of

them. As an alternative to the invention described above, one of the compo-



nents (e. g . - without restriction - the thermal interface 510) may be present as

one thermal interface 5 10, while one of the other components (or even two or all

other components of the restricted space cooling system 500) may be present

as two or three of them, e. g. two, three or four heat pipes 520 and one or two

or three heat exchangers 530 and one (or two) heat dissipation means 540. A

skilled person may select, and vary, the number of each of the components of

the restricted space cooling system 500 of the invention in accordance with the

conditions and circumstances and requirements of a single case.

The thermal interface 510 of the restricted space cooling system 500 shown in

Figure 7A is not in any way restricted, as long as it is configured to absorb heat

from any heat-discharging device into close proximity to which the at least one

thermal interface 510 is brought. In the context of the device 100 of the present

description and claims, “close proximity” is understood to mean that, for an op¬

timized heat conduction between a heat-generating device 310A, 3 10B, i. e. an

additional radiation source 310A, 3 10B, and the thermal interface 510 of the

restricted space cooling system 500 shown in Figure 7A, the jointing surfaces

need to have intimate contact to each other. This requires that each of the sur¬

faces has to be made of a material having a high coefficient of thermal conduc¬

tion, preferably of a metallic material, and the materials ideally should have a

fine finish and should be flat or co-planar to each other. In cases of surface dis¬

crepancies of roughness and undulation, it is recommendable using suitable

interfacing materials and/or heat-conducting pads or a heat-conducting paste to

achieve close fitting. Hence, in preferred embodiments of the invention, and as

shown in Figure 7A, the thermal interface 510 made of a material having a high

value of heat conductivity, and particularly of suitable materials as, for example,

a metal material like aluminum, copper, steel and their alloys, e. g. a steel

sheet, is a flat plate adapted to fit with a heat-discharging appliance from which

heat is to be absorbed.



In further preferred embodiments, which may be realized with one or two or all

other features of the invention and which should not be construed to restrict the

invention, the at least one thermal interface 510 of the restricted space (light

appliance) cooling system is at least one backing plate 321 of a fixture for light¬

ing appliances, which discharge heat due to their characteristic energy emission

spectrum. It is even more preferred that the at least one thermal interface 510 is

at least one backing plate 321 of a fixture for a LED array. LED arrays are

known to accommodate a plurality of LEDs on a fixture, where the LEDs are in

close proximity to each other and do emit not only light, usually of at least one

relatively narrow wavelength band, but do also emit considerable amount of

heat (depending on their mode of operation). Due to the closely adjacent

mounting of the LEDs on the array, the space for providing a cooling system for

sufficient cooling is restricted/confined. If the backing plate of the LED array fix¬

ture is used as the at least one thermal interface 510, heat evolving from the

LEDs' operation can be dissipated away from the LED array, thereby improving

the LEDs’ operation and largely extending the LEDs’ durability and life of instal¬

lation and life of operation.

As shown in Figure 7A, the second component of the restricted space cooling

system 500 useable in the device 100 of the invention is at least one heat pipe

520. The at least one heat pipe 520 is, or one or two or three or even more heat

pipes 520 are, configured to transfer heat from the at least one thermal interface

510 to at least one heat exchanger 530 via the at least one heat pipe 520,

namely from the heat pipe's end 521 proximal to the thermal interface 510,

which takes the heat from any heat-discharging appliance, as for example from

a light appliance as a LED array, to the heat pipe’s end 522 distal from the

thermal interface 510 by the action of a fluid enclosed in the at least one heat

pipe's inner volume. When receiving the heat, at the heat pipe’s end 521 proxi¬

mal to the thermal interface 510 (i. e. the heat pipe’s proximal end 521) from the

at least one thermal interface 510, the fluid in the phase of a liquid experiences

a phase transition to become a vapor, said vapor of the fluid being generated



while inducing heat taken from the at least one thermal interface 510. Said va¬

por moves within the at least one heat pipe 520 “down” (with respect to the

temperature differential ∆ Τ within the at least one heat pipe 520, even if such

motion may be one against the direction of gravity) to the "cooler” heat pipe end

distal from the at least thermal interface 510. i. e. to the heat pipe distal end

522. At the heat pipe distal end 522, there is effected a phase transition of the

fluid from the vapor phase to the liquid phase, i . e. by condensation of the vapor

back to the fluid's liquid phase, under latent heat release at the heat pipe distal

end 522 to the at least one heat exchanger 530. The condensed liquid phase

fluid then returns to the heat pipe proximal end 521 “up" (with respect to the

temperature differential ∆ Τ within the at least one heat pipe 520, even if such

motion may be one with the direction of gravity) to the “heated” heat pipe end

proximal to the at least thermal interface 510. i. e. to the heat pipe proximal end

521 for another heat transfer cycle.

