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(57) ABSTRACT

A high intensity lighting apparatus (400) includes an outer
housing (402); a curved support disk (414) having an array of
diode or laser-based integrated light sources (410) attached

thereto disposed within the housing. Each of the light sources
(110) include a tube (112) having a laser or diode chip (111)
at one end of the tube. The tubes each have at least one
concave shaped exit surface (113) on an end opposite the
chip, wherein the concave exit surface converges light emat-
ted from each of the light sources to focal points within the
housing (402). A shape of the curved support disk (414)
converges the respective focal points into a light beam having
a common focal plane (441). Adjustable secondary optics
(431) are disposed 1n the housing after the focal plane (441)
for creating various angles of transmission of the light beam.

The laser can be a diode laser, while the diode can be a
light-emitting diode (LED).

19 Claims, 4 Drawing Sheets
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HIGH INTENSITY LASER OR DIODE-BASED
LIGHTING APPARATUS HAVING
INTEGRATED OPTICS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the national stage entry of International
Application No. PCT/US2005/0477426, filed Dec. 29, 2005,
which claims priority to U.S. Provisional Patent Application
No. 60/640,075, filed Dec. 29, 2004.

FIELD OF THE INVENTION

The mvention relates to lighting fixtures and, more particu-
larly, to a high intensity lighting apparatus including an array
ol integrated light sources mounted on a support disk, where
the integrated light sources are disposed 1nside tubes which
include exit surfaces shaped to provide focusing optics. A
shape of the curved support disk converges the respective
focal points mto a light beam having a common focal plane.

BACKGROUND OF THE INVENTION

Lighting fixtures have been used for many years in a variety
of applications including theater and television lighting appli-
cations. Typically, each fixture includes an incandescent lamp
mounted adjacent to a concave reflector, which reflects light
through a lens assembly to project a beam of light toward a
theater stage. A color filter can be mounted at the fixture’s
torward end, for transmitting only selected wavelengths of
the light emitted by the lamp, while absorbing and/or retlect-
ing other wavelengths. This provides the projected beam with
a particular color composition.

The color filters used 1n these lighting fixtures typically
have the form of glass or plastic films, carrying a dispersed
chemical dye. The dyes transmit certain wavelengths of light,
but absorb the other wavelengths. Several hundred different
colors can be provided by such filters.

Although generally effective, such plastic color filters usu-
ally have limited lifetimes, caused principally by the need to
dissipate large amounts of heat dertved from the absorbed
wavelengths. This has been a particular problem for filters
transmitting blue and green wavelengths. Further, although
the variety of colors that can be provided 1s large, these colors
nevertheless are limited by the availability of commercial
dyes and the compatibility of those dyes with the glass or
plastic substrates. In addition, the mechanism of absorbing
non-selected wavelengths 1s 1nherently 1netficient. Substan-
tial energy 1s lost to heat.

In some lighting applications, gas discharge lamps have
been substituted for the mcandescent lamps, and dichroic
filters have been substituted for the color filters. Such dichroic
filters typically have the form of a glass substrate carrying a
multi-layer dichroic coating, which reflects certain wave-
lengths and transmits the remaining wavelengths. These alter-
native lighting fixtures generally have improved efficiency,
and their dichroic filters are not subject to fading or other
degradation caused by overheating. However, the dichroic
filters offer only limited control of color, and the fixtures
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cannot replicate many of the complex colors created by the
absorptive filters that have been accepted as industry stan-
dards.

It 1s sometimes necessary to change the color of the light
being produced by a particular lighting fixture, so several
remotely operated color-changing devices have been devel-
oped 1n recent years. One such device 1s a color scroller,
which includes a scroll typically containing 16 preselected
filters. These filters are subject to the same problems of fading
and deformation as are the individual filters. Another such
device 1s a dichroic color wheel, which includes a rotatable
wheel carrying about eight preselected dichroic coatings.
These color wheels avoid the noted problems of fading and
deformation, but are able to carry fewer colors and are sub-
stantially more expensive than 1s a color scroller.

