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(57) ABSTRACT 

The present invention relates to a curing light having at least 
one Wavelength transformer for transforming a shorter 
Wavelength suitable for curing a dental composite into a 
longer Wavelength also suitable for curing a dental compos 
ite. The Wavelength transformer may be made of materials 
including organic dyes, inorganic dyes, pigments, nanocrys 
tals and combinations thereof. The Wavelength transformer 
can be of many different con?gurations. The curing light 
also includes at least one heat sink Which can be made of a 
material including at least one phase change material. 
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CURING LIGHT CAPABLE OF MULTIPLE 
WAVELENGTHS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. provi 
sional patent application Ser. No. 60/585,224, ?led Jul. 2, 
2004, entitled “Dental Light Devices With Phase Change 
Heat Sink”; 60/658,517, ?led Mar. 3, 2005, entitled “Appa 
ratus and Method For Radiation Spectrum Shifting in Den 
tistry Application”; 60/594,297, ?led Mar. 25, 2005, entitled 
“Curing Light Having A Detachable Tip”; 60/631,267, ?led 
Nov. 26, 2004, entitled “Curing Light Having A Re?ector”; 
60/5 94,327, ?led on Mar. 30, 2005, entitled, “Curing Light”; 
and 60/664,696, ?led Mar. 22, 2005, entitled “Curing Light 
Having A Detachable Tip”; the contents of all of Which are 
hereby incorporated by reference. 

[0002] The present application includes claims that may 
be related to the claims of co-pending US. patent applica 
tions, Ser. No. 10/ , to be concurrently ?led, entitled 
“Illumination System for Dentistry Applications”; Ser. No. 
10/ , to be concurrently ?led, entitled “Voice Alert 
System for Dentistry Applications; the contents of all of 
Which are hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0003] This invention relates to curing light devices for 
use in dentistry. Speci?cally, this invention relates to curing 
light devices for activating the curing of composite materials 
in dentistry. 

BACKGROUND OF THE INVENTION 

[0004] In the ?eld of tooth restoration and repair, dental 
cavities are often ?lled and/or sealed With compounds that 
are photosensitive to visible and/or ultraviolet light. These 
compounds, commonly knoWn as light-curable compounds, 
are placed Within dental cavity preparations or onto dental 
surfaces and are cured When exposed to light from a dental 
curing light device. 

[0005] Many light-curing devices are con?gured to be 
handheld devices. Some of them are constructed With ?ber 
optic light Wands designed for directing light from the light 
sources into the patient’s mouths. The light sources may be 
lamps, halogen bulbs or light-emitting diodes (LED). One 
end of the light Wand may be placed close to the light source 
so that the light emitted from the light source may be 
directed into the light Wand. Some of the light Wands are not 
con?gured to capture all the light that is generated by the 
light sources, particularly light that is emitted from LEDs, 
Which may be emitted at angles of up to about 120°. This 
inef?ciency in capturing most of the available light output 
may contribute to excessive heat generation, Which may lead 
to limited run times for the curing devices. 

[0006] One method for overcoming the limitations of light 
capture disclosed in the prior art is to improve the ef?ciency 
of the curing devices by placing the light source(s) of the 
light-curing devices at the tip of the light-curing devices, so 
that all of the light generated by the light source(s) may be 
directed toWards a desired location Within the patients’ 
mouths. This, hoWever, does not overcome the run time 
problem mentioned above. At the same time, this method 
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may create the problem of having the light source too close 
to the patient’s mouth, causing discomfort to the patient if 
the hot tip of the curing device happens to come in contact 
to the sensitive tissues of the patient’s mouth. 

[0007] One Way of overcoming the problem of having 
excessive heat from coming too close to the patient’s mouth 
is to mount the light source(s) on a heat sink that may 
generally conduct the heat aWay from the tip of the light 
curing device. This, hoWever, only minimally solves the 
runtime problem mentioned above. 

[0008] In addition, multiple light sources used in making 
a curing light capable of multiple Wavelengths may further 
add to excessive heat generation problems if the light 
sources generate a Wide spectrum of light, leading to more 
heat that needs to be diverted aWay from the light source. 
Even With light sources generating just the desired Wave 
length for composite curing, heat generation is still a prob 
lem. Consequently, elaborate cooling systems are needed to 
handle heat, possibly creating a large, heavy and expensive 
curing light. 

[0009] Accordingly, there remains a need for a device 
capable of curing restorative compounds containing differ 
ent initiators. 

