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(57) ABSTRACT 

An instrument and method for curing light-curable com 
pounds in the mouth of a patient, the instrument comprising 
a housing and a plurality of solid state, light-emitting 
elements on a substrate supported by the housing. The 
elements form a collective array on the substrate operable 
for collectively emitting light having Wavelengths Within a 
narroW band of Wavelengths. An optical focusing device is 
positioned to intercept the light emitted by the array of 
elements and includes a non-imaging optical device Which is 
operable for collimating the light from the array into a beam 
to be directed onto a compound for curing the compound. A 
disposable sleeve covers the housing and array and may 
incorporate the optical focusing device. The sleeve is 
removed and discarded after use to eliminate the need to 

autoclave the instrument. 
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APPARATUS AND METHOD FOR CURING 
MATERIALS WITH LIGHT RADIATION 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. Ser. No. 
10/655,781, ?led Sep. 5, 2003, and entitled “Apparatus and 
Method for Curing Materials With Light Radiation,” Which 
is a continuation of US. Pat. No. 6,692,251, issued on Feb. 
17, 2004, and entitled “Apparatus and Method for Curing 
Materials With Light Radiation,” Which, in turn, is a con 
tinuation-in-part ofU.S. Pat. No. 6,200,134, ?led on Jan. 20, 
1998 and issued on Mar. 13, 2001, Which application and 
patents are incorporated herein by reference in their entire 
ties. 

FIELD OF THE INVENTION 

[0002] This application is related to the curing of materials 
With radiation and, more speci?cally, to curing dental coat 
ing and ?lling compounds With light. 

BACKGROUND OF THE INVENTION 

[0003] Curable adhesive compounds and bonding or ?ll 
ing compounds are Widely used for structurally connecting 
object surfaces together or for ?lling gaps, openings and 
cavities in an object surface. Such curable compounds are 
generally manipulated and positioned on the object surface 
in a semi-solid state and are then hardened or cured in 
position to a more solid and permanent state. The curing or 
hardening of applicable compounds is generally a chemical 
process Which is promoted and driven by one or more curing 
conditions or factors. For example, the curing process may 
be driven by exposure of the semi-solid compound and 
components thereof to air or by exposure of such a com 
pound and its components to an energy source, such as a heat 
source. 

[0004] Other curable adhesive and ?lling compounds are 
cured by exposure to radiated energy, such as visible and 
non-visible light energy. Such compounds, referred to as 
light-curable compounds, are manipulated in a semi-solid 
form into an area or onto a Work surface. Light radiation, 
preferably in the form of a light beam at a speci?c Wave 
length or band of Wavelengths, is then directed onto the 
compound. The compound includes light-sensitive chemical 
components therein Which, When exposed to the light at the 
speci?c Wavelength, promote the curing or hardening of the 
compound in the desired position on the Work surface to 
bond, ?ll, or coat the surface. 

[0005] As an example, light-curable ?lling and adhesive 
compounds are Widely used in dental procedures. Dentists 
use light-curable dental compounds for coating and sealing 
tooth surfaces, ?lling caries and other cavities in the tooth 
surface, and securing croWns and various other dental struc 
tures to a tooth surface. Conventionally, dental compounds 
are cured by exposure to light in the blue range of the 
spectrum. Once cured, the dental compound reduces further 
tooth decay, bonds the dental structure, and/ or provides 
additional structure to a tooth. Therefore, it is important that 
the compounds are completely cured. 

[0006] More speci?cally, for curing light-curable dental 
compounds, visible blue light, and particularly a blue light 
beam from a hand-held curing light device, is directed onto 
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a tooth surface containing the desired compound layer. The 
blue light penetrates into the compound layer on the tooth 
surface for complete curing. The duration of the exposure to 
blue light for proper curing of the compound layer is dictated 
by the type of compound and the thickness of the compound 
layer, as Well as the poWer level and characteristics of the 
blue light from the curing light device. For example, a thin 
tooth surface coating or veneer Will require less radiated 
light poWer, While thicker, deeper ?llings for caries and other 
cavities Will require a greater amount of radiated poWer 
directed onto the tooth surface for proper curing. 

[0007] While light-curable compounds have shoWn very 
bene?cial results in the dental ?eld, existing techniques and 
dental curing light devices utiliZed to deliver the light to the 
tooth surface have various drawbacks. For example, existing 
dental curing devices require speci?c ?ltering mechanisms. 
Filtering must be done for several reasons. First, it is knoWn 
that certain Wavelengths of blue light are harmful to human 
tissue. While attempts are made to direct the light beam only 
on to the tooth surface, a certain amount of oral tissue 
exposure to the light is inevitable. Therefore, harmful Wave 
lengths must be ?ltered. Additionally, light-curable com 
pounds are usually sensitive to light having a someWhat 
speci?c Wavelength, such as a speci?c blue light Wavelength 
With currently available dental compounds. Therefore, a 
dental curing light ?ltering device is tuned to emit light at 
the proper Wavelengths for both patient safety and proper 
curing. 

[0008] Many existing conventional dental curing lights 
use broad spectrum lamp elements, such as halogen bulbs. 
As a result, dental curing lights must utiliZe special and 
complicated ?ltering devices or ?lters Which receive the 
broad spectrum light from the lamp element, and then ?lter 
the light to provide only the light at the desirable Wave 
lengths. Available lamp elements deliver a Wide spectrum of 
radiation, including visible light, UV light, and infra-red 
light. Therefore, prior art curing techniques and light devices 
have generally been very ine?icient, because a large amount 
of the radiated light poWer is lost simply due to ?ltering of 
a signi?cant part of the light spectrum. For example, the 
input poWer to a conventional halogen bulb may typically be 
around 80 Watts, Whereas the output poWer from the dental 
light device of light at the desired blue Wavelength, for 
example 400-500 nanometers, is typically less than one-half 
(0.5) Watt. 

[0009] Additionally, the e?iciency of the prior art dental 
curing lights is further degraded by poWer losses due to the 
angle of incidence of the radiated light upon the ?ltering 
element. For example, many prior art curing lights utiliZe 
re?ective ?lters Which re?ect only the light at the desirable 
Wavelengths, such as blue light, onto the tooth surface and 
dental compound. Light at the undesirable Wavelengths is 
passed through the ?lter to a light absorbing component 
Where it is dissipated. If the angle of incidence of the light 
from the halogen bulb varies signi?cantly from the desired 
angle of incidence for the ?ltering element surface (e.g., 
45°), then a reduced amount of the desirable light is re?ected 
onto the tooth surface. This further decreases the amount of 
desirable light poWer Which is available for curing the dental 
compound. Conversely, a higher amount of light at unde 
sirable Wavelengths may also be re?ected onto the tooth 
surface, rather than being transmitted through the ?ltering 
element to be dissipated. 
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[0010] Still another drawback With prior art curing lights 
is that they generate signi?cant amounts of heat and there 
fore require complicated cooling systems to operate Within 
the proper temperature range. The signi?cant amount of 
light energy at the undesirable Wavelengths, Which is gen 
erated by the halogen bulb, must be ?ltered or otherWise 
captured. The captured or ?ltered energy is then dissipated 
in the form of heat. Therefore, poWer absorbing and heat 
dissipating elements are required Within conventional curing 
light devices. 