Other such remotely operated color-changing devices
include a cyan, magenta & yellow (CMY) filter scroller sys-
tem and a CMY dichroic color mixing system, the latter of
which can provide about 16 million combinations of separate
colors. However, because both CMY systems use filters that
cach transmit only about one third of the visible spectrum,
they are unable to replicate the spectral nuances of a complex
color, including those produced by a conventional color filter
in combination with a full-spectrum incandescent light
source.

Other remotely operated color-changing devices include
an incandescent RGB fixture, such as a theatrical strip light.
Such fixtures have similar problems to those of the two CMY
systems described briefly above. In such fixtures, one-third of
the visible spectrum 1s provided by each of three separately
filtered 11d sources. Thus, these fixtures waste two-thirds of
the light energy just to project white light, and they waste even
more light energy when projecting colored light.

Recently, some lighting fixtures have begun using light-
emitting diodes (LEDs) istead of incandescent lamps and
gas-discharge lamps. Equal quantities of red-, green-, and
blue-colored LEDs typically have been used, arranged 1n a
suitable array. Some LED fixtures have further included an
equal quantity of amber-colored LEDs. By providing electri-
cal power 1n selected amounts to these LEDs, typically using
pulse-width modulated electrical current, light having a vari-
ety of colors can be projected. These fixtures eliminate the
need for color filters, thereby improving on the efficiency of
prior fixtures incorporating incandescent lamps or gas-dis-
charge lamps.

Lighting fixtures incorporating red-, green-, and blue-col-
ored LEDs, 1.e., RGB LED fixtures, can project beams of light
having an apparent color of white, especially when 1lluminat-
ing a white or other fully reflective surface. However, the
actual spectrum of this apparent white color 1s not at all the
same as that of the white light provided by fixtures incorpo-
rating incandescent lamps. This 1s because LEDs emit light in
narrow wavelength bands, and merely three different LED
colors are 1nsufficient to cover the tull visible spectrum. Col-
ored objects illuminated by such RGB LED fixtures ire-
quently do not appear in their true colors. For example, an
object that reflects only yellow light, and thus that appears to
be yellow when illuminated with white light, will appear
black when 1lluminated with light having an apparent yellow
color, produced by the red and green LEDs of an RGB LED
fixture. Such fixtures, therefore, are considered to provide
poor color rendition when 1lluminating a setting such as a
theater stage, television set, building interior, or display win-
dow.

A limited number of LED lighting fixtures have included
not only LEDs emitting red, green, and blue light, but also
LEDs emitting amber light. Such fixtures are sometimes
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called RGBA LED fixtures. These fixtures are subject to the
same drawbacks as are RGB LED fixtures, but to a slightly
reduced degree.

Such LED lighting fixtures also generally require post-
LED lens strategies for focusing. The optics are thus spaced
apart Ifrom LED sources and thus render the system more
expensive as well as require alignment of the optics to the
light sources. Moreover, power levels attainable limit the
applicability of the post LED lens approach. A new more
elficient light concentration approach 1s needed to move the
LED to the levels of output required for theater (theatrical
illuminator) and other high intensity beam applications (such
as automotive headlamps).

SUMMARY

A high mtensity lighting apparatus includes an outer hous-
ing, a curved support disk having an array of diode or laser-
based integrated light sources attached thereto disposed
within the housing. Each of the light sources include a tube
having a laser or diode chip at one end of the tube. The tubes
cach have at least one concave shaped exit surface on an end
opposite the chip, wherein the concave exit surface converges
light emitted from each of the light sources to focal points
within the housing. A shape of the curved support disk con-
verges the respective focal points 1nto a light beam having a
common focal plane (referred to as a gate). Adjustable sec-
ondary optics are disposed 1n the housing after the gate for
creating various angles of transmission of the light beam. The
laser can be a diode laser, while the diode can be a light-
emitting diode (LED).

The focal plane (gate) can be concentrated to substantially
a single common focal point. In one embodiment, the tubes
include a highly retlective surface coating an inside of said
tubes excluding said the exit surface. The chips can be side
emitting chip mounted 1n a rotated configuration 1n the tube.
In another embodiment, the chip 1s triangular shaped and side
emitting. in another embodiment, the chip has ports for allow-
ing light to escape from various points on a side of the chip. In
yet another embodiment, the exit surface provides at least two
different focusing planes.

