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(57) ABSTRACT 

The invention relates to a radiation device comprising a 
housing, a single light-emitting unit, and a light-absorbing 
unit Which is provided With an inlet opening and a re?ector 
elernent. Said re?ector elernent extends across the entire 
distance betWeen the light-emitting unit and the inlet open 
ing of the light-absorbing unit. 
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RADIATION DEVICE 

[0001] The invention relates to an irradiation appliance 
With high light power, comprising a single light-emitting 
unit and a light-conducting unit With a light-receiving area, 
such as a ?ber-optical Waveguide, as Well as a re?ector 
element, Which is preferably used in the medical ?eld. 

[0002] JP 9-10238 A discloses a dental irradiation appli 
ance, in Which an array composed of light-emitting diodes is 
arranged on the cap surface of an optically conductive body 
Which is in the form of a spherical sector and is composed 
of quartZ or plastic, and Whose tip merges into an optical 
Waveguide rod. The beams from the light-emitting diodes 
are focused by the optically conductive body by re?ection 
on the conical Wall, and are introduced into the optical 
Waveguide rod. 

[0003] WO-97/36552 A discloses a further dental irradia 
tion appliance, in Which a planar array composed of light 
emitting diodes With parallel optical axes is opposite the 
curved inlet surface of an optically conductive body, Which 
is once again conical. This condenser is coupled on the 
output side to an optical Waveguide, and may be ?lled With 
an optically transparent liquid. 

[0004] Apart from the fact that conical optically conduct 
ing bodies such as these and as described in the documents 
cited above, or else as described in WO 99/16136 (FIG. 4), 
are complex to manufacture and increase the Weight of the 
appliance, they also cause considerable radiation losses. 
This is because, Whenever a light beam is re?ected on the 
conical Wall of the optically conductive body, the beam is 
de?ected through tWice the cone angle from the optical axis. 
Even after a small number of re?ections, this leads to the 
angle for total internal re?ection in the optical Waveguide 
being exceeded, and in the beams emerging from the optical 
Waveguide, or, if the optical Waveguide is mirrored, even in 
the direction of the beams being rotated, and thus not being 
passed to the light outlet opening, but being passed back to 
the light inlet opening. 

[0005] Arrangements such as these thus function only for 
that component of the light injected from the LEDs Whose 
beams are tilted only in a very narroW angle range With 
respect to the optical axis. The majority of the light emitted 
from the LEDs can thus not be used to illuminate the 
treatment area, since the light cones With Which LEDs emit 
light normally have a considerably greater aperture angle. 

[0006] WO-99/16136 A (FIG. 6) also discloses an appli 
ance having a multiple-conical optically conductive body, in 
Which tWo or more annular light inlet areas precede a 
circular light inlet area. In this case, the light is guided by the 
multiple-conical optically conductive body from the ?rst 
circular light inlet area into the central area betWeen the ?rst 
annular light inlet area. Together With the light from the 
LEDs, Which irradiate this light inlet opening arranged in an 
annular shape, it is noW passed into the center of a further 
combination of an LED ring and an annular inlet area. The 
light gathered in this Way is noW passed to an outlet opening 
through the optical Waveguide, Whose further pro?le is once 
again conical. 

[0007] In this arrangement as Well, and for the reasons 
mentioned above, only a small proportion of the beams 
Which are emitted from the LEDs reach the light outlet 
opening, and hence the point to be irradiated. As a result of 
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tWo or more conical optically conducting bodies being 
arranged one behind the other, the ef?ciency of the areas 
Which are located furthest aWay from the outlet opening is 
reduced even further than that in the case of a single-conical 
condenser. Furthermore, it is even more dif?cult and expen 
sive to manufacture the multiple-conical optical Waveguide. 

[0008] Other embodiments of irradiation appliances Which 
are based on LEDs and manage Without a conical optically 
conductive body, and hence Without the disadvantages asso 
ciated With them, are also knoWn. For example, JP 
08-141001 A (FIG. 1) and WO-99/35995 A (FIG. 4) pro 
pose optical convergent lenses for focusing the beams emit 
ted from an LED array, and for focusing them onto the light 
inlet area of an optical Waveguide. 

