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HIGH POWER RADIATION EMITTER 
DEVICE AND HEAT DISSIPATING PACKAGE 

FOR ELECTRONIC COMPONENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a division of US. patent application Ser. 
No. 10/470,879, ?led on Jan. 29, 2004, now US. Pat. No. 
7,075,112, Which is the national stage application of Intema 
tional Application No. PCT/US02/03161, ?led on Jan. 31, 
2002, Which claims priority to US. patent application Ser. 
No. 09/835,238 ?led on Apr. 13, 2001, now US. Pat. No. 
6,639,360, Which claims priority under 35 U.S.C. §119(e) on 
US. Provisional Patent Application No. 60/265,487, ?led on 
J an. 31, 2001 , the entire disclosures of Which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention generally relates to radiation emitter 
assemblies such as, for example, light emitting diode (LED) 
packages and to heat dissipating packages for electronic com 
ponents. 

Radiation emitters, particularly optical radiation emitters, 
are used in a Wide variety of commercial and industrial prod 
ucts and systems, and accordingly come in many forms and 
packages. As used herein, the term “optical radiation emitter” 
includes all emitter devices that emit visible light, near infra 
red (IR) radiation, and ultraviolet (UV) radiation. Such opti 
cal radiation emitters may be photoluminescent, electrolumi 
nescent, or other solid state emitter. Photoluminescent 
sources include phosphorescent and ?uorescent sources. 
Fluorescent sources include phosphors and ?uorescent dyes, 
pigments, crystals, substrates, coatings, and other materials. 

Electroluminescent sources include semiconductor optical 
radiation emitters and other devices that emit optical radiation 
in response to electrical excitation. Semiconductor optical 
radiation emitters include light emitting diode (LED) chips, 
light emitting polymers (LEPs), organic light emitting 
devices (OLEDs), polymer light emitting devices (PLEDs), 
etc. 

Semiconductor optical emitter components, particularly 
LED devices, have become commonplace in a Wide variety of 
consumer and industrial opto-electronic applications. Other 
types of semiconductor optical emitter components, includ 
ing OLEDs, LEPs, and the like, may also be packaged in 
discrete components suitable as substitutes for conventional 
inorganic LEDs in many of these applications. 

Visible LED components of all colors are used alone or in 
small clusters as status indicators on such products as com 

puter monitors, coffee makers, stereo receivers, CD players, 
VCRs, and the like. Such indicators are also found in a diver 
sity of systems such as instrument panels in aircraft, trains, 
ships, cars, trucks, minivans and sport utility vehicles, etc. 
Addressable arrays containing hundreds or thousands of vis 
ible LED components are found in moving-message displays 
such as those found in many airports and stock market trading 
centers and also as high brightness large-area outdoor televi 
sion screens found in many sports complexes and on some 
urban billboards. 

Amber, red, and red-orange emitting visible LEDs are used 
in arrays of up to 100 components in visual signaling systems 
such as vehicle center high-mounted stop lamps (CHMSLs), 
brake lamps, exterior turn signals and haZard ?ashers, exte 
rior signaling mirrors, and for roadWay construction haZard 
markers. Amber, red, and blue-green emitting visible LEDs 
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2 
are increasingly being used in much larger arrays of up to 300 
components as stop/sloW/go lights at intersections in urban 
and suburban intersections. 

Multi-color combinations of pluralities of visible colored 
LEDs are being used as the source of proj ected White light for 
illumination in binary-complementary and ternary RGB illu 
minators. Such illuminators are useful as vehicle or aircraft 
maplights, for example, or as vehicle or aircraft reading or 
courtesy lights, cargo lights, license plate illuminators, 
backup lights, and exterior mirror puddle lights. Other perti 
nent uses include portable ?ashlights and other illuminator 
applications Where rugged, compact, lightweight, high e?i 
ciency, long-life, loW voltage sources of White illumination 
are needed. Phosphor-enhanced “White” LEDs may also be 
used in some of these instances as illuminators. 

IR emitting LEDs are being used for remote control and 
communication in such devices as VCR, TV, CD, and other 
audio-visual remote control units. Similarly, high intensity 
IR-emitting LEDs are being used for communication 
betWeen IRDA devices such as desktop, laptop and palmtop 
computers; PDAs (personal digital assistants); and computer 
peripherals such as printers, netWork adapters, pointing 
devices (“mice,” trackballs, etc.), keyboards, and other com 
puters. IR LED emitters and IR receivers also serve as sensors 
for proximity or presence in industrial control systems, for 
location or orientation Within such opto-electronic devices 
such as pointing devices and optical encoders, and as read 
heads in such systems as barcode scanners. IR LED emitters 
may also be used in a night vision system for automobiles. 

Blue, violet, and UV emitting LEDs and LED lasers are 
being used extensively for data storage and retrieval applica 
tions such as reading and Writing to high-density optical 
storage disks. 

Performance and reliability of LED components, chips, 
and systems are heavily in?uenced by the thermal perfor 
mance of those components, chips, and systems, and by ambi 
ent temperature. Elevated operating temperatures simulta 
neously reduce the emission e?iciency of LEDs and increase 
the probability of failure in most conditions. This elevated 
temperature may be the result of high system thermal resis 
tance acting in concert With internal LED poWer dissipation 
and may also be the result of high ambient operating tempera 
ture or other in?uence. Regardless of the cause, LED e?i 
ciency and reliability are normal adversely affected by 
increases in temperature. Thus, it is advantageous to mini 
miZe temperature rise of LED components, chips, and sys 
tems attributable to internal poWer dissipation during opera 
tion. This can be accomplished by reducing the conductive, 
convective, and radiative thermal resistance betWeen the LED 
chip and ambient environment, such as by optimiZing the 
materials and construction of the packaged device containing 
the LED chip. These methods, as applicable to mass-solder 
able, auto-inser‘table, and other discrete LED components, 
are disclosed in commonly assigned US. Pat. No. 6,335,548, 
entitled “SEMICONDUCTOR RADIATION EMITTER 
PACKAGE,” ?led on Oct. 22, 1999, by John K. Roberts et al., 
and published PCT International Publication No. W0 
00/ 55914. 

For high poWer LED systems and high poWer density LED 
systems, system thermal performance is especially critical. 
LED illuminators and high poWer signal lights generating 
more than ten lumens (or more than one Watt of poWer dissi 
pation) are examples of systems Which can bene?t from 
improved thermal performance, especially if package area/ 
volume must be minimiZed (increasing poWer density). 

To limit the operational temperature of the LED, the poWer 
that is alloWed to be dissipated through the LED is typically 
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limited. To limit the dissipated power, however, the current 
that may be passed through the LED must be limited, Which 
in turn limits the emitted ?ux of the LED since the emitted 
?ux is typically proportional to the electrical current passed 
through the LED. 

Other fundamental properties of LEDs place further 
restrictions on the useful operational temperature change AT. 
Semiconductor LEDs, including IR, visible, and UV emitters, 
emit light via the physical mechanism of electro-lumines 
cence. Their emission is characteristic of the band gap of the 
materials from Which they are composed and their quantum 
ef?ciency varies inversely With their internal temperature. An 
increase in LED chip temperature results in a corresponding 
decrease in their emission e?iciency. This effect is quite sig 
ni?cant for all common types of LEDs for visible, UV, and IR 
emission. Commonly, a 10 C. increase (AT) in chip tempera 
ture typically results in up to a 1 percent reduction in useful 
radiation and up to a 0.1 nm shift in the peak Wavelength of the 
emission, assuming operation at a constant poWer. Thus, a AT 
of 400 C. can result in up to a 40 percent reduction in emitted 
?ux and a 4 nm shift in peak Wavelength. 
From the preceding discussion, it can be seen that to avoid 

thermal damage and achieve optimal LED emission perfor 
mance, it is very important to minimiZe the AT experienced 
by the LED device chip and package during operation. This 
may be achieved by limiting poWer or reducing thermal resis 
tance. 

Limiting LED poWer, of course, is antithetical to the pur 
pose of high poWer LEDs, i.e., to produce more useful radia 
tion. Generating higher ?ux With an LED generally requires 
higher current (and therefore higher poWer). Most prior art 
devices, hoWever, exhibit relatively high thermal resistance 
from their semiconductor radiation emitter to ambient and are 
compelled to limit poWer dissipation in order to avoid internal 
damage. Thus, the best 5 mm T-13/4 THD packages are limited 
to about 110 mW continuous poWer dissipation at 250 C. 
ambient temperature. 
An additional problem faced by designers of conventional 

LED devices is that the Wire bond used to join one of the LED 
leads to the LED chip can break or lose contact With the lead 
or the chip. Such failure can occur, for example, due to shear 
forces that are transferred to the Wire bond through the encap 
sulant or thermal expansion/contraction of the encapsulant 
around the Wire bond. 

The other forms of radiation emitters mentioned above also 
experience performance degradation, damage, increased fail 
ure probability or accelerated decay if exposed to excessive 
operating temperatures. 

Consequently, it is desirable to provide a radiation emitter 
device that has a higher emission output than conventional 
LED devices While being less susceptible to failure due to a 
break in the Wire bond contact or other defect that may be 
caused by excessive operating temperatures. 

Similar heat dissipation problems exist With respect to 
other electronic components. For example, large heat sinks 
are often attached to microprocessors of the type used in 
personal computers. Accordingly, an improved heat dissipa 
tion package for such electronic components is desirable. 

SUMMARY OF THE INVENTION 

It is an aspect of the present invention to provide a rela 
tively high poWer and high poWer density radiation emitter 
device capable of high radiant ?ux and/or luminous ?ux 
emission. It is a further aspect of the present invention to 
provide a radiation emitter device exhibiting relatively loW 
temperature rise due to internal poWer dissipation and 
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4 
increased reliability by virtue of relatively loW thermal resis 
tance. To achieve these and other aspects and advantages in 
accordance With one embodiment of the present invention, 
the radiation emitting device of the present invention com 
prises a sealed chamber; one or more liquids or gels contained 
in the sealed chamber; an electroluminescent emitter that 
emits optical radiation in response to an electrical signal, the 
electroluminescent emitter is disposed in the sealed chamber 
in physical and thermal contact With one of the liquids or gels; 
and ?rst and second electrical conductors electrically coupled 
to the electroluminescent emitter for energiZing the electrolu 
minescent emitter. A portion of the structure de?ning the 
sealed chamber may be partially transparent to alloW the 
radiation to enter or exit. 

It is another aspect of the present invention to provide a 
package for electronic components having improved heat 
dissipation characteristics. To achieve these and other aspects 
and advantages, the electronic component package comprises 
?rst and second substrates sealed together and spaced apart to 
de?ne a sealed chamber, one or more liquids or gels contained 
in the sealed chamber, and at least one electronic component 
disposed in the sealed chamber and thermal contact With one 
of the liquids or gels. According to one embodiment, the at 
least one electronic component includes a semi-conductor 
electronic component. According to another embodiment of 
the invention, the ?rst substrate is a printed circuit board. 

According to another embodiment, an optical radiation 
emitting device comprises: a sealed chamber; a ?uid interme 
diary material contained in the sealed chamber and having a 
refractive index greater than 1 .0; an electroluminescent emit 
ter that emits optical radiation in response to an electrical 
signal, the electroluminescent emitter disposed in the sealed 
chamber in physical and thermal contact With the ?uid inter 
mediary material; and ?rst and second electrical conductors 
electrically coupled to the electroluminescent emitter for 
energiZing the electroluminescent emitter. 

According to another embodiment, an optical radiation 
emitting device comprises: a semiconductor radiation emitter 
that emits optical radiation in response to an electrical signal; 
a protective barrier for protecting the semiconductor radiation 
emitter, the protective barrier comprises a material that sub 
stantially maintains its in-band optical properties over time; 
and ?rst and second electrical conductors electrically coupled 
to the semiconductor radiation emitter for energiZing the 
semiconductor radiation emitter. 

These and other features, advantages, and objects of the 
present invention Will be further understood and appreciated 
by those skilled in the art by reference to the folloWing speci 
?cation, claims, and appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 is a top elevational vieW of a radiation emitting 

device constructed in accordance With a ?rst embodiment of 
the present invention; 

FIG. 2 is a perspective vieW of the radiation emitting device 
of the ?rst embodiment of the present invention; 

FIG. 3A is a cross-sectional vieW taken along line 3-3‘ of 
the radiation emitting device shoWn in FIG. 1; 

FIG. 3B is a cross-sectional vieW of an alternative embodi 
ment of the device shoWn in FIG. 1; 

FIG. 3C is a cross-sectional vieW of an alternative embodi 
ment of the device shoWn in FIG. 1; 

FIG. 4 is a cross-sectional vieW of a radiation emitter 
device constructed in accordance With a second embodiment 
of the present invention; 
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FIG. 5 is a cross-sectional vieW of a radiation emitter 
device constructed in accordance With a third embodiment of 
the present invention; 

FIG. 6A is a cross-sectional vieW of a radiation emitter 
device constructed in accordance With a ?rst variation of a 
fourth embodiment of the present invention; 

FIG. 6B is a cross-sectional vieW of a radiation emitter 
device constructed in accordance With a second variation of a 
fourth embodiment of the present invention; 

FIG. 7 is a top vieW of a radiation emitter device con 
structed in accordance With a ?fth embodiment of the present 
invention; 

FIG. 8 is a perspective vieW of a vehicle headlamp assem 
bly constructed in accordance With the present invention; 

FIG. 9 is a schematic diagram of an electrical circuit that 
may be provided in one or more of the above embodiments; 

FIG. 10 is a top vieW of an initial package subassembly in 
accordance With a sixth embodiment of the present invention; 

FIG. 11 is a top vieW of a ?nished package assembly 
constructed in accordance With the sixth embodiment of the 
present invention; 

FIG. 12 is a graph illustrating the illuminance as a function 
of poWer for the package assembly shoWn in FIG. 11 With the 
chamber ?lled With liquid and With the sealed chamber not 
?lled With any liquid; 

FIG. 13 is a graph of the relative spectral irradiance as a 
function of Wavelength obtained for the package assembly 
shoWn in FIG. 11 With the chamber not ?lled With any liquid 
for various poWer levels; 

FIG. 14 is a graph of the relative spectral irradiance as a 
function of Wavelength obtained for the package assembly 
shoWn in FIG. 11 With the chamber ?lled With liquid for 
various poWer levels; 

FIG. 15 is a cross-sectional vieW of an alternative embodi 
ment of the device shoWn in FIG. 1; 

FIG. 16 is a plan vieW of a subassembly of the device 
shoWn in FIG. 15; 

FIG. 17A is a cross-sectional vieW of an alternative 
embodiment of the device shoWn in FIG. 1; 

FIG. 17B is a cross-sectional vieW of an alternative 
embodiment of the device shoWn in FIG. 1; and 

FIG. 18 is a cross-sectional vieW of an electronic compo 
nent package assembly constructed in accordance With an 
alternate embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference Will noW be made in detail to the present pre 
ferred embodiments of the invention, examples of Which are 
illustrated in the accompanying draWings. Wherever pos 
sible, the same reference numerals Will be used throughout 
the draWings to refer to the same or like parts. 

For purposes of description herein, the terms “upper,” 
“loWer,” “right,” “left,” “rear,” “front,” “vertical,” “horiZon 
tal,” “top,” “bottom,” and derivatives thereof shall relate to the 
invention as vieWed by a person looking directly at the radia 
tion emitting source along the principal optical axis of the 
source. HoWever, it is to be understood that the invention may 
assume various altemative orientations, except Where 
expressly speci?ed to the contrary. It is also to be understood 
that the speci?c device illustrated in the attached draWings 
and described in the folloWing speci?cation is simply an 
exemplary embodiment of the inventive concepts de?ned in 
the appended claims. Hence, speci?c dimensions, propor 
tions, and other physical characteristics relating to the 
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6 
embodiment disclosed herein are not to be considered as 
limiting, unless the claims expressly state otherWise. 

Several embodiments of the present invention generally 
relate to an improved optical radiation-emitting device useful 
in both high and loW poWer applications. Such embodiments 
of the present invention are particularly Well suited for use in 
limited poWer applications such as vehicles, portable lamps, 
and specialty lighting. By vehicles, We mean over-land 
vehicles, Watercraft, aircraft and manned spacecraft, includ 
ing but not limited to automobiles, trucks, vans, buses, recre 
ational vehicles (RVs), bicycles, motorcycles and mopeds, 
motorized carts, electric cars, electric carts, electric bicycles, 
ships, boats, hovercraft, submarines, airplanes, helicopters, 
space stations, shuttlecraft and the like. By portable lamps, 
We mean camping lanterns, head or helmet-mounted lamps 
such as for mining, mountaineering, and spelunking, hand 
held ?ashlights and the like. By specialty lighting We mean 
emergency lighting activated during poWer failures, ?res or 
smoke accumulations in buildings, microscope stage illumi 
nators, billboard front-lighting, backlighting for signs, etc. 
The light emitting assembly of the present invention may be 
used as either an illuminator or an indicator. Examples of 
some of the applications in Which the present invention may 
be utiliZed are disclosed in commonly assigned PCT Intema 
tional Publication No. WO 00/ 55685 entitled “INDICATORS 
AND ILLUMINATORS USING A SEMICONDUCTOR 
RADIATION EMITTER PACKAGE,” by John K. Roberts et 
al. 
Some of the embodiments of the present invention provide 

a highly reliable, loW-voltage, long-lived, light source for 
vehicles, portable lighting, and specialty lighting capable of 
producing White light With suf?cient luminous intensity to 
illuminate subjects of interest Well enough to be seen and to 
have su?icient apparent color and contrast so as to be readily 
identi?able. Several of the radiation emitter devices of the 
present invention may be Well suited for use With AC or DC 
poWer sources, pulse-Width modulated DC poWer sources, 
and electronic control systems. The radiation emitting 
devices of the present invention may further be used to emit 
light of various colors and/or to emit non-visible radiation 
such as IR and UV radiation. 
As used herein, the terms “radiation emitter” and “radia 

tion emitting device” shall include any structure that gener 
ates and emits optical or non-optical radiation, While the term 
“optical radiation emitter” or “optical radiation emitting 
device” includes those radiation emitters that emit optical 
radiation, Which includes visible light, near infrared (IR) 
radiation, and/or ultraviolet (UV) radiation. As noted above, 
optical radiation emitters may include electroluminescent 
sources or other solid-state sources and/ or photoluminescent 
or other sources. One form of electroluminescent source 
includes semiconductor optical radiation emitters. For pur 
poses of the present invention, “semiconductor optical radia 
tion emitters” comprise any semiconductor component or 
material that emits electromagnetic radiation having a Wave 
length betWeen 100 nm and 2000 nm by the physical mecha 
nism of electroluminescence, upon passage of electrical cur 
rent through the component or material. The principal 
function of a semiconductor optical radiation emitter Within 
the present invention is the conversion of conducted electrical 
poWer to radiated optical poWer. A semiconductor optical 
radiation emitter may include a typical IR, visible orUV LED 
chip or die Well knoWn in the art and used in a Wide variety of 
prior art devices, or it may include any alternate form of 
semiconductor optical radiation emitter as described beloW. 

Alternate forms of semiconductor optical radiation emit 
ters Which may be used in the present invention are light 
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emitting polymers (LEPs), polymer light emitting diodes 
(PLEDs), organic light emitting diodes (OLEDs) and the like. 
Such materials and optoelectronic structures made from them 
are electrically similar to traditional inorganic LEDs, but rely 
on organic compositions such as derivatives of the conductive 
polymer polyaniline for electroluminescence. Such semicon 
ductor optical radiation emitters are relatively neW, but may 
be obtained from sources such as Cambridge Display Tech 
nology, Ltd. of Cambridge, Mass., and from Uniax of Santa 
Barbara, Calif. 

For brevity, the term “semiconductor optical radiation 
emitter” may be substituted With the term “LED” or the 
alternate forms of emitters described above or knoWn in the 
art. Examples of emitters suitable for the present invention 
include varieties of LED chips With associated conductive 
pads for electrical attachment and that are emissive princi 
pally at P-N or N-P junctions Within doped inorganic com 
pounds of AlGaAs, AlInGaP, GaAs, GaP, InGaN, AlInGaN, 
GaN, SiC, ZnSe and the like. 
LEDs are a preferred electroluminescent light source for 

use in the radiation emitting devices of the present invention 
because LEDs do not suffer appreciable reliability or ?eld 
service life degradation When mechanically or electronically 
sWitched on and off for millions of cycles. The luminous 
intensity and illuminance from LEDs closely approximates a 
linear response function With respect to applied electrical 
current over a broad range of conditions, making control of 
their intensity a relatively simple matter. Finally, recent gen 
erations of AlInGaP, AlGaAs, InGaN, AlInGaN, and GaN 
LEDs draW less electrical poWer per lumen or candela of 
visible light produced than incandescent lamps, resulting in 
more cost-effective, compact, and lightweight illuminator 
Wiring harnesses, fuses, connectors, batteries, generators, 
alternators, sWitches, electronic controls, and optics. Many 
examples have previously been mentioned and are incorpo 
rated Within the scope of the present invention, although it 
should be recogniZed that the present invention has other 
obvious applications beyond the speci?c ones mentioned 
Which do not deviate appreciably from the teachings herein 
and therefore are included in the scope of this invention. 

Another preferred radiation source that may be used in the 
inventive light emitting assembly is a photoluminescent 
source. Photoluminescent sources produce visible light by 
partially absorbing visible or invisible radiation and re-emit 
ting visible radiation. Photoluminescent sources typically 
include phosphorescent and/or ?uorescent materials, Which 
include ?uorescent dyes, pigments, crystals, substrates, coat 
ings, as Well as phosphors. Such a ?uorescent or phosphores 
cent material may be excited by an LED or other radiation 
emitter and may be disposed Within or on the LED, or Within 
or on a separate optical element, such as a lens or diffuser that 
is not integral With an LED. Exemplary structures using a 
?uorescent or phosphorescent source are described further 
beloW. 
As explained in more detail beloW, the present invention 

exhibits a signi?cantly loWer thermal resistance than conven 
tional LED structures by extracting heat from the LED chip(s) 
via all of the surfaces of the LED chip(s) simultaneously 
instead of from primarily only one surface as in typical prior 
art LED devices. More speci?cally, the radiation emitter 
package of the present invention provides a sealed chamber or 
cavity containing a liquid or gel surrounding the LED chips, 
the liquid or gel having a moderate to high thermal conduc 
tivity, a moderate to high convectivity, or both. A material that 
is “moderate to highly convective” is a material that is more 
effectively convective than either air or a conventional clear 
solid polymer such as epoxy or silicone. “Effectively convec 
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8 
tive” means transporting substantial proportