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.Abst'ract of The Disclosure
A lighting apparatus for dental purposes having plurality of
!ight sources supported on semi-conductor bases, which are mounted on '
a substrate is provided. The lighting apparatus includes a reflective oifer
surface encircling thé light sources which reflects \)isiblé light. The
lighting apparatus may be deployed in a light hardening device as a light
source unit with the'emittéd light beams being conducted, in particular, by

a prismatic.-body, to a light g uiding conduit.
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LIGHTING APPARATUS FOR GUIDING LIGHT ONTO A LIGHT
POLYMERIZABLE PIECE TO EFFECT HARDENING THEREOF
o 'Backgroun_d of the Invention
The present invention felates to a lighting apparatus for guiding.
Iig'ht onto a light polymerizable piece to effect the hardening thereof.
Light devices have been de.ployed for, among othef applications,
dental applications 'in which a light polymerizable plastic is hardened by
irradiation with light. In order to achieve a high light density, energy rich
light sources are typically deployed such as halogen glow lamps, xenon
photoflash, or even high-tension discharge lamps. The high-tension
discharge lamps have, in fact, an especially high light intensity and,
thereby, a correspondingly high light density. -However, the Operatibnal
tension reaches at least 3.5 kV and a corresponding activation device is
required so that such lamps are not suitable for deployment in the dental
practice, at least insofar as hand operable devices are concerned.
Numerous attempts have been undertaken to improve the light

density of the known light apparatus in order to achieve a complete

“hardening of the deeper lying: layers in a rapid manner. A 'Iong-time

 §

known, conventional lighting apparatus with a light intensity of, for

example, 50 mWicr'ri2 produces, in fact, by a correspondingly |ongér., light

' Irradiation, a good surface hardening of the plastic or artificial piece which
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is to be polymerized. However, deeper lying layers are not at all
hardened or, at most, only incompletely hardened. There arises a
hardness gradient which leads to the result that the deeper lying, middle

regions remain somewhat soft or that these regions are hardened

completely at a time later than the complete hardening of the surface

areas.
‘The known lighting apparatus lead to restoration resuits. that are
compromised by, or suffer from, in part, edge spalling problems. The

known light hardenable pIa‘stibs shrink slightly during the hardening

‘process. With the known lighting apparatus, a complete hardening

initially occurs first in the over/outer regions of the restoration piece. The

thereafter following complete hardening of the deeper lying, central

regions leads to contractions and, thus, to --ed-ge-spalling formation.

' Sumrhary of the Invention

The present invention offers a solution to the challenge of
providing a lighting apparatus for dental purposes in which the
tendency of the light hardenable materials to suffer edge spalling
formation is reduced wherein the Iigt'!ting épparatus can nonetheless

4

be constructed in a cost favorable manner and can be flexibly -

- deployed.

The lighting apparatus of the present invention offers initially an
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especially high light intensity. Through the compact serial.:arrangement
of numerous light sources on a semi-—conductori base, such as laser
diodes or LED-chips, there exists an especially high intensity of the light
output. In accordance with the present‘invention, the Iight hardenable
material can .be‘ practically completely hardened, in a virtually

instantaneous manner, in a single pass with high energy. In this manner,

the hardness gradient Is at least clearly reduced and there is no

‘occurrence of the marked time delay between the complete hardening of

the outer surfaces/edge regions and the complete hardening of the
deeper lying midd!e regions of the light hardenable mass. The edge
regions are, thus, not completely hardened ahead of the hardening of the

middle regions, so that the shrinkage or contraction forces are not

- concentrated at the edge regions but, rather, are uniformly distributed.

The tendency toward edge spalling formation is, thus, in accordance with

‘the present invention, clear_ly reduced.-

‘The apparatus of the present invention permits the cost favorable

availability of a lighting apparatus having a high light output intensity.