[0011] Thermal shields are often utiliZed in conjunction 
With re?ective ?lters to absorb and dissipate the unre?ected, 
unused light energy in the form of heat. The high poWer 
output required for the halogen bulb to produce the desired 
light poWer level for curing, creates a signi?cantly high 
thermal load on the shields. The shields must then be cooled. 
Generally, fan elements are used in the dental light device to 
provide convective cooling to the shields. The additional 
cooling elements increase the siZe of the light device and 
complicate its design. As Will be appreciated, it is desirable 
to keep the light device as small and maneuverable as 
possible, since it is hand-held and used in a patient’s mouth. 

[0012] Additionally, a thermal load is also placed on the 
re?ective ?lter element, Which must then also be cooled, 
such as by heat sinks and fans. The absorption devices and 
heat dissipating systems not only complicate the operation 
and design of the light device, but also make it more 
expensive to produce, and more subject to operational 
failure. 

[0013] Another draWback of prior art dental curing light 
devices is the limited operational life of the lamp element, 
such as a halogen bulb. The bulbs frequently burn out and 
must be replaced. Furthermore, the heat generated inside the 
light device, Which is usually enclosed, shortens the effec 
tive operational lifespan of the bulb. 

[0014] Attempts have been made in the prior art to address 
some of these draWbacks. For example, Japanese Patent 
Applications No. 6-30275, 6-285508, 7-163863, and 
8-194786; US. Pat. Nos. 5,420,768 and 5,634,711; and UK. 
patent application No. GB 2,329,756, all disclose various 
devices using packaged, conventional light-emitting diodes 
or LEDs, to provide a curing light source With light in the 
desirable blue range. While speci?c blue light is provided by 
the LEDs Without signi?cant ?ltering, various of these 
devices require complicated internal designs for focusing of 
the curing light, or require speci?c electronic control of the 
LEDs. Furthermore, large numbers of conventional LEDs 
are necessary. As illustrated in the Figures of those appli 
cations, the solid state LED elements are spread out over a 
circuit board or other support structure and require a some 
What large housing to contain all of the conventional LEDs 
necessary for generating the intensity of light Which is 
required for practical curing uses. Therefore, it has been 
dif?cult to provide a suitable curing light using conventional 
LEDs, Which Will generate suf?cient curing poWer in a small 
incomplete design. 

[0015] Using traditional packaged LEDs, as disclosed in 
the above-cited art, has speci?cally presented dif?culties 
associated With generating suf?cient curing poWer Within a 
reasonably siZed device Which may be adequately cooled. 
Further complications With such devices have resulted from 
attempts to concentrate the light from the large grouping of 
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traditional LEDs into a small area and at a suf?cient poWer 
density so as to be useful for curing. Such dif?culties in 
providing a suitable curing light device utiliZing the existing 
traditional packaged LED technology is highlighted by the 
lack of a Well-received and Widely-utilized dental curing 
light on the market Which utiliZes such technology. 

[0016] Alternatively, the devices and technology disclosed 
in US. patent application Ser. No. 09/009,205, noted above, 
have provided a curing device With solid state, light-emitting 
components Which generate suf?cient curing poWer densi 
ties in a reasonably-sized device that may be properly 
cooled. Further efforts by the inventors of the present 
application are continuing to improve the existing technol 
ogy disclosed in that earlier application and to provide the 
desirable curing poWer density, siZe and thermal character 
istics required for a successful commercial curing device. 

[0017] Still another draWback associated With prior art 
curing lights is their inef?ciency in transmitting the light to 
the Work surface, such as a tooth surface, once the light has 
been generated by the element or bulb. The light is generated 
Within the main housing of the curing light, and must be 
transmitted to an output end of the housing. Existing dental 
curing lights utiliZe elongated light guides to deliver light 
from the light generating elements inside the housing to the 
tooth. 

[0018] Light guides are usually comprised of a large 
number of optical ?bers fused together into an elongated 
guide. The air/ glass interfaces between the generating ele 
ments and the input end of the light guide and the output end 
of the light guide and the inside of the mouth are inef?cient 
and may produce approximately a 10% loss in poWer per 
interface. Furthermore, prior art devices may utiliZe a con 
verging lens to focus light into the input end of the light 
guide. This provides another lossy interface encountered by 
the light. Such ine?iciencies further increase the cure time 
that is necessary, and/or create the need for higher poWer 
(and associated heat) to provide the necessary curing light 
intensity. 
[0019] Another concern With dental curing lights is that 
such lights are medical/dental instruments, and a portion of 
the instrument is introduced into a cavity of the body, i.e. the 
mouth. Since the same curing light Will be utiliZed With 
different patients, cross-contamination betWeen patents must 
be avoided. Accordingly, steriliZation of the curing light, or 
a portion thereof, has been necessary With conventional 
devices. SteriliZation, often referred to as autoclaving, 
requires additional equipment Which must be purchased and 
maintained by the dentist or other physician. Sterilization 
also introduces an extra step in betWeen curing procedures. 
Furthermore, the high heat required for sterilization may, 
over time, damage components of the curing light. Accord 
ingly, conventional curing lights must be designed to With 
stand steriliZation and the high temperatures associated 
thereWith of to otherWise address the steriliZation issue. 

[0020] Accordingly, it is an objective of the present inven 
tion to provide a simple, durable curing light device for 
hardening or curing light-curable compounds. Particularly, it 
is an objective to provide such a curing light device for 
curing dental compounds used for dental ?llings and coat 
mgs. 

[0021] It is another objective to provide a curing light 
utiliZing solid state light elements. 
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[0022] It is another objective to provide a curing light 
Which has a compact and simple design and Which is capable 
of providing a light poWer density that is useful for practical 
curing applications. 
[0023] It is still another objective of the present invention 
to cure compounds With curing lights utiliZing less poWer 
and having greater e?iciency to reduce the amount of heat 
energy generated by the device and thus reduce the heat 
energy Which must be dissipated. Furthermore, it is desirable 
to provide more e?icient cooling of the light-generating 
devices. 