The support disk can be a malleable armature that flexes to
change a beam spread of the array. In a preferred embodi-
ment, the array of light sources 1s removably coupled to the
support disc.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention can be
obtained when the following detailed description 1s consid-
ered 1n conjunction with the following drawings in which:

FI1G. 1(a) shows a conventional LED where the LED die 1s
side emitting. The exit surface of the tube 1s diffusing.

FIGS. 1(b)-(c) show mventive embodiments of light emit-
ting diode (LED) sources including a tube lens having a diode
chip at one end of the tube. The tube lens provides a focusing
exit surface that converges light emitted from the LED to a
focal point/spot.

FIGS. 2(a)-(c) show various exemplary side emitting chip
configurations for the light sources having reflecting zones
and a focusing exit plane.

FIGS. 3(a)-(c) show various exemplary side emitting chip
configurations for the light sources having various retlecting
surface shapes and a focusing exit plane.

FI1G. 4 shows an LED spotlight comprising an array of LED
sources having integrated optics according to the mvention.
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DETAILED DESCRIPTION

A high intensity lighting apparatus includes an outer hous-
ing, a curved support disk having an array of diode or laser-
based integrated light sources attached thereto disposed
within the housing. Each of the light sources include a tube
having a laser or diode chip at one end of the tube. The tubes
cach have at least one concave shaped exit surface on an end
opposite the chip, wherein the concave exit surface converges
light emitted from each of the light sources to focal points
within the housing. A shape of the curved support disk con-
verges the respective focal points into a light beam having a
common focal plane (referred to as a gate). Adjustable sec-
ondary optics are disposed 1n the housing after the gate for
creating various angles of transmission of the light beam. The
laser can be a diode laser, while the diode can be a light-
emitting diode (LED).

The invention thus provides a high intensity lighting appa-
ratus (e.g. spotlight) 1n miniature using an array of diode laser
or LED die as the light source and then transmitting the
concentrated light to the gate of the apparatus where 1t 1s
converged before 1t passes to the secondary lens. As a result,
the invention concentrates the light twice, once at the indi-
vidual LED or diode laser level, and then again at the gate
betore 1t passes to the secondary lens. In contrast to conven-
tional spotlights which generate large amounts of heat build
up at the gate due to the concentration of the light, the inven-
tion minimizes heat produced at the gate due to the limited
amount of infra-red light provided by the LED or diode laser
array. The mvention thus allows for new types of projection
technologies.

A diode laser, also referred to as a laser diode, may also be
used with the mvention. The laser diode includes a resonant
high Q cavity. With suilicient feedback, laser action results.
Most laser diodes have the cavity built right into the device
but 1n some arrangements an external cavity can be used.
When a device 1s referred to as a “laser diode™, this generally
refers to the combination of the semiconductor chip that does
the actual lasing along with a monitor photodiode chip which
provides feedback control of power output. These are then

mounted and may be combined with driver circuitry and
optics 1n a diode laser module.

The high Q cavity of the diode laser cuts down drastically
the number of modes operating. The result1s that the emission
line narrows drastically (more monochromatic) and the beam
narrows somewhat spatially as compared to an LED.

A LED emits photons from recombining electrons 1n the
junction region. LEDs generally have a very broad spectrum,
but unlike diode lasers do not require control electronics
making them the generally preferred light source.

The lighting apparatus generally comprises a support disk,
where the light source array 1s mounted on the disk. The disk
preferably has a concave geometry, a slope of the concave
geometry concentrating light emitted from the plurality of
lamps. The concave geometry of the disk can be fixed, or the
geometry maleable and dynamically shapeable based on con-
trol techniques known 1n the art. The mvention thus combines
integrated chip-based light sources with lens optics provided
by the tubes themselves to realize sophisticated control on a
light beam that allows focusing (hard edge beams or soft edge
beams).

FIG. 1(a) shows a conventional LED 100 where the LED
die 101 1s side emitting. The tube 102 provides a reflective
surface for the emitted light and an exit surface 103 on the
distal end opposite the LED chip 101. The exit surface 103
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does not include not focusing optics. As a result, the exit
surface 103 diffuses the light emitted by LED die 101 at an
angle of about 20 degrees.