Through the reflective layers around the light sources, the light output is

)

“surprisingly significantly improved, even when it is produ"ced from the

fro'nt. o

- The provision of reflectors for the improvement of the irradiation
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characteristic of light sources is, indeed, long known; for example, many

halogen glow lamps include an integrated reflector. Surprisingly, the

reflection layer of the lighting apparatus of the present invention permits

the light output to also be improved if the reflection layer which is

‘opposed to the light output surface of the LED-chips is pushed back. In

this connection, advantage is taken bf the fact that, by virtue of the high
light intensity, light is continuously reflected at the surface of the item
being .'irrad,ia,ted, with the reﬂeéted light thereafter again contacting the
Iighting apparatus and being réﬂected thereat, for example, in the region
of the metallic- ‘reﬂ'ection layéf. It is particularly .advantageous in this
solution but is also adVahtageOus in thé realiza.tion'. or configuration ofa

hand-held light hardening appa_r-atus, for a so-called counter cone to be

- provided, which Iies in opposiﬁon to the conically shaped reflector df the

halogen glow source. The light falling thereonto is reflected and is
substantially completely reflect_‘ed back toward the light sources, so that

the Iight cén be réﬂected thereat on the metallic reflection layers and the

‘degree of efficiency or effectiveness of the light sources is increased. ’

The direct installation of the LED-chips on a metallic layer, in
accordance with the present invention, permits as well an especially good
heat COnduction, in that the metal is an especially Qood heat conductor.

The corresponding heat loss is amenable to being conducted away.
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Preferable suitable metals, which come into consideration, include

~ silver, titanium, platinum, and aluminum.

In an especially advantageou.e,embodiment of the lighting

~ apparatus of the present ‘invention, a portion of the reflection layer is

deployed as a connection conduit. In this connection, the reflection layer

IS formed on an electrically isolated layer as, for example, a silicon dioxide

‘layer and the regions are electrically isolated from one another in a

conventional manner by corresponding strips having no reflection layer.
The metallic reﬂection layer is well suited for the bonding of the ‘
connections of the LED-chips to the connection conduit by wire
connectors. .

na particularly favorable embodiment of the lighting apparatus of
the present invention,' it is provided that the reflection layers extend, as
viewed outwardly from the LED-chips, at an angle toward the frontand a
micro reflector is formed in a sUrrounding manner on each chip. These
micro reﬂectors improve the focusing of the lig ht beams emitted from the

light sources, whereby ne:ghbonng reflector side walls are, for all practical

. purposes, connected to one another |mmed:ately next to one another SO

that they form separation _walls.'between the LED-chips.
Preferably, a piurality of LED-chips are actuated in a row orin a

serial manner. An approach of this type permits the wire conneotions to
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extend briefly over the separation walls and away therefrom. With such
an approach, one can install~a multitude of LED-chips per unit area in
high density and wire-connect ithesé to one another.

In a further modified embodiment of the lighting apparatus of the

present invention, it'is-. provided that the metallic reflection region lying

between the LED-chips is substantially smaller than the LED-chips
themse_lves.— As reflection areas, there can be deployed one of the LED-

chips with its metallic over surface or, on the other hand, a plural

arrangement of the chips in a surrounding manner around the area, which

then exhibits a desirably large surface. This approach offers the
advantage that the focusing as a result of the tight arrangement of the
chips to one anothér IS beﬁer. ‘ However, in connection with a
configuration of sunken LED-chips having a right-angled configuration of
the separatibn walls, the | nsta-llaﬁon density is partiéularly favorably high,
if right-angled chips are used. The surface portion of the LED-chips on

the surface, which is covered by a plural arrangement, can result in, for

- example, 60% coverage or, even, in connection with a flat reflection layer,

reach 90%, whereby the multipgle arrangement does not ,catlculate in the

t

surrounding surface.

It Is partiCUIarly. advantageous if the LED-chips in their plural

arrangement are arranged in -immediately 'n‘eighboring contact to the
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mass which is to be completely hardened. In connection with this
approach there arises for the first time the possibility to irradiate a

predetermined area of the restoration piece with a selected LED-light

source. This approach permits, for example, a more intensive irradiation

- of the middie and typically deeper lying regions of the restoration pie'ce.