[0024] It is still another objective of the invention to 
eliminate the necessity of re?ective ?lters and other ?lter 
elements Within a light device for curing light-curable 
compounds. 

[0025] It is still another objective to address the need for 
sterility Within a curing light. 

[0026] It is still a further objective to provide a blue light 
device Which operates Within a small space and is easily 
manipulated Within the mouth of a dental patient. 

[0027] These objectives and various other objectives Will 
become more readily apparent from the Description of the 
Invention beloW. 

SUMMARY OF THE INVENTION 

[0028] An instrument and method for curing light-curable 
compounds, such as dental compounds in the mouth of a 
patient, comprises a housing Which supports a plurality of 
solid state, light-emitting elements. The elements are pref 
erably light-emitting dies formed of a semiconductor mate 
rial. The elements are mounted on a substrate supported by 
the housing to form a collective array Which is operable for 
collectively emitting light having a Wavelength Within a 
narroW band of Wavelengths. In one embodiment of the 
invention, the narroW band of Wavelengths includes that of 
the blue Wavelength. HoWever, other Wavelengths might 
also be utiliZed, depending upon the light sensitivity of the 
curable compound utiliZed. 

[0029] One suitable housing for the invention includes a 
gun-shaped housing Which has a handle portion and a barrel 
portion. The handle portion is held by an operator and the 
barrel portion is directed toWard a Work surface, such as a 
tooth. A portable poWer supply may be utiliZed Within the 
housing such that the instrument is a hand-held instrument 
Which is completely portable. In one embodiment of the 
invention, the array of light-emitting elements is positioned 
on the distal end of the barrel portion of the housing Which 
is placed Within the mouth of a patient so that the light is 
delivered directly to a Work surface, such as a tooth. In an 
alternative embodiment, the array of elements may be posi 
tioned in the housing such that the generated light must be 
transmitted to the distal end, such as by an optical ?ber light 
guide. 

[0030] In accordance With one aspect of the present inven 
tion, an optical focusing device is positioned to intercept the 
light emitted by the array of elements. The optical focusing 
device is a non-imaging optical device Which is operable for 
collimating the light from the array into a beam to be 
directed on to a compound for curing the compound. The 
non-imaging device e?iciently collimates and transmits the 
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light from the array to a Work surface Without ine?iciencies 
associated With imaging lenses in the prior art. A re?ective 
element may be positioned betWeen the array and the optical 
focusing device for further e?iciently directing light from 
the array into the optical focusing device to be collimated 
and delivered to a Work surface. 

[0031] In accordance With another aspect of the present 
invention, the array of dies is arranged on a substrate in a 
density Which is operable for emitting a poWer density of 
light in the range of 200-1400 mW/cm2. Such a density 
provides a desirable curing poWer to the Work surface for a 
suitable cure. For cooling such an array and the substrate on 
Which the elements are mounted, the present invention 
utiliZes conductive cooling Wherein a heat tube containing a 
heat-conductive liquid is thermally coupled to the substrate 
for conductively transferring heat generated by the array of 
elements aWay from the substrate. In one embodiment of the 
invention, the heat sink is thermally coupled to the substrate 
and the heat tube is then thermally coupled to the heat sink. 
In that Way, heat is conductively transferred aWay from the 
substrate and elements. A heat exchanger is coupled to the 
other end of the heat tube for convectively transferring heat 
to the air, such as With the utiliZation of a fan. 

[0032] In another aspect of the present invention, a dis 
posable sleeve is utiliZed over a portion of the housing 
during the curing process. After each curing process, the 
disposable sleeve may be removed and discarded, thus 
eliminating the requirement of autoclaving the curing instru 
ment after each use and prior to the next use. In one 
embodiment of the invention, the non-imaging optical 
device, such as a non-imaging lens, and a re?ective element 
are coupled to an end of the disposable sleeve. When the 
sleeve is positioned over a portion of the housing, the 
re?ective element and lens are aligned coaxially With the 
array collimating light from the array. In such an embodi 
ment, both the non-imaging lens and re?ective element are 
disposable and are discarded With the sleeve after each use. 

[0033] The array, Which comprises a plurality of dies 
positioned on a ?at substrate, generally emits light Within a 
range of 0-l80°. When the array is located at the distal end 
of the housing, the non-imaging lens and re?ective element 
are capable of capturing the light Within the 180° range and 
effectively and e?iciently collimating the light into a beam 
directed to the Work surface. When the array is positioned 
further Within the housing, aWay from the distal end of the 
housing, and aWay from the Work surface, the non-imaging 
lens is operable for collimating light Within the 180° range 
into a beam Which does not diverge signi?cantly from an 
acceptance angle of an optical ?ber light guide. In that Way, 
light is e?iciently directed through the light guide and 
housing to the distal end of the housing Whereupon it is 
emitted onto a Work surface, such as a tooth. Preferably, the 
array is mounted onto the distal end of the housing for 
directly delivering light to the Work surface. In that Way, an 
optical ?ber light guide, Which has multiple lossy air/glass 
interfaces, may be eliminated for e?icient transmission of 
light. 

[0034] One embodiment of the invention utiliZes a single 
non-imaging optical focusing device for the array of ele 
ments. Alternatively, the elements might range in sub -groups 
on the array and multiple, non-imaging optical devices may 
be utiliZed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The accompanying drawings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and, together With a general 
description of the invention given beloW, serve to explain the 
principles of the invention. 

[0036] FIG. 1 is a side vieW in partial cross-section of one 
embodiment of a curing light device in accordance With the 
principles of the invention. 

[0037] FIG. 2 is a side vieW, in partial cross-section, of a 
portion of the embodiment of the invention illustrated in 
FIG. 1. 

[0038] FIG. 2A is a side vieW, in partial cross-section, of 
a portion of another embodiment of the invention. 

[0039] FIG. 2B is a top vieW of an array of dies in 
accordance With one embodiment of the invention. 

[0040] FIG. 3 is a side vieW, in partial cross-section, of a 
portion of another embodiment of the invention. 