In other words, the motion of the fluid, neither in the vapor phase nor in the liq¬

uid phase, within the at least one heat pipe's inner volume requires no external

motive power except that of an applied temperature differential ∆ Τ of a thermal

loading. In even more preferred embodiments, the motion of the fluid within the

at least one heat pipe’s inner volume, is effected by a force selected from the

group consisting of capillary action, centrifugal force and gravity and combina¬

tions thereof. This is assisted by suitable configuration of the inner volume of

the at least one heat pipe 520, e. g. by a porous capillary lining applied to the

inside of the heat pipes’ sealed metal envelope, to indicate only one (non¬

restricting) example.

In advantageous and, hence, preferred embodiments which may be realized

with one or two or all other features of the invention and which should not be

construed to restrict the invention, the fluid enclosed in the at least one heat

pipe's inner volume is selected from the group consisting of fluids having excel¬

lent heat-absorbing properties in a temperature range required for a specific



heat pipe operation temperatureand preferably is selected from the group con¬

sisting of water, ammonia, methanol, ethanol and mixtures thereof. The fluid for

filling the inner volume of the at least one heat pipe 520 is not restricted for the

present invention and may be selected by a skilled person in accordance with

the requirements and depending upon determinants to be observed in specific

cases, of which one is the temperature range within which the heat amount to

be dissipated is, which temperature range should match with the temperatures

of vaporization or condensation of the fluid within the inner volume of the at

least one heat pipe 520. In further preferred exemplary embodiments, which

may be realized with one or two or all other features of the invention and which

should not be construed to restrict the invention, the restricted space cooling

system 500 comprises two or more heat pipes, e. g. two, three, four, five or six

heat pipes 520. Particularly preferred - without restricting the invention to this

embodiment - are two heat pipes 520 per one thermal interface 510 and per

one heat exchanger 530, as also shown in Figures 7B and 7C.

In advantageous and, hence, preferred embodiments which may be realized

with one or two or all other features of the invention and which should not be

construed to restrict the invention, the shape of the at least one heat pipe 520 or

of the two or more heat pipes 520 is identical or is different. In more preferred

embodiments, the shape of the two or more heat pipes 520 is straight, or the

shape of the two or more heat pipes 520 is bent, or the shape of the two or

more heat pipes 520 is a combination of straight and bent shape heat pipe por¬

tions.

Concerning the shape of the heat pipes 520, the present invention does not im¬

pose any restrictions to a skilled person, when selecting the shape of the heat

pipes 530 in accordance with the requirements and depending upon determi¬

nants to be observed in a specific case. One of the determinants may be the

space available for the narrow space cooling system 500 useable in the device

100 of the present invention. Similarly, concerning the length of the heat pipe or



heat pipes 520 from its/their proximal end 521 (where the heat pipe(s) 520

emerge(s) from the thermal interface 510) to its/their distal end (where the heat

pipe(s) 520 enters) into the heat exchanger 530), the present invention does

not impose any restrictions to a skilled person, when selecting the length of the

heat pipes 530 in accordance with the requirements, and depending upon de¬

terminants to be observed in a specific case. One of the determinants may be

the space available for the restricted space cooling system 500 of the present

invention. As non-restricting examples, the heat pipe length may be in a range

of from 5 to 30 cm, preferably in a range of from 10 to 20 cm, but the length of

the heat pipe(s) 520 may have values above or below the above ranges. More¬

over, in certain embodiments of the invention (giving the skilled person better

flexibility in selecting the heat pipe length in accordance with the requirements

of a specific case), the heat pipe lengths may be different in cases where more

than one heat pipe 520 is selected to be used.