SUMMARY OF THE INVENTION 

[0010] The present invention relates to a dental curing 
device suitable for curing light curable dental composite 
material. The device includes a light module housing having 
a substantially cylindrical shape including a substantially 
holloW interior With at least one heat sink, located in the light 
module housing. The heat sink includes at least one surface 
or mounting platform for locating, positioning or mounting 
a light source, for example, a lamp, an arc lamp such as a 
halogen light source, semiconductor light emitting devices, 
light-emitting chips such as an LED, a solid state LED, an 
LED array, a ?uorescent bulb, and so on. Light emitted by 
the light source has an emission spectrum including at least 
one Wavelength capable of initiating curing of a composite. 
A device situated in the proximity of the light source 
includes at least one Wavelength transformer for capturing 
substantially all the light in its path emitted by the light 
source and transforming at least a portion of the captured 
light into a longer Wavelength, Which is also capable of 
initiating a chemical reaction to cure the dental composite 
material. 

[0011] At least one Wavelength transformer includes at 
least one absorber/emitter having at least a portion that is 
substantially transparent to the incident light, and at least 
one portion capable of absorbing the incident light and 
emitting light having a longer Wavelength. In one embodi 
ment, at least one Wavelength transformer is con?gured or 
positioned to capture substantially all the emitted light and 
to transform only a portion of the capture light into a longer 
Wavelength. In another embodiment, at least one Wavelength 
transformer is con?gured or positioned to capture at least a 
portion of the light emitted by the light source and to 
transform all captured light into a longer Wavelength. In one 
aspect, at least one Wavelength transformer is stationary. In 
another aspect, at least one Wavelength transformer is 
adapted for rotation about a longitudinal axis of the light 
module housing. 
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[0012] In one other embodiment, the light source includes 
an emitting surface. In another embodiment, the light source 
includes at least one emitting edge. 

[0013] In a further embodiment, at least one Wavelength 
transformer may be in a direct path of the emitted light. In 
a yet further embodiment, at least one Wavelength trans 
former may be at an oblique angle to the direct path of the 
light emitted by the light source. 

[0014] The present invention also relates to a dental curing 
device suitable for curing light curable dental composite 
materials. The curing device includes a light module housing 
having a substantially cylindrical shape including a substan 
tially holloW interior With at least one heat sink located in the 
light module housing. The heat sink includes at least one 
surface or, mounting platform for locating, positioning or 
mounting at least one light source, as noted above. Light 
emitted by the light source includes a Wavelength suitable 
for curing light curable dental composite materials. In one 
aspect, a light source includes at least one Wavelength 
transformer for capturing at least a portion of the light 
emitted by the light source and transforming all captured 
light into a longer Wavelength, Which is also suitable for 
curing light curable dental composite material. In another 
aspect, the light source includes at least one Wavelength 
transformer for capturing all light emitted by the light source 
and transforming at least a portion of it into a longer 
Wavelength such that the resultant light directed at the light 
curable dental composite material includes a portion having 
the emitted Wavelength and a portion having a longer 
Wavelength. 
[0015] The present invention further relates to a dental 
curing light suitable for curing light curable dental compos 
ite materials. The curing device includes a light module 
housing having a substantially cylindrical shape including a 
substantially holloW interior With at least one heat sink 
located in the light module housing. The heat sink includes 
at least one surface or mounting platform for locating, 
positioning or mounting a light source, as noted above. Light 
emitted by the light source includes a Wavelength suitable 
for curing light curable dental composite materials. A device 
situated in the light path of the light source includes at least 
one Wavelength transformer for transforming at least a 
portion of the light emitted by the light source into a longer 
Wavelength. The Wavelength transformer includes at least 
one beam splitter and at least one absorber/emitter including 
a chemical capable of absorbing the incident light and 
emitting light having a longer Wavelength. 

[0016] In one embodiment, at least one Wavelength trans 
former is con?gured or positioned to substantially capture 
one beam coming from the beam splitter. In another embodi 
ment, at least one Wavelength transformer is at an oblique 
angle to the emitted light path. In a further embodiment, at 
least one Wavelength transformer is at substantially right 
angles to the emitted light path. 

[0017] In one embodiment, the heat sink includes at least 
one elongated heat sink located in the light module housing, 
With the proximal end of the heat sink being situated close 
to a proximal end of the housing and at least one surface or 
mounting platform located at the proximal end of the 
elongated heat sink. 

[0018] In another embodiment, at least one of the heat 
sinks may be of any shape situated close to a proximal end 
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of the housing and at least one surface or mounting platform 
located at the proximal face or portion of the heat sink. 