[0041] FIG. 4 is a side vieW, in partial cross-section, of a 
portion of another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] FIG. 1 illustrates one embodiment of a curing light 
device or curing light for curing light-curable compounds 
such as dental compounds in accordance With the aspects of 
the present invention. In FIG. 1, device 10 includes a 
housing 12 Which is to be manipulated for curing. Housing 
12 is generally gun-shaped and includes a handle portion 14 
and a barrel portion 16. The operator, such as a dentist, grips 
housing 12 around the handle portion 14 and directs the 
barrel portion 16 in the direction of the tooth surface (or 
other Work surface) and compound to be cured (not shoWn). 
For curing dental ?lling and coating compounds, the dentist 
Would generally position at least part of the barrel portion in 
the mouth of a patient With a radiating end 17 of the barrel 
portion pointing at a particular tooth or teeth. The handle 
portion 14 includes an operational trigger sWitch 18 Which 
is operably coupled to a poWer supply 20 and/or control 
circuit 24 for selectively operating the device and supplying 
poWer to light-emitting elements 32 to generate a curing 
light beam, as discussed further beloW. The poWer supply 20 
is shoWn located in handle portion 14, but might also be 
located elseWhere in the housing. 

[0043] In one embodiment of the invention, the poWer 
supply is portable and incorporates batteries 22. The batter 
ies could be any suitable type (eg lithium batteries), and 
may be disposable or rechargeable. To that end, housing 12 
may include a port 23 for coupling an external charger (not 
shoWn) to the poWer supply 20 to charge rechargeable 
batteries 22. Alternatively, an external poWer supply, such as 
one poWered by an AC outlet, may be coupled to poWer 
supply 20 to provide the poWer necessary to operate device 

[0044] A control circuit 24 is mounted Within housing 12 
and is operably coupled to the poWer supply 20, trigger 
sWitch 18 and the other components of device 10, such as 
array 32, for operating and controlling the components. 
Control circuit 24, for example, may include various elec 

Aug. 24, 2006 

trical circuit components mounted on a circuit board and 
arranged in a Way determined by a person of ordinary skill 
in the art for providing the desired poWer and control of 
device 10. For example, the control circuit 24 Will usually 
include conventional control circuits for a curing light 
device, such as a timer, for timing the operational radiation 
cycle for the device When the trigger sWitch is engaged. A 
microprocessor may also be utiliZed for such control, rather 
than discrete components. It Will be readily understood that 
the control circuit may be con?gured in various different 
Ways to properly operate curing light 10. In one embodi 
ment, the microprocessor control Will regulate the lamp 
voltage to produce a constant output. In other embodiments, 
the microprocessor control might be utiliZed to ramp the 
poWer up or doWn in a selected fashion for proper curing. 

[0045] Barrel portion 16 is appropriately formed and may 
include an angled distal or radiating end 17 to direct a curing 
light beam 21 out of the housing and onto a tooth surface or 
other Work surface. It Will be understood by a person of 
ordinary skill in the art that the shape of housing 12 may also 
vary. Barrel portion 16 is shoWn as solid in the Figures; 
hoWever, it might also be vented for heat dissipation pur 
poses. Furthermore, the barrel portion 16 might be separate 
from the rest of the housing and removably secured to the 
housing by any suitable method as is knoWn in the art. For 
example, the barrel portion 16 might be screW-mounted to 
the housing 12. Still further, the poWer supply might be 
positioned in line With the barrel portion to reduce or 
eliminate the handle portion and thereby streamline the 
design, such as for a small, pocket curing light. The housing 
12 is formed of a suitable light-Weight plastic material such 
as polysulphone. 

[0046] FIG. 1 illustrates one embodiment of the present 
invention in Which a beam of radiation or light 21 utiliZed 
for curing purposes is generated by an array 32 of light 
emitting elements positioned proximate the radiating end 17 
of the barrel portion 16. Heat generated by the array 32 is 
transmitted from the radiating end 17, or distal end, back to 
a proximal end 19 of the barrel portion, Where it is further 
dissipated. In the embodiment of FIG. 1, a heat tube 38 is 
thermally coupled to the array 32 and conductively transfers 
heat generated by the array to a heat exchanger 26, Which is 
then convectively cooled. An appropriate fan 28 With motor 
29 and blade 30 may be mounted Within the housing 12, as 
shoWn in FIG. 1 to assist convective cooling. 

[0047] More speci?cally, referring to FIG. 2, the illus 
trated embodiment of the present invention utiliZes a plu 
rality of individual light-emitting dies 30 Which are mounted 
to form a collective array 32 on a substrate 34. The dies 30 
are small, bare semiconductor junctions and are constructed 
using a light generating semiconductor material. The dies 30 
are preferably not separately or individually packaged or 
otherWise mounted With individual integral lenses as are 
conventional light-emitting diodes or LEDs. Conventional 
LEDs used in the prior art have integral and individual 
packages, usually including a re?ector and an integrally 
formed individual lens. The dies of the invention might be 
used With additional components, such as a clear protective 
coating 40, Which is applied over the dies on substrate 34, or 
other added components. HoWever, the dies as mounted are 
essentially bare semiconductor junctions, Without prepack 
aged individual and integral re?ectors and lenses, as are 
found in conventional LEDs. 
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[0048] As noted above, the dies 30 are not individually 
lensed, as are conventional LEDs. However, they might be 
covered With a clear protective layer or coating 40 of plastic 
to improve the durability of the array 32. 

[0049] The substrate 34 is an electrically insulated sub 
strate Which has heat conductive properties. In one embodi 
ment of the invention, substrate 34 may be a sapphire 
substrate or a diamond Which has electrically insulative 
properties, but Which also conducts heat aWay from the die 
array 32. For the purposes of uniform light generation Within 
a beam having a generally circular cross-section, the dies of 
array 30 are preferably arranged in a circular pattern. U.S. 
patent application Ser. No. 09/009,205, illustrates several 
circular patterns of dies and light generating elements suit 
able for an embodiment of the present invention. 

[0050] The substrate 34 is bonded to a heat sink 36, 
formed of a suitable thermally conductive material, such as 
copper. Heat sink 36 is then Welded or soldered to one end 
of a liquid-?lled heat tube or pipe 38 for conductively 
transferring heat generated by the dies 30 aWay from the heat 
sink 36, substrate 34 and array 32. A heat conductive liquid 
39 contacts the back side of heat sink 36, opposite substrate 
34 and array 32 (see FIG. 2), and thermally pulls heat from 
the sink. Therefore, the die array is effectively conductively 
cooled using the heat tube 38 and the intermediate elements 
34, 36. Heat tube 38, Which includes a heat conductive liquid 
39 therein, such as saline, is commercially available from 
Aavid Thermal Technologies. 

[0051] One particularly unique aspect of the present 
invention is that the array 32 is conductively cooled to 
provide adequate heat transfer from the light-generating dies 
30. Prior art structures have traditionally relied upon con 
vective cooling in Which a heat sink and other heat dissi 
pating devices thermally coupled to the light-generating 
elements are convectively air cooled, such as by a fan. One 
particular problem With prior art devices has been the 
dissipation of heat Which is generated by the LEDs or other 
light-generating elements utiliZed therein. In the present 
invention, the heat tube 38 rapidly conductively draWs heat 
aWay from array 32 and dies 30 for improved cooling 
characteristics. This alloWs a su?icient amount of curing 
light poWer to be generated for proper curing While main 
taining an array Which does not overheat. The present 
invention therefore provides improved heat transfer and 
dissipation capabilities With respect to the prior art. 