[0009] In this case, all of the beams Which are emitted 
from the individual LEDs in the direction of the convergent 
lens are de?ected. HoWever, the de?ection to the desired 
direction and the focusing of the beams once again take 
place only for that proportion of the beams Which strike the 
convergent lens essentially parallel, or differ slightly from 
this direction depending on the siZe of the light inlet area. A 
considerable proportion of the beams cannot be passed from 
the convergent lens to the light inlet opening, and this 
proportion is thus lost for the irradiation of the treatment 
point. 
[0010] In the arrangement Which is illustrated in FIG. 1 of 
WO-99/35 995 A, 9 LEDs are aligned individually in the 
direction of one optical Waveguide, in Which case it has been 
possible to observe only partial hardening of a light-hard 
ening sample. This is a result of inadequate light poWer as 
a consequence of non-optimum light injection, as Well as the 
small number of LEDs Which can be used With the described 
arrangement. 

[0011] In a further appliance, Which is described in 
WO-OO/ 13608 A, and is based on a similar arrangement of 
the LEDs With respect to the light inlet opening of an optical 
Waveguide, the light poWer is increased ?rstly by using a 
conical optical Waveguide, and secondly by applying a 
multiple of the nominal operating current to the diodes. The 
conical optical Waveguide results in the problems Which 
have already been described further above. 

[0012] The high operating currents have the disadvantage 
that the heat losses in the LEDs increase more than propor 
tionally and are large, so that the appliance becomes Warm 
after a short time, and cannot be used for a lengthy time, 
until it has cooled doWn. Furthermore, the life of LEDs is 
greatly decreased by the high operating currents. This is 
evident from a continuous decrease in the light poWer over 
the course of time. 

[0013] The arrangements of LEDs in the form of indi 
vidual semiconductor chips, as proposed in WO-99/35995 
A, WO 02/11640 A2 or EP 0 879 582 A, on a common 
substrate are not Without their problems either, since the 
individual elements heat one another up, thus once again 
limiting the light intensity and/or the life. Furthermore, it is 
considerably more complex and expensive to produce 
arrangements such as these, since it is not possible to use 
standard components, Which are also mechanically easy to 
handle. 

[0014] A further irradiation appliance having tWo or more 
LEDs is disclosed in WO-01/19280 A. The LEDS are 



US 2005/0236586 A1 

arranged in a speci?c manner on a number of levels in order 
to allow the light that is produced to be injected as advan 
tageously as possible into an optical Waveguide. 

[0015] All of the above appliances have the common 
feature that the achievable light poWers are limited by the 
LED arrangements described there. 

[0016] In order to further increase the light poWer, an array 
comprising a large number of individual LEDs is proposed. 
HoWever, as the number of individual LEDs increases, it 
becomes ever more di?icult to gather their emitted light. By 
Way of example, W0 02/ 11640 A2 discloses a focusing lens 
in addition to a re?ector, in order to focus the beams from 
the LED array in order that they can be injected into an 
optical Waveguide. 

[0017] Furthermore, as the number of LEDs rises, the 
space required, the electrical poWer required and the elec 
trical heat losses Which have to be dissipated from the LEDs 
in order to alloW a long life also increase. For the reasons 
stated, it Would be desirable to manage as far as possible 
With only one individual LED, and this Would have a 
positive in?uence on the production costs. 

[0018] In principle, it is possible to use high-poWer LEDs 
to achieve this object, Which can emit far greater light poWer 
levels than conventional LEDs. HoWever, the light that is 
produced must be gathered With as feW losses as possible in 
this case as Well and, for example, must be passed by means 
of an optical Waveguide to the treatment point, since the 
performance of an LED array can otherWise not be achieved. 

[0019] Irradiation appliances Which are equipped With 
only one LED have been proposed, for example, in the 
documents US. Pat. No. 6,318,996 B1 and WO 01/64129 
A1. WO 01/64129 proposes that such high currents be 
applied to the LED that the life is shorter than 10 hours 
since, otherWise, it is not possible to achieve suf?cient 
radiation poWer. 

[0020] In US. Pat. No. 6,318,996, an intensity of, only 
betWeen 25 and about 38 mW/cm2 is achieved With a single 
LED. Values such as these are relatively loW for irradiation 
appliances for hardening dental materials. This is accord 
ingly also based on a relatively long illumination time of 60 
seconds. Furthermore, the LED should be positioned at a 
distance of 7 mm:2 mm from the material to be hardened. 
This means that the LED is located in the patient’s mouth. 
Even if the LED is encapsulated in a housing, adequate 
hygiene is impossible, as is normally achieved by means of 
steriliZation at temperatures of about 130° C., since these 
high temperatures could destroy the LED. For this reason, 
optically conducting elements such as ?ber-optical 
Waveguides have been introduced as standard for irradiation 
appliances for hardening dental materials. These can be 
removed from the housing, and steriliZed, after the treat 
ment. 