As another one of the essential components of the restricted space cooling sys¬

tem 500 shown exemplarily in Figure 7A, the restricted space cooling system

500 comprises at least one heat exchanger 530 or heat sink 530. The at least

one heat exchanger 530 is, or two or three or even more heat exchangers 530

or heat sinks 530 are, configured to dissipate the latent heat released by the

condensing vapor at the heat pipe distal end 522. In the context of the present

invention, there is no restriction imposed to a skilled person with respect to the

heat exchanger or heat sink 530, and any known heat exchangers) or heat

sink(s) 530 having usual characteristics of dissipating heat may be used, as

long as the heat exchanger or heat sink 530 used in the narrow space cooling

system 500 of the invention is/are configured to dissipate the latent heat re¬

leased by the condensing vapor at the heat pipe distal end 522.

In further preferred embodiments of the invention which may be realized with

one or two or all other features of the invention and which should not be con¬

strued to restrict the invention, the restricted space cooling system 500 com-



prises at least one heat exchanger or heat sink 530 which comprises cooling

fins 531 increasing the heat exchange surface. Advantageously, the cooling fins

531 contribute to improving the heat exchange efficiency of the heat exchanger

530, and the heat dissipation, by the restricted space cooling system 500 usea¬

ble in the device 100 of the invention, into the environment can be effected

more efficiently.

In accordance with the present invention as shown in Figure 7A, the restricted

space cooling system 500 may comprise as an additional, and optional, compo¬

nent as least one heat dissipation means 540 especially suited for dissipating

the heat discharged from the at least one heat pipe 520 via the at least one heat

exchanger or heat sink 530. The at least one heat dissipation means 540 is,

and especially one or two or even three heat dissipation means are, configured

to force a heat-absorbing medium 550 to take up and dissipate the latent heat

from the at least one or two or three or even more heat exchangers) or heat

sink(s) 530 to an environment of the restricted space cooling system 500, for

example into the air space surrounding the restricted space cooling system 500

of the invention.

In further preferred embodiments useable in the device 100 of the invention

which may be realized with one or two or all other features of the invention and

which should not be construed to restrict the invention, the restricted space

cooling system 500 comprises the at least one heat dissipation means 540

comprising a fan 540 blowing environmental air as the heat-absorbing medium

550 along a plurality heat exchange surfaces into the environmental gas space,

as for example shown in Figure 7A. By providing a fan 540 blowing air 550

along the heat exchanger’s cooling fins 531 , the cooling action can be achieved

effectively in a restricted space to be cooled.

As another example in accordance with a preferred embodiment useable in the

device 100 of the invention, the at least one heat exchanger 530 may comprise



a cooling jacket allowing passing a cooling fluid along the at least one heat ex¬

changer, thereby forcing the cooling fluid as the heat-dissipating medium 550 to

flow through and along the heat exchanger 530 and effect an efficient dissipa¬

tion of the heat generated by the heat-generating appliances 10.

Figures 7B, 7C and 7D show other embodiments of the restricted space cooling

system 500 useable in the device 100 of the present invention. As shown in

Figures 7B, 7C and 7D and especially in the exploded view of Figure 7D, a nar¬

row space cooling system 500 useable in the device 100 of the invention com¬

prises:

at least one light source array 320 as a part of a (heat-generating)

device 10 for the application of directed actinic radiation to a subject,

comprising at least one light source 3 10A, 310B emitting light of at

least one wavelength and further discharging heat generated by its

operation; said cooling system 500 further comprising:

at least one thermal interface 510 configured to absorb heat from said

heat-discharging light source array 320 closely adjoining the at least

one thermal interface 510, which at least one thermal interface 510, in

a further preferred embodiment of the invention, may be at least one

backing plate of a fixture for a LED array 320;

at least one heat pipe 520 configured to transfer heat generated by

the at least one light source array from the heat pipe's end 521 prox¬

imal to the thermal interface 510 to the heat pipe's end 522 distal

from the thermal interface 510 by phase transition of a fluid enclosed

in the heat pipe’s inner volume from the liquid to the vapor phase at

the heat pipe proximal end 521 and motion of said vapor to the heat

pipe distal end 522, where a phase transition of the fluid from the va¬

por to the liquid phase is effected by condensation of the vapor back



to the liquid phase under latent heat release at the heat pipe distal

end 522, and return of the condensed liquid phase fluid to the heat

pipe proximal end 521 ;

at least one heat exchanger 530 or heat sink 530 configured to dissi¬

pate the latent heat released by the condensing vapor at the heat

pipe distal end 522; and optionally

at least one heat dissipation means 540 configured to force a heat¬

absorbing medium 550 to take up and dissipate the latent heat from

the heat exchanger 530 to an environment.