[0052] Referring again to FIG. 1 and the embodiment of 
the invention Which utiliZes the array 32 located at the distal, 
or radiating end 17 of barrel portion 16, the opposite, or 
proximal, end of the heat tube 38 is thermally coupled to a 
heat exchanger 36, Which is then convectively cooled by fan 
28. The heat exchanger, Which may be soldered to the heat 
tube 38, has ?ns, as shoWn, over Which air is directed. 
Therefore, the die array 32 is conductively cooled by the 
heat tube 38 and a liquid therein, and the heat tube is then 
convectively cooled at the opposite end by air, such as by a 
fan. 

[0053] For directing and collimating the beam 21 gener 
ated by array 32, the embodiment of the invention illustrated 
in FIG. 2 utiliZes a re?ective surface 42, and an optical 
focusing device 44 to collimate light from the array 32 into 
a beam to be directed into the mouth of the patient for curing 
compound therein or to be directed to some other Work 
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surface. As shoWn, the array 32, re?ective surface 42 and 
optical focusing device 44 are all positioned at the distal end 
of the barrel portion. Thereby, the light is directly radiated 
onto the Work surface and compound. Therefore, the 
embodiment of FIGS. 1 and 2 eliminates various air-to 
object interfaces Which tend to be lossy. As such, the present 
invention more efficiently delivers poWer from the light 
generating elements to the Work surface. Generally, the 
radiating or distal end 17 Will be positioned in the mouth of 
the patient to radiate a beam of light directly onto a Work 
surface With a light-curable compound. Prior art devices 
using light transmitting devices With multiple lossy inter 
faces often have di?iculty in generating su?icient light 
poWer densities for curing. The present invention addresses 
this issue by eliminating various lossy interfaces. 

[0054] To focus the light from array 32, the curing light 
device 10 uses a re?ective surface or re?ector 42 Which 
encircles the array as shoWn in FIG. 2. In the illustrated 
embodiment, the re?ective surface 42 is formed by an 
appropriately shaped plastic ring structure 43, Which cir 
cumferentially surrounds the outer edge of array 32 de?ned 
by substrate 34. Re?ective surface 42 is generally parabolic 
in shape and is formed by coating the surface 42 of plastic 
structure 43 With a re?ective coating for the purpose of 
e?icient re?ection. A mylar coating, available from 3M, has 
proven to have suitable properties for that purpose and has 
an approximately 99% re?ective e?iciency for the purposes 
of the present embodiment of the invention illustrated in 
FIG. 2. As shoWn in FIG. 2, the plastic ring structure 43 
forms the generally parabolic re?ective surface 42 around 
array 32 for directing the light aWay from the dies 30 and 
into an input end 45 of the optical focusing device 44. 

[0055] The optical focusing device, in accordance With 
one embodiment of the invention, is a non-imaging device. 
One suitable non-imaging optical focusing device is a non 
imaging lens 44 having a generally truncated conical shape, 
as illustrated in FIG. 2. A non-imaging lens, such as lens 44, 
receives the light from array 32 at an input end 45 and directs 
and concentrates the light from array 32 into a focused beam 
at the output end 47 of the non-imaging lens 44. HoWever, 
the non-imaging lens does not form an optical image, Which 
is ine?icient. A non-imaging optical focusing device as used 
in the present invention e?iciently collimates light so that a 
desirable light poWer density is achieved at the Work surface, 
such as a surface of a tooth. The light poWer density from the 
array 32 is not reduced by the formation of an image as With 
traditional optical lenses. One suitable, non-imaging lens is 
formed of a transparent polycarbonate material. As illus 
trated, structure 43 is appropriately formed to receive the 
input end 45 of lens 44 to position the lens in coaxial 
alignment With the array 32 and surface 42 about axis 51. 
Each of the lens and surface 42 preferably have generally 
circular transverse cross sections for e?icient transfer of the 
light along axis 51. One suitable combination of a re?ective 
surface and optical focusing device, Which are operably 
coupled together, is available from Teledyne, of HaWthome, 
Calif. 

[0056] The embodiment of the invention illustrated in 
FIG. 2 shoWs a single non-imaging optical focusing device 
44 for the array 32 of dies. In accordance With another aspect 
of the present invention, it is anticipated that multiple 
non-imaging optical focusing devices might be utiliZed. For 
example, referring to FIG. 2A, substrate 3411 may include 
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multiple groups of dies, 30a, 30b, Which are arranged on the 
substrate 34a to operate as separate groups of light-gener 
ating elements. To that end, a non-imaging optical focusing 
device 44a may be associated With one group of dies 3411, 
While another non-imaging optical focusing device 44b may 
be associated With dies 30b of the other group. Of course, 
greater numbers of non-imaging optical focusing devices 
may be utiliZed for other discrete groups of dies. Generally, 
hoWever, there Will be a substantially smaller number of 
non-imaging optical focusing devices than there are indi 
vidual dies. That is, in the embodiments of the invention 
illustrated in FIGS. 2 and 2A, a single non-imaging optical 
focusing device Will serve a multiple number of individual 
light-emitting dies. The multiple focusing devices Will coop 
erate to transmit light along axis 51. 

[0057] In accordance With another aspect of the present 
invention, the barrel portion 16 of the device 10, particularly 
the distal or radiating end 17 of the barrel portion, is inserted 
into the mouth of the patient for curing compound therein. 
Accordingly, before use With the next patient, it Will be 
appreciated that the device Would have to be steriliZed. Prior 
art devices must be steriliZed, such as by autoclaving, as 
mentioned above, Which further complicates and delays the 
curing procedure. The present invention provides a unique 
construction Which eliminates the requirement of a steril 
iZation process and thereby makes the curing process sim 
pler, quicker, and more cost-effective. 