[0019] Furthermore, the present invention relates to a 
dental curing light capable of generating light of more than 
one Wavelength suitable for curing light-curable dental 
composite material. The curing light includes at least one 
Wavelength transformer capable of transforming at least a 
portion of light emitted by a light source, as disclosed above, 
into a longer Wavelength Which is also suitable for curing 
light activatable composites. In one embodiment, at least 
one Wavelength transformer includes at least one absorber/ 
emitter having at least a portion that is substantially trans 
parent to the light incident on it, and at least one portion 
including a chemical capable of absorbing the incident light 
and emitting light having a longer Wavelength. In one 
aspect, at least one Wavelength transformer is con?gured or 
positioned to capture substantially all of the emitted light. In 
another aspect, at least one Wavelength transformer is con 
?gured or positioned to capture at least a portion of the light 
emitted by the light source. In a further aspect, at least one 
Wavelength transformer is stationary. In still another aspect, 
at least one Wavelength transformer is adapted for rotation 
about a longitudinal axis of the light module housing. 

[0020] Still furthermore, the present invention relates to a 
dental curing light capable of generating light of more than 
one Wavelength suitable for curing light curable dental 
composite material. The curing light includes at least one 
Wavelength transformer for transforming at least a portion of 
the light emitted by the light source into a longer Wavelength 
Which is also capable of activating a light activatable com 
posite. At least one Wavelength transformer includes at least 
one beam splitter and at least one absorber/emitter includes 
a chemical capable of absorbing the incident light and 
emitting light having a longer Wavelength. 

[0021] In one embodiment, at least one Wavelength trans 
former is con?gured or positioned to capture one beam 
coming from the beam splitter. In another embodiment, at 
least one Wavelength transformer is at an oblique angle to 
the emitted light path. In a further embodiment, at least one 
Wavelength transformer is at substantially right angles to the 
emitted light path. 

[0022] Yet furthermore, the present invention relates to a 
dental curing light capable of generating light of more than 
one Wavelength suitable for curing light curable dental 
composite materials. The curing light includes at least one 
Wavelength transformer for transforming the shorter Wave 
length portion of the light emitted by a light source, 
described above, Which is unsuitable for curing composites, 
into a longer Wavelength, both the longer Wavelength por 
tion of the emitted light and transformed light are capable of 
activating light activatable composites. At least one Wave 
length transformer includes at least one ?lter including an 
absorber/emitter capable of absorbing substantially all the 
shorter Wavelength of light emitted by the light source, and 
transforming it into a longer Wavelength. In one aspect, the 
emitter/absorber is capable of absorbing a relatively broad 
spectrum, beloW about, for example, 400 nm, and trans 
forming it into a relatively broad spectrum at a higher 
Wavelength, for example, about 450 nm. In another aspect, 
the emitter/absorber is capable of absorbing a relatively 
broad spectrum, beloW about, for example, 400 nm, and 
transforming it into a relatively narroW spectrum at a higher 
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Wavelength, for example, about 470 nm. In yet another 
aspect, the emitter/absorber is capable of absorbing substan 
tially all Wavelengths, beloW about, for example, 400 nm, 
and transforming them into a higher Wavelength, for 
example, about 470 nm. In still yet another aspect, the 
emitter/absorber is capable of absorbing substantially all 
Wavelengths, beloW about, for example, 400 nm, and trans 
forming them into a relatively broad spectrum at a higher 
Wavelength, for example, about 450 nm. In still yet a further 
aspect, the absorber/emitter is capable of absorbing a rela 
tively narroW spectrum at a loW Wavelength and transform 
ing it to a relatively narroW spectrum at a higher Wavelength. 
In one embodiment, at least one Wavelength transformer is 
stationary. In another embodiment, at least one Wavelength 
transformer is adapted for rotation about the longitudinal 
axis of the light module housing. 

[0023] The light module housing of any of the above 
disclosed curing lights may include at least one re?ecting 
surface. In one embodiment, the at least one re?ecting 
surface may be present in the direct path of the emitted light. 
In another embodiment, the at least one re?ecting surface 
may be present in an oblique angle to the emitted light. 

[0024] The light source of any of the above disclosed 
curing lights may include a primary and a secondary heat 
sink. The heat sink may include a material that can more 
e?iciently remove or divert heat from a curing light device 
When a reduced Weight of heat sink material is used for 
better portability. 

[0025] In one aspect, the heat sink may have a re?ective 
surface. In another aspect, the heat sink may include a 
surface or a mounting platform. The surface or mounting 
platform may also have a re?ective surface. 