[0021] It has been found that light beams can be injected 
into a ?ber-optical Waveguide largely Without losses only 
When they strike the inlet area at a speci?c angle, Which is 
less than or equal to the so-called acceptance angle. 

[0022] This acceptance angle is typically 130°. The pos 
sible LEDs emit light, hoWever, in a cone Whose aperture 
angle is in some circumstances greater than this maximum 
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injection angle. Only some of the poWer can therefore be 
used When the LED is arranged directly in front of the 
optical Waveguide. 
[0023] HoWever, oWing to the Wide aperture angle of 
LEDs (for example 150° or more), lenses are suitable only 
to a restricted extent for increasing the injection e?iciency. 
Although such lenses can be used to de?ect and inject some 
of the beams Whose angles are greater than the acceptance 
angle, at the same time, hoWever, the efficiency of the 
injection process for the beams Which could intrinsically be 
injected directly falls, for example, as a result of re?ection 
losses, since these beams also have to pass through the lens. 

[0024] Direct injection of the beams Which are emitted 
Within the acceptance angle of, for example, the LED, that 
is to say Without having previously been focused by refrac 
tive or re?ective optical elements, Would be particularly 
advantageous since there Would then be no need to accept 
any losses Whatsoever as a result of radiation refraction or 
focusing. 
[0025] On the other hand, optical elements are required in 
order to make it possible to use the beams emitted outside 
the acceptance angle, as Well. 

[0026] In summary, all knoWn embodiments of high 
poWer light appliances use complex arrangements of a 
greater or lesser number of light-emitting elements in order 
to achieve intensities Which are as high as possible. The 
greater the number of individual elements in this case, the 
more complex and at the same time the more lossy the 
required optical elements or arrangements Which are neces 
sary in order to gather and focus the light from the individual 
elements. HoWever, if only a small number of light-emitting 
elements, or only one light-emitting element, are or is used, 
then either the radiation poWer is loW or other serious 
disadvantages must be accepted, such as lack of hygiene or 
short life. 

[0027] In consequence, one object of the present invention 
is to provide an irradiation appliance having as feW light 
emitting units as possible, Which is simple to manufacture 
but has a light poWer Which is comparable to or better than 
that of appliances With LED arrays. 

[0028] A further object is to provide an irradiation appli 
ance by means of Which light-hardening dental ?lling mate 
rials can be hardened more quickly and reliably. 

[0029] Finally, the reduction in the space that is required 
for the light-emitting unit and the rechargeable battery that 
is required is intended to reduce the siZe of the appliance, not 
least making it possible to reduce the production costs. 

[0030] Furthermore, the light-emitting unit should have a 
long life. Simple cleaning of the appliance is also desirable, 
as can be achieved With normal optical Waveguides. 

[0031] This object is achieved by an irradiation appliance 
as is described in the claims. 

[0032] The expressions “contain” and “comprise” for the 
purposes of the invention introduce a non-exclusive enu 
meration of features. Similarly, the expression “a or one” 
should be understood in the sense of “at least one”. 

[0033] It has been found that higher e?iciency and a higher 
radiation yield With reduced complexity and less space being 
required can be achieved by the provision or installation of 
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a re?ector element Which is arranged as selective combining 
optics betWeen a light-emitting and light-receiving unit. 

[0034] This takes account of the fact that a considerable 
proportion of the light from, for example, one LED is 
emitted such that it can be injected directly into an optical 
Waveguide. These beams are not intended to be in?uenced 
by the selective combining optics or the re?ector element, 
since this Would generally be associated With attenuation. 
Only those beams Whose tilt angle With respect to the optical 
axis is greater than the acceptance angle are intended to be 
de?ected in this Way and de?ected in the direction of the 
opening in the optical Waveguide, such that they can be 
injected. 

[0035] It has been found that neither the directly injected 
beams nor the de?ected beams alloW satisfactory light 
conduction. Adequate performance of the irradiation appli 
ance is guaranteed only by optimum use of both components 
in total, as is possible by means of the arrangement accord 
ing to the invention. 