[0058] To that end, the invention utilizes a removable 
sleeve Which may be separately autoclaved. Alternatively, as 
mentioned, the sleeve may be disposable to be discarded 
after one use. Speci?cally, in the embodiment of the inven 
tion illustrated in FIGS. 1 and 2, the ring structure 43 
forming re?ective surface 42 and the adjacent non-imaging 
lens 44 are mounted and secured Within a disposable sleeve 
50. The sleeve 50 is made of a suitable disposable plastic, 
such as PVC, and the sleeve is con?gured for being posi 
tioned over at least a section of the barrel portion 16 of the 
device 10. Preferably, the sleeve is con?gured to extend over 
a signi?cant section of the barrel portion 16, and at least over 
the part of the barrel portion 16 exposed to the mouth of a 
patient. In the embodiment illustrated in FIG. 2, the PVC 
sleeve 50 is con?gured to be positioned over the heat tube 
38 and array 32. The sleeve 50 is con?gured to position the 
lens 44 and re?ective surface coaxially With the array 32. In 
one embodiment of the invention, once the device has been 
used for curing, the PVC sleeve 50, ring structure 43, and 
non-imaging lens 44, may then be removed from the heat 
tube and aWay from the array 32 of light-emitting dies. The 
sleeve, including the lens and re?ective structure 43 are then 
discarded With the sleeve 50. Alternatively, the sleeve and 
lens and re?ective structure could be removed and auto 
claved and then placed back in position. 

[0059] In an alternative embodiment, only the sleeve 
might be disposable. The lens 44 and ring structure Would 
then remain With the array 32 or could be separately posi 
tioned With the array apart from sleeve 50. In such a case, 
only the sleeve Would be discarded or autoclaved. 

[0060] The device and the component parts, including the 
heat tube 38, heat sink 36, substrate 34, and dies 32, are not 
been directly exposed to a patient because they are covered 
by the sleeve. In the embodiment Where the lens and 
structure 43 are separate from the sleeve, those parts Will be 
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isolated as Well. Therefore, the isolated or covered compo 
nents do not have to be steriliZed or autoclaved as required 
With prior art devices and methods. Thereafter, a neW sleeve, 
possibly including a neW re?ective structure 43 and lens 44, 
is inserted onto the heat tube 38 and barrel portion 16 and 
aligned With the array of dies 32 for the next use. The present 
invention therefore reduces the possibility of contamination 
betWeen dental patients and further enhances the curing 
method by eliminating the steriliZation process. As a result, 
the curing process is simpler and more e?icient because a 
sterilization step is not necessary betWeen patients. The 
process is also more cost effective as autoclaving equipment 
does not have to be purchased and operated to steriliZe the 
curing light. 
[0061] The present invention as illustrated in FIG. 2 also 
improves upon the prior art by delivering a beam of light 
from a source close to the Work surface (e.g., a tooth). 
Speci?cally, the distal or radiating end 17 of the barrel 
portion 16 is positioned at or proximate a tooth surface 
containing the curable compound. With the light delivered 
directly from the array 32 to the surface through only the 
non-imaging lens 44, numerous lossy air/ glass interfaces are 
eliminated betWeen the die array 32 and the output surface 
49 of the device 10. Conventionally, the light generating 
elements have been positioned aWay from the Work surface 
and inside the housing such that a ?ber optic light guide Was 
necessary to transmit the light to the Work surface. Further 
more, With such light guides, it is often necessary to use a 
converging optical lens before the light guide so that the 
generated light may be e?iciently focused into the input end 
of the light guide. Light guides and converging lenses 
present lossy air/glass interfaces to the light beam. It has 
been estimated that air/glass interfaces may produce light 
poWer losses in the range of approximately 10% per inter 
face. By eliminating the interfaces betWeen the dies 30 and 
the tooth surface, the present invention light transmits light 
in an efficient, collimated form With less of the poWer loss 
at the various interfaces that are required in the prior art. 
Therefore, the present invention provides e?icient transmis 
sion of a collimated light beam to the Work surface of the 
tooth and curable compound thereon. With more e?icient 
transfer of light, a smaller number of dies 30 in the array 32 
may be used While still providing a su?icient light intensity 
or light poWer density at the output surface 49 of the lens. 
In that Way, the invention may provide suitable curing poWer 
levels in a generally compact and easily manipulated device. 
Furthermore, With less loss at the interface, less heat is 
generated, further improving on the prior art. 

[0062] In the preferred embodiment of the invention, the 
dies 30 are positioned in the array 32 With a density 
su?icient to provide a light poWer output density at the 
desired Wavelength in the range of approximately 200-1400 
mW/cm2. In one embodiment of the invention, the dies are 
generally square in shape, and are 0.010 inches per side. The 
dies are spot Welded to the substrate and speci?cally to leads 
(not shoWn), Which are electrically coupled to a control 
circuit 24 and/or poWer supply 20. The die substrate is 
preferably is circular, having a diameter of approximately 
0.19 inches (approximately 4.8 millimeters). 

[0063] A suitable number of dies are positioned on sub 
strate 34 to generate the desired light and poWer density at 
the output surface 49 of the non-imaging optical focusing 
device 44. Generally, in one embodiment of the invention, 
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30-60 dies are suitable for generating desirable curing light 
power densities. Of course, a greater or lesser number of dies 
may be utilized in other embodiments of the invention. 

[0064] Because of the unique cooling arrangement of the 
present invention utiliZing conductive cooling, the reduction 
of lossy interfaces and the overall con?guration of the 
embodiment of the invention disclosed herein, the dies may 
be driven at a su?icient poWer level to yield the desired light 
poWer output or light density, in the range of approximately 
200-1400 mW/cm2. Generally, the dies may be driven by 12 
volts DC in series sets of 3 dies. 

[0065] For example, one embodiment could be a 34 die 
lamp Which may be operated at 8.13 Watts (8.7 V and 0.935 
A). Such a design proved efficient and performed a suitable 
job of curing. Another embodiment might use 60 die or a 
higher poWer output (e.g., a 67% increase in poWer). 

[0066] In one embodiment of the invention, series groups 
of three dies are connected in series to a 12 Volt DC source 
through a current-limiting resistor. To that end, each die is 
then driven With approximately 4 volts DC. Furthermore, by 
utiliZing a 12 Volt source, the fan may also be driven by that 
DC source. It may be readily understood that other arrange 
ments of dies may be utiliZed, driven by sources having 
various different poWer or voltage output levels. 

[0067] Preferably, the dies 30 are positioned in the array 
32 in a su?icient density to provide a curing light Which has 
a suitable light poWer output for proper curing, but Which 
does not overheat tissues surrounding the Work surface, such 
as a tooth. The inventive lamp Will provide less heat to the 
tissue than a halogen lamp. For example, an embodiment 
With 34 die as described above yielded a radiometer reading 
of 200 mW/cm2, While a comparable cure With a 52 Watt 
halogen lamp yielded readings around 600 mW/cm2. 
Because of the much loWer radiometer readings, tissue 
damage should not be as signi?cant an issue With the 
invention as With a halogen light. 