[0026] In one embodiment of the above disclosed inven 
tion, the heat sink includes a material that can more effi 
ciently remove or divert heat from a light source or sources 

With a given Weight of heat sink material When compare to 
a heat sink made of a solid block of thermally conductive 
material such as metal. 

[0027] In another embodiment of the above disclosed 
invention, the heat sink includes at least one suitable phase 
change material including organic materials, inorganic 
materials and combinations thereof. These materials can 
undergo substantially reversible phase changes, and can 
typically go through a large, if not an in?nite number of 
cycles Without losing their effectiveness. 

[0028] In a further embodiment of the above disclosed 
invention, the output of the light spectrum from the curing 
device may include of multiple discrete peaks. 

[0029] In yet a further embodiment of the above disclosed 
invention, the output of the light spectrum from the curing 
device may be substantially a continuum. 

[0030] The Wavelength transformers of the present inven 
tion may be positioned at any distance from the light source. 
In one embodiment, the transformer maybe formed directly 
on the light source. In another embodiment, the transformer 
may be positioned at a feW mm aWay from the light source. 

[0031] In one embodiment, a light source may include 
edge emitting LEDs or LED arrays. In one aspect, the 
Wavelength transformer capable of transforming all captured 
light in its path may be formed onto at least one edge of the 
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emitting edges. In another aspect, the Wavelength trans 
former capable capturing all light in its path and transform 
ing portions of it may be formed onto all emitting edges. 

[0032] The curing lights of the present invention may 
include a light transport device at the proximal end of the 
housing. In one aspect, the light transport device may be a 
light guide. In another aspect, the light transport system may 
comprise a focusing dome that may also be capable of 
varying the beam diameter of the light exiting the curing 
light device. In a further aspect of the invention, the light 
transport system may be a tacking tip. In a further aspect, the 
light transport device may be a positioning light guide 
adapted for positioning the curing light to a target. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 shoWs a cross-sectional vieW of the curing 
light of the present invention. 

[0034] FIG. 2 shoWs another cross-sectional vieW of an 
embodiment of the present invention, depicting the arrange 
ment of the mounting platform and the Wavelength trans 
former of the present invention. 

[0035] FIG. 3A shoWs a cross-sectional vieW of another 
embodiment of the arrangement of the mounting platform 
and Wavelength transformer. 

[0036] FIG. 3B shoWs a perspective vieW of an alternative 
embodiment of a Wavelength transformer including a pat 
terned absorber/emitter. 

[0037] FIG. 3C shoWs a perspective vieW a further alter 
native embodiment of a Wavelength transformer according 
to principles of the invention. 

[0038] FIG. 4 shoWs a cross-sectional vieW of yet another 
embodiment of the present invention including a mounting 
platform, beam splitter and Wavelength transformer. 

[0039] FIG. 5 shoWs a cross-sectional vieW of still yet 
another embodiment of the present invention including an 
arrangement of the mounting platform, beam splitter and 
Wavelength transformers. 

[0040] FIG. 6 shoWs a cross-sectional vieW of an embodi 
ment of the curing light module using a re?ector for re?ect 
ing portions of the light. 

[0041] FIG. 7 shoWs a cross-sectional vieW of an embodi 
ment of the curing light module including a re?ector 
equipped With a Wavelength transformer. 

[0042] FIG. 8 shoWs a perspective vieW of an embodi 
ment of the curing light device having a light transport 
system such as a light guide or an optically conductive cable. 

[0043] FIG. 9A shoWs a perspective vieW of a light guide 
that may serve to position the light source in the mouth of 
a patient. 

[0044] FIG. 9B shoWs a perspective vieW of a light guide 
mated to a lip retractor according to principles of the 
invention; 

[0045] FIG. 9C shoWs the light guide and lip retractor of 
FIG. 9B supporting a curing light according to principles of 
the invention. 
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[0046] FIG. 10 shows a perspective vieW of an embodi 
ment of a light source including a protective dome or cover 
With Wavelength transformer. 

[0047] FIG. 11 shoWs a perspective vieW of an embodi 
ment of the curing light device having a tacking tip. 

[0048] FIG. 12 shoWs a handgrip having coupling means 
for coupling to the light guide. 

[0049] FIG. 13 shoWs a cross-sectional vieW of an 
embodiment of the curing light device having a plurality of 
LEDs mounted on a heat sink in a manner that the emitted 
light passes through a Wavelength transformer and is col 
lected by a re?ector apparatus and focused by a lens means. 

[0050] FIG. 14A shoWs a cross-sectional vieW of an 
embodiment of the curing light device having a plurality of 
LEDs, each having its oWn heat sink, that the emitted light 
passes through a Wavelength transformer and is collected by 
a re?ector apparatus and focused by a lens. 