In a first inventive embodiment shown 1n FIG. 1(b), LED
110 1ncludes a tube 112 which provides a concave exit surface
113 that focuses and thus converges light emitted by the LED
die 111 to a focal point at a particular focal length. The focal
length can be changed based on the focusing optics selected.
In one embodiment, focusing optics can be removably
attached to the tube 112 to allow the exit surfaces to be
changed, 11 desired.

FI1G. 1(c) shows an LED 120 according to another embodi-
ment of the invention which includes an optimized reflecting,
surface 124 lining the inside of the tube 122 1n addition to the
focusing optics shown 1n FIG. 1(b). The tube can also have
contouring to direct the emitted light from the die/cup to
internal planes that direct the light at angles that can then be
converged by the lens at the front of the tube. The reflecting
surface 124 can comprise an aluminum coating, which 1s
omitted from the focusing exit surface 123.

FIGS. 2(a)-(c) show various exemplary side emitting chip
configurations for a LED-based light source having reflecting
zones and focusing optics to maximize directional intensity
and to converge the emitted light to a single point. FIG. 2(a)
shows an LED 200 including a rotated side emitting chip 201
together with a double cone tube 202 having exit surface 203,
as well as angular reflecting surfaces 204 to maximize direc-
tional intensity. Side emitting captures light directly, with less
reflections thereby making the transmission of light more
ellicient.

FIG. 2(b) shows a side view of LED 210 comprising a
rotated side emitting chip 211 together with atube 212 having
reflecting surfaces 214 and a hybnid exiting surface 213. The
hybrid exiting surface 213 includes an mner spherical focus-
ing element 216 and an outer parabolic focusing elements 217
and 218. Both the spherical 216 and parabolic focusing ele-
ment 217 and 218 are configured to focus emitted light to the
same focal point. FIG. 2(c) shows a top view of the light
source shown 1n FIG. 2(b).

FIG. 3(a) shows an LED 300 comprising a cylindrical
optical casing 302 together with a 90°-45°-45° tnnangular side
emitting LED chip 301. The hypotenuse side of the chip 1s
directed toward the focusing exit plane 303 of the cylindrical
tube 302. The focusing exit plane 303 converges the light to
essentially a single point a focal distance away from the exit
plane. FIG. 3(b) shows LED 310 which incorporates conical
holes 314 1n the sides of the triangle shaped chip 311 that
allows light to escape laterally, through these holes, from the
emitting layer of the chip 311. This “lattice” effect on LED
dies 1s generally referred to as “tlip” technology. Reflecting
surfaces are also preferably added to the tube 302 to direct the
side emitted light to the focusing surface of the tube. FIG. 3(c)
1s a side view of the LED light source shown 1n FIG. 3(b).

FIG. 4 shows a high intensity laser or LED based lighting,
apparatus 400, suitable for use as a spotlight along with
exemplary dimensions (1n inches). The apparatus includes a
housing 402 and an array of light emitting LED elements 410
according to the invention therein, with each of the light
sources 1nclude a tube having a concave shaped exit surface
on an end of the tube opposite the chip for converging light
emitted to a focal point. (See, for example, LED light source
110 shown in FIG. 1(b)). The LED array 410 1s shown
mounted on a cast aluminum support disk 414. A shape of the
curved support disk 414 converges the respective focal points
into a light beam having a common focal plane 441. Electron-
ics 418 are provided for color control. An adjustable shutter
419 for beam cut-off i1s also provided. Apparatus 400 also
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includes a lensing element 431 on 1ts distal end mounted on an
adjustable sliding lens tube 428 for beam focus adjustment.
The sliding lens tube 428 can be a tube within a tube that
slides on a polytetrafluoroethylene tracking device, com-
monly used 1n theatrical spotlights. Appropnate lenses 431 of
either plano/convex, or convex/convex can be used as
required. In the preferred embodiment shown 1n FIG. 4, lens
tube provides structure so that lensing element 431 can be
removed and changed.

The elements comprising the LED array 410 are preferably
symmetrically disposed, meaning that the distance between
any two adjacent light sources, 1s the same for any two adja-
cent light sources. This helps to give a predicable result dur-
ing the convergence or divergence.