The hardening then follows generally so that the central region completely
hardens. A shrinking or contraction at this location of the restoration
plece is, however, not critical with respect to edge spalling formation, in
that, at this point in time, the edge area has not been completely
hardened. This represents an especially advantageous progress in the
state of the art in contrast'to the heretofore known uniform hardening

processes, whereby edge spalling formation-is drastically reduced or is

even completely avoided by use of the lighting apparatus of the present

invenﬂon.
In accordance with a further, particularly advantageous
embodiment of the lighting aﬁpparatus of the present invention, it is

provided that a plurality of the LED-chips are provided in such a compact

arrangement having a small dimensional area that, atleastin connection

Ty

with larger; and to this extent, especially critical restoration pieces, the
light emissions_ are directed onto the central region. The material to be .

polymerized ‘has a light distributing partitioning property, so that, in
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connection with the irradiation of the central area, the edge areas are also
irradiated at a reduced intensity. Also, this type' of deployment of the

lighting apparatus of theprese_'nt invention makes possible, at the least,. '

~an avoidance of the tendency towards_ edge spalling formation.

Brief Description of the Drawings
Further details, advantages, and features of the present invention

are disclosed in the hereinafter following deécription of an embodiment

~ of the lighting apparatus taken in connection with the figures of the

schematicdrawings, in which:
“Fig. 1 s a .séctional schematic view of a plural
' “arrangement of LED-chips of one embodiment ofthe
lighting apparatus of the present invention whereby
the layer thickness is, in part, exaggeratedly
-emphasized,;

Fig, 2 is a partial sectional schematic view of another
embodiment of the lighting apparatus -iof the
present Invention, whereby the layer thickness S, :
inﬁ part, exaggergtedly emphasized;

: F lg 3 .is a perspective \)iew of a further embodiment of the
lighting apparatué of the present invention showing

a representation of the plural arrangement showing
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a multiple arrangement of the LED-chips;

Fig. 4 ~is a perspective view' of the further embodiment of
~the lighting apparatus shoWn in Fig. 3 and showing
the installation on a base body;

Fig. 5 isa 'perspecti\(e view of another embediment Qf the
- lighting apparatus of the present invention, whereby
~ the LED-chips are arranged in sunken manner inthe

micro reflectors; ‘

Fig. 6 is a perspéctive view of another embodiment of the
lighting apparatus of the present inveniion,_ whereby
the LED-chips are installed on the miero reflectors;

Fig. 7 is a perspective view of another embodiment of the
lighting apparatus of the present invention, which is
configured for the installatioh thereofin a hand-held
light hardening dev‘ice; and

fF—ig. 8 is a perspective view of a further additional
embodiment of the lighting apparatus of the present'
invention i in a configuration for the complete
hardening of oi'ti;odoniic components.

Detailed Descripiion: of the Preferred Embodiment -

n Figure 1, a substantial portion of .ene.'_embodiment.of the iighting
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apparatus of the present invention, hereinafter designated as the lighting

‘apparatus 10, is shown. The lighting apparatus comprises in this

schematically shown representation two light sources 14 and 16. The
light sources 14 and 16 are configured as LED-Chips and include_ a

surface of 1 mm x 1 mm and a thickness of 100 micrometers, which are

shown in Figure 1 in an exaggerated manner in order to promote clarity

of the represented ~Iig'hti_ng apparatus embodiment.

The light sources 14 and 16 are disposed on é sUbs.trate 18 which,
in the illustrated embodiment, is a silicon wafer. The layer thickness of the
wafer is 500 micrometers so that, to the extent of the representation in
Figure 1, the thickness of the wéfer is shown in exaggerated manner. A
wafer of this type can be produbed in a éonvéntional manner as a disk
naving a diameter of, for examble, 10 centimeters and, in an integrated
produ¢tion process, humerous Iightingappératus can be prod-uced in a
serial manner in great produétion quantities. For example, six light
sources 14, 16 can be built into a lighting apparatus 10, whereby
respedive pairs of the light sources arev arranged in a on\e another
adjacent manner in one direction and respectivé series bf three light
sources are arranged in a one anc;therf adjacent manner in another
direction. Each Iighting-_apparatus.c-an comprise a surface of solely 4.3 "

mm X 6 mm, so that a wafer can-be prod Lsced with 25_0 lighting apparatus

10
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in a single run.