[0036] The re?ector element extends over the entire dis 
tance from the emission surface of the light-emitting ele 
ment to the inlet surface of the light-receiving element. The 
expression “the entire distance” does not, hoWever, mean 
that there must be no variation Whatsoever betWeen the 
re?ector element and the light-receiving element, as may be 
caused, for example, by design and manufacturing factors. 
HoWever, in any case, the variation should be minimiZed. 

[0037] This includes any variation caused by manufactur 
ing or design in the transition from the outlet surface of the 
re?ector element to the inlet surface of the light-receiving 
element Which, for example, alloWs the attachment or ?tting 
of an optical Waveguide. A small gap is also possible 
betWeen the outlet surface of the re?ector element and the 
inlet area of the light-receiving unit, into Which a thin glass 
panel is introduced. This is used to protect the sensitive 
re?ector surface against dirt. The glass panel ideally has 
optical blooming on both sides in order to avoid radiation 
losses resulting from re?ections. 

[0038] A suitable re?ector element has, for example, a 
conical shape and is holloW internally, that is to say it is not 
?lled With a refractive medium in the optical sense. 

[0039] The re?ector element is preferably in the form of a 
truncated conical surface Which faces at least the light 
emitting element and is mirrored on the inside. The smaller 
cross-sectional area of the cone in this case faces the 
light-emitting unit. 

[0040] The light-emitting unit is arranged at a distance in 
front of the light-receiving element such that the proportion 
of the light beams Which can be injected directly (that is to 
say light beams at angles less than or equal to the acceptance 
angle) completely illuminates the inlet area. 

[0041] This represents the optimum arrangement for this 
proportion of the light cone, since, in this case, no losses 
occur as a result of refraction, diffraction or boundary 
surface transitions at any optical elements Whatsoever. In the 
case of ?ber-optical Waveguides, this generally means that 
the distance to the light-emitting unit is someWhat greater 
than or equal to half the diameter of the inlet opening of the 
light-receiving unit. 
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[0042] The truncated conical surface Which is de?ned by 
this arrangement betWeen the light-emitting unit and the 
light-receiving element is thus, according to the invention, 
bounded by a re?ector element. This re?ector element opens 
from the diameter of the light-emitting unit to that of the 
light-receiving unit, so that the angle of the cone is de?ned 
by the distance from the light-emitting unit to the light 
receiving unit. 

[0043] By adaptation of the cross section of the inlet 
opening of the light-receiving unit, it is thus possible to 
achieve speci?c angles in order to select an optimum 
arrangement for the respective embodiment of the light 
emitting unit. 

[0044] All beams Which have an emission angle that is 
greater than the acceptance angle strike the re?ector ele 
ment, Where they are re?ected, With the angle With respect 
to the optical axis noW being reduced by tWice the re?ector 
element angle. 

[0045] If, for example, a light beam at an angle of 50° With 
respect to the optical axis strikes the re?ector element With 
an opening angle of 10°, then, after re?ection, its angle is 
—30°, this being the angle at Which it strikes the optical 
Waveguide, and can noW be injected. 

[0046] The re?ector element preferably has the folloWing 
features for this purpose: 

[0047] The inlet opening of the re?ector element is suf? 
ciently large that all of the beams Which are emitted from the 
light-emitting unit can be received, that is to say it is 
generally of the same siZe as the LED lens that is used. 

[0048] The outlet opening of the re?ector element has 
approximately the same diameter as the inlet opening of the 
light-receiving element. 

[0049] The aperture angle of the re?ector element folloWs 
the relationship: inclination angle=0.5><(maximum beam 
angle-acceptance angle). 
[0050] In addition, the inclination angle can also decrease 
from higher values at the start (close to the light-emitting 
unit) to smaller values, since the beams Which are re?ected 
at the start have a higher tilt angle than those close to the 
optical Waveguide. 
[0051] The maximum beam angle is predetermined by the 
emission characteristic of the light-emitting unit and char 
acteriZes the beams Which are still intended to be used for 
irradiation of the treatment point. Beams With an even 
greater angle are either not emitted or are emitted only With 
a negligible intensity from the light-emitting element, so that 
their use Would not contribute to signi?cantly increasing the 
intensity. 