The LED array elements arrays are preferably held snap-
in-place modules, providing tlexibility to the user. The elec-
tronics 418 can combine various ratios of color emitting light
sources to achieve a desired beam characteristic. In one
embodiment, a white light output 1s achieved, and relative
output intensity matching for monochrome arrays 1s pro-
vided.

The support disk 414 preferably provides concave geom-
etry, a slope of the concave geometry concentrating light
emitted from said plurality of light sources. In one embodi-
ment, the support disk 414 1s a malleable armature that flexes
to change a beam spread of the array.

The light emitted from the apparatus can be controlled by
clectronics 418 using known methods including standard
DMX protocols for any color control and motorized focusing.
By communicating in DMX, illuminators can be pro-
grammed to change colors, turn on and off, dim, flash, etc.
Third-party control systems can be used for preprogrammed
and live control of 1lluminators, and these can be intercon-
nected with MIDI systems, infrared remote controls, LCD
touchpads, sliders, and a variety of sensors, to name a few.

DMX control systems use channels to address specific
controllable aspects of equipment, 1.e., designated pathways
to send digital instructions to a particular component. Though
it only has three wires, DMX 1s capable of addressing 512
separate channels. Each channel can be adjusted from 0 to
100, much like a slider dimmer adjusts the voltage from O to
100 percent.

For color mixing between adjacent frames, the wheel can
be set haltway between two frames. Or two color wheels 1n
line can mix to form an abundance of different colors.

There 1s a limit to the speed at which the stepper motor can
execute commands, but 1t 1s quite fast. The color wheel can
make a complete revolution through all its colors 1n approxi-
mately one-tenth of a second. This effect 1s so fast that the
intermediary frames are unnoticeable, only the starting and
ending frames are percerved.

Sophisticated color changing LED systems can be
remotely controlled wvia electronic signals to transition
between colors 1n the visible spectrum, thus eliminating the
need for gel or dichroic filters that reduce light output and
concentrate heat 1n the lamp. Another plug-in-place 1llumi-
nator option would be an assigned color producing indigo or
magenta or amber light, thus maintaining the no-filter color
capabilities but at reduced cost for the 1lluminator and control
system.

Alternatively, 1n the simplest form, white light LED 1llu-
minators can be used to produce a full spectrum “white” or
filtered with gel or dichroic inserts. Installation of the fixtures
and operation of the fixture will use traditional technologies
tamiliar to all technicians 1n the industry eliminating the need
for specialized training for application. The color changing
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systems can use existing (but relatively new) DMX control
technologies that are prevalent 1n the industry.

One of the important design restraints found while design-
ing lighting instruments 1s the removal of heat generated by
the light source. High intensity light emitting diodes (LEDs)
have a critical upper temperature operating limit. This can
casily be exceeded when the LEDs are arranged in-groups
and the ambient air temperature rises. In one embodiment of
the present ivention this problem is solved by ventilation
holes placed through the housing 402. Ventilation holes are
strategically placed in the housing to provide airtlow either by
a forced air system or by convection and to assist 1n dissipa-
tion ol unwanted heat that 1s generated by the light sources
and 1ncrease the life of the light sources. In one embodiment,
housing 402 comprises a flexible material capable of pro-
vided the necessary flexibility and strength required. Exem-
plary flexible materials include vulcanized rubber, composite
petroleum based plastic, or an elastomer.

The invention may be used for tlashlights, theatrical light-
ing, and may have other applications including automobile
headlights. Theatrical lighting 1s used 1n concerts, special
events, nightclubs, television studios, restaurants and theme
parks. Theatrical fixtures according to the invention could
become the standard fixture for theater and dramatic lighting
installations. It could be used 1n permanent installations and
portable stage and lighting systems including traveling shows
and pop and rock music shows. The fixtures can be used 1n
architectural installations where precise lighting control 1s
needed and low heat output 1s desirable such as museums,
auditonia, lobbies, stages, churches etc.

Although generally shown as having the same focal length,
the individual light sources need not have the same focal
length, nor be focused to a single point. This enables the
formation of a projected three-dimensional 1image. Three
dimensional images can be used for special theatrical etlects.

