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(57) ABSTRACT 

A system provides White light having a selectable spectral 
characteristic (eg a selectable color temperature) using an 
optical integrating cavity to combine energy of different 
Wavelengths from different sources With White light. The 
cavity has a diffusely re?ective interior surface and an aper 
ture for alloWing emission of combined light. Control of the 
intensity of emission of the sources sets the amount of pri 
mary color light of each Wavelength added to the substantially 
White input light output and thus determines a spectral char 
acteristic of the White light output through the aperture. A 
variety of different elements may optically process the com 
bined light output, such a de?ector, a variable iris, a lens, a 
variable focusing lens system, a collimator, a holographic 
diffuser and combinations thereof. 
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OPTICAL INTEGRATING CHAMBER 
LIGHTING USING ONE OR MORE 

ADDITIONAL COLOR SOURCES TO ADJUST 
WHITE LIGHT 

TECHNICAL FIELD 

[0001] The present teachings relate to techniques and 
equipment to provide White light having a selectable spectral 
characteristic (eg a selectable color temperature), by com 
bining substantially White light With selected amounts of light 
of tWo or more different Wavelengths (e.g. primary colors), 
using an optical cavity. 

BACKGROUND 

[0002] An increasing variety of lighting applications 
require a precisely controlled spectral characteristic of light. 
There are many variations of light that appear White. Sunlight, 
for example, appears Warmer than White light from a ?uores 
cent ?xture. Light from an incandescent bulb often appears 
someWhat reddish in color. Yet, humans perceive such lights 
as ‘White.’ Even for light that appears ‘White’ to the human 
eye, many applications call for different characteristics of the 
White light. Typical White light sources provide light of a ?xed 
nature, so that it is often necessary to use a different lighting 
device for each different application. 
[0003] It has long been knoWn that combining the light of 
one color With the light of another color creates a third color. 
For example, the commonly used primary colors Red, Green 
and Blue of different amounts can be combined to produce 
almost any color in the visible spectrum. Adjustment of the 
amount of each primary color enables adjustment of the spec 
tral properties of the combined light stream. Recent develop 
ments for selectable color systems have utiliZed light emitting 
diodes as the sources of the different light colors. 
[0004] Light emitting diodes (LEDs) Were originally devel 
oped to provide visible indicators and information displays. 
For such luminance applications, the LEDs emitted relatively 
loW poWer. HoWever, in recent years, improved LEDs have 
become available that produce relatively high intensities of 
output light. These higher poWer LEDs, for example, have 
been used in arrays for traf?c lights. Today, LEDs are avail 
able in almost any color in the color spectrum. 
[0005] Systems are knoWn Which combine controlled 
amounts of proj ected light from at least tWo LEDs of different 
primary colors.Attention is directed, for example, to US. Pat. 
Nos. 6,459,919, 6,166,496 and 6,150,774. Typically, such 
systems have relied on using pulse-Width modulation or other 
modulation of the LED driver signals to adjust the intensity of 
each LED color output. The modulation requires complex 
circuitry to implement. Also, such prior systems have relied 
on direct radiation or illumination from the individual source 
LEDs. In some applications, the LEDs may represent unde 
sirably bright sources if vieWed directly. Also, the direct illu 
mination from LEDs providing multiple colors of light has 
not provided optimum combination throughout the ?eld of 
illumination. In some systems, the observer can see the sepa 
rate red, green and blue lights from the LEDs at short dis 
tances from the ?xture, even if the LEDs are covered by a 
translucent diffuser. Integration of colors by the eye becomes 
effective only at longer distances. 
[0006] Another problem arises from long-term use of LED 
type light sources. As the LEDs age, the output intensity for a 
given input level of the LED drive current decreases. As a 
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result, it may be necessary to increase poWer to an LED to 
maintain a desired output level. This increases poWer con 
sumption. In some cases, the circuitry may not be able to 
provide enough light to maintain the desired light output 
level. As performance of the LEDs of different colors declines 
differently With age (eg due to differences in usage), it may 
be di?icult to maintain desired relative output levels and 
therefore di?icult to maintain the desired spectral character 
istics of the combined output. The output levels of LEDs also 
vary With actual temperature (thermal) that may be caused by 
difference in ambient conditions or different operational heat 
ing and/or cooling of different LEDs. Temperature induced 
changes in performance cause changes in the spectrum of 
light output. 
[0007] Another problem With existing multi-color LED 
systems arises from control of the overall system output 
intensity. In existing systems, to adjust the combined output 
intensity, e. g. to reduce or increase overall brightness, the user 
must adjust the LED poWer levels. HoWever, LED spectral 
characteristics change With changes in poWer level. If the 
light colors produced by the LEDs change, due to a poWer 
level adjustment, it becomes necessary to adjust the modula 
tions to compensate in order to achieve the same spectral 
characteristic. 
[0008] US. Pat. No. 6,007,225 to Ramer et al. (Assigned to 
Advanced Optical Technologies, L.L.C.) discloses a directed 
lighting system utiliZing a conical light de?ector. At least a 
portion of the interior surface of the conical de?ector has a 
specular re?ectivity. In several disclosed embodiments, the 
source is coupled to an optical integrating cavity; and an 
outlet aperture is coupled to the narroW end of the conical 
light de?ector. This patented lighting system provides rela 
tively uniform light intensity and ef?cient distribution of light 
over a ?eld of illumination de?ned by the angle and distal 
edge of the de?ector. HoWever, this patent does not discuss 
particular color combinations or effects. 
[0009] Hence, a need still exists for a technique to e?i 
ciently provide White light of a selectable characteristic. A 
related need still exists for such a system that does not require 
complex electronics (e.g. modulation circuitry) to control the 
intensity of the energy output from the sources of the radiant 
energy of different Wavelengths. A need also exists for a 
technique to effectively maintain a desired energy output 
level and the desired spectral characteristic of the combined 
output as LED performance decreases With age, preferably 
Without requiring excessive poWer levels. 

SUMMARY 

[0010] As disclosed herein, an apparatus for emitting light 
includes an optical cavity, having a diffusely re?ective inte 
rior surface and an aperture for alloWing emission of com 
bined light. Sources supply light into the interior of the cavity. 
One of the sources provides substantially White light, and at 
least tWo other sources emit radiant energy of different Wave 
lengths. The cavity effectively combines the substantially 
White light With the light of the different Wavelengths, to 
provide adjusted White light of a desired spectral character 
istic, e.g. color temperature, for emission from an aperture of 
the cavity. 
[0011] The apparatus may include an optical processing 
element coupled to the aperture of the optical cavity. A variety 
of different optical processing elements are disclosed. Indi 
vidual examples may be selected or tWo or more such ele 
ments may be used in combination, to facilitate use of the 
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apparatus for a particular application. Disclosed examples of 
the optical processing element include de?ectors of various 
shapes and re?ective characteristics, collimators, various 
lenses, focusing systems, irises, diffusers, holographic diffus 
ers and the like. 