[0068] With current dental applications, it is desirable to 
utiliZe a die array 32 Which generates blue light in a 
Wavelength range of approximately 130 nanometers to 470 
nanometers because current compounds are sensitive to blue 
light. While such blue light is suitable for current dental 
applications, the present invention is not limited to only blue 
light Wavelengths for curing purposes. Rather, the present 
invention may be utiliZed With compounds that may cure 
utiliZing light at other various Wavelengths. 

[0069] Furthermore, the non-imaging optical focusing 
device 44 may be siZed appropriately depending upon the 
application. For example, a lens having an 8 millimeter 
cross-sectional diameter at the output surface 49 may be 
utiliZed for small curing applications, Whereas a lens having 
a cross-sectional diameter of 11 millimeters at surface 49 
might be utiliZed for larger curing applications. As may be 
appreciated, to ensure e?icient transfer of curing light to the 
Work surface, it is desirable that a majority, if not all, of the 
light generated by the dies of array 32 is transmitted into and 
out of the non-imaging optical focusing device 44. To that 
end, the re?ective surface 32 is shaped and con?gured in 
diameter to ensure that the light beam is collected and 
re?ected into the input end 45 of the optical focusing device 
44. In the illustrated embodiment, the output end 51 of the 
re?ective surface Which interfaces With the input end 45 of 
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the optical focusing device is smaller in diameter than the 
input end 45. In that Way, the light re?ected by surface 42 is 
captured by the optical focusing device 44. The non-imaging 
optical focusing device 44 is not restricted by a focal length, 
since it is a non-imaging device. In that Way, the device 44 
captures and collimates the light beam for e?icient trans 
mission to a Work surface, such as a tooth. Therefore, the 
present invention is not particularly sensitive to the distance 
Which the output end 49 is maintained from the tooth 
surface. Of course, it is generally desirable to position the 
output end 49 as close to the tooth surface as possible for 
e?icient curing. 

[0070] In accordance With another aspect of the invention, 
the dies 30 might be evenly arranged on substrate 34 to form 
a generally circular array, as illustrated in several of the 
embodiments disclosed in US. patent application Ser. No. 
09/009,205. The dies might also be mounted in various 
groupings, such as subgroups of four or some other number, 
and then such subgroups Would be mounted on the substrate. 
That is, sub groups of multiple dies could be individually 
mounted and electrically coupled together, and subsequently 
the subgroups could be mounted on the substrate With other 
subgroups. As such, the invention Would not be limited to 
individual mounting of all of the dies. 

[0071] FIG. 3 illustrates another embodiment of the 
invention Wherein the die array is also positioned proximate 
the distal, or radiating end 17 of the barrel portion 16 of the 
housing. In the alternative embodiment, the structure is 
someWhat similar to the device 10 illustrated Within FIGS. 
1, 2, and 2A, With a different construction at the distal or 
radial end 17, as illustrated in FIG. 3. Speci?cally, the 
alternative embodiment utiliZes an array of dies 60 mounted 
on a substrate layer 62. The substrate layer could be sapphire 
or diamond Which has suitable thermally conductive prop 
erties for heat dissipation While remaining electrically insu 
lated. Substrate 62 is then bonded to a heat sink 64 Which 
may be made of a suitable material, such as copper. The die 
array 60 and the assembly including the substrate 62 and 
heat sink 64 are then Welded or soldered onto an end of a 
liquid-?lled heat tube 66, Which conductively transfers heat 
aWay from the heat sink. In that Way, the alternative embodi 
ment of the invention utiliZes the advantages provided by the 
above-discussed embodiment, due to the conductive cooling 
of the substrate and die array. As illustrated in FIG. 1, the 
opposite end of the heat tube 66 is coupled to the heat 
exchanger 26 Which is convectively cooled, such as by a fan 
28. 

[0072] To focus light from the die array 60 in an e?icient 
manner into a collimated and focused light beam, the 
embodiment of the invention shoWn in FIG. 3 utiliZes a total 
internal re?ection, or TIR lens. TIR lenses are knoWn (e.g., 
US. Pat. No. 4,337,759) and are commercially available, 
such as from TIR Technologies, a division of Teledyne. TIR 
lenses are more e?icient than typical Fresnel lenses, and 
provide a collimated beam of light generated by the die array 
60. The TIR lens structure 68, shoWn in FIG. 3, utiliZes a 
series of saW-tooth surfaces 69 for collimating light from the 
array 60 at various different angles into a beam of light 70 
focused in a direction generally perpendicular to the plane of 
the array, as illustrated by reference numeral 70. In that Way, 
light from the array may be efficiently delivered to a curable 
compound on a Work surface. Preferably, the TIR lens is a 
non-imaging optical focusing device. The lens 68 is appro 



US 2006/0188836 A1 

priately arranged to be generally coaxially aligned With 
array 60 for ef?cient light transmission. 

[0073] In accordance With one aspect of the present inven 
tion, the TIR lens 68 is formed of a suitable polycarbonate. 
As discussed above, lens 68 may be incorporated With a 
disposable sleeve 72 positioned around the heat pipe 66. 
When an application is complete, the sleeve 72 and TIR lens 
69 may be removed and discarded, thus eliminating the need 
to further steriliZe or autoclave the device 10. Alternatively, 
lens 68 may be separately positioned With respect to sleeve 
72 to be separately discarded or to remain With the array 60. 
The embodiment illustrated in FIG. 3 further provides 
ef?cient delivery of light from the die array to a Work surface 
because the die and lens are positioned at the radiating or 
distal end 17 of the barrel portion to be directly adjacent to 
the Work surface. In that Way, various air/ glass interfaces are 
eliminated to reduce poWer losses associated With such 
interfaces, as discussed above. 

[0074] The array 60 of LEDs might be arranged and 
dimensioned similarly as discussed above With respect to the 
embodiment illustrated in FIG. 2. The TIR lens 68 Will 
generally have a circular cross-sectional diameter signi? 
cantly greater than the circular cross-sectional diameter of 
the array in order for the lens to capture light Which is 
generated by the array at very small angles With respect to 
the plane of the array 60. In the embodiment illustrated in 
FIG. 3, a re?ector is not utiliZed betWeen the die array 60 
and the lens 68. Therefore, the lens must be siZed appropri 
ately to capture loW angle light, such as that illustrated by 
reference line 73. 