In further preferred embodiments of the invention, the restricted space cooling

system 500 provided by the present invention also comprises at least one vent

560, more preferably two or more vents 560, for example (and as shown in Fig¬

ure 4) two vents 560, through which the at least one heat dissipation means

540, preferably the fan 540, blows out the heat taken up from the heat ex¬

changer 530 to an environment.

In further preferred embodiments useable in the device 100 of the invention

which may be realized with one or two or all other features of the invention and

which should not be construed to restrict the invention, the narrow space light

appliance cooling system 500, which is especially shown in Figure 7D as an

exploded view, comprises a LED appliance as the light appliance, preferably in

the form on a LED array 320. As shown in Figure 7D, the LED array 320 com¬

prises at least one LED 322, or a plurality of LEDs 322, as the at least one addi¬

tional light source 310A, 310B, emitting light of at least one wavelength. The at

least one LED 322, or the plurality of LEDs 322, further discharges heat gener¬

ated by its operation. As known to a skilled person, the LED appliance or LED

array 320 may co-operate with a reflector array 330 comprising at least one re¬

flector 332, preferably a plurality of reflectors 332. The at least one reflector

332, or the array 330 of a plurality of reflectors 332 correlatable to the LED ar-



ray 320 has the function of collimating the light emitted by the at least one LED

322, or by the plurality of LEDs 322, to a target, exemplified by a subject or per¬

son to be irradiated.

In further preferred embodiments useable in the device 100 of the invention

which may be realized with one or two or all other features of the invention and

which should not be construed to restrict the invention, the restricted space light

appliance cooling system 500, especially the one which is shown in Figure 7D

as an exploded view, further comprises a fluorescent covering 340. Said fluo¬

rescent covering 340 comprises at least one fluorescent area 342, in the case

of a circular shape opening of the corresponding reflectors 332 preferably com¬

prising a plurality of rings 342 as the fluorescent areas 342, said plurality of fluo¬

rescent areas or rings 342 even more preferably corresponding to the plurality

of reflectors 332 of a reflector array 330, and covering a front edge of at least

one reflector 332, preferably the front edges of each reflector 332 of the reflec¬

tor array 330. Such a plurality of fluorescent areas 342 either consist of a mate¬

rial (e. g. a polymer) provided with (e. g. containing mixed in or containing al¬

loyed in) a dye material excitable by the light emitted by the at least one LED

322 or the plurality of LEDs 322, or is coated with a dye excitable by the light

emitted by the at least one LED 322 or the plurality of LEDs 322, so as to emit

fluorescent light of the visible wavelength range. The latter feature allows a per¬

son viewing to the LED and reflector array to recognize that the LED array 320

with the plurality of LEDs 322 is operating, even if the light itself emitted by the

LED / LEDs 322 has a wavelength in the non-visible wavelength range (e. g. is

a LED 322 or a plurality of LEDs 322 emitting UV light) and, hence, cannot be

discerned by the viewer.

In a number of further preferred embodiments of the restricted space light appli¬

ance cooling system 500 useable in the device 100 of the present invention

which may be realized with one or two or all other features of the invention and

which should not be construed to restrict the invention, the restricted space light



appliance cooling system 500, which is especially shown in Figure 7D as an

exploded view, may be characterized by further features which, one feature

alone or two features together or all features together are those features in de¬

tail explained above in relation to the general restricted space cooling system of

the first embodiment and which were described above in detail and which,

hence, need no second detailed description here. In addition, these additional

and, in these cases, preferred embodiments of the said restricted space light

appliance cooling system 500 are described above in detail.

In other words: The present invention relating to a radiation-irradiating device

100 for applying directed actinic radiation to a subject / user 200 also comprises

a use of a restricted space cooling system 500 described above in detail for

providing cooling at a site where heat is, or might be, generated and where only

a restricted/confined space is available for accommodating a highly efficient

cooling system.