[0012] A system using an apparatus as disclosed herein 
typically Will include a control circuit, coupled to at least the 
sources of the light of the tWo speci?ed Wavelengths for 
establishing output intensity of light energy of each of those 
sources. Control of the intensity of emission of these sources 
sets a spectral characteristic of the combined White light 
emitted through the aperture. If the ?xture includes a variable 
iris, the output intensity may be adjusted by adjustment of the 
iris opening Without the need to change the poWer levels of the 
sources, and thus Without impact on the spectral characteristic 
of the output. 
[0013] In the examples, each source of a speci?ed light 
Wavelength typically comprises one or more light emitting 
diodes (LEDs). It is possible to install any desirable number 
of LEDs. Hence, in several examples, the sources may com 
prise one or more LEDs for emitting light of a ?rst color, and 
one or more LEDs for emitting light of a second color, 
Wherein the second color is different from the ?rst color. In a 
similar fashion, the apparatus may include additional LED 
sources of a third color, a fourth color, etc. To achieve the 
highest color-rendering index (CRI), the LED array may 
include LEDs of colors that effectively cover the entire visible 
spectrum. The LED sources can include any color or Wave 

length, but typically include red, green, and blue. 
[0014] A number of different White light sources are dis 
closed. The White light source may be one or more White 
LEDs. Alternatively, such ?xtures may utiliZe other light 
sources or lamps, such as incandescent or ?uorescent light 
bulbs. The White light from the source is substantially White, 
in that a human Would likely perceive it as White, although it 
is not necessarily true White in the spectral sense. Typically, 
the spectral characteristic of the input White light is relatively 
?xed, particularly When the source operates at a given poWer 
level. The White light from the source, hoWever, Will not by 
itself alWays provide the desired spectral characteristic. The 
light from the colored LEDs provides a selectable adjustment 
or correction to the White light output of the apparatus. 
[0015] The integrating or mixing capability of the optical 
cavity serves to project White light of any adjusted color 
characteristic, by adjusting the intensity of the various color 
light sources coupled to the cavity. Hence, it is possible to 
control color rendering index, as Well as color temperature or 
balance. The system Works With the totality of light output 
from a White light source and a family of LEDs. HoWever, to 
provide color adjustment or variability, it is not necessary to 
control the output of individual LEDs, except as the intensity 
of each contributes to the totality. For example, it is not 
necessary to modulate the LED outputs. Also, the distribution 
pattern of the LEDs is not signi?cant. The LEDs can be 
arranged in any manner to supply radiant energy Within the 
optical cavity, although typically direct vieW from outside the 
?xture is avoided. 

[0016] An exemplary system includes a number of 
“sleeper” LEDs that Would be activated only When needed, 
for example, to maintain the light output, color, color tem 
perature or thermal temperature. Hence, examples are also 
disclosed in Which the ?rst color LEDs comprise one or more 
initially active LEDs for emitting light of the ?rst color and 
one or more initially inactive LEDs for emitting light of the 
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?rst color on an as needed basis. Similarly, the second color 
LEDs include one or more initially active LEDs for emitting 
light of the second color and one or more initially inactive 
LEDs for emitting light of the second color on an as needed 
basis. In a similar fashion, the apparatus may include addi 
tional active and inactive LED sources of a third color, fourth 
color, etc. or active and inactive LED sources of White light. 
[0017] As noted in the background, as LEDs age or expe 
rience increases in thermal temperature, they continue to 
operate, but at a reduced output level. The use of the sleeper 
LEDs greatly extends the lifecycle of the ?xtures. Activating 
a sleeper (previously inactive) LED, for example, provides 
compensation for the decrease in output of the originally 
active LED. There is also more ?exibility in the range of 
intensities that the ?xtures may provide. 
[0018] A number of different examples of control circuits 
are discussed beloW. In one example, the control circuitry 
comprises a color sensor coupled to detect color distribution 
in the combined radiant energy. Associated logic circuitry, 
responsive to the detected color distribution, controls the 
output intensity of the various LEDs, so as to provide a 
desired color distribution in the integrated radiant energy. In 
an example using sleeper LEDs, the logic circuitry is respon 
sive to the detected color distribution to selectively activate 
the inactive light emitting diodes as needed, to maintain the 
desired color distribution in the combined radiant energy. 
[0019] A number of other control circuit features also are 
disclosed. For example, the control circuitry may also include 
a temperature sensor. In such an example, the logic circuitry 
is also responsive to the sensed temperature, eg to reduce 
intensity of the source outputs to compensate for temperature 
increases. 
[0020] The control circuitry may include an appropriate 
device for manually setting the desired spectral characteristic, 
for example, one or more variable resistors or one or more dip 

sWitches, to alloW a user to de?ne or select the desired color 
distribution. 
[0021] Automatic controls also are envisioned. For 
example, the control circuitry may include a data interface 
coupled to the logic circuitry, for receiving data de?ning the 
desired color distribution. Such an interface Would alloW 
input of control data from a separate or even remote device, 
such as a personal computer, personal digital assistant or the 
like. A number of the devices, With such data interfaces, may 
be controlled from a common central location or device. 

[0022] The control may be someWhat static, e.g. set the 
desired color reference index or desired color temperature 
and the overall intensity and leave the device set-up in that 
manner for an inde?nite period. The apparatus also may be 
controlled dynamically, for example, to vary the color of the 
White light output and thereby provide special effects light 
ing. Also, such light settings are easily recorded and reused at 
a later time or even at a different location using a different 

system. 
[0023] The disclosed apparatus may use a variety of differ 
ent structures or arrangements for the optical integrating cav 
ity. It is desirable that the interior cavity surface have a highly 
e?icient diffusely re?ective characteristic, eg a re?ectivity 
of over 90%, With respect to the relevant Wavelengths. In 
several examples, the cavity is formed of a diffusely re?ective 
plastic material, such as a polypropylene having a 98% re?ec 
tivity and a diffuse re?ective characteristic. Another example 
of a material With a suitable re?ectivity is SPECTRALON. 
Alternatively, the optical integrating cavity may comprise a 
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rigid substrate having an interior surface, and a diffusely 
re?ective coating layer formed on the interior surface of the 
substrate so as to provide the diffusely re?ective interior 
surface of the optical integrating cavity. 
[0024] A variety of different shapes may be used for the 
interior re?ective surface of the cavity. Although it may be 
triangular or in the shape of a pyramid, in several examples, 
the diffusely re?ective interior surface of the optical integrat 
ing cavity has a shape corresponding to a substantial portion 
of a sphere (e.g. hemispherical) or a substantial portion of a 
cylinder (e. g. approximating a half-cylinder). Other examples 
utiliZe an extended volume having a rectangular cross-sec 
tion. 
[0025] To provide a particular desirable output distribution 
from the apparatus, it is also possible to construct the cavity so 
as to provide constructive occlusion. Constructive Occlusion 
type transducer systems utiliZe an electrical/optical trans 
ducer optically coupled to an active area of the system, typi 
cally the aperture of a cavity or an effective aperture formed 
by a re?ection of the cavity. The systems utiliZe diffusely 
re?ective surfaces, such that the active area exhibits a sub 
stantially Lambertian characteristic. A mask occludes a por 
tion of the active area of the system, in the examples, the 
aperture of the cavity or the effective aperture formed by the 
cavity re?ection, in such a manner as to achieve a desired 
response or output characteristic for the system. In examples 
of the present apparatus using constructive occlusion, the 
optical integrating cavity Would include a base, a mask and a 
cavity formed in the base or the mask. The mask Would have 
a diffusely re?ective surface. The mask is siZed and posi 
tioned relative to the active area of the system so as to con 
structively occlude the active area. 
[0026] In one example of the present apparatus using con 
structive occlusion, the device Would further include a mask 
outside the optical integrating cavity formed in the base. The 
mask Would have a diffusely re?ective surface facing toWard 
the aperture of the cavity. The mask is siZed and positioned 
relative to the aperture so as to constructively occlude the 
aperture. In another constructive occlusion example, the aper 
ture that serves as the active area is actually a re?ection of the 
interior surface of a dome that forms the curved interior of the 
cavity. The re?ection is formed on a base surface opposite the 
cavity of the dome. The interior of the cavity is diffusely 
re?ective. In this later arrangement, the dome also serves as 
the constructive occlusion mask. 

[0027] The inventive devices have numerous applications, 
and the output intensity and spectral characteristic may be 
tailored and/ or adjusted to suit the particular application. For 
example, the intensity of the integrated light emitted through 
the aperture may be at a level for use in a rumination appli 
cation or at a level su?icient for a task lighting application. 
Theater or studio lighting and product display lighting 
examples are also disclosed. 

[0028] A lighting system, for providing variable or select 
able White lighting for studio or theater applications, includes 
?rst and second sources of light of ?rst and second Wave 
lengths. A third source supplies substantially White light. An 
optical cavity With a diffusely re?ective interior surface 
receives and combines light of the tWo Wavelengths from With 
the substantially White light, to produce White light of a 
selected spectral characteristic. The cavity also has an aper 
ture, for alloWing emission of resulting White light. The light 
ing system also includes a variable opening iris optically 
coupled to the aperture of the optical cavity, for controlling an 
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amount of the light emitted from the aperture directed toWard 
a subject to be illuminated. Control circuitry, coupled to at 
least the ?rst and second sources, establishes intensity of light 
from the sources, so as to set a spectral characteristic of the 
combined White light directed toWard the subject to be illu 
minated in the studio or theater. 

[0029] In a theater or studio lighting system of this type, the 
control of the sources controls the spectral characteristic of 
the emitted White light. As disclosed, adjustment of the siZe of 
the opening through the iris in turn controls the intensity of 
the overall White light output of the system. Disclosed 
examples of such a system include one or more additional 
optical processing elements, such as a variable focusing lens 
system to control the siZe of the spot illuminated onto the 
subject. 
[0030] Additional objects, advantages and novel features of 
the examples Will be set forth in part in the description Which 
folloWs, and in part Will become apparent to those skilled in 
the art upon examination of the folloWing and the accompa 
nying draWings or may be learned by production or operation 
of the examples. The objects and advantages of the present 
subject matter may be realiZed and attained by means of the 
methodologies, instrumentalities and combinations particu 
larly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The draWing ?gures depict one or more implemen 
tations in accord With the present concepts, by Way of 
example only, not by Way of limitations. In the ?gures, like 
reference numerals refer to the same or similar elements. 

[0032] FIG. 1 illustrates an example of a radiant energy 
emitting system, With certain elements thereof shoWn in 
cross-section. 
[0033] FIG. 2 illustrates another example of a radiant 
energy emitting system, With certain elements thereof shoWn 
in cross-section. 
[0034] FIG. 3 is a bottom vieW of the ?xture in the system 
of FIG. 2. 
[0035] FIG. 4 illustrates another example of a radiant 
energy emitting system, using ?ber optic links from the LEDs 
to the optical integrating cavity. 
[0036] FIG. 5 illustrates another example of a radiant 
energy emitting system, utiliZing principles of constructive 
occlusion. 

[0037] FIG. 6 is a bottom vieW of the ?xture in the system 
of FIG. 5. 

[0038] FIG. 7 illustrates an alternate example of a radiant 
energy emitting system, utiliZing principles of constructive 
occlusion. 

[0039] FIG. 8 is a top plan vieW of the ?xture in the system 
of FIG. 7. 

[0040] FIG. 9 is a functional block diagram of the electrical 
components, of one of the radiant energy emitting systems, 
using programmable digital control logic. 
[0041] FIG. 10 is a circuit diagram shoWing the electrical 
components, of one of the radiant energy emitting systems, 
using analog control circuitry to control the LED sources for 
adjustment of the spectral characteristic of the combined 
White light output. 
[0042] FIG. 11 is a diagram, illustrating a number of radiant 
energy emitting systems With common control from a master 
control unit. 
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[0043] FIG. 12 is a layout diagram, useful in explaining an 
arrangement of a number of the ?xtures of the system of FIG. 
11. 
[0044] FIGS. 13A to 13C are cross-sectional vieWs ofaddi 
tional examples, of optical cavity LED light ?xtures, With 
several alternative elements for processing of the combined 
light emerging from the cavity. 
[0045] FIG. 14 is a cross-sectional vieW of another example 
of an optical cavity LED light ?xture, using a collimator, iris 
and adjustable focusing system to process the combined light 
output. 
[0046] FIG. 15 is a cross-sectional vieW of another example 
of an optical cavity LED light ?xture, as might be used for a 
“Wall-Washer” application, using a combination of a White 
light source and a plurality of primary color light sources. 
[0047] FIG. 16 is a cross-sectional vieW of another example 
of an optical cavity LED light ?xture, in this case using a 
de?ector and a combination of a White light source and a 
plurality of primary color light sources. 

DETAILED DESCRIPTION 

[0048] Reference noW is made in detail to the examples 
illustrated in the accompanying draWings and discussed 
beloW. FIG. 1 is a cross-sectional illustration of a radiant 
energy distribution apparatus or system 10. For task lighting 
applications, the apparatus emits light in the visible spectrum, 
although the system 10 may be used for rumination applica 
tions and/ or With emissions in or extending into the infrared 
and/ or ultraviolet portions of the radiant energy spectrum. 
[0049] The illustrated system 10 includes an optical cavity 
11 having a diffusely re?ective interior surface, to receive and 
combine radiant energy of different colors/Wavelengths. The 
cavity 11 may have various shapes. The illustrated cross 
section Would be substantially the same if the cavity is hemi 
spherical or if the cavity is semi-cylindrical With the cross 
section taken perpendicular to the longitudinal axis. The 
optical cavity in the examples discussed beloW is typically an 
optical integrating cavity. 
[0050] The disclosed apparatus may use a variety of differ 
ent structures or arrangements for the optical integrating cav 
ity, examples of Which are discussed beloW. At least a sub 
stantial portion of the interior surface(s) of the cavity exhibit 
(s) diffuse re?ectivity. It is desirable that the cavity surface 
have a highly ef?cient re?ective characteristic, eg a re?ec 
tivity equal to or greater than 90%, With respect to the relevant 
Wavelengths. In the example of FIG. 1, the surface is highly 
diffusely re?ective to energy in the visible, near-infrared, and 
ultraviolet Wavelengths. 
[0051] The cavity 11 may be formed of a diffusely re?ec 
tive plastic material, such as a polypropylene having a 97% 
re?ectivity and a diffuse re?ective characteristic. Such a 
highly re?ective polypropylene is available from Ferro Cor 
porationiSpecialty Plastics Group, Filled and Reinforced 
Plastics Division, in Evansville, Ind. Another example of a 
material With a suitable re?ectivity is SPECTRALON. Alter 
natively, the optical integrating cavity may comprise a rigid 
substrate having an interior surface, and a diffusely re?ective 
coating layer formed on the interior surface of the substrate so 
as to provide the diffusely re?ective interior surface of the 
optical integrating cavity. The coating layer, for example, 
might take the form of a ?at-White paint or White poWder coat. 
A suitable paint might include a Zinc-oxide based pigment, 
consisting essentially of an uncalcined Zinc oxide and pref 
erably containing a small amount of a dispersing agent. The 
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pigment is mixed With an alkali metal silicate vehicle-binder, 
Which preferably is a potassium silicate, to form the coating 
material. For more information regarding the exemplary 
paint, attention is directed to Us. patent application Ser. No. 
09/866,516, Which Was ?led May 29, 2001, by MattheW 
BroWn, Which issued as U.S. Pat. No. 6,700,112 on Mar. 2, 
2004. 

[0052] For purposes of the discussion, the cavity 11 in the 
apparatus 10 is assumed to be hemispherical. In the example, 
a hemispherical dome 13 and a substantially ?at cover plate 
15 form the optical cavity 11. At least the interior facing 
surfaces of the dome 13 and the cover plate 15 are highly 
diffusely re?ective, so that the resulting cavity 11 is highly 
diffusely re?ective With respect to the radiant energy spec 
trum produced by the device 10. As a result, the cavity 11 is an 
integrating type optical cavity. Although shoWn as separate 
elements, the dome and plate may be formed as an integral 
unit. 
[0053] The optical integrating cavity 11 has an aperture 17 
for alloWing emission of combined light energy. In the 
example, the aperture 17 is a passage through the approxi 
mate center of the cover plate 15, although the aperture may 
be at any other convenient location on the plate 15 or the dome 
13. Because of the diffuse re?ectivity Within the cavity 11, 
light Within the cavity is integrated before passage out of the 
aperture 17. In the examples, the apparatus 10 is shoWn emit 
ting the combined light doWnWard through the aperture 17, 
for convenience. HoWever, the apparatus 10 may be oriented 
in any desired direction to perform a desired application 
function, for example to provide visible luminance to persons 
in a particular direction or location With respect to the ?xture 
or to illuminate a different surface such as a Wall, ?oor or table 
top. Also, the optical integrating cavity 11 may have more 
than one aperture 17, for example, oriented to alloW emission 
of integrated light in tWo or more different directions or 
regions. 
[0054] The apparatus 10 also includes sources of light. In 
addition to a source 20 of substantially White input light, the 
apparatus includes tWo or more sources 19 of light of different 
Wavelengths. In the ?rst example, the sources are LEDs 19, 
tWo of Which are visible in the illustrated cross-section. The 
LEDs 19 supply light into the interior of the optical integrat 
ing cavity 11. As shoWn, the points of emission from the 
LEDs 19 into the interior of the optical integrating cavity 11 
are not directly visible through the aperture 17. At least the 
tWo illustrated LEDs emit radiant energy of different Wave 
lengths, e.g. Red (R) and Green (G). Additional LEDs of the 
same or different colors may be provided. The cavity 11 
effectively integrates the energy of different light Wave 
lengths With the substantially White light from source 20, so 
that the integrated or combined light energy emitted through 
the aperture 17 includes the radiant energy of all the various 
Wavelengths in relative amounts substantially corresponding 
to the relative intensities of input into the cavity 11. 
[0055] The source LEDs 19 can include LEDs of any color 
or Wavelength. Typically, an array of LEDs for a visible light 
application includes at least red, green, and blue LEDs. The 
integrating or mixing capability of the cavity 11 serves to 
project light of any color, including White light, by adjusting 
the intensity of the various sources coupled to the cavity. 
Hence, it is possible to control color rendering index (CRI), as 
Well as color temperature. The system 10 Works With the 
totality of light output from a family of LEDs 19 to adjust the 
spectral characteristic of the White light output. HoWever, to 
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provide color adjustment or variability for the White light 
output, it is not necessary to control the output of individual 
LEDs 19 or source 20, except as they contribute to the totality. 
For example, it is not necessary to modulate the source out 
puts. Also, the distribution pattern of the individual LEDs and 
their emission points into the cavity are not signi?cant. The 
LEDs 19 can be arranged in any manner to supply radiant 
energy Within the cavity, although it is preferred that direct 
vieW of the LEDs from outside the ?xture is minimiZed or 
avoided. 
[0056] In this example, light outputs of the LED sources 19 
are coupled directly to openings at points on the interior of the 
cavity 11, to emit radiant energy directly into the interior of 
the optical integrating cavity. The LEDs may be located to 
emit light at points on the interior Wall of the element 13, 
although preferably such points Would still be in regions out 
of the direct line of sight through the aperture 17. For ease of 
construction, hoWever, the openings for the LEDs 19 are 
formed through the cover plate 15. On the plate 15, the open 
ings/LEDs may be at any convenient locations. 
[0057] The source 20 of substantially White input light may 
be one of the LEDs mounted on the cover plate 15 or at any 
point on the dome 13. HoWever, the White light source may be 
any other type of device that produces substantially White 
light for adjustment or correction by the primary colors from 
the LEDs 19. Examples of other suitable White light sources 
20 include incandescent bulbs, ?uorescent bulbs, as Well as 
halide and halogen lamps. Of course, the apparatus may 
include a number of White light sources 20 of the same or 
different types, coupled to supply light to the integrating 
cavity 11. 
[0058] The intensity of energy from the White light source 
20 may be ?xed, eg by connection to a ?xed poWer supply. 
Alternatively, the poWer to the White light source 20 may be 
controlled by a variable control, similar to or the same as that 
provided to one or more of the LEDs 19 by the source 23 and 
the control circuit 21. 

[0059] The apparatus 10 also includes a control circuit 21 
coupled to the LEDs 19 for establishing output intensity of 
radiant energy of each of the LED sources. The control circuit 
21 typically includes a poWer supply circuit coupled to a 
source, shoWn as an AC poWer source 23. The control circuit 
21 also includes an appropriate number of LED driver circuits 
for controlling the poWer applied to each of the individual 
LEDs 19 and thus the intensity of radiant energy supplied to 
the cavity 11 for each different Wavelength. Control of the 
intensity of emission of the sources sets a spectral character 
istic of the combined White light emitted through the aperture 
17 of the optical integrating cavity. The control circuit 21 may 
be responsive to a number of different control input signals, 
for example, to one or more user inputs as shoWn by the arroW 
in FIG. 1. Although not shoWn in this simple example, feed 
back may also be provided. Speci?c examples of the control 
circuitry are discussed in more detail later. 

[0060] The aperture 17 may serve as the system output, 
directing integrated color light to a desired area or region to be 
illuminated. Although not shoWn in this example, the aperture 
17 may have a grate, lens or diffuser (eg a holographic 
element) to help distribute the output light and/ or to close the 
aperture against entry of moisture of debris. For some appli 
cations, the system 10 includes an additional de?ector to 
distribute and/or limit the light output to a desired ?eld of 
illumination. A later embodiment, for example, uses a colli 
mator. 
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[0061] The color integrating energy distribution apparatus 
may also utiliZe one or more conical de?ectors having a 
re?ective inner surface, to ef?ciently direct most of the light 
emerging from a light source into a relatively narroW ?eld of 
vieW. Hence, the exemplary apparatus shoWn in FIG. 1 also 
comprises a conical de?ector 25. A small opening at a proxi 
mal end of the de?ector is coupled to the aperture 17 of the 
optical integrating cavity 11. The de?ector 25 has a larger 
opening 27 at a distal end thereof. The angle and distal open 
ing of the conical de?ector 25 de?ne an angular ?eld of light 
emission from the apparatus 10. Although not shoWn, the 
large opening of the de?ector may be covered With a trans 
parent plate or lens, or covered With a grating, to prevent entry 
of dirt or debris through the cone into the system and/or to 
further process the output radiant energy. 
[0062] The conical de?ector 25 may have a variety of dif 
ferent shapes, depending on the particular lighting applica 
tion. In the example, Where cavity 11 is hemispherical, the 
cross-section of the conical de?ector is typically circular. 
HoWever, the de?ector may be someWhat oval in shape. In 
applications using a semi-cylindrical cavity, the de?ector 
may be elongated or even rectangular in cross-section. The 
shape of the aperture 17 also may vary, but Will typically 
match the shape of the small end opening of the de?ector 25. 
Hence, in the example, the aperture 17 Would be circular. 
HoWever, for a device With a semi-cylindrical cavity and a 
de?ector With a rectangular cross-section, the aperture may 
be rectangular. 
[0063] The de?ector 25 comprises a re?ective interior sur 
face 29 betWeen the distal end and the proximal end. In some 
examples, at least a substantial portion of the re?ective inte 
rior surface 29 of the conical de?ector exhibits specular 
re?ectivity With respect to the integrated radiant energy. As 
discussed in Us. Pat. No. 6,007,225, for some applications, it 
may be desirable to construct the de?ector 25 so that at least 
some portion(s) of the inner surface 29 exhibit diffuse re?ec 
tivity or exhibit a different degree of specular re?ectivity 
(e.g., quasi-secular), so as to tailor the performance of the 
de?ector 25 to the particular application. For other applica 
tions, it may also be desirable for the entire interior surface 29 
of the de?ector 25 to have a diffuse re?ective characteristic. In 
such cases, the de?ector 25 may be constructed using mate 
rials similar to those taught above for construction of the 
optical integrating cavity 11. 
[0064] In the illustrated example, the large distal opening 
27 of the de?ector 25 is roughly the same siZe as the cavity 11. 
In some applications, this siZe relationship may be convenient 
for construction purposes. HoWever, a direct relationship in 
siZe of the distal end of the de?ector and the cavity is not 
required. The large end of the de?ector may be larger or 
smaller than the cavity structure. As a practical matter, the 
siZe of the cavity is optimiZed to provide the integration or 
combination of light colors from the desired number of LED 
sources 19 and the White light source 20. The siZe, angle and 
shape of the de?ector determine the area that Will be illumi 
nated by the combined or integrated light emitted from the 
cavity 11 via the aperture 17. 
[0065] In the examples, each source of radiant energy of a 
particular Wavelength comprises one or more light emitting 
diodes (LEDs). Within the chamber, it is possible to process 
light received from any desirable number of such LEDs. 
Hence, in several examples, these sources may comprise one 
or more LEDs for emitting light of a ?rst color, and one or 
more LEDs for emitting light of a second color, Wherein the 
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second color is different from the ?rst color. In a similar 
fashion, the apparatus may include additional sources com 
prising one or more LEDs of a third color, a fourth color, etc. 
To achieve the highest color rendering index (CRI), the LED 
array may include LEDs of various Wavelengths that cover 
virtually the entire visible spectrum. 
[0066] FIGS. 2 and 3 illustrate another example of a radiant 
energy distribution apparatus or system. FIG. 2 shoWs the 
overall system 30, including the ?xture and the control cir 
cuitry. The ?xture is shoWn in cross-section. FIG. 4 is a 
bottom vieW of the ?xture. The system 30 is generally similar 
the system 10. For example, the system 30 may utiliZe essen 
tially the same type of control circuit 21 and poWer source 23, 
as in the earlier example. HoWever, the shape of the optical 
integrating cavity and the de?ector are someWhat different. 
[0067] The optical integrating cavity 31 has a diffusely 
re?ective interior surface. In this example, the cavity 31 has a 
shape corresponding to a substantial portion of a cylinder. In 
the cross-sectional vieW of FIG. 2 (taken across the longitu 
dinal axis of the cavity), the cavity 31 appears to have an 
almost circular shape. In this example, the cavity 31 is formed 
by a cylindrical element 33 . At least the interior surface of the 
element 33 is highly diffusely re?ective, so that the resulting 
optical cavity 31 is highly diffusely re?ective and functions as 
an integrating cavity, With respect to the radiant energy spec 
trum produced by the system 30. 
[0068] The optical integrating cavity 31 has an aperture 35 
for alloWing emission of combined radiant energy. In this 
example, the aperture 35 is a rectangular passage through the 
Wall of the cylindrical element 33. Because of the diffuse 
re?ectivity Within the cavity 31, light Within the cavity is 
integrated before passage out of the aperture 35. 
[0069] The apparatus 30 also includes sources of light 
energy of different Wavelengths and of a substantially White 
light. In this example, the sources comprise LEDs 37, 39. The 
LEDs are mounted in openings through the Wall of the cylin 
drical element 33, to essentially form tWo roWs of LEDs on 
opposite sides of the aperture 35. The positions of these 
openings, and thus the positions of the LEDs 37 and 39, 
typically are such that the LED outputs are not directly visible 
through the aperture 35, otherWise the locations are a matter 
of arbitrary choice. 
[0070] Thus, the LEDs 37 and 39 supply radiant energy into 
the interior of the optical integrating cavity 31, through open 
ings at points on the interior surface of the optical integrating 
cavity not directly visible through the aperture 35. A number 
of the LEDs emit radiant energy of different Wavelengths, and 
at least one of the LEDs emits substantially White light. For 
example, arbitrary pairs of the LEDs 37, 39 might emit three 
different colors of light, e. g. Red, Green and Blue as primary 
colors. One or more White light sources, eg White LEDs, also 
are provided to supply the substantially White input light. 
[0071] Alternatively, a number of the LEDs may be initially 
active LEDs, Whereas others are initially inactive sleeper 
LEDs. For example, the initially active LEDs might include 
tWo White LEDs, a Red LED, a Green LED and a Blue LED; 
and the sleeper LEDs might include one Red LED, one Green 
LED and one Blue LED. Although not shoWn, an additional 
White LED also could be provided, as a sleeper. 
[0072] The control circuit 21 controls the poWer provided 
to each of the LEDs 37 and 39. The cavity 31 effectively 
integrates the energy of the substantially White input light and 
energy of the different light Wavelengths, from the various 
LEDs 37 and 39, so that the integrated light energy emitted 
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through the aperture 35 includes the radiant energy of all the 
various Wavelengths. Control of the intensity of emission of 
the sources, by the control circuit 21, sets a spectral charac 
teristic of the combined light energy emitted through the 
aperture 35. If sleeper LEDs are provided, the control also 
activates one or more dormant LEDs, on an “as-needed” 

basis, When extra White output or extra output of a particular 
Wavelength or color is required. 
[0073] The color integrating energy distribution apparatus 
30 may also include a de?ector 41 having a specular re?ective 
inner surface 43, to ef?ciently direct most of the light emerg 
ing from the aperture into a relatively narroW ?eld of vieW. 
The de?ector 41 expands outWard from a small end thereof 
coupled to the aperture 35. The de?ector 41 has a larger 
opening 45 at a distal end thereof. The angle of the side Walls 
of the de?ector and the shape of the distal opening 45 of the 
de?ector 41 de?ne an angular ?eld of radiant energy emission 
from the apparatus 30. 
[0074] As noted above, the de?ector may have a variety of 
different shapes, depending on the particular lighting appli 
cation. In the example, Where the cavity 31 is substantially 
cylindrical, and the aperture is rectangular, the cross-section 
of the de?ector 41 (vieWed across the longitudinal axis as in 
FIG. 3) typically appears conical, since the de?ector expands 
outWard as it extends aWay from the aperture 35. HoWever, 
When vieWed on-end (bottom vieW iFIG. 4), the openings 
are substantially rectangular, although they may have some 
What rounded comers. Alternatively, the de?ector 41 may be 
someWhat oval in shape. The shapes of the cavity and the 
aperture may vary, for example, to have rounded ends, and the 
de?ector may be contoured to match the aperture. 
[0075] The de?ector 41 comprises a re?ective interior sur 
face 43 betWeen the distal end and the proximal end. In 
several examples, at least a substantial portion of the re?ec 
tive interior surface 43 of the conical de?ector exhibits specu 
lar re?ectivity With respect to the combined radiant energy, 
although different re?ectivity may be provided, as noted in 
the discussion of FIG. 1. 
[0076] If provided, “sleeper” LEDs Would be activated only 
When needed to maintain the light output, color, color tem 
perature, and/ or thermal temperature. As discussed later With 
regard to an exemplary control circuit, the system 30 could 
have a color sensor coupled to provide feedback to the control 
circuit 21. The sensor could be Within the cavity or the de?ec 
tor or at an outside point illuminated by the integrated light 
from the ?xture. 
[0077] As LEDs age, they continue to operate, but at a 
reduced output level. The use of the sleeper LEDs greatly 
extends the lifecycle of the ?xtures. Activating a sleeper (pre 
viously inactive) LED, for example, provides compensation 
for the decrease in output of the originally active LED. There 
is also more ?exibility in the range of intensities that the 
?xtures may provide. 
[0078] In the examples discussed above relative to FIG. 1 to 
3, the LED sources Were coupled directly to openings at the 
points on the interior of the cavity, to emit radiant energy 
directly into the interior of the optical integrating cavity. It is 
also envisioned that the sources may be someWhat separated 
from the cavity, in Which case, the device might include 
optical ?bers or other forms of light guides coupled betWeen 
the sources and the optical integrating cavity, to supply radi 
ant energy from the sources to the emission points into the 
interior of the cavity. FIG. 4 depicts such a system 50, Which 
uses optical ?bers. 
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[0079] The system 50 includes an optical integrating cavity 
51, an aperture 53 and a de?ector With a re?ective interior 
surface 55, similar to those in the earlier embodiments. The 
interior surface of the optical integrating cavity 51 is highly 
diffusely re?ective, Whereas the de?ector surface 55 exhibits 
a specular re?ectivity. 
[0080] The system 50 includes a control circuit 21 and 
poWer source 23, as in the earlier embodiments. In the system 
50, the radiant energy sources comprise LEDs 59 of three 
different Wavelengths, eg to provide Red, Green and Blue 
light respectively. The sources also include one or more addi 
tional LEDs 61, including a White LED and possibly includ 
ing LEDs of a different additional color or for use as ‘sleep 
ers,’ similar to the example of FIGS. 2 and 3. In this example 
(FIG. 6), the cover plate 63 of the cavity 51 has openings into 
Which are ?tted the light emitting distal ends of optical ?bers 
65. The proximal light receiving ends of the ?bers 65 are 
coupled to receive light emitted by the LEDs 59 (and 61 if 
provided). In this Way, the LED sources 59, 61 may be sepa 
rate from the chamber 51, for example, to alloW easier and 
more effective dissipation of heat from the LEDs. The ?bers 
65 transport the light from the LED sources 59, 61 to the 
cavity 51. The cavity 51 integrates the different colors of light 
from the LEDs as in the earlier examples and supplies com 
bined light, that is to say White light of the selected spectral 
characteristic, out through the aperture 53. The de?ector, in 
turn, directs the combined light to a desired ?eld. Again, the 
intensity control by the circuit 21 adjusts the amount or inten 
sity of the light of each type provided by the LED sources and 
thus controls the spectral characteristic of the combined White 
light output. 
[0081] A number of different examples of control circuits 
are discussed beloW. In one example, the control circuitry 
comprises a color sensor coupled to detect color distribution 
in the integrated radiant energy. Associated logic circuitry, 
responsive to the detected color distribution, controls the 
output intensity of the various LEDs, so as to provide a 
desired color distribution in the integrated radiant energy. In 
an example using sleeper LEDs, the logic circuitry is respon 
sive to the detected color distribution to selectively activate 
the inactive light emitting diodes as needed, to maintain the 
desired color distribution in the integrated White light energy. 
[0082] To provide a uniform output distribution from the 
apparatus, it is also possible to construct the optical cavity so 
as to provide constructive occlusion. Constructive Occlusion 
type transducer systems utiliZe an electrical/optical trans 
ducer optically coupled to an active area of the system, typi 
cally the aperture of a cavity or an effective aperture formed 
by a re?ection of the cavity. The systems utiliZe diffusely 
re?ective surfaces, such that the active area exhibits a sub 
stantially Lambertian characteristic. A mask occludes a por 
tion of the active area of the system, in the examples, the 
aperture of the cavity or the effective aperture formed by the 
cavity re?ection, in such a manner as to achieve a desired 
response or output performance characteristic for the system. 
In examples of the present systems using constructive occlu 
sion, the optical integrating cavity comprises a base, a mask 
and a cavity in either the base or the mask. The mask Would 
have a diffusely re?ective surface facing toWard the aperture. 
The mask is siZed and positioned relative to the active area so 
as to constructively occlude the active area. It may be helpful 
to consider tWo examples using constructive occlusion. 
[0083] FIGS. 5 and 6 depict a ?rst, simple embodiment of a 
light distributor apparatus or system 70, for projecting inte 
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grated multi-Wavelength light With a tailored intensity distri 
bution, using the principles of constructive occlusion. In the 
cross-section illustration, the system 70 is oriented to provide 
doWnWard illumination. Such a system might be mounted in 
or suspended from a ceiling or canopy or the like. Those 
skilled in the art Will recogniZe that the designer may choose 
to orient the system 70 in different directions, to adapt the 
system to other lighting applications. 
[0084] The lighting system 70 includes a base 73, having or 
forming a cavity 75, and adjacent shoulders 77 and 79, con 
structed in a manner similar to the elements forming integrat 
ing cavities in the earlier examples. In particular, the interior 
of the cavity 75 is diffusely re?ective, and the doWn-facing 
surfaces of shoulders 77 and 79 may be re?ective. If the 
shoulder surfaces are re?ective, they may be specular or dif 
fusely re?ective. A mask 81 is disposed betWeen the cavity 
aperture 85 and the ?eldto be illuminated. In this symmetrical 
embodiment, the interior Wall of a half-cylindrical base 73 
forms the cavity; therefore the aperture 85 is rectangular. The 
shoulders 77 formed along the sides of the aperture 85 are 
rectangular. If the base Were circular, With a hemispherical 
cavity, the shoulders typically Would form a ring that may 
partially or completely surround the aperture. 
[0085] In many constructive occlusion embodiments, the 
cavity 75 comprises a substantial segment of a sphere. For 
example, the cavity may be substantially hemispherical, as in 
earlier examples. HoWever, the cavity’s shape is not of critical 
importance. A variety of other shapes may be used. In the 
illustrated example, the half-cylindrical cavity 75 has a rect 
angular aperture, and if extended longitudinally, the rectan 
gular aperture may approach a nearly linear aperture (slit). 
Practically any cavity shape is effective, so long as it has a 
diffuse re?ective inner surface. A hemisphere or the illus 
trated half-cylinder shape are preferred for the ease in mod 
eling for the light output toWard the ?eld of intended illumi 
nation and the attendant ease of manufacture. Also, sharp 
corners tend to trap some re?ected energy and reduce output 
e?iciency. 
[0086] For purposes of constructive occlusion, the base 73 
may be considered to have an active optical area, preferably 
exhibiting a substantially Lambertian energy distribution. 
Where the cavity is formed in the base, for example, the 
planar aperture 85 formed by the rim or perimeter of the 
cavity 75 forms the active surface With substantially Lamber 
tian distribution of energy emerging through the aperture. As 
shoWn in a later embodiment, the cavity may be formed in the 
facing surface of the mask. In such a system, the surface of the 
base may be a diffusely re?ective surface, therefore the active 
area on the base Would essentially be the mirror image of the 
cavity aperture on the base surface, that is to say the area 
re?ecting energy emerging from the physical aperture of the 
cavity in the mask. 
[0087] The mask 81 constructively occludes a portion of 
the optically active area of the base With respect to the ?eld of 
intended illumination. In the example of FIG. 5, the optically 
active area is the aperture 85 of the cavity 75; therefore the 
mask 81 occludes a substantial portion of the aperture 85, 
including the portion of the aperture on and about the axis of 
the mask and cavity system. The surface of the mask 81 facing 
toWards the aperture 85 is re?ective. Although it may be 
specular, typically this surface is diffusely re?ective. 
[0088] The relative dimensions of the mask 81 and aperture 
85, for example the relative Widths (or diameters or radii in a 
more circular system) as Well as the distance of the mask 81 
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away from the aperture 85, control the constructive occlusion 
performance characteristics of the lighting system 70. Certain 
combinations of these parameters produce a relatively uni 
form emission intensity With respect to angles of emission, 
over a Wide portion of the ?eld of vieW about the system axis 
(vertically doWnWard in FIG. 5), covered principally by the 
constructive occlusion. Other combinations of siZe and height 
result in a system performance that is uniform With respect to 
a Wide planar surface perpendicular to the system axis at a 
?xed distance from the active area. 

[0089] The shoulders 77, 79 also are re?ective and there 
fore de?ect at least some light doWnWard. The shoulders (and 
side surfaces of the mask) provide additional optical process 
ing of combined light from the cavity. The angles of the 
shoulders and the re?ectivity of the surfaces thereof facing 
toWard the region to be illuminated by constructive occlusion 
also contribute to the intensity distribution over that region. In 
the illustrated example, the re?ective shoulders are horiZon 
tal, although they may be angled someWhat doWnWard from 
the plane of the aperture. 
[0090] With respect to the light energy of the Wavelengths 
processed by the system, the interior space formed betWeen 
the cavity 75 and the facing surface of the mask 81 operates as 
an optical integrating cavity, in essentially the same manner 
as the integrating cavities in the previous embodiments. 
Again, the LEDs 87 provide light of a number of different 
colors, and thus of different Wavelengths. At least one of the 
LEDs also provides substantially White light. The optical 
cavity combines the light of multiple colors supplied from the 
LEDs 87. The control circuit 21 controls the amount of each 
color of light supplied to the chamber and thus the proportion 
thereof included in the combined output light. The construc 
tive occlusion serves to distribute that light in a desired man 
ner over a ?eld or area that the system 70 is intended to 

illuminate, With a tailored intensity distribution. 
[0091] The LEDs 87 could be located at (or coupled by 
optical ?ber to emit light) from any location or part of the 
surface of the cavity 75. Preferably, the LED outputs are not 
directly visible through the un-occluded portions of the aper 
ture 85 (betWeen the mask and the edge of the cavity). In 
examples of the type shoWn in FIGS. 5 and 6, the easiest Way 
to so position the LED outputs is to mount the LEDs 87 (or 
provide ?bers or the like) so as to supply light to the chamber 
through openings through the mask 81. 
[0092] FIG. 6 also provides an example of an arrangement 
of the LEDs in Which there are both active and inactive 
(sleeper) LEDs of the various colors. As shoWn, the active 
part of the array of LEDs 87 includes tWo Red LEDs (R), one 
Green LED (G) and one Blue LED (B). The initially inactive 
part of the array of LEDs 87 includes tWo Red sleeper LEDs 
(RS), one Green sleeper LED (GS) and one Blue sleeper LED 
(BS). The system includes an active White LED (W) and a 
sleeper LED (WS) for providing the substantially White input 
light on an as-needed basis. If other Wavelengths or White 
light sources are desired, the apparatus may include an active 
LED of the other color as Well as a sleeper LED of the other 
color. The precise number, type, arrangement and mounting 
technique of the LEDs and the associated ports through the 
mask 81 are not critical. The number of LEDs, for example, is 
chosen to provide a desired level of output energy (intensity), 
for a given application. 
[0093] The system 70 includes a control circuit 21 and 
poWer source 23. These elements control the operation and 
output intensity of each LED 87. The individual intensities 
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determine the amount of each color light included in the 
integrated and distributed output. The control circuit 21 func 
tions in essentially the same manner as in the other examples. 
[0094] FIGS. 7 and 8 illustrate a second constructive occlu 
sion example. In this example, the physical cavity is actually 
formed in the mask, and the active area of the base is a ?at 
re?ective panel of the base. 
[0095] The illustrated system 90 comprises a ?at base panel 
91, a mask 93, LED light sources 95, and a conical de?ector 
97. The system 90 is circularly symmetrical about a vertical 
axis, although it could be rectangular or have other shapes. 
The base 91 includes a ?at central region 99 betWeen the Walls 
of the de?ector 97. The region 99 is re?ective and forms or 
contains the active optical area on the base facing toWard the 
region or area to be illuminated by the system 90. 
[0096] The mask 93 is positioned betWeen the base 91 and 
the region to be illuminated by constructive occlusion. For 
example, in the orientation shoWn, the mask 93 is above the 
active optical area 99 of the base 91, for example to direct 
light toWard a ceiling for indirect illumination. Of course, the 
mask and cavity system could be inverted to serve as a doWn 
light for task lighting applications, or the mask and cavity 
system could be oriented to emit light in directions appropri 
ate for other applications. 
[0097] In this example, the mask 93 contains the diffusely 
re?ective cavity 101, constructed in a manner similar to the 
integrating cavities in the earlier examples. The physical 
aperture 103 of the cavity 101 and of any diffusely re?ective 
surface(s) of the mask 93 that may surround that aperture 
form an active optical area on the mask 93. Such an active area 
on the mask faces aWay from the region to be illuminated and 
toWard the active surface 99 on the base 91. The surface 99 is 
re?ective, preferably With a diffuse characteristic. The sur 
face 99 of the base 91 essentially acts to produce a diffused 
mirror image of the mask 93 With its cavity 101 as projected 
onto the base area 99. The re?ection formed by the active area 
of the base becomes the effective aperture of the optical 
integrating cavity (betWeen the mask and base) When the 
?xture is considered from the perspective of the area of 
intended illumination. The surface area 99 re?ects energy 
emerging from the aperture 103 of the cavity 101 in the mask 
93. The mask 93 in turn constructively occludes light diffused 
from the active base surface 99 With respect to the region 
illuminated by the system 90. The dimensions and relative 
positions of the mask and active region on the base control the 
performance of the system, in essentially the same manner as 
in the mask and cavity system of FIGS. 6 and 7. 
[0098] The system 90 includes a control circuit 21 and 
associated poWer source 23, for supplying controlled electri 
cal poWer to the LED sources 95. In this example, the LEDs 
emit light through openings through the base 91, preferably at 
points not directly visible from outside the system. The LEDs 
95 supply substantially White light as Well as various Wave 
lengths of primary color light, and the circuit 21 controls the 
poWer of each LED, to control the amount of each color of 
light in the combined output, as discussed above relative to 
the other examples. 
[0099] The base 91 could have a ?at ring-shaped shoulder 
With a re?ective surface. In this example, hoWever, the shoul 
der is angled toWard the desired ?eld of illumination to form 
a conical de?ector 97. The inner surface of the de?ector 97 is 
re?ective, as in the earlier examples. 
[0100] The de?ector 97 has the shape of a truncated cone, in 
this example, With a circular lateral cross section. The cone 
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has tWo circular openings. The cone tapers from the large end 
opening to the narrow end opening, Which is coupled to the 
active area 99 of the base 91. The narroW end of the de?ector 
cone receives light from the surface 99 and thus from diffuse 
re?ections betWeen the base and the mask. 
[0101] The entire area of the inner surface of the cone 97 is 
re?ective. At least a portion of the re?ective surface is specu 
lar, as in the de?ectors of the earlier examples. The angle of 
the Wall(s) of the conical de?ector 97 substantially corre 
sponds to the angle of the desired ?eld of vieW of the illumi 
nation intended for the system 90. Because of the re?ectivity 
of the Wall of the cone 97, most if not all of the light re?ected 
by the inner surface thereof Would at least achieve an angle 
that keeps the light Within the ?eld of vieW. 
[0102] Several of the LED light sources 95 emit multiple 
Wavelengths of light into the mask cavity 101, and at least one 
LED emits substantially White light. The light sources 95 may 
direct some light toWard the inner surface of the de?ector 97. 
Light rays impacting on the diffusely re?ective surfaces, par 
ticularly those on the inner surface of the cavity 101 and the 
facing surface 99 of the base 91, re?ect and diffuse one or 
more times Within the con?nes of the system and emerge 
through the gap betWeen the perimeter of the active area 99 of 
the base and the outer edge of the mask 93. The mask cavity 
101 and the base surface 99 function as an optical integrating 
cavity With respect to the light of various Wavelengths and the 
substantially White light, and the gap becomes the actual 
integrating cavity aperture from Which adjusted White light of 
the selected spectral characteristic emerges. The White light 
emitted through the gap and/or re?ected from the surface of 
the inner surface of the de?ector 97 irradiates a region (up 
Ward in the illustrated orientation) With a desired intensity 
distribution and With a desired spectral characteristic, essen 
tially as in the earlier examples. 
[0103] Additional information regarding constructive 
occlusion based systems for generating and distributing radi 
ant energy may be found in commonly assigned U.S. Pat. 
Nos. 6,342,695, 6,334,700, 6,286,979, 6,266,136 and 6,238, 
077. The color integration principles discussed herein may be 
adapted to any of the constructive occlusion devices dis 
cussed in those patents. 
[0104] The inventive devices have numerous applications, 
and the output intensity and spectral characteristic may be 
tailored and/ or adjusted to suit the particular application. For 
example, the intensity of the integrated White light emitted 
through the aperture may be at a level for use in a lumination 
application or at a level su?icient for a task lighting applica 
tion. A number of other control circuit features also may be 
implemented. For example, the control may maintain a set 
color characteristic in response to feedback from a color 
sensor. The control circuitry may also include a temperature 
sensor. In such an example, the logic circuitry is also respon 
sive to the sensed temperature, e. g. to reduce intensity of the 
source outputs to compensate for temperature increases. The 
control circuitry may include an appropriate device for manu 
ally setting the desired spectral characteristic, for example, 
one or more variable resistors or one or more dip sWitches, to 

alloW a user to de?ne or select the desired color distribution. 

[0105] Automatic controls also are envisioned. For 
example, the control circuitry may include a data interface 
coupled to the logic circuitry, for receiving data de?ning the 
desired color distribution. Such an interface Would alloW 
input of control data from a separate or even remote device, 
such as a personal computer, personal digital assistant or the 
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like. A number of the devices, With such data interfaces, may 
be controlled from a common central location or device. 

[0106] The control may be someWhat static, e.g. set the 
desired color reference index or desired color temperature 
and the overall intensity, and leave the device set-up in that 
manner for an inde?nite period. The apparatus also may be 
controlled dynamically, for example, to provide special 
effects lighting. Also, such light settings are easily recorded 
and reused at a later time or even at a different location using 
a different system. 

[0107] To appreciate the features and examples of the con 
trol circuitry outlined above, it may be helpful to consider 
speci?c examples With reference to appropriate diagrams. 
[0108] FIG. 9 is a block diagram of exemplary circuitry for 
the sources and associated control circuit, providing digital 
programmable control, Which may be utiliZed With a light 
integrating ?xture of the type described above. In this circuit 
example, the sources of radiant energy of the various types 
takes the form of an LED array 111. The array 111 comprises 
tWo or more LEDs of each of the three primary colors, red 
green and blue, represented by LED blocks 113, 115 and 117. 
For example, the array may comprise six red LEDs 113, three 
green LEDs 115 and three blue LEDs 117. 

[0109] The LED array in this example also includes a num 
ber of additional or “other” LEDs 119. The additional LEDs 
include one or more ‘White’ LEDs, as the source of substan 
tially White input light. The primary colors LEDs provide 
light for selectable color adjustment and/or correction. 
[0110] There are several other types of additional LEDs 
that may be of interest in the present discussion. One type of 
additional LED provides one or more additional Wavelengths 
of radiant energy for integration Within the chamber. The 
additional Wavelengths may be in the visible portion of the 
light spectrum, to alloW a greater degree of color adjustment. 
Alternatively, the additional Wavelength LEDs may provide 
energy in one or more Wavelengths outside the visible spec 
trum, for example, in the infrared range or the ultraviolet 
range. 

[0111] The second type of additional LED that may be 
included in the system is a sleeper LED. As discussed above, 
some LEDs Would be active, Whereas the sleepers Would be 
inactive, at least during initial operation. Using the circuitry 
of FIG. 10 as an example, the Red LEDs 113, Green LEDs 
115 and Blue LEDs 117 might normally be active. One or 
more of the LEDs 119 Would be sleeper LEDs, typically 
including one or more LEDs of each color used in the par 
ticular system and possibly one or more White LEDs. 

[0112] The electrical components shoWn in FIG. 10 also 
include an LED control system 120. The system 120 includes 
driver circuits for the various LEDs and a microcontroller. 
The driver circuits supply electrical current to the respective 
LEDs 113 to 119 to cause the LEDs to emit light. The driver 
circuit 121 drives the Red LEDs 113, the driver circuit 123 
drives the green LEDs 115, and the driver circuit 125 drives 
the Blue LEDs 117. In a similar fashion, When active, the 
driver circuit 127 provides electrical current to the other 
LEDs 119. If the other LEDs provide another color of light, 
and are connected in series, there may be a single driver 
circuit 127. If the LEDs are sleepers, it may be desirable to 
provide a separate driver circuit 127 for each of the LEDs 119. 
The intensity of the emitted light of a given LED is propor 
tional to the level of current supplied by the respective driver 
circuit. 