[0051] FIG. 14B shoWs a cross-sectional vieW of a curing 
light according to one embodiment of the invention. 

[0052] FIG. 15 shoWs a cross-sectional vieW of an 
embodiment of the curing light device Where the elongated 
heat sink has a curved structure for positioning an LED 
array. 

[0053] FIG. 15a shoWs a cross-sectional vieW of an 
embodiment of the curing light device Where the heat sink 
has a Well structure for mounting LEDs. 

[0054] FIG. 16 shoWs a cross-sectional vieW of an 
embodiment of the curing light device Where the elongated 
heat sink has a planar mounting platform for positioning a 
light source. 

[0055] FIG. 17 shoWs a perspective vieW of a curing light 
device according to principles of the invention. 

[0056] FIG. 18 shoWs a battery charger module suitable 
for use With the present invention. 

[0057] The detailing description set forth beloW is 
intended as a description of the presently preferred embodi 
ments provided in accordance With aspects of the present 
invention and is not intended to represent the only forms in 
Which the present invention may be prepared or utiliZed. It 
is to be understood, hoWever, that the same or equivalent 
functions and components may be accomplished by differ 
ence embodiments that are also intended to be encompassed 
Within the spirit and scope of the invention. 

[0058] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art to Which this 
invention belongs. Although any methods, devices and 
materials similar or equivalent to those described herein may 
be used in the practice or testing of the invention, the 
exempli?ed methods, devices and materials are noW 
described. 

[0059] Adental curing light useful for curing or activating 
light-activated materials is disclosed. The present invention 
has applications in a variety of ?elds, including but not 
limited to medicine and dentistry, Where light-activated 
materials including a photoinitiator or photoinitiators are 
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used. As an example, a photoinitiator absorbs light of a 
particular Wavelength and initiates the polymeriZation of 
monomers into polymers. 

[0060] In an exemplary embodiment, light-activated mate 
rials including a single photoinitiator or multiple photoini 
tiators may be applied to a surface of, such as a tooth, and 
later cured by light of a Wavelength or Wavelengths that 
activates the photoinitiator or photoinitiators. The light used 
not only is of a Wavelength to Which the photoinitiator is 
sensitive, but also of a poWer level to cause curing for certain 
durations of time. Although the light used to activate the 
photoinitiator is of a Wavelength to Which a photoinitiator is 
sensitive, the light may come from a variety of sources, 
including a lamp, an arc lamp such as a halogen light source, 
semiconductor light emitting devices, light-emitting chips 
such as an LED, a solid state LED, an LED array, a 
?uorescent bulb, and so on. The present invention discloses, 
for example, light systems that use semiconductor chips as 
their source of light for a compact curing light device. 

[0061] The typical photo-sensitiZers used in composite 
curing include Camphorquinone (CQ), Which absorbs light 
at about 465 nm, and phenyl-propanedione (PPD), Which 
absorbs light at about 390 nm. Dental curing lights having 
multiple Wavelengths suitable for curing curable composites 
usually include output Wavelengths encompassing the 
absorbing Wavelengths of these tWo typically used photo 
initiators. The output is generally a composite spectrum 
generated by LEDs or LED arrays emitting different Wave 
lengths. The present invention includes a curing light 
capable of curing all composites by means of a light source 
as mentioned above, emitting a single peak Wavelength. The 
light source may include an emitting surface or at least one 
emitting edge such as an edge emitting chip noted above. 

[0062] FIG. 1 shoWs the cross-section of a curing light 
100 having a light module housing 101 having a distal end 
111, a proximal end 112, a handle 102 toWards its distal end 
and a neck and head portion 103 on its proximal end at an 
angle to the handle portion 102. The light module housing 
101 includes a substantially cylindrical shape having a 
substantially holloW interior 101a With at least one heat sink 
120 located in the light module housing 101. The heat sink 
120 includes at least one surface or mounting platform 121 
for locating, positioning or mounting a light source 130, as 
noted above. 

[0063] The light module housing may include a Wave 
length transformer 140. The Wavelength transformer 140 
may be present in the emitting surface of the light source 
131, in front of the light source 130 toWards the proximal 
end 112 of the light module housing, or at least one emitting 
edge of an edge emitting source, or in the light path of the 
light source, as shoWn in FIG. 1. 