Likewise, the present invention relating to a device 100 for applying directed

actinic radiation to a subject / user 200 also comprises a use of a restricted

space light appliance cooling system 500 described above in detail for cooling

light sources 322 of light appliances 320, preferably for cooling LED appliances

320 including a plurality of simultaneously or sequentially operated LEDs 322;

especially for cooling light sources, including one or more LED(s) of a LED ar¬

ray, of a device 100 for irradiating a human body or parts thereof for medical

treatment or disease prevention purposes or for cosmetic or wellness purposes.

In a further aspect, the present invention also relates to a method of operating

the radiation-irradiating device 100 described above. Specifically, the invention

relates to a method of operating the device 100 applying a directed actinic radi¬

ation to a subject 200, said method comprising the steps of



providing a device 100 as as described and/or recited in detail above;

and

operating at least one of the device’s additional actinic light radiation-

emitting light sources 310A, 310B by allowing at least one of them to

emit directed actinic radiation towards a subject 200 being accommo¬

dated on or in said device 100 in a direction forming an acute angle

with the longitudinal axis A - A of the device 100.

In further preferred embodiments of the method of the invention which may be

realized with one or two or all other features of the invention and which should

not be construed to restrict the invention, the operation of the above device 100

is effected to a subject which is a human being.

In other further preferred embodiments of the method useable with the device

100 of the invention which may be realized with one or two or all other features

of the invention and which should not be construed to restrict the invention, the

operation of at least one, preferably of a plurality of, the device’s additional ac¬

tinic light radiation-emitting light sources 3 10A, 3 10B is effected by directing the

radiation emitted by said additional light sources in a direction forming an angle

with the longitudinal axis A - A of the device 100 in a range of from 8 to 50 de¬

grees ( ). Even more preferably, by directing the radiation to the subject / user

200 in an angle of from 15 to 45 degrees, those areas of the subject’s /user's

body can be provided in high efficiency with the desired actinic radiation, which

usually are not targeted by such radiation. The desired cosmetic or wellness

effect can thus be achieved, and tanning of the object’s / user’s scalp and

shoulders, for example, can be effected in the same manner as tanning of the

user’s whole body.

The invention was described above with respect to a preferred embodiment re¬

lating to a device 100 wherein the additional light sources 3 10A, 3 10B were



embodied as comprising at least one LED 322 or a plurality of LEDs 322 with at

least one reflector 332 or a plurality of reflectors 332 collimating the light the

radiation emitted by said additional light sources 310A, 310B. It has to be un¬

derstood that also the upper light sources 170u and/or the lower light sources

170I could as well or independently from the configuration of the additional light

sources be configured to comprise at least one LED or a plurality of LEDs with

at least one reflector or a plurality of reflectors collimating the light the radiation

emitted by said light sources 170u, 170l as described above for the additional

light sources.

The invention was described above with respect to a preferred embodiment re¬

lating to a narrow space light appliance cooling system 500 comprising one or

more heat pipes assigned to the additional light sources 3 10A, 3 10B embodied

as LEDs or plurality of LEDs. It has to be understood that also the upper light

sources 170u and/or the lower light sources 170l could as well or independently

from the configuration of the additional light sources be configured to comprise

a similar narrow space light appliance cooling system comprising one or more

heat pipes assigned to said one or more of said upper light sources 170u and/or

said lower light sources 170l.

The invention was described above with respect to a preferred embodiment re¬

lating to the additional light sources 310A, 310B comprising at least one LED

322 or a plurality of LEDs 322 to be provided with a fluorescent covering 340

comprising at least one fluorescent area 342 excitable by the non-visible light

emitted by said at least one at least one LED 322 or a plurality of LEDs 322 to

have the fluorescent area 342 to emit fluorescent light of a visible wavelength

range. It has to be understood that also the upper light sources 170u and/or the

lower light sources 170l could as well or independently from the configuration of

the additional light sources be provided with such a fluorescent covering com¬

prising at least one fluorescent area excitable by the non-visible light emitted by

at least one at least one LED or a plurality of LEDs of the upper light sources



170u and/or the lower light sources 170l to have the fluorescent area exited to

emit fluorescent light of a visible wavelength range.

The invention was described above with respect to its general aspects and its

preferred aspects as well. However, the invention is not restricted those embod¬

iments described above in detail as preferred and, hence, exemplary embodi¬

ments. The scope of the invention is to be determined by the enclosed claims.