[0052] By Way of example, commercially available high 
poWer diodes emit 30% of the total intensity Within the 
acceptance angle of normal optical Waveguides of 130°, a 
further 60% in an angle range betWeen 30° and 50°, and the 
remaining 10% at emission angles betWeen 50° and 90°. 
Since their use Would produce a small amount comparable 
to the 30° to 50° range, the maximum beam angle is sensibly 
set at 50° in this example. 

[0053] The maximum beam angle may thus, for example, 
be about. 65°, preferably about 55°, and particularly pref 
erably about 50°. 
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[0054] The light-emitting units Which are used preferably 
have a life of many hundred hours, and preferably more than 
1000 hours, emit in a range from 400 to 500 nm, have an 
emission maXimum betWeen 440 and 480 nm and have a 
light poWer of at least 100 mW, preferably at least 200 mW. 

[0055] The irradiation appliance is distinguished, inter 
alia, by the folloWing features: 

[0056] It preferably has only one re?ector element and has 
no further combining optics, Which operate in a re?ective or 
refractive manner, in the area betWeen the light-emitting unit 
and the inlet opening of the light-receiving unit. 

[0057] It preferably has no active cooling elements oper 
ated by means of electrical poWer. 

[0058] It can preferably be operated independently of the 
mains system. 

[0059] A polished metal body composed, for eXample, of 
aluminum, titanium or stainless steel may be used as the 
re?ector element material, as Well as metal sheets With good 
re?ection characteristics, mirroring layers or else, for 
eXample, metal-free interference mirror sheets such as those 
knoWn from WO 00/07044 and available, for eXample, from 
3M. 

[0060] For the purposes of the invention, a light-emitting 
unit is any compact form of radiation source Which produces 
light, preferably at a Wavelength in the range from 400 to 
500 nm. This emission is preferably directional and can be 
achieved by means of optical elements Which are integrated 
in the light-emitting unit, such as those normally used for 
high-poWer light-emitting diodes. The internal con?guration 
of the unit is in this case irrelevant, irrespective of Whether 
it comprises a single light-emitting element, or a combina 
tion of tWo or more light-emitting elements. 

[0061] In particular, the term light-emitting unit includes 
light-emitting diodes (LEDs). HoWever, it is also possible to 
use laser diodes, such as those described in EP 0 755 662 A. 

[0062] Alight-receiving unit for the purposes of the inven 
tion is any apparatus Which has the capability to receive and 
to re-emit directionally light Which is produced by the 
light-emitting unit or the light-emitting elements. 

[0063] These are normally so-called optical Waveguide 
rods, Which comprise a large number of bundled glass ?bers. 
These optical Waveguide rods can be reversibly connected to 
the light-emitting unit, or to the housing Which contains it, 
via a coupling or a thread. 

[0064] HoWever, this also includes conventional ?lter 
disks, scattered-light disks or optical:Waveguide converters, 
such as those described in DE 100 06 286 C1. 

[0065] If required, the light-emitting unit and/or the re?ec 
tor element is/are covered With a transparent disk, in order 
to protect the light-emitting unit and/or the re?ector element 
against moisture and dirt When the optical Waveguides are 
removed. 

[0066] The light-emitting unit is preferably mounted on a 
normally ?at panel. 

[0067] The problem of dissipating the heat Which is pro 
duced by the light-emitting element during operation of the 
irradiation appliance can be solved by the use of thermally 
highly conductive board material and/or direct thermally 
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conductive attachment of the element to a heat sink. The heat 
is in this case passed to the appliance housing by thermal 
conduction, from Where it is radiated aWay to the environ 
ment. There is therefore no need to use active cooling 
elements, such as fans or Peltier elements, Which consume 
additional poWer and, in the case of a fan, produce a high 
noise level. Furthermore, a further improvement in hygiene 
is achieved, since no ventilation slots need be provided, 
since these are dif?cult to keep clean. 

[0068] In order to entrap the amount of heat that is 
produced during normal short-term operation, and thus to 
keep the temperature of the light-emitting unit loW, Which 
lengthens the life, an additional element With a high thermal 
capacity can be thermally connected to the light-emitting 
unit. This stores the amount of heat produced during opera 
tion, and emits it continuously to the environment via the 
thermally highly conductive housing during pauses in treat 
ment. 