[0064] For example, in FIG. 2, the light source 130 may 
include a single LED 131, emitting light, for example, in the 
blue range, suitable for curing light activatable composites. 
Also as shoWn in FIG. 2, the heat sink 120 has an elongated 
shape, though any other shape is also useful. The elongated 
heat sink 120 includes a distal end 120a and a proximal end 
120b, and is positioned such that the proximal end 120b is 
situated toWards the proximal end 112 of the light module 
housing 101. One surface or mounting platform 121, as 
shoWn, is located toWards the proximal end 120b of the 
elongated heat sink 120. In other embodiments, one mount 
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ing platform 121 may be present towards the distal end 120a 
of a heat sink 120, if the heat sink 120 is an elongated heat 
sink, as shoWn for example in FIG. 5, or on a proximal face 
or portion of the heat sink 120 if the heat sink 120 is of any 
other shape, as shoWn for example in FIG. 4. 

[0065] Light emitted from the LED 131 includes an emis 
sion spectrum including at least one Wavelength capable of 
initiating curing of a composite. Adevice situated in the light 
path of the LED includes at least one Wavelength trans 
former 140 for transforming at least a portion of the light 
emitted by the LED 131 into a longer Wavelength, Which is 
also capable of initiating a chemical reaction to cure the 
dental composite material. 

[0066] The Wavelength transformer 140 includes at least 
one absorber/emitter. The absorber/emitter may be of any 
substances that absorbs electromagnetic Waves, for example, 
in the blue Wavelength range, and then luminesce, in par 
ticular ?uoresce, When optically excited. Such chemical 
compounds may include organic and inorganic dyes or 
pigments. 
[0067] Organic dyes may include any ?uorescent dye 
having at least one amine moiety substituted With at least 
tWo aryl groups, and compounds having N-aryl substituents 
Which exhibit reduced pH sensitivity and enhanced stability 
to protonation. Examples of an aryl group include phenyl, 
naphthyl, anthracyl, dinaphthyl, ditoluyl, bis(p-methylphe 
nyl), dianthracenyl, mixed aryl groups such as phenylnaph 
thyl and phenyltoluyl, or substituted aryl groups such as 
toluyl, some of these are disclosed in US. Pat. No. 6,627, 
111, “Organic light emitting displays and neW ?uorescent 
compounds”, incorporated herein by reference. Some 
embodiments include dyes that absorb betWeen about 350 to 
about 430 nm and emit betWeen about 450 nm and to about 
500 nm, for example, DAPI (4‘,6-Diamidino-2-phenylin 
dole, 2HCl, absorbing at about 359 nm and emitting at about 
461 nm); HOE 33258 (2-[2-(4-Hydroxyphenyl)-6-benZimi 
daZoyl]-6-(1-methyl-4-piperaZyl)-benZimidaZole, 3HCl), 
absorbing at about 346 nm and emitting at about 460 nm; 
HOE 33342 (2‘-(4-Ethoxyphenyl)-5-(4-methyl-1-piperaZi 
nyl)-2,5‘-bi-1H-benZimidaZole, 3HCl), absorbing at about 
346 nm and emitting at about 460 nm; 7-Diethylamino-3 
(4-maleimidylphenyl)-4-methylcoumarin, absorbing at 
about 387 nm and emitting at about 465 nm; 2-(4‘-(Dim 
ethylamino)phenyl)-6-methylbenZothiaZole 6-Methyl-Ben 
ZoThiaZole-Aniline-2-Methyls, absorbing at about 356 nm, 
and emitting at about 437 nm, and combinations thereof. 

[0068] Useful inorganic dyes may include, for example, 
elements from the group of lanthanides, including the ele 
ment Y, La, Ce, Pr, Nd, Sm, Yb or Lu. Some examples may 
include phosphors such as yttrium aluminum garnet doped 
With praseodymium and cerium (YAG:Pr+Ce), strontium 
sul?de doped With europium (SrSzEu), strontium thiogallate, 
or any other suitable phosphor. Other examples of such dyes 
are disclosed in the German Patent Document DE 37 03 495 
A1, incorporated herein by reference. 

[0069] The dyes may also be, for example, in pigment 
form. Some examples of commercially available ones 
include Lumogen® dyes (available from BASF AG, Lud 
Wigshafen), Lumilux® pigments (available from Riedel de 
Haen GmbH, SeelZe), or mixtures thereof. 

[0070] The Wavelength transformer 140 includes at least 
one absorber/emitter 141 having at least a portion that is 
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substantially transparent to the incident light, and at least 
one portion capable of absorbing the incident light and 
emitting light having a longer Wavelength. In the embodi 
ment exempli?ed in FIG. 2, at least one Wavelength trans 
former is con?gured or positioned to capture substantially 
all of the emitted light While transforming only a portion of 
the capture light into a longer Wavelength. 