List of Reference Numerals

100 Device for an application of directed actinic radiation

110 Exposition tunnel

111 Head-side longitudinal end of exposition tunnel

112 Foot-side longitudinal end of exposition tunnel

120 Semi-cylinder barrel-shape first surface

130 Inner space

140 Second surface

141 Semi-cylinder barrel-shape second surface

142 Substantially flat (second) surface

143 Additional arcuated or substantially flat surface

150, 160 Outer spaces

170 Light source(s)

170U/170I Upper light sources/lower light sources

180, 190 First (upper)/second (lower) parts of the chassis

182. 192 Means providing first/second chassis parts 180,190 with power

183. 193 Heating/cooling means

184. 194 Device operation means, including a processing unit

200 subject/user

205 User's head

207 User's scalp

210 User's shoulder(s)

215 User’s arm(s)

220 User’s leg(s)



300 Further outer space housing additional radiation sources

310A, B Additional radiation sources

320 Light source array / LED array

321 Light source array (LED array) backing plate of a fixture

322 LED / plurality of LEDs

330 Reflector array corresponding to the light source / LED array

332 Reflector

340 Fluorescent covering

342 Fluorescent area

500 Narrow space (light appliance) cooling system

510 Thermal interface

520 Heat pipe(s)

521 Heat pipe proximal end

522 Heat pipe distal end

530 Heat exchanger

540 Heat dissipation means / fan / cooling jacket

550 Heat absorbing medium

560 Vent

A Longitudinal axis of device 100



CLAIMS

1. A device (100) for an application of directed actinic radiation to a subject

(200), said device (100) comprising:

an exposition tunnel ( 110) being capable of surrounding said

subject (200) to be exposed to said actinic radiation, said

exposition tunnel (110) being formed of one semi-cylinder barrel-

shape first surface (120) made of a material substantially

permeable to said actinic radiation to be applied to the subject

(200), and of at least one second surface (140) made of said

material substantially permeable to said actinic radiation to be

applied to the subject (200), said at least one second surface

(140) being capable of complementing the first surface (120) in

forming said exposition tunnel (110);

the surfaces ( 120, 140) of said exposition tunnel (110) separating

an inner space (130) where said subject (200) is exposed to said

actinic radiation, from outer spaces (150, 160) where a plurality of

radiation sources (170) capable of emitting actinic radiation

through said surfaces (120, 140) are mounted;

said outer spaces ( 150, 160) being housed in at least first and

second parts of a chassis (180, 190) of the device (100) and

comprising

means for fixedly holding, and electrically and electronically

operating, said plurality of radiation sources (170);

means (182, 192) providing said at least first and second

parts of the chassis (180, 190) with electric power;

means (183, 193) capable of ventilating, heating and/or

cooling the device (100); and



means (184, 194) for the operation of the device (100),

including a processing unit;

said first and second parts of the chassis (180, 190) of the device

(100) being configured to complement each other in forming the

outer shape of the device (100) by being configured to hingedly

move away from, or towards, each other;

said device (100) further comprising at least one further outer space

(300) separated from said inner space (130) and located at either one or

both of the longitudinal ends ( 1 11, 112) of the exposition tunnel ( 110),

said at least one further outer space (300) housing a plurality of

additional radiation sources (31 0A, 310B) configured to emit radiation

towards the subject (200) in a direction forming a preferably acute angle

with a longitudinal axis (A - A) of the device ( 100),

wherein at least one of the radiation sources ( 170) and the additional

radiation sources (310A, 310B) comprise at least one reflector (320) or a

plurality of reflectors (320),

characterized in

that at least one of the radiation sources (170) and the additional

radiation sources (31 0A, 310B) comprise LEDs (322) or a plurality of

LEDs (322), and

that the at least one reflector (320) or the plurality of reflectors (320)

collimate the radiation emitted by said at least one of the radiation

sources (170) and the additional radiation sources (31 0A, 3 10B).

2. The device ( 100) as claimed in claim 1, the device ( 100) being configured

to irradiate a human being to be exposed to said actinic radiation.

3. The device (100) as claimed in claim 1 or claim 2, wherein said

exposition tunnel ( 110) has a longitudinal axis (A - A) arranged

horizontally, or wherein said exposition tunnel (110) has a longitudinal

axis (A - A) arranged vertically.