The preferred layer arrangement is hereinafter described for the
production of the lighting apparatus of the present invention. On the
electrically conducting wafer fdrmed of silicon, an insulating layer 20 and
22 of silicon dibxide IS fo_r_med on each of the two opposing sides of _the
wafer. The thickness 6f.each layer is approximately 1 micrometer. A
diffusion blocking layer 24, 26 is\di’spoSed on these layers, each diffusion
blocking Iayer having a thickneSS of 2 micrometers and being comprised,
for example, of tungsten - titanium. .

A copper layer is disposed by sputtering on the diffusion blocking
layer 26 in éfthickness of 2 mEor'ométers. In cohttast, a silver léyer 29 is
disposed by sputtering on the diffu'sion blocking layer _24 having a

thickness of 2 micrometers as well. The use of the diffusion blocking '

~ layers prevents silver or copper components or particles from dirtying the

metallic silicon substrate, and the occurrence of disconnection locations
on the affected layers.

. On the silver layer 29 are formed the locations on which the LED-

~ chip 14 or, respectively, the LED-chip 16, is 10 be mounted with a silver

brazing 28 having a thickness 6f 10 micrometers and the chip is brazed
or soidered.

The- plastic or .artiﬁcial ma,sk30 shown in Figure 1 extends between

11
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the LED-chips 14 and 16 to thereby fix them in place and assure the firm
seatiﬁg of the arrangement. 'It; is to be understood that the mask can be
removed oncea‘ﬁrmconnection exists. .

- Tofacilitate the making available of thé electrical connections, it is
provided that bonding wires 32, 34, and 36 extend :'-betwe-er; the
connéction regions on the chips and the regions 38 and 40 of the layer
29. fhe layer 29 forms theréby és. well a metallic reflection layer with
particularly good reflection properties, in that silver is used thereat as well
as on the electrical connections for the light sources 14 and 16.

. To effect the electrical inéulaﬁon of various reg iohs of thé reflection

layer 29, surface cuts are provided. In the illustrated embodifnent, two-

surface cuts 44, 46 are shown, Whereby it is to be understood thaton any

suitable, desired locations, for example also between the light sources
14 and 16, corresponding surface cuts can be provided in order to make

available the desired electrical insulation. The surface cuts are provided

 with a gdepth such that, at the least, the electrically COnducting reflection

layer 29 s clearly insulated. Preferably, the surface cuts extend in

conventional manner above the silicon wafer 18. In a likewise
. o =‘ : ’ ' '

conventional manner, each surface cut can be filled with a suitable

. el_ectriéally insulating substance.

12
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A copper layer 31, as can be seen in Figure 1, is disposed in
opposition to the reflection layer 2.

_ Figure 2 shows an::ath'er\j embédiment of the light apparatus of the
preseht invention, herein designated as the light apparatus 10. The light
SOurces 14 and 16 are arr'ahged in a 'sunken manner. The same
reference numerals indicate the same components as described with

respect to the embodiment shown in Figure 1. Substrate 18 incIUdes

~troughs_which~' are limited by angled walls. Such troughs can be ‘

produced, for exampl.e, by etching. Micro reflectors 48, 50 extend over

the troughs in thélayers shown in Figure 1 - that is, the Silicon didxi.de

‘Iayer 20, the diffusion blocking layer 24, and the reflection !ayer‘ 29. The

LED-chips 14 and 16 are installed with a silver brazing surface 28 on the

reflection layer 29 or, 're'spectively, are partially sunken thereon. The

walls 52, 54 extend s.idewi-se and each form a portion of a micro reflector

for each LED-chip 14 and 16.