Alternatively, this embodiment may provide some medical
applications, such as regarding treatment of tumors. An
image ol a tumor to be treated can be first provided a 3D
rendering device, such as an MRI. Once the 1mage 1s ren-
dered, a nominal distance and alignment between the array
and the tumor 1s fixed for the procedure. The light source 1s
then shaped 1n 3D to match the tumor by selecting approprate
focusing optics for each light source and by manipulating the
angular and axial position of the maleable backing under the
individual light sources thus synchronizing the light pro-
duced to the tumor location and shape. The array of focused
and computer controlled lasers using the computer 3D image
could be used to very precisely remove the tumor three
dimensionally without disturbing any tissue beyond the
tumor.

This 1invention has been described herein in considerable
detail to provide those skilled in the art with information
relevant to apply the novel principles and to construct and use
such specialized components as are required. However, it 1s to
be understood that the invention can be carried out by ditter-
ent equipment, materials and devices, and that various modi-
fications, both as to the equipment and operating procedures,
can be accomplished without departing from the scope of the
invention 1itself.

We claim:

1. A high intensity lighting apparatus, comprising:

an outer housing;

a curved support disk having an array of diode or laser-
based integrated light sources attached thereto disposed
within said housing, each of said light sources including
a solid tube having a laser or diode chip at one end of said
tube, said tubes each having at least one concave shaped
exit surface on an end of said tube opposite said chip,
said concave exit surface converging light emitted from
cach of said light source to focal points within said
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housing, a shape of said curved support disk converging
respective ones of said focal points mto a light beam
having a common focal plane, and

adjustable secondary optics disposed 1n said housing after

said focal plane for creating various angles of transmis-
sion of said light beam.

2. The highting apparatus of claim 1, wherein said focal
plane 1s concentrated to substantially a single common focal
point.

3. The lighting apparatus of claim 1, further comprising a
highly reflective surface coating [an inside of] or said tubes
excluding said exit surface, wherein said reflective surface
coating veflects light inside of said tube.

4. The lighting apparatus of claim 1, wherein said chip 1s a
side emitting chip mounted 1n a rotated configuration in said
tube.

5. The lighting apparatus of claim 1, wherein said chip 1s
triangular shaped and side emitting.

6. The lighting apparatus of claim 1, wherein said chip has
ports for allowing light to escape from various points on a side
of said chip.

7. The lighting apparatus of claim 1, wherein said exit
surface provides at least two different focusing planes.

8. The lighting apparatus of claim 1, wherein said support
disk 1s a malleable armature that flexes to change a beam
spread of said array.

9. The lighting apparatus of claim 1, wherein said array of
light sources is removably coupled to said support [disc] disk.

10. A high intensity lighting apparatus, comprising.

an outer housing,

an array of diode or laser-based integrated light sources

disposed within said housing, each of said light sources
including a solid tube having a laser or diode chip at one
end of said tube, said tubes each having at least one
concave shaped exit surface on an end of said tube
opposite said chip; and

secondary optics disposed in said housing,.

11. The lighting apparatus of claim 10, wherein said con-
cave exit surface converges light emitted from each of said
light source to focal points within said housing.

12. The lighting apparatus of claim 11, wherein said exit
surface provides at least two different focusing planes.

13. The lighting apparatus of claim 10, wherein the sec-
ondary optics disposed in said housing comprise a lensing
element mounted on an adjustable sliding lens tube for beam

focus adjustment.

14. The lighting apparatus of claim 10, further comprising
a reflective surface coating on said tubes excluding said exit
surface, wherein said reflective surface coating veflects light
inside of said tube.

15. A high intensity lighting apparatus, comprising:

a light source including a solid tube having a laser or diode
chip at one end of said tube, said tube having at least one
concave shaped exit surface on an end of said tube
opposite said chip, and a reflective surface coating on
said tube excluding said exit surface, wherein said
reflective surface coating veflects light inside of said
tube.

16. The lighting apparatus of claim 15, wherein said chip is

a side emitting chip mounted in a votated configuration in said
tube.

17. The lighting apparatus of claim 15, wherein said chip is
triangular shaped and side emitting.

18. The lighting apparatus of claim 15, whevein said chip
has ports for allowing light to escape from various points on
a side of said chip.

19. The lighting apparatus of claim 15, wherein said exit
surface provides at least two different focusing planes.
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