[0071] The absorber/emitter 141 may be positioned at any 
distance aWay from an emitting surface, from a feW pm to 
a feW mm, including right at the light source or emitting 
surface or edge, or incorporated thereWith into the construc 
tion of the emitting surfaces or edges. Such incorporation of 
the absorber/emitter may be accomplished by sputtering, 
thin ?lm deposition, vapor deposition, lithographic printing, 
coating, or other techniques knoWn in the art. 

[0072] In one aspect, the light source emits a narroW band 
and the portion of light being transformed may be of a 
Wavelength that is suitable for activating the curable com 
posite. In another aspect, the light source emits a broader 
band of Wavelengths and the portion of light being trans 
formed may be of a shorter Wavelength than that is suitable 
for activating the curable composite. 

[0073] In another embodiment, as shoWn in FIG. 3A, at 
least one Wavelength transformer including an absorber/ 
emitter may be con?gured or positioned to capture at least 
a portion of the light emitted by the light source and 
transforming all captured light. The absorber/emitter 141 
may be positioned at any distance aWay from an emitting 
surface, from a feW pm to a feW mm. 

[0074] FIG. 3B shoWs an alternative embodiment of the 
Wavelength transformer 140 including an absorber/emitter. 
The absorber/emitter in this alternative embodiment has a 
checkerboard pattern of absorbing/emitting material depos 
ited on a clear substrate, such as glass. The pattern in this 
embodiment may be deposited using photoresist techniques 
or by various thin ?lm deposition techniques including 
sputtering. The present invention is not limited to the 
patterning techniques listed here. Further alternate embodi 
ments include patterns other than checkerboard. 

[0075] For an absorber/emitter capable of capturing all of 
the emitted light and transforming only a portion of it into 
a longer Wavelength, the dye, pigment or mixtures thereof, 
may be present in at least at portion of the absorber/emitter. 
In one embodiment, the absorber/emitter has a matrix of 
domains including dyes, pigments or mixtures thereof, sur 
rounded by domains that are substantially transparent to the 
incident light. The domains may be of any siZe, including 
domains of the siZe of a feW molecules, to domains that may 
be almost half the siZe of the entire absorber/emitter. In 
another embodiment, the con?guration of the absorber/ 
emitter may have tWo separate portions, one portion includ 
ing a dye, pigment or mixtures thereof, capable of absorbing 
a shorter Wavelength and emitting a longer Wavelength and 
the other portion being transparent to the incident light. In 
one other embodiment, the con?guration of the absorber/ 
emitter may have a matrix of domains of any shape and siZe, 
some of Which may include a dye, pigment or mixtures 
thereof, capable of absorbing a shorter Wavelength and 
emitting a longer wavelength and the others being transpar 
ent to the incident light. In a further embodiment, the 
con?guration of the absorber/emitter may have a matrix of 
stripes having a dye, pigment or mixtures thereof, interposed 
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With stripes of having no dye or pigment. The coating of dye, 
pigment or mixtures thereof may be deposited in a variety of 
patterns including, straight line patterns such as parallel 
longitudinal lines, parallel transverse lines; rectangular pat 
terns; circular or arcuate patterns; dot patterns such as 
symmetrical or unsymmetrical patterns of dots, and combi 
nations thereof. The patterns may be formed by any of a 
number of coating methods including slot coating, pattern 
coating, and rotogravure coating and the like. Suitable 
methods for applying selected patterns include, for example, 
slot coating, transfer coating, and rotogravure coating, may 
be used. 

[0076] For the absorber/emitter capable of capturing at 
least a portion of the emitted light and transforming sub 
stantially all of the captured light into a longer Wavelength, 
the dye, pigment or mixtures thereof may be present in 
substantially all regions of the absorber/emitter. 

[0077] An organic dye, pigment or mixtures thereof may 
be used as an absorber/emitter in a Wavelength transformer. 
Examples are discussed in, for example, U.S. Pat. No. 
5,126,214 to Tokailin et al. (Which discloses a ?uorescent 
material part that emits in a visible light range from red to 
blue); and US. Pat. No. 5,294,870 to Tang et al. (Which 
makes reference to the use of both organic and inorganic dye 
materials), the contents of Which are incorporated herein by 
reference. 

[0078] An absorber/emitter capable of capturing at least a 
portion of the light emitted by the light source and trans 
forming all captured light, the absorber/emitter may have a 
matrix of a uniform coating or layer of a dye, pigment or 
mixtures thereof in its entirety. 