A separate wall 56 extends between the LED-chips 14 and 16

which is, in any event, at an angle and, on its front side, extends to a

\ peak. This configuration leadsxto_- the ladder structure which can be seen

t

ﬁFigure 3 shows the manner in which the,LED-chips 14, 16 can be

~ installed in a highly compact neighboring manner. In this config urét-iOn of

13
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the lighting apparatus of the present invention, a total of twelve LED-fIight
sources 14, 16 are arranged in a raster. Each respective series of;;three
light sources are connected to one another via wires as representatively

shown by the wires 32 and 36 and each four of these series of the light

- sources are actuated in parallel. In this manner, a subSta_ntially simple

energy,source is provided via the twe connections 60, 62.
In the embodiment of the lighting apparatus shown in Figure 3, the
reflection layer 29 extends in a substantially wide manner outside the

plural arrangement 64 of the light sources 14, 16. ThereeXists; however,

relatively little space between the-light'sources. Also, these areas are '

mirrored and covered with a silver layer so that, in any event, an increase

in the Iight efficiency or effectix(eness is promoted.
~ As can be seen in Figure 4, the plural arrangement of the chips 64
has been mounted. A base ‘-body-66 is provided on which the plural

arrangement of the 64 | light sburces is supported. By means of the

~ copper layer 31_ (see Figure 1), the resistance to heat trans'f\er’ s

particularly favorably at a low value and the heat conduction can be

accomplished over a large surface area.
. o )

As seen in Figure 5, the separation wall 56 is V-shaped and

‘extends to a peak and forms a{raster. for the receipf of nine of the LED-

chips: 14, 16. This embodiment makes available ‘the two further

14
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connections 68, 70, in addition to the cennections 60, 62, in another
horizontal directien. The wiree for the central light source 72 extend to
the connections 68 and 70 so that, in this embod iment, a.separete contfol
of the central light source 72 and the otherwise available light sources 14,
16 is\,possible. This permits the control of the lighting apparatus in
accordance with a configuration in which the lighting apparatus is
deployed in a light hardening device as a Iight'source unit ahd the emitted
light beams are conducted, especi\\ally by a prismatic body, to a; light
gu'iding conduit.

As seen in Figure 6, the LED-chips in this embodiment of the

- lighting apparatus of the present invention are not arranged in a sunken

manner in the micro reflectors 48 and 50 but are, instead, arranged

~ thereon. Preferably, however, the projecting mass of the chips with

respect to the base of' the micre reflectors is less than the height of the
micro reflectors.

~In Figure 7, a further embodiment of the light apparatus of the
present invention can be seen. This embodiment substantially
corresponds to the embodiment shov\fn' In Figure 5 whereby, however, no
separate control of the central light soturce 721s provided. Instead, in this

embodiment, the connections 62 and 70, on the one hand, and 't'he_

connections 60 and 68, on the other hand, are arranged in a mu-ltiple

15
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_ manner to be connected by the wires 74, 76. A connection wire 78 is

brazed onto the connection 68 and a connection wire 80 is brazed onto

'~ the connection 70. The diameter of the copper wire provided thereat is

selected such that the electrical losses are low.

In Figure 8, a further additional embodiment of the lighting

apparatus of the present invention is representatively shown. Several

multiple arrangements 64, 82 are arranged at an angle to one another.

The |ighting apparatus 1'0 is-oonﬁgured inthe overa‘ll shape ofan inverted

Uand has plural arrangements 64, 82 of the light sources each dlsposed

between its middie shank 84 and a respectlve one of its two side shanks
86, 88. . ‘

rThe interior spacing between the ‘side shanks 86 and 88 is
selected such thatamotar fits therebetween. This embodimentjpermits

thetightingapparatus 10 to operate as a form of light. emitter over-'the

- tooth so that a light hardening process can be performed thereby on the

tooth Due to light wradratron from three drrectlons there is no longer a
need for an ‘exact post-r_rradratlon monitoring or verification of the
locations at which the light hardening has been _performed so that this

approach is particularty- Operationa_lly reliable. This embodiment is

- particularly suitable for orthodontic care operations.

The present invention is, of course, in no way restricted to the

16
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specific disclosure of the speciﬁcati'On and drawings, but also
‘encompasses any modifications within the scope of the appended

claims.