4. The device (100) as claimed in any one or more of the claims 1 to 3,

wherein said exposition tunnel ( 110) is formed of said one semi-cylinder

barrel-shape surface (120) and of a at least one substantially flat surface

(142), or wherein said exposition tunnel (110) is formed of said one semi¬

cylinder barrel-shape surface (120) and of a second semi-cylinder barrel-

shape surface (141).

5. The device as claimed in any one or more of the claims 1 to 4, wherein

said at least one further outer space (300) is one further outer space

(300) disposed at the head-side longitudinal end (1 11) of the exposition

tunnel ( 110).

6. The device as claimed in claim 5, wherein said at least one further outer

space (300) houses a plurality of LEDs (322) capable of emitting

radiation towards the subject’s scalp (207) and shoulders (210).

7. The device (100) as claimed in any one or more of claims 1 to 6, said

device (100) further comprising at least one cooling means for said at

least one of the radiation sources (170) and the additional radiation

sources (31 0A, 310B); preferably wherein said device (100) further

comprises at least one narrow space cooling system (500) for said at

least one of the radiation sources (170) and the additional radiation

sources (310A, 3 10B); more preferably wherein said device further

comprises at least one narrow space light appliance cooling system (500)

for said at least one of the radiation sources (170) and the additional

radiation sources (31 0A, 310B).

8 . The device (100) as claimed in any one or more of claims 1 to 7, wherein

said device (100) further comprises at least one narrow space light

appliance cooling system (500) comprising heat pipes (520) for cooling



said at least one of the radiation sources (170) and/or additional radiation

sources (31 0A, 31OB).

9. The device (100) as claimed in any one or more of the claims 1 to 8, said

device (100) further comprising a fluorescent covering (340) comprising

at least one fluorescent area (342), preferably comprising a plurality of

fluorescent rings (342), said at least one fluorescent ring (342) or plurality

of fluorescent rings (342) even more preferably corresponding to the

plurality of reflectors (332) of the reflector array (330), and covering a

front edge of at least one reflector (332), preferably the front edge of

each reflector (332) of the reflector array (330), and provided with, mixed

with, alloyed with or coated with a dye, the dye being excitable by the

light emitted by the at least one LED (322) or the plurality of LEDs (322)

to emit fluorescent light of the visible wavelength range.

10. The device (100) as claimed in any one or more of the claims 1 to 9,

wherein the directed actinic radiation emitted by said at least one of the

radiation sources (170) and the additional radiation sources (31 0A, 310B)

is in a wavelength range from 280 nm to 315 nm (UV-B) and/or in a

wavelength range from 315 nm to 400 nm (UV-A).

11. The device (100) as claimed in any one or more of the claims 1 to 10,

wherein the directed actinic radiation emitted by said at least one of the

radiation sources (170) and the additional radiation sources (31 0A, 3 10B)

is in a wavelength range from 400 nm to 850 nm (IR).

12. A method of operating a device (100) applying a directed actinic radiation

to a subject (200), said method comprising the steps of

providing a device ( 100) as claimed in any one of the claims 1 to

11; and



operating at least one of the device’s actinic light radiation-emitting

light sources (170) and the additional actinic light radiation-

emitting light sources (31 OA, 3 1OB) by allowing at least one of

them to emit directed actinic radiation towards a subject (200)

being accommodated on or in said device (100) in a direction

forming a preferably acute angle with the longitudinal axis (A - A)

of the device (100).

13. The method as claimed in claim 12, wherein a human being (200) is

exposed to said actinic radiation.

14. The method as claimed in claim 12 or claim 13, wherein the acute angle

of the directed radiation with the device’s longitudinal axis (A - A) is

within a range of from 8 to 50 degrees, preferably within a range of from

15 to 45 degrees.

15. The method as claimed in any one or more of the claims 12 to 14,

wherein the heat generated by the actinic light radiation-emitting light

sources (170) and/or the additional actinic light radiation-emitting light

sources (31 0A, 3 10B) is transferred by at least one heat pipe (520) to a

heat sink (530) arranged within a portion of the device distant from a

position of the actinic light radiation-emitting light sources (170, 310),

such that the heat sink (530) is capable to be cooled by air provided by a

fan (540).
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