[0069] The irradiation appliance normally also has an 
electronic control unit for controlling the voltage and current 
level for the light-emitting element, a storage unit for 
electrical energy, such as batteries or rechargeable batteries, 
preferably lithium-ion, NiMH or Ni/Cd rechargeable batter 
ies, a display unit and a housing. 

[0070] The housing is preferably designed such that it 
essentially has a surface Without any gaps, in Which the 
display unit is integrated. 

[0071] The illumination appliance according to the inven 
tion is used in particular in the medical ?eld, preferably in 
the dental ?eld, and may on the one hand be used to 
illuminate the treatment point or to irradiate substances 
Which can be cured by light, in particular dental ?lling 
materials, such as composites, compomers or glass ionomer 
cements. 

[0072] During use, the outlet end of the optical Waveguide 
rod is pointed at the treatment point, for eXample at a tooth 
?lling to be hardened, and the sWitch-on push-button is 
pressed, thus activating the LED and at the same time 
sWitching on the display unit. After a predetermined or 
variable time interval, the control circuit sWitches off the 
poWer supply to the light-emitting diode and to the display 
unit. 

[0073] Preferred exemplary embodiments Will be 
explained in the folloWing teXt With reference to the draW 
ings, in Which: 

[0074] FIG. 1 shoWs a longitudinal section through an 
irradiation appliance. 

[0075] FIG. 2 shoWs a longitudinal section through an 
irradiation appliance in the area of the transition from the 
light-emitting element to the light-receiving element, With 
out a re?ector element. 

[0076] FIG. 3 shoWs a longitudinal section corresponding 
to that shoWn in FIG. 1, With a re?ector element in the form 
of a cone. 

[0077] The handheld appliance shoWn in FIG. 1 for irra 
diation of dental plastics contains a light-emitting unit (11), 
With a light-emitting element in the form of an LED chip 
(12), in the front area of an essentially cylindrical housing 
(10). 
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[0078] The light-emitting element (12) is fed from a 
battery (13), Which is arranged in the rear part of the housing 
(10), via a driver stage (14) Which is time-controlled by a 
control circuit (15). The control circuit (15) is connected to 
a sWitch-on pushbutton (16), Which is arranged on the side 
of the housing (10), and to a display diode (17), Which is 
likeWise arranged on the side of the housing (10). A light. 
receiving unit (18) in the form of an optical Waveguide rod, 
Whose front end is curved, projects out of the front conical 
end of the housing (10). The light-emitting element (12) is 
located on a ?at holding plate (19). 

[0079] FIG. 2 shoWs Which of the beams Which are 
emitted from the light-emitting element (12) can be injected, 
for eXample, into an optical Waveguide (18), and Which 
cannot. The beams Which are symboliZed by a solid line can 
be injected into the optical Waveguide While, in contrast, the 
beams illustrated by dashed lines cannot be injected into it, 
since their angle With respect to the optical aXis is greater 
than the acceptance angle of the optical Waveguide. 

[0080] FIG. 3 corresponds essentially to FIG. 2, With the 
difference that a re?ector element (22) in the form of a 
mirrored truncated conical surface eXtends from the surface 
of the light-emitting unit (12) to the inlet surface of the 
optical Waveguide (18). By virtue of this re?ector element, 
those beams Which otherWise cannot be injected into the 
optical Waveguide because of their angle, Which is greater 
than the acceptance angle of the optical Waveguide, can also, 
hoWever, in the end be injected, since the magnitude of their 
tilt angle With respect to the optical aXis is reduced by tWice 
the re?ector aperture angle, as a consequence of re?ection. 
Those beams Which are emitted from the light-emitting unit 
Within a light cone With angles less than the acceptance 
angle directly illuminate the inlet opening of the optical 
Waveguide, so that their intensity can be made use of as Well 
as possible. 

1. An irradiation appliance, having: 

a housing; 

a single light-emitting unit Which is arranged in the 
housing; 

a light-receiving unit comprising an optical Wave guide 
and having an inlet opening; and 

a re?ector element Which eXtends over the entire distance 
betWeen the light-emitting unit and the inlet opening of 
the light-receiving unit and has a smaller and a larger 
opening; 

Wherein the smaller opening faces the light-emitting unit, 
and the larger opening faces the light-receiving unit; 
and 

Wherein the inclination angle v of the re?ector element 
folloWs the relationship: 

Where 6 is the maximum emission angle at Which the light 
beams intended to be injected into the optical 
Waveguide leave the light-emitting unit, and a is the 
acceptance angle of the optical Waveguide. 
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2. The irradiation appliance as claimed in claim 1, 
Wherein the larger opening has a diameter that is less than or 
equal to that of the light-receiving unit (18). 

3. The irradiation appliance as claimed in claim 1, 
Wherein the smaller opening at least partially surrounds the 
light-emitting unit (11). 

4. The irradiation appliance as claimed in claim 1, 
Wherein the re?ector element has an aperture angle that 
decreases in siZe continuously from the smaller opening to 
the larger opening. 

5. The irradiation device of claim 1 Wherein the re?ector 
element has an aperture angle that decreases in siZe in at 
least one step betWeen the smaller opening and the larger 
opening. 

6. The irradiation appliance as claimed in claim 1, 
Wherein the distance betWeen the light-emitting unit 3 and 
the light-receiving unit is greater than half the diameter of 
the light-receiving unit. 

7. The irradiation appliance as claimed in claim 6, 
Wherein the length of the re?ector element is greater than the 
distance betWeen the light-emitting unit and the light-re 
ceiving unit. 

8. The irradiation appliance as claimed in claim 1, 
Wherein the larger opening in the re?ector element is cov 
ered by an optical protective glass. 

9. The irradiation appliance as claimed in claim 8, 
Wherein the optical protective glass has blooming on one or 
both faces. 

10. The irradiation appliance as claimed in claim 1, 
Wherein the re?ector element is a truncated cone Which is 
re?ective on the inside. 

11. The irradiation appliance as claimed in claim 10, 
Wherein the inner surface of the truncated cone is metalli 
cally mirrored or is formed from a sheet With high optical 
re?ection. 

12. The irradiation appliance as claimed in claim 11, 
Wherein the sheet is composed of a metal With good re?ec 
tion characteristics, or is coated With such a metal. 

13. The irradiation appliance as claimed in claim 11, 
Wherein the sheet is a metal-free, multilayer interference 
re?ector sheet. 

14. The irradiation appliance as claimed in claim 1, 
Wherein the light-emitting unit is a blue high-poWer light 
emitting diode, comprising at least one light-emitting ele 
ment Whose siZe is at least 0.25 mm2, and the unit produces 
a radiation poWer betWeen 100 and 1400 mW. 

15. The irradiation appliance as claimed in claim 14, 
Wherein the at least one light-emitting element siZe is 
betWeen 1 and 5 mm2, and the radiation poWer is betWeen 
200 and 800 mW. 

16. The irradiation appliance as claimed in claim 1, 
Wherein the light-emitting unit is thermally connected to the 
housing. 

17. The irradiation appliance as claimed in claim 16, 
Wherein the housing is composed entirely or partially of a 
material of high thermal conductivity and thermal capacity. 

18. The irradiation appliance as claimed in claim 17, 
Wherein the housing is composed entirely or partially of 
aluminum, Zinc or brass. 

19. The irradiation appliance as claimed in claim 17, 
Wherein the light-emitting unit is additionally thermally 
connected to an element having a thermal capacity betWeen 
10 and 100 Joule/Kelvin. 
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20. The irradiation appliance as claimed in claim 19, 
wherein the thermal capacity is betWeen 20 and 50 Joule/ 
Kelvin. 

21. The irradiation appliance as claimed in claim 1, 
Wherein the light-emitting element is mounted on a planar 
holding plate of high thermal conductivity. 

22. The irradiation appliance as claimed in claim 1, 
Wherein the light-receiving element is selected from a rigid 
optical Waveguide rod or a ?exible optical Waveguide. 

23. An irradiation appliance, having: 

a housing; 

a single light-emitting unit Which is arranged in the 
housing; 

a light-receiving unit With an inlet opening; and 
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a re?ector element Which eXtends over the entire distance 
betWeen the light-emitting unit and the inlet opening of 
the light-receiving unit and has a smaller and a larger 
opening; 

Wherein the smaller opening faces the light-emitting unit, 
and the larger opening faces the light-receiving unit; 
and 

Wherein the re?ector element selectively de?ects only 
those light beams Whose emission angle from the 
light-emitting unit is greater than the acceptance angle 
of the light-receiving unit in the desired inlet angle 
range into the light-receiving unit, but leaves the other 
light beams unaffected. 

* * * * * 