[0079] In one aspect of the invention, at least one Wave 
length transformer may be ?xed in the light path of the light 
source. In another aspect, at least one Wavelength trans 
former is adapted for rotation about the longitudinal axis of 
the light module housing. In a further aspect, at least one 
Wavelength transformer may be, for example, in the form of 
an interchangeable ?lter disk, permanently or reversibly 
connected to a light guide. One embodiment of a light guide 
may be as shoWn in FIG. 10. 

[0080] In one embodiment, the Wavelength transformer 
includes a substrate, an absorber/emitter matrix capable of 
absorbing a loWer Wavelength of light and transforming or 
re-emitting that light at a longer Wavelength, and a cover 
element. 

[0081] The dye, pigment or mixtures thereof, may be 
coated on any substrate such as a sheet or a plate of glass, 
a polymer ?lm such as polymethylmethacrylate (PMMA), 
polyethylene (PE), polypropylene (PP), polystyrene (PS), 
polycarbonate (PC), polyvinylchloride (PVC), polyester 
terephthalate (PET) or combinations thereof, to form the 
absorber/emitter matrix. 

[0082] In one embodiment, the Wavelength transformer 
140 may be capable of capturing substantially all of the light 
emitted by the emitting source, and may be positioned 
directly over at least a portion of the emitting source and 
transforming all of the captured light. In another embodi 
ment, the Wavelength transformer 140 may be capable of 
capturing substantially all of the light emitted by the emit 
ting source, and may be positioned directly over the emitting 
source and transforming at least a portion of the captured 
light. 
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[0083] In one embodiment, the emitting source 131 may 
include an edge emitting chip. In one aspect, the absorber/ 
emitter 141 is electrophoretically deposited, stenciled, 
screen printed, coated or sputtered directly onto at least one 
of the emitting edges so that at least one of the emitting 
edges include a Wavelength transformer 140. In another 
aspect, the absorber/emitter 141 may be directly deposited, 
coated or sputtered onto the emitting edges so that at least a 
portion of each emitting edge includes a Wavelength trans 
former 140. In a further aspect, the absorber/emitter 141 
may be positioned directly over at least one of the edges or 
all of the emitting edges, depending on Whether the trans 
former is capable is transforming all or apportion of the light 
it captures. 

[0084] In the present invention, a handheld curing device 
is desirable. Such devices tend to have restricted spaces. 
Hence thermal management is important. Heat generation 
tends to cause run-time problems. Multiple light sources 
used in making a curing light capable of multiple Wave 
lengths might further add to excessive heat generation 
problems, particularly if the light sources generate a Wide 
spectrum of light that is then passed through ?lters and/or 
bandWidth adjusters to remove some of the light that is 
outside of the Wavelength ranges suitable for activating light 
curable composites, leading to more heat that needs to be 
diverted aWay from the light source or sources. Even With 
light sources that generate just the desired Wavelength for 
composite curing, heat generation may still present a prob 
lem, leading to the need for elaborate cooling systems. 
Multiple LEDs such as arrays emitting one Wavelength may 
also present problems if the materials used for absorber/ 
emitter have broad emission photoluminescence spectra that 
require additional optical ?lters for spectra correction. These 
additional optical ?lters may also introduce additional loss 
of intensity. Thus, the ef?ciency of a Wavelength transformer 
may depend on the broadness of the emission spectra of the 
absorber/emitter, i.e., hoW much light that is emitted by 
components of the Wavelength transformer is outside of the 
usable ranges of the photoinitiators employed in the curing 
composites. The more desirable ones are those capable of 
re-emitting a narroWer spectrum of light at a longer Wave 
length, or re-emitting a broad spectrum having a portion that 
overlaps another usable Wavelength range. 

[0085] The present invention also includes Wavelength 
transformers including absorber/emitters capable of absorb 
ing light at Wavelengths loWer than those suitable for curing 
activatable composites and transforming them into longer 
Wavelengths useful for curing activatable composites. This 
type of Wavelength transformers may accommodate light 
sources emitting a broader spectrum, for example, having a 
portion of light outside the Wavelength suitable for curing 
light activatable composites, for example, on the shorter 
Wavelength side. For these Wavelength transformers, some 
of them are capable of emitting a narroW band or a broader 
band, all Within the suitable range for activating a light 
curable composite. The Wavelength transformer can make 
use of substantially all emitted light and therefore help solve 
at least a portion of the heat problem generally present in 
light sources emitting a Wide spectrum, as noted above. 

[0086] In one embodiment, a Wavelength transformer 140 
may include an organic dye, alone or in combination With 
organic dyes pigments or combinations thereof, for example, 
an inorganic-based material that provides a narroWer pho 




