[0075] FIG. 4 illustrates an alternative embodiment of the 
invention in Which the die array is positioned more centrally 
Within the housing and spaced rearWardly from the barrel 
portion. Speci?cally, a die assembly, similar to that illus 
trated in FIG. 2, is mounted in the housing proximate the 
proximal end 19 of the barrel portion. The substrate 34 is 
then coupled directly to the heat exchanger 26, Which may 
be convectively cooled, such as by a fan 28. The barrel 
portion 16, rather than housing a heat tube, houses a light 
pipe or light guide 76. Such light guides are commercially 
available and come in a variety of different siZes. Generally, 
such light pipes are formed of a plurality of optical ?bers 
(for example, approximately 5,000 ?bers Which are fused 
into a single light pipe structure). The beam of light trans 
mitted into the input end 77 located at the proximal end 19 
of the barrel portion 16, is transmitted through the light pipe 
and is directed out the transmission end 78 of the pipe at the 
distal end 17 of the barrel portion 16. The light pipe may 
maintain uniform diameter from the input end 77 to the 
output or transmission end 78, or may taper from one 
diameter to a smaller diameter at the transmission end 78. 
Preferably, the light pipe is bent to folloW the bent barrel 
portion 16, illustrated in FIG. 4, so that the beam of light is 
directed doWnWardly, such as into the mouth of the patient. 
Alternatively, the light pipe itself may form part of the barrel 
portion and may be attached to the housing 12, such as by 
being screWed into the housing. 

[0076] The non-imaging optical focusing device, such as 
a non-imaging optical lens 44, is used to focus the light into 
the light pipe. The input end 77 of the light pipe is dimen 
sioned appropriately so that light is ef?ciently delivered 
through the focusing device 44 to the light pipe 76. To that 
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end, the focusing device 44 collimates the light so that it 
does not diverge beyond the input end 77 of the light pipe. 

[0077] Generally, light pipes have a de?ned angle of 
acceptance at their input end 77, such as 40°. Light directed 
outside of that acceptance angle is not captured by the light 
pipe and transferred to the Work surface. The re?ective 
surface 42 and non-imaging optical focusing device 44 
utiliZed in the embodiment in FIG. 4 are designed to 
generate a beam of light Which does not diverge more the 
acceptance angle of the light pipe. In that Way, energy is 
ef?ciently translated from the array Which outputs light in 
generally a 1800 angle. Therefore, the present invention 
utiliZes a non-imaging optical focusing device Which colli 
mates light from a 1800 light output source to a column 
Which does not diverge more than the acceptance angle of 
the light pipe to Which the light is input. 

[0078] In still a further embodiment of the invention, the 
die array and the TIR lens structure similar to that shoWn in 
FIG. 3 might be utiliZed Within the housing as shoWn in 
FIG. 4. To that end, the die array 60, substrate 62, and heat 
sink 64 are coupled to the appropriate heat exchanger, Which 
is then convectively cooled, such as by a fan. In such an 
embodiment, as Well as in the embodiment illustrated in 
FIG. 4, device 10 Would generally have to be steriliZed or 
autoclaved after each use. HoWever, since the die array and 
optical focusing devices are positioned inside the handle 
portion of the housing, they Would be protected from the 
high temperatures associated With such sterilization. 

[0079] Alternatively, as illustrated in FIG. 4, a disposable 
sleeve 82 might be utiliZed With the embodiment to cover the 
light pipe. The disposable sleeve 82 may be discarded With 
each use, thus e?fectively eliminating the required autoclav 
ing step. 

[0080] While the present invention has been illustrated by 
the description of the embodiments thereof, and While the 
embodiments have been described in considerable detail, it 
is not the intention of the applicant to restrict or in any Way 
limit the scope of the appended claims to such detail. 
Additional advantages and modi?cations Will readily appear 
to those skilled in the art. Therefore, the invention in its 
broader aspects is not limited to the speci?c details repre 
sentative apparatus and method, and illustrative examples 
shoWn and described. Accordingly, departures may be made 
from such details Without departure from the spirit or scope 
of applicant’s general inventive concept. 

What is claimed is: 
1. An instrument for curing light-curable compounds 

Which are curable in: the mouth of a patient, the instrument 
comprising: 

a housing; 

a plurality of solid state, light-emitting elements, the 
elements comprising semiconductor junctions and 
being mounted on a substrate supported by the housing 
to form a collective array on said substrate, the array of 
elements operable for collectively emitting light having 
Wavelengths Within a narroW band of Wavelengths; 

a generally clear layer simultaneously covering all of the 
plurality of light-emitting elements for protecting the 
array of semiconductor junctions; 
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an optically re?ective element coupled to surround the 
plurality of light-emitting elements to capture the col 
lective light from an array of light-emitting elements 
and direct it forwardly aWay from the collective array 
an ultimately to a compound for curing. 

2. The instrument of claim 1 Wherein said solid state 
elements are light emitting dies formed of a semiconductor 
material. 

3. The instrument of claim 1 further comprising a heat 
sink thermally coupled to the substrate for absorbing heat 
generated by the array of elements. 

4. The instrument of claim 1 further comprising a ther 
mally conductive element Which is thermally coupled to the 
substrate for conductively transferring heat generated by the 
array of elements aWay from the substrate. 

5. The instrument of claim 1 further comprising a heat 
exchanger Which is thermally coupled to the substrate for 
dissipating heat generated by the array of elements. 

6. The instrument of claim 1 further comprising a ?rst heat 
sink element thermally coupled to the substrate for absorb 
ing heat generated by the array of elements, and a heat 
exchange element thermally coupled to the heat sink for 
conductively transferring heat generated by the array of 
elements. 

7. The instrument of claim 1 Wherein said housing com 
prises a barrel portion having a proximal end spaced from a 
distal end of the barrel portion, the distal end being con?g 
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ured to be placed in the mouth of a patient, the array of 
light-emitting elements being positioned proximate to said 
proximal end, a light transmitting device being operably 
coupled to said array for transmitting the light beam from the 
array to the housing distal end. 

8. The instrument of claim 7 Wherein said light transmit 
ting device comprises a plurality of ?ber optic elements 
operably coupled together for directing said beam. to the 
mouth of the patient. 

9. The instrument of claim 1 further comprising a portable 
poWer supply positioned Within said housing for portable 
operation of the instrument. 

10. The instrument of claim 1 Wherein said array of 
elements has a density of elements on the substrate operable 
for collectively emitting a poWer density of light in the range 
of 200 to 1400 mW/cm2. 

11. The instrument of claim 7 Wherein said light trans 
mitting device has an acceptance angle, said optical focusing 
device operable for generating a beam of light Which does 
not diverge signi?cantly from said acceptance angle. 

12. The instrument of claim 11 Wherein said array of 
light-emitting elements emits light in the range of 0°-l80° 
and said optical focusing device is operable for collimating 
the light into a beam Which does not diverge signi?cantly 
from said acceptance angle. 

* * * * * 


