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SOLID STATE LIGHT SOURCE EMITTING WARM LIGHT

WITH HIGH CRI

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to solid state lighting and

in particular to solid state light sources or lamps that

emit warm light with a high color rendering index (CRI) .

Description of the Related Art

[0002] Light emitting diodes (LED or LEDs) are solid state

devices that convert electric energy to light, and

generally comprise one or more active layers of

semiconductor material sandwiched between oppositely doped

layers. When a bias is applied across the doped layers,

holes and electrons are injected into the active layer

where they recombine to generate light. Light is emitted

from the active layer and from all surfaces of the LED.

[0003] LEDs have certain characteristics that make them

desirable for many lighting applications that were

previously the realm of incandescent or fluorescent lights.

Incandescent lights are very energy-inefficient light

sources with approximately ninety percent of the



electricity they consume being released as heat rather than

light. Fluorescent light bulbs are more energy efficient

than incandescent light bulbs by a factor of about 10, but

are still relatively inefficient. LEDs by contrast, can

emit the same luminous flux as incandescent and fluorescent

lights using a fraction of the energy.

[0004] In addition, LEDs can have a significantly longer

operational lifetime. Incandescent light bulbs have

relatively short lifetimes, with some having a lifetime in

the range of about 750-1000 hours. Fluorescent bulbs can

also have lifetimes longer than incandescent bulbs such as

in the range of approximately 10,000-20,000 hours, but

provide less desirable color reproduction. In comparison,

LEDs can have lifetimes between 50,000 and 70,000 hours.

The increased efficiency and extended lifetime of LEDs is

attractive to many lighting suppliers and has resulted in

their LED lights being used in place of conventional

lighting in many different applications. It is predicted

that further improvements will result in their general

acceptance in more and more lighting applications. An

increase in the adoption of LEDs in place of incandescent

or fluorescent lighting would result in increased lighting

efficiency and significant energy saving.

[0005] There are other lighting characteristics that are

important to the general acceptance of LEDs for some

applications. The light generated by different light

sources, including incandescent, fluorescent and LEDs, can

be measured in terms of color rendering index (CRI or CRI

Ra) and color temperature. CRI is a quantitative

measurement of the ability of a light source to reproduce



the colors of various objects faithfully in comparison with

an ideal or natural light source. Stated differently, it is

a relative measure of the shift in surface color of an

object when lit by a particular lamp. Light sources with a

high CRI approaching 100 can be desirable in color-critical

applications such as photography and cinematography.

Daylight has a high CRI of approximately 100 and

incandescent bulbs have a relatively close CRI of greater

than 95. By comparison, fluorescent lighting has a lower

CRI in the range of 70-80, and mercury vapor or sodium

lamps have a much lower CRI of 40 or less. High quality

light suitable for general indoor illumination should have

a CRI of greater than 90.

[0006] Color temperature is a characteristic of light

source that is determined by comparing the light's

chromaticity with that of an ideal black-body radiator. The

temperature (usually measured in kelvins (K) ) at which the

heated black-body radiator matches the color produced by

the light source is that source's color temperature. For

incandescent light sources the light is of thermal origin

and is very close to that of an ideal black-body radiator.

Higher color temperatures of 5000 K or more are "cool" and

have green to blue colors while lower color temperatures of

2700 to 3500 K are considered "warm" and have yellow to red

colors. General illumination can have a color temperature

between 2,000 and 10,000 K , with the majority of general

lighting devices being between 2,700 and 6,500 K .

[0007] In contrast to incandescent radiation, light

sources, such as fluorescent lamps, emit light primarily by

processes other than raising the temperature of a body.



This means the emitted radiation does not follow the form

of a black-body spectrum. These sources are assigned what

is known as a correlated color temperature (CCT) . CCT is

the color temperature of a black body radiator which to

human color perception most closely matches the light from

the lamp. For high quality light sources it is also

important that color of the illumination be as close as

possible to that of a black body spectrum (i.e. black body

locus on CIE chromaticity diagram) .

[0008] Solid state light sources have been developed that

utilize a one or more LEDs coated by a conversion material

to produce a white wavelength of light. Some of these

include blue emitting LEDs covered by a conversion material

such as YAG:CE or Bose that absorbs some of the blue light

and emits a yellow/green light. These LEDs emit a white

light combination of blue LED light and yellow/green

conversional material light. White light can similarly be

produced with blue or UV LEDs covered by RGB phosphors,

with the LEDs emitting a white light combination of red,

green and blue. These methods have generally good efficacy,

but only medium CRI . These have not been able to

demonstrate both the desirable high CRI and high efficacy,

especially with color temperatures between 2700K and 4000K.

[0009] Techniques for generating white light from a

plurality of discrete light sources to provide improved CRI

at the desired color temperature have been developed that

utilize different hues from different discrete light

sources. Such techniques are described in U.S. Patent No.

7,213,940, entitled "Lighting Device and Lighting Method".

In one such arrangement a 452nm peak blue InGaN LEDs were



coated with a yellow conversion material, such as a YAG:Ce

phosphor, to provide a color that was distinctly yellow and

had a color point that fell well above the black body

locus. The yellow emission was combined with the light from

reddish AlInGaP LEDs that "pulled" the yellow color of the

yellow LEDs to the black body curve to produce warm white

light. FIG. 1 shows a CIE diagram 10 with the tie lines 12

between red light 14 from red emitting LEDs and various

yellow and yellowish points on the blue/YAG tie line 16.

With this approach, high efficacy warm white light can be

produced with improved CRI . Some embodiments exhibited

improved efficacy, with CRI Ra of greater than 90 at color

temperatures below 3500 K . The LR6, LR4 and LR24 LED based

lighting fixtures, commercially available from Cree, Inc.

(wwww.cree.com), can emit light with these improved

characteristics .