17
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WHAT IS CLA!MED IS:

1. A lighting apparatus, for dental -purposes having a plurality of
light sources supported on semi—conductotbases, which are moﬁnted on
a substrate, compﬁsing: '

a refiective over surface encircling the light sources which
reflects visible light. .

2. A lighting apparatus according to Claim 1, wherein the
reflective over surface is formed by a reflection layer, which is built up
upon the substrate. -

3. A lighting apparatus according to Claim 2, whereih the
reflection layer is a metalli'c reflection layer built up on the substrate.

4. A lighting apparatus according to Claim 1, wherein the

reflective over surface has a degree of reflection of more than 50% and,

especially, more than 60%.

5. A lighting apparatus according to Claim 1, wherein the
reflective over surface is comprised of at least one of faluminum, silver,
palladium, platinum, silicon, and ceramic. '

6. A lighting apparatus a‘ccor_ding‘to Claim 1, wherein the

substrate supports the reflective over surface.

7. Alighting apparatus according to Claim 1, wherein each of

the light sources is surrounded by a reflection area, which is formed by a

18
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reflection layer, and the reflection areas are in neighboring disposition to
one another.

8.  Alighting apparatus according to Claim 1, wherein LED-

‘chips are mounted on the substrate éither following the fabrication of the

metallic reflection layer or are mounted onto the metallic reflection -Iayer.

9. . ~ Alighting apparatus accordi'ng to Claim 1, wherein bonding
wiré is disposed betwe\en the LED-chips and the areas of the reflection
layer and the areas of the reflection layer are wired to serve as the energy
supply of the LED-chips.

10. A lighting apparatus according to Claim 1, wherein the LED-
chips are arranged in heighbqring and one over another disposit-io;n in a
raster and connector wires extend between the Iight-sodrcés and the
LED-chips for supplying énergy to at least a portion of the chips and the
wires are, especiall_y,. connected by bonding.

11. A lighting apparatus acqording to Claim 1,: wherein the
reflection layer is conﬁgured as a metallic layer -arjad the substrate is a
silicon watfer and a diffusion-blocking Iayér of the silicon wafer separétes
the silicon wafef from thé metallic layer. .

12.  Alighting appafatusacéording to Claim 7, wherein a- silicon
oxide layer is formed onthe si'liconwafér and the diffusion-blobking layer '

extends over the silicon oxide layer.

19
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' 13. A lighti_ng apparafus according to Claim 1, wherein the light
sources are configured as LED-chips and are disppsed in a sunken
manner in the substrate and the reﬂectfon region extends, as viewed from
the LED-chips, tdward the front at an angle. .

14. A lighting apparatus according 'to Claim 1, Wh\erein the
reflection areaa are immedia-t'ely bordering the LED-chips and extend at
an angle tpward the front, especially in, an angle of approiimately 06°
and théLED-chipsar:e arranged in a dense arrangement surrounded by
the reflection areas. . '

15. A lighting -apparjatus according to Claim 1, wherein the
lighting apparatus is deployed m a light hardening device.as"a light source

unit and the emitted light beams are co nducted, especially by a prismatic

body, to a light guiding conduit. |

16. A lighting apparatus according to Claim 1, wherein the
lighting apparatus is mounted on the head of a \dental.practice instrument
and is configured for 'effecting the light. polymerization of a light
po_lymerizable:dental restoration piece.\

17.  Alighting apparatus acpordi_ng to Claim 1, wherein the light

sources have dimensions within the millimeter range and, especially, are

configured as LED-chips having dimensions of approximately 1 mm x 1

20
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mm and are disposable proximate to a dental restoration piece for

effecting the light hardening thereof.

18. A lighting apparatus according to Claim 1, wherein at least
two light sources are disposed inan anguiar relationship to one another

such that they irradiate a dental restoration piece which is to be hardened

- from two differing angles.

19.  Alight-hardening device for dental purpbses; comprising:
a |iéhting épparatus having a plurality of light sources supported
on semi-conductor bases, which are mounted on a substrate, and having
a refiective over surface encircling _the light sdurces which reflects visible
light. .
Fetherstonhaugh & Co.

Ottawa, Canada
Patent Agents '
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