[0010] In different lighting applications it can be

desirable to use a light temperature of light that can

appear more yellow or orange. Some of these can include

illuminated areas outside of commercial establishments such

as restaurants or retail locations. These yellow or orange

colors have typically been provided by sodium vapor lights

which can be undesirable because of their low CRI. This

yellow/orange color can also be provided by incandescent

bulbs utilizing the appropriate filter, but as mentioned

above, these bulbs have a short lifetime and are very

inefficient. The efficiency is made even worse by use of a

filter .



SUMMARY OF THE INVENTION

[0011] The present invention is directed to solid state

light sources, lighting devices and lamps arranged to

provide emission with a warm color temperature and high

CRI . One embodiment of a solid state lighting device

according to the present invention comprises an LED device

capable of emitting light in an emission spectrum. A filter

is arranged so that at least some light from the LED light

source passes through it, with the filter filtering at

least a portion of the light source emission spectrum. The

resulting light source light has a different color

temperature but substantially the same CRI after passing

through the filter.

[0012] One embodiment of an LED lamp according to the

present invention comprises an LED light source emitting

light in a white light emission spectrum. A filter is

arranged so that at least some light from the LED light

source passes through it. The filter filters at least some

of blue portion of the emission spectrum and at least some

of a green/yellow portion of the spectrum. The filtered

light source light has a lower temperature but

substantially the same CRI after passing through the

filter .

[0013] Another embodiment of an LED device according to

the present invention comprises an LED light source

emitting light with a color temperature and CRI. A means

for filtering light from said LED light source is included

to produce light with a different color temperature and



substantially the same CRI as said light from said LED

light source.

[0014] Still another embodiment of an LED device according

to the present invention comprises an LED light source

capable of emitting light in an emission spectrum and

having a color point that is within 7 MacAdam ellipses of

the black body locus. A filter is arranged so that at least

some light from the LED light source passes through it,

with the filter filtering at least some of one or more

portions of the light source emission spectrum, the

filtered light source light having a different color point

that is also within 7 MacAdam ellipses of the black body

locus .

[0015] One method for producing warm color temperature

light with a high CRI, comprises providing a white light

having with a white light color temperature and a high CRI.

At least some of one or more spectral portions is filtered

from the white light emission spectrum. The filtered light

has an emission spectrum with a color temperature lower

than the white light color temperature and a CRI that is

substantially the same as the high CRI.

[0016] These and other aspects and advantages of the

invention will become apparent from the following detailed

description and the accompanying drawings which illustrate

by way of example the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a CIE diagram showing the tie lines

between BSY and red emitters;



[0018] FIG. 2 is a sectional view of one embodiment of a

lamp according to the present invention with filter over

the lamp lens;

[0019] FIG. 3 is an exploded view of one embodiment of lamp

according to the present invention;

[0020] FIG. 4 is a graph showing the emission spectrum for

the light from lamp light source in one embodiment of a

lamp according to the present invention;

[0021] FIG. 5 is a CIE diagram for the light from lamp

light source in one embodiment of a lamp according to the

present invention;

[0022] FIG. 6 are tables showing certain emission

characteristics for the light from lamp light source in one

embodiment of a lamp according to the present invention;

[0023] FIG. 7 is a graph showing the filtering

characteristics for one embodiment of a filter according to

the present invention;

[0024] FIG. 8 is a graph showing the emission spectrum for

the light from lamp light source after passing through a

filter having the characteristics of FIG. 7 ;

[0025] FIG. 9 is a CIE diagram for light from the lamp

light source after passing through a filter having the

characteristics of FIG. 7 ;

[0026] FIG. 10 are tables showing certain emission

characteristics for light from lamp light source after

passing through a filter having characteristics of FIG. 7 ;



[0027] FIG. 11 is a graph showing the filtering

characteristics for another embodiment of a filter

according to the present invention;

[0028] FIG . 12 is a graph showing the emission spectrum for

the light from lamp light source after passing through a

filter having the characteristics of FIG. 11;

[0029] FIG. 13 is a CIE diagram for light from the lamp

light source after passing through a filter having the

characteristics of FIG. 11;

[0030] FIG. 1 are tables showing certain emission

characteristics for light from lamp light source after

passing through a filter having characteristics of FIG. 11;

[0031] FIG. 15 is a sectional view of another embodiment of

a lamp according to the present invention with filter

behind the lamp lens;

[0032] FIG. 16 is a sectional view of another embodiment

of a lamp according to the present invention with filter in

a dome over the lamp light source;

[0033] FIG. 17 is a sectional view of another embodiment of

a lamp according to the present invention with filter

colorant in the lamp light source encapsulant;

[0034] FIG. 18 is a sectional view of another embodiment of

a lamp according to the present invention with filter in

the lamp lens; and

[0035] FIG. 19 is a sectional view of one embodiment of an

LED package according to the present invention with filter

over the package encapsulant.



DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention is directed to solid state

light sources, luminaires or lamps ("lamp" or "lamps") that

are arranged to emit the desired temperature of light with

the desired CRI by utilizing different filtering

arrangements to filter certain wavelengths of light emitted

by the lamp's light source. In some embodiments, a filter

can be used with a lamp having a white emitting light

source, with at least some of the lamp's white light

passing through the filter. One or more wavelength ranges

or spectrum components of light can be filtered out by the

filter, with the lamp then emitting light with a different

color temperature but with a relatively high CRI. In some

embodiments the CRI of the filtered light can be

substantially the same as the CRI of the white light source

before it is filtered. In some embodiments of white

emitting lamps, the filter can filter out at least some of

the blue and green/yellow spectral portions from the white

light emission spectrum, such that the resulting lamp

emission can have a warmer color temperature, but can have

a CRI substantially the same as the white. In some

embodiments up to 90% blue spectral component and up to 50%

of green/yellow spectral component can be filtered to

achieve the desired color temperature.

[0037] It is understood many different lamp emissions with

many different color temperatures can be filtered according

to the present invention to produce light with a different

color temperature, both higher (cooler) and lower (warmer)

than the lamp emission. In some embodiments, the lamp

emission can have a color temperature of approximately



2700K or higher, and the filtered light can have a color

temperature of 2500K or lower.

[0038] This arrangement provides the advantage of a lamp

utilizing the improved efficiency and lifetime of LEDs,

while at the same time providing for warm light that can be

desirable in some applications. This arrangement provides

the further advantage of an LED based warm light having a

high CRI. Adding filters to existing lamps or components

can provide and inexpensive and relatively easy way of

providing warmer temperature high CRI emission.

[0039] Different lamp embodiments according to the present

invention can utilize filters having many different shapes

and sizes and located in many different locations in the

lamp. As further described below the filters can be mounted

to the outside or inside of the lamp body or can be mounted

directly to the lamp light source. In other embodiments,

the filtering can be provided by colorants mixed in the

lamp lens or in an encapsulant that is part of the light

source .

[0040] Although the preset invention is described below

primarily with reference to providing filters in solid

state lamps, it is understood that the filters can be

provided at the LED chip or package level. This can

comprise add-on filters or filtering colorants in the lens,

encapsulant or coating of the chip or package.

[0041] As will be appreciated by one of skill in the art,

references to a color temperature of light emitted from an

LED, lamp light source, and filtered light, refer to a

range of color temperatures centered around the specified



value and is not limited to only the exact value

specified. Thus, references to specific color temperatures

refers to nominal values. For example, a color temperature

of 2650 K may be considered equivalent to a nominal value

color temperature of 2700K. See also, ANSI C78 .377-2008 .

Accordingly, in some embodiments, references to a color

temperature refers to variations of 1 MacAdam ellipses from

the nominal value, in other embodiments, references to a

color temperature refers to variations of 3 MacAdam

ellipses from the nominal value, in further embodiments,

references to a color temperature refers to variations of 5

MacAdam ellipses from the nominal value and in still

further embodiments, references to a color temperature

refers to variations of 7 MacAdam ellipses from the nominal

value .

[0042] The embodiments below are described with reference

to emission spectrums from light source emission and

filtered light source emission. These spectrums can cover

many different ranges of wavelengths of light covering many

different ranges of colors. Reference is made to portions

of the emission spectrum, which can refer to zones,

components, ranges, or colors in the emission spectrum.

[0043] The present invention is described herein with

reference to certain embodiments, but it is understood that

the invention can be embodied in many different forms and

should not be construed as limited to the embodiments set

forth herein. In particular, the present invention is

described below in regards to certain lamps having filters

or filtering characteristics. It is understood that the

present invention is applicable to many different lamps



beyond those described below, that can be arranged in many

different ways with many different features.

[0044] It is also understood that when an element such as a

layer, region or substrate is referred to as being "on"

another element, it can be directly on the other element or

intervening elements may also be present. Furthermore,

relative terms such as "inner", "outer", "upper", "above",

"lower", "beneath", and "below", and similar terms, may be

used herein to describe a relationship of one layer or

another region. It is understood that these terms are

intended to encompass different orientations of the device

in addition to the orientation depicted in the figures.

[0045] Although the terms intermediate, outer and similar

terms etc. may be used herein to describe various elements

and components, these elements and components should not be

limited by these terms. These terms are only used to

distinguish one element or component from another. Thus

intermediate or outer element or component could be

referred to by a different term without departing from the

teachings of the present invention.

[0046] Embodiments of the invention are described herein

with reference to cross-sectional view illustrations that

are schematic illustrations of embodiments of the

invention. As such, the actual thickness of the elements

shown can be different, and variations from the shapes of

the illustrations as a result, for example, of

manufacturing techniques and/or tolerances are expected.

Embodiments of the invention should not be construed as

limited to the particular shapes of the elements or regions

illustrated herein but are to include deviations in shapes



that result, for example, from manufacturing. An element or

region illustrated or described as square or rectangular

will typically have rounded or curved features due to

normal manufacturing tolerances. Thus, the elements and

regions illustrated in the figures are schematic in nature

and their shapes are not intended to illustrate the precise

shape of an element or region of a device and are not

intended to limit the scope of the invention.

[0047] It is understood that the present invention can be

used in conjunction with many different solid state lamps

arranged in many different ways. FIGs. 1 and 2 show just

one embodiment of a solid state lamp 100 according to the

present invention. The lamp 100 is similar to and can have

many of the features similar to the solid state lamps

described in detail in U.S. Patent Application Serial No.

12/606,377 to Pickard, entitled "Hybrid Reflector System

for Lighting Device," assigned to Cree LED Lighting

Solutions, Inc. This application is incorporated by

reference as if fully set forth herein.

[0048] The lamp 100 discloses a solid state light source

102 that is disposed at the base of a bowl-shaped region

within the lamp 100. Many different solid state light

sources can be used including discrete LED chips or

packages having single LED chips, with the chips or

packages electrically coupled together to emit light in

response to electrical signals. Alternatively, the light

source 102 can be one or more LED packages having a

plurality of LED chips, some of which can emit different

colors of light, with the LED packages emitting the desired

light from the combination of light from the LED chips. In



some embodiments, several to more than two dozen LEDs can

be mounted to a submount to create a single compact optical

source. Examples of such structures can be found in U.S.

Patent App. Nos . 12/154,691, 12/156,995 and 12/475,261, all

of which are assigned to CREE, Inc., and both of which are

fully incorporated by reference herein. In other

embodiments, the source 102 may comprise a multicolor

monolithic structure (chip-on-board) bonded to a printed

circuit board (PCB) .

[0049] Embodiments according to the present invention may

be utilized with light sources and/or multiple light

sources having the characteristics described in U.S. Patent

No. 7,213,940 and/or in U.S. Patent Application Publication

Nos. 2007/0267983, 2007/0278503, 2008/008 4685 ,

2008/0084701, 2008/0106895, 2008/0106907 and 2008/0112168,

the disclosures of which are incorporated by reference

herein. Different commercially available LED chips and

packages can be used, include those from the X-lamp® family

of products provided by Cree, Inc. in Durham, North

Carolina. These can include but are not limited to the X-

Lamp® MP-L EasyWhite™ LED package commercially available

from Cree Inc.

[0050] An intermediate reflector 104 can be included in the

lamps 100 (shown only in FIG. 3 ) according to the present

invention, but it is understood that many embodiments can

be provided without the reflector. The reflector can be

disposed proximate to the light source 102 to help mix the

light from the different LED chips in the light source 102.

Some of the light emitted from the source 102 interacts

with the intermediate reflector 104 such that it is



redirected toward an outer reflector 106. The outer

reflector 106 and the intermediate reflector 104 can work

in concert to shape the light into a beam having

characteristics that are desirable for a given application.

[0051] A protective housing 108 surrounds the light source

102 and the reflectors 104, 106. The source 102 is in good

thermal contact with the housing 108 at the base of the

outer reflector 106 to provide a pathway for heat to escape

into the ambient. A lens 110 covers the open end of the

housing 108 and provides protection from outside elements.

[0052] In the embodiment shown in FIG.l, the source 102 is

protected by an encapsulant 114. Encapsulants are known in

the art and, therefore, only briefly discussed herein. The

encapsulant 114 can function as a lens to shape the beam

prior to incidence on the reflectors 104, 106. The

encapsulant may be hemispherical, parabolic, or another

shape, depending on the particular optical effect that is

desired. The encapsulant 114 may contain wavelength

conversion materials, such as phosphors for example. The

encapsulant 114 may also contain light scattering

particles, voids or other optically active structures to

help with the color mixing process in the near field.

Although light scattering particles, voids or other

optically active structures dispersed within or on the

encapsulant 114 may cause optical losses, it may be

desirable in some applications to use them in concert with

the reflectors 104, 106 so long as the optical efficiency

is acceptable.

[0053] Color mixing in the near field may be aided by

providing a scattering/dif fuser material or structure in



close proximity to the light sources. A near field

dif fuser is in, on, or in close proximity to the light

sources with the diffuser arranged so that the source can

have a low profile while still mixing the light in the near

field. By diffusing in the near field, the light may be

pre-mixed to a degree prior to interacting with either of

the reflectors 104, 106. Techniques and structures for

near field mixing are discussed in detail in U.S. Patent

Application Serial No. 12/475,261 by Negley, et al. and

assigned to CREE, Inc. This application is incorporated by

reference as if fully set forth herein.

[0054] A diffuser can comprise many different materials

arranged in many different ways. In some embodiments, a

diffuser film can be provided on the encapsulant 114. In

other embodiments, the diffuser can be included within the

encapsulant 114. In still other embodiments, the diffuser

can be remote from the encapsulant, such as on the lens 110

as discussed in detail hereafter. The lens 110 may be

textured across an entire surface, or it may have a certain

portion that is textured such as an annular region, for

example, depending on the application. Various diffusers

can be used in combination. For example, both the

encapsulant 114 and the lens 110 may comprise diffusive

elements. In embodiments comprising a diffuser film

disposed on the lens 110, it can be possible to adjust the

profile of the output beam by adjusting the properties of

the diffuser film. (as described in)

[0055] Many different structures and materials can be used

as a diffuser such as scattering particles, geometric

scattering structures or microstructures , diffuser films



comprising microstructures , or diffuser films comprising

index photonic films. The diffuser can take many different

shapes; it can be flat, hemispheric, conic, or variations

of those shapes, for example.

[0056] The housing 108 surrounds the outer reflector 106,

protecting the internal components of the lamp device 100,

and the lens 110 and the housing 108 may form a watertight

seal to keep moisture from entering into the internal areas

of the device 100. In some embodiments, the lens 110 can

be arranged such that an edge of the lens remains exposed

beyond the open end of the outer reflector 106. In other

embodiments, the lens may be recessed in the housing and

connected to an inside surface thereof.

[0057] A portion of the housing 108 may comprise a material

that is a good thermal conductor, such as aluminum or

copper. The thermally conductive portion of the housing

108 can function as a heat sink by providing a path for

heat from the source 102 through the housing 108 into the

ambient. The source 102 is disposed at the base of the

outer reflector 106 such that the housing 108 can form good

thermal contact with the source 102. To facilitate the

transfer of heat, the housing 108 may include fin-shaped

structures 116 which increase the surface area of the

housing 108. Thus, the source 102 may comprise high power

LEDs that generate large amounts of heat.

[0058] Power can be delivered to the source 102 through a

protective conduit 118. The lamp device 100 may be powered

by a remote source connected with wires running through the

conduit 118, or it may be powered internally with a battery

that is housed within the conduit 118. Different



embodiments can be arranged to fit in different electrical

receptacles, and in some embodiments the base can be of the

type to fit in conventional electrical receptacles. In some

embodiments, the conduit 118 may have a threaded end 120

for mounting to an external structure such as a standard

Edison socket. In other embodiments, the conduit comprises

a standard plug and the electrical receptacle can be a

standard outlet, or the base can be a GU24 base unit, or it

can be a clip and the electrical receptacle can be a

receptacle which receives and retains the clip (e.g., as

used in many fluorescent lights) . These are only a few of

the options for the conduit and receptacles, and different

arrangements can be used that safely deliver electricity

from the receptacle to the lamp 100.

[0059] The conduit 118 functions not only as a structural

element, but may also provide electrical isolation for the

high voltage circuitry that it houses which helps to

prevent shock during installation, adjustment and

replacement. The conduit 118 may comprise an insulative

and flame retardant thermoplastic or ceramic, although

other materials may be used. The conduit 118 can also

house a power supply/converter 119 that can comprise a

conventional rectifier and high voltage converter. If power

to the lamp comprises an AC voltage, the power

supply/converter can convert the AC power to a form that

causes the light source 102 to emit light with the desired

color and intensity. Batteries may also be disposed within

the conduit as part of the power supply/converter for those

embodiments having an internal power source or to act as a

backup in case an external power source fails.



[0060] In some embodiments, a optional diffuser film 124

(shown only in FIG. 3 ) can be disposed on the internal side

of the lens .110 as shown. The diffuser film 124 may be

uniformly diffusive across its entire face, or it may be

patterned to have a non-uniform diffusive effect. For

example, in some embodiments, the diffuser may be more

diffusive in an annular region around the perimeter of the

film 124 to provide additional scattering of the light

which is incident on the outer perimeter portion of the

lens 110.

[0061] The characteristics of the output light beam are

primarily determined by the shape and arrangement of the

intermediate reflector 104, the outer reflector 106, and

the diffuser film 124, if present. The outer reflector 106

has a bowl or dome shape. The reflective surface of the

outer reflector 106 may be smooth or faceted (as shown

FIG. 5 ) . In the embodiment shown, the lamp device 100

comprises a faceted outer reflector 106 with a plurality of

adjacent panels to further break up the image of the

different colors from the source 102. The outer reflector

106 may also be specular or diffuse.

[0062] The outer reflector 106 principally functions as a

beam shaping device. Thus, the desired beam shape will

influence the shape of the outer reflector 106. The outer

reflector 106 is disposed such that it may be easily

removed and replaced with other outer reflectors to produce

an output beam having particular characteristics. In the

device 100, the outer reflector 106 has a compound

parabolic cross section with a truncated end portion that

allows for a flat surface on which to mount the source 102.



[0063] The lamp 100 further comprises a filtering mechanism

that can be arranged in different ways to filter one or

more wavelength ranges or spectral portions of the emission

spectrum in the light emitted from the lamp' s light source

102. In the embodiment shown, the filtering mechanism

comprises a light filter 130 that can be mounted to the

housing 108, covering the lens 110. It is understood that

in other embodiments the filter 130 can cover less than the

entire lens 110. As light passes from the light source 102,

through the lens, at least some of it passes through the

filter 130. The filter 130 can comprise a rigid material

such as a plastic or glass having materials or structures

that allow for it to filter the desired wavelengths of

light. The filter 130 can be mounted to the end of the

housing 108 using many different known mechanical mounting

techniques such as clips, screws brackets, etc.

Alternatively, the filter can be bonded in place over the

lens 110 using known bonding agents such as epoxies or

glues .

[0064] As discussed above the filter is arranged to filter

out at least some of the light spectrum emitted by the

lamp's light source 102 to produce a light with the desired

color temperature and with a high CRI . In one embodiment

according to the present invention, the light source 102 in

the lamp 100 can emit white light having the emission

spectrum 150 of FIG. 4 and the characteristics shown in the

CIE diagram 140 of FIG. 5 . Certain output characteristics

of the lamp 100 are listed in the tables 160 and 170

provided in FIG. 6 . This emission spectrum 150 includes a

relatively narrow peak of blue emission 152 at

approximately 450nm, a somewhat broader peak of



green/yellow emission 154 at approximately 550nm, and a

third narrow peak of orange/red emission 156 at

approximately 625nm. This emission spectrum provides an

overall emission of white light with color temperature of

2694 and a CRI of 92.5 as shown in table 160. As provided

in table 170, the light source also emits with an

efficiency of 51.14 lumens per watt (L P ).

[0065] As discussed above, in certain applications it may

be desirable to emit a warmer color while still having the

benefit of the higher CRI provided by white light sources

with a broad emission spectrum. Warmer conventional lights

such as sodium vapor or solid state light sources with

orange or red emitters, typically have the undesirable

characteristic of low CRI. The present invention provides

an inexpensive and relatively easy way of providing these

warmer high CRI light sources using filters in different

arrangements in conjunction solid state lamps, such as

white emitting lamps.

[0066] Many different filter types can be used in the

different embodiments of the present invention, including

conventional gel, dye, polycarbonate or polyester filters,

colored or stained glass, liguid dye filled cavities,

colored compound materials, gemstones both natural and

manmade including for example sapphire, SiC, resins, oils,

etc. These are known filters having different materials

that can selectively absorb portions of the light spectrum

passing through the filter, and allow for the remaining

portions of the spectrum to pass through. For example, a

blue filter can absorb red and green light, while passing

or transmitting the blue light portion of the spectrum.



These different absorbing materials can be fixed in or

formed over different materials that are transparent at

least to the portions of the light structure that is to

pass through the filter. In some embodiments, plastics or

glass can be used that form rigid structures that can be

mounted in a lamp or other light fixture, with the

absorbing materials mixed in or coated on the structure.

[0067] Other embodiments of filters that can be used in the

lamps according to the present invention can comprise layer

or structure that reflects portions of the spectrum instead

of absorbing it. One such filter is referred to as a

dichroic filter that can comprise a rigid and transparent

material such as glass or plastic that can be coated to

reflect unwanted portions of the spectrum, while allowing

the desired portion to pass. These reflective properties

can be provided by vapor deposited layers of a thickness

and number to select which bands of the spectrum, or color,

to reflect. In dichotic filters, the unwanted spectrum or

light energy is reflected rather than absorbed into the

filter as heat energy. This provides dichroic filters the

capability to resist color degradation that may be

experienced by other filters that absorb light energy. Many

different dichroic filters are commercially available from

different sources such as Roscoe Inc., located in Stamford,

Connecticut. It is understood that many different filters

beyond those described above can also be used in different

embodiments of the present invention.

[0068] In some embodiments utilizing a dichroic filter

light reflected back at the filter can enhance generation

of warmer temperature emission. Color of that that are



reflected, including blue light that doesn't pass through

the filter, can be redirected back to the light source. The

light source can include LEDs covered by source phosphors,

or other areas in the lamp can be at least partially coated

with green and/or yellow and/or red phosphor. The reflected

light can be absorbed and remitted by these phosphors to

provide more green and/or yellow and/or red light. This

increase the efficiency of the system over an absorptive

filter by recycling the blue light into colors more

prevalent in warm white light. Recycling of reflected light

with filtering is discussed in detail in U.S. Patent

Application Serial No. 11/947,323 to Negley, et al.,

entitled "Lighting Device and Lighting Method." This

application is incorporated by reference as if fully set

forth herein.

[0069] One example of a dichroic filter that can be used in

different embodiments of the present invention is the

Roscoe, Inc. Permacolor 43409 CTO, with FIG. 7 showing

the transmission and reflection characteristics of this

filter over a range of light wavelengths from 360nm to

740nm. At a wavelength of approximately 450nm, which

corresponds with the blue peak emission of the white light

from the lamp 100 (see FIG. 4), the approximately 60% of

blue light is transmitted, with the remaining approximately

40% being reflected. At 550nm, which corresponds to the

green/yellow peak emission from the lamp's white light (see

FIG. 4), approximately 80% of the light is transmitted,

with the remaining 20% being reflected. At 625nm, which

corresponds to the orange/red peak from the white light

(see FIG. 4), more than 90% of the light is transmitted,

with less than 10% being reflected.



[0070] The filter with the characteristics as shown in FIG.

7 results in more than 90% of the orange/red spectral

portion being transmitted, while approximately 80% and 60%

of the green/yellow and blue, respectively, being

transmitted. This results in a more prominent reduction in

the blue and green/yellow spectral portions when comparing

the white light from the light source 102 to the same light

after passing through the filter.

[0071] FIG. 8 shows the resulting emission spectrum 180 for

the white light in FIG. 4 after it passes through a filter

with characteristics shown in FIG. 7 . FIG. 9 shows the

corresponding CIE diagram 190 and FIG. 10 shows tables 200

and 210 with the certain emission characteristics of the

lamp 100 with the filter 130. Referring first to the

emission spectrum 180, the peak of the blue and

green/yellow portions 182, 184 of the spectrum are reduced,

while the peak of the orange/red portion 186 remains

substantially unchanged. Referring now to table 200, the

spectrum 180 results in a combined emission having a

reduced color temperature of approximately 2400K (2396) .

The emission spectrum 180 still remains broad having

remaining blue, green/yellow and red color portions, such

that the CRI for the filtered light remains essentially the

same (92.9) as white light before it passes through the

filter. Referring now to table 210, this filtering,

however, can result in a reduction in emission efficiency.

In some embodiments, the reduction in efficiency can be

less that 25% of the lumens output of the white light from

the light source. For a filter with the characteristics as

shown in FIG. 7 the resulting filtered light emits at



approximately 40 LP (approximately 22% reduction in

efficiency) .

[0072] Another example of a dichroic filter that can be

used in different embodiments is the Roscoe, Inc.

Permacolor 31013 Goldenrod, with FIG. 11 showing the

transmission and reflection characteristics over a range of

light wavelengths from 360nm to 740nm. At a wavelength of

approximately 450nm, approximately 10% of blue light is

transmitted, with the remaining being reflected. At a

wavelength of approximately 550nm, approximately 55% of the

light is transmitted, with the remaining 45% being

reflected. At a wavelength of approximately 625nm

approximately 95% of the light is transmitted, with less

than 10% being reflected.

[0073] The filter shown in FIG. 11 also results in nearly

all of the orange/red spectral portion from the white light

being transmitted, while approximately 45% and 90% of the

green/yellow and blue spectrum portions, respectively, are

reflected. This results in an even more prominent reduction

in the blue and green/yellow spectral portions when

comparing the white light from the light source 102 to the

same light after passing through the filter.

[0074] FIG. 12 shows the resulting emission spectrum 220

for the white light in FIG. 4 after it passes through a

filter with characteristics shown in FIG. 11. FIG. 13 shows

the corresponding CIE diagram 230 and FIG. 14 shows tables

240 and 250 with the certain emission characteristics of

the lamp 100 after its light passes through a filter as

shown in FIG. 11. Referring first to the emission spectrum

220, the peak of the blue spectral portion 222 is



significantly reduced such that it approaches 1 to 2% at

450nm. The green/yellow spectral portion 224 is also

reduced, but not as significantly as the blue portion 222.

The peak of the orange/red portion 226 remains

substantially unchanged. Referring now to table 240, the

spectrum 220 results in a combined emission having an even

further reduced color temperature of approximately 1800K

(1772) . The emission spectrum 180 still remains broad

having remaining blue, green/yellow and red color portions,

such that the CRI for the filtered light remains high and

close to that of the white light before passing through the

filter. Referring to table 240. The CRI for spectrum 220

measures approximately 89. This increased filtering of the

blue and green/yellow portions results in an even further

reduction in emission efficiency. In some embodiments, the

reduction in efficiency can be less that 50% of the lumens

output of the white light from the light source. Referring

to table 250 the resulting lamp emission efficiency with

the filtering shown in FIG. 12 is approximately 28.39 LPW

(approximately 45% reduction in efficiency) .

[0075] It is understood that other filters with different

filtering characteristics can be used in other embodiments

to achieve other colors of light, and the present invention

should not be limited to only filtering the spectral

portions as described above to achieve a warmer light. For

instance, other filters could be used to filter out other

spectral portions to provide a light with a cooler

temperature than the approximate 2700K provided by the

white source described above. Other filters can filter

different percentages of the spectral portions to achieve

the desired color temperature. It is also understood that



the filters according to the present invention can have

different filtering characteristics in different regions,

and that lamps according to the present invention can have

more than one filter.

[0076] As discussed above, an aspect of the present

invention is providing filtered light at a particular color

temperature that retains the CR substantially the same as

or close to the CRI of light that is being filtered. In

some embodiments, the CRI of the filtered light should be

at approximately 70% or more of the light source CRI. In

other embodiments the CRI of the filtered light should be

approximately 80% or more of the light source CRI. In still

other embodiments, the CRI should approximately 90% or more

of the light source CRI, and in others it should be

approximately 95% or more of the light source CRI. In some

embodiments according to the present invention, the CRI of

the filtering light should be approximately 80 or higher.

In still other embodiments, the CRI should be approximately

85 or higher, and in other embodiments it should be

approximately 90 or higher. Still in other embodiments, the

CRI should be approximately 95 or higher.

[0077] Other aspects of the present invention are directed

to providing warm color temperatures from a white light

source, although it is understood that the present

invention can be used to provide cooler temperatures. In

some embodiments, the color temperature of the filtered

light can be approximately 1700K or greater, while in other

embodiments the filtered light can have a color temperature

of approximately 2000K or greater. In still other



embodiments it can have a color temperature of 2400 or

greater .

[0078] As mentioned above, filters according to the present

invention can be arranged in many different locations

beyond that shown in FIGs. 2 and 3 . FIG. 15 shows another

embodiment of a lamp 260 according to the present invention

that has many of the features and components as the lamp

100 in FIGs. 2 and 3 . For those same or similar features,

the same reference numbers will be used. For lamp 260, the

filter 262 is mounted behind the lens on the inside of the

lamp housing 108. In the embodiment shown the filter 262

can be mounted to the outer reflector 106, using any number

of conventional mounting means such as bonding or

mechanical means such as screws, clips, brackets, etc. It

is understood that the filter can be mounted to other

features within the lamp 200, such as the intermediate

reflector (shown as 104 in FIG. 3 ) if one is included or to

the back of the lens 110. The filter 262 can comprise

conventional filters mentioned above such as the absorbing

filters or reflecting dichroic filters and can have the

lens properties and different arrangements discussed above.

In particular it is understood that the filter 262 can

cover less than the entire lamp opening so that less than

all light emitting from the light source 102 passes through

the filter 262.

[0079] FIG. 16 shows another embodiment of a lamp 300

according to the present invention comprising a filter dome

or cover 302 over the light source 102, with the filter

dome 302 arranged such that light from the light source 102

passes through the filter dome 302. The filter dome 302 can



also comprise an absorbing or reflecting filter such as

those described above, and can have the filtering

characteristics described above to provide the desired

color temperature and CRI . Although the dome 302 is shown

with a space between it and the top surface of the light

source, it is understood that the dome 302 can be mounted

or formed directly on the light source 102. It is also

understood that different dome 302 embodiments can be

arranged so that less than all of light from light source

passes through it.

[0080] FIG. 17 shows still another embodiment of a lamp 400

according to the present invention comprising a filtering

colorant mixed in the encapsulant 402 of the light source

102 FIG. 18 shows still another embodiment of a lamp 500

according to the present invention comprising a filtering

colorant mixed in the lens 502. For both these embodiments,

the filtering provided by these colorants can comprise an

absorbing type material that absorbs all or some of

spectral portions from the light source, while allowing

others to pass. The filtering colorant in the encapsulant

and lens can also be arranged such that less than all of

the light from the light source 102 passes through a

colorant and is filtered.

[0081] As discussed above, the present invention is not

limited to solid state lamps, but can also be used for

other solid state lighting devices such as LED chips and

LED packages. FIG 19 shows one embodiment of an LED package

600 according to the present invention having a submount

602 with an LED array 604 mounted to the submount 602. The

LEDs in the array 604 can electrically coupled together in



one or more series circuits such that the LED array emits

light in response to one or more electrical signals. The

LED array 604 is covered by a lens shaped encapsulant 606.

In this embodiment, a filter 608 is provided on the

encapsulant 604, with the filter 608 having any of the

characteristics described above. The filter 608 is arranged

such that light from the light source passes through it,

with the filter 608 filtering out all or some of one or

more spectral portions to achieve the desired color

temperature and CRI .

[0082] Other embodiments of LED chips and packages can be

arranged in many different ways. In other LED package

embodiments, the filtering colorant can be mixed in the

encapsulant, and in still other embodiments a filtering

dome can be mounted to the package with a space between the

encapsulant and the filter. In still other embodiments, a

planar filter can be mounted over the package with some or

all of the package light passing through the filter.

[0083] The lamps and LED components arranged according to

the present invention can be used for many different

lighting applications. Some of these include but are not

limited to residential, commercial, retail and street

lighting. The embodiments can also be incorporated into any

number and variety of other systems requiring a reliable

and uniform light source.

[0084] Although the present invention has been described in

detail with reference to certain preferred configurations

thereof, other versions are possible. Therefore, the

spirit and scope of the invention should not be limited to

the versions described above.



WE CLAIM:

1 . A light emitting diode (LED) device, comprising:

an LED light source capable of emitting light in an

emission spectrum; and

a filter arranged so that at least some light from

said LED light source passes through it, said filter

filtering at least some of said light source emission

spectrum, said light source light having a different color

temperature but substantially the same CRI after passing

through said filter.

2 . The LED device of claim 1 , wherein said filtering

comprises filtering at least some of one or more portions

of said emission spectrum.

3 . The LED device of claim 1 , comprising an LED lamp

having a lamp housing with an emission opening, said light

source emitting out said emission opening.

4 . The LED device of claim 3 , wherein said filter is at

least partially over said emission opening.

5 . The LED device of claim 3 , wherein in said filter is

mounted to the inside of said housing.

6 . The LED device of claim 3 , further comprising a

housing lens, said filter comprising a colorant in said

lens .



7 . The LED device of claim 1 , wherein said filter

comprises a dome at least partially covering said light

source .

8 . The LED device of claim 1 , wherein said light source

further comprises an encapsulant, said filter comprising a

colorant in said encapsulant.

9 . The LED device of claim 1 , wherein said light source

light has a different color temperature of 1700 or higher

after passing through said filter.

10. The LED device of claim 9 , wherein said CRI of said

filtered light is 90% or more of the CRI of said light

source light before filtering.

11. The LED device of claim 9 , wherein said CRI of said

filtered light is 80 or more.

12. The LED device of claim 1 , wherein said light source

light has a color temperature of 2000K or higher after

passing through said filter.

13. The LED device of claim 12, wherein said CRI of said

filtered light is 90% or more of the CRI of said light

source light before filtering.

14. The LED device of claim 12, wherein said CRI of said

filtered light is 80 or more.

15. The LED device of claim 1 , wherein a color point of

the light emitted from the light source is within 7 MacAdam



ellipses of the black body locus and where a color point of

the filtered light source light is also within 7 MacAdam

ellipses of the black body locus.

16. The LED device of claim 1 , wherein a color point of

the light emitted from the light source is within 3 MacAdam

ellipses of the black body locus and where a color point of

the filtered light source light is also within 3 MacAdam

ellipses of the black body locus.

17. The LED device of claim 1 , wherein the light emitted

from the light source has a color temperature of 2700K or

higher and wherein the filtered light source light has a

color temperature of 2500K or lower.

18. A light emitting diode (LED) lamp, comprising:

an LED light source emitting light in a white light

emission spectrum; and

a filter arranged so that at least some light from

said LED light source passes through it, said filter

filtering at least some of a blue portion of said emission

spectrum and at least some of a green/yellow portion of

said spectrum, said filtered light source light having a

lower color temperature but substantially the same CRI

after passing through said filter.

19. The LED lamp of claim 18, wherein said filter filters

approximately 40% of said blue portion and approximately

20% of said green/yellow portion.



20. The LED lamp of claim 19, wherein said filtered light

has a color temperature that is approximately 2400K or

greater .

21. The LED lamp of claim 19, wherein said filtered light

has a CRI that is 90 or greater.

22. The LED lamp of claim 18, wherein said filter filters

approximately 90% of said blue portion and approximately

45% of said green/yellow portion.

23. The LED lamp of claim 22, wherein said filtered light

has a color temperature that is approximately 1800K or

greater .

24. The LED lamp of claim 22, wherein said filtered light

has a CRI that is 89 or greater.

25. The LED lamp of claim 18, wherein both a color point

of the light emitted from the LED light source and a color

point of the filtered light source light are within 7

MacAdam ellipses of the black body locus.

26. The LED lamp of claim 18, wherein both a color point

of the light emitted from the LED light source and a color

point of the filtered light source light are within 3

MacAdam ellipses of the black body locus.

27. The LED lamp of claim 25, wherein the light emitted

from the light source has a color temperature of 2700K or

higher and wherein the filtered light source light has a

color temperature of 2500K or lower.



28. A light emitting diode (LED) device, comprising:

an LED light source emitting light with a color

temperature and CRI; and

a means for filtering light from said LED light source

to produce light with a different color temperature and

substantially the same CRI as said light from said LED

light source.

29. The LED device of claim 28, wherein said filtering

means comprises an absorbing filter.

30. The LED device of claim 28, wherein said filtering

means comprises a reflecting filter.

31. The LED device of claim 28, wherein said filtering

means comprises a dichroic filter.

32. The LED device of claim 28, wherein LED light source

emts light in an emission spectrum, wherein said filtering

means filters at least some of one or more portions of

said emission spectrum.

33. A method for producing warm color temperature light

with a high CRI, comprising:

providing a white light having a white light color

temperature and a high CRI; and

filtering a least some of one or more spectral

portions from said white light emission spectrum, said

filtered light having an emission spectrum with a

temperature lower than said white light color temperature

and a CRI that is substantially the same as said high CRI.



34. The method of claim 33, wherein filtering further

comprises filtering at least some of one or more spectral

portions from said white light emission spectrum, said

filtered light also comprising a white light emission

spectrum.

35. A light emitting diode (LED) device, comprising:

an LED light source capable of emitting light in an

emission spectrum and having a color point that is within 7

MacAdam ellipses of the black body locus; and

a filter arranged so that at least some light from

said LED light source passes through it, said filter

filtering at least some of one or more portions of said

light source emission spectrum, the filtered light source

light having a different color point that is also within 7

MacAdam ellipses of the black body locus.

36. The LED device of claim 35, wherein the color point of

the LED light source and the different color point are both

within 3 MacAdam ellipses of the black body locus.

37. The LED device of Claim 35, wherein less than 50% of

the lumens output by the LED light source are filtered by

the filter.

38. The LED device of Claim 35, wherein less than 25% of

the lumens output by the LED light source are filtered by

the filter.

39. The LED device of Claim 35, wherein light emitted by

the LED light source has a color temperature of 2700K or



greater and the filtered light source light has a color

temperature of 2500K or lower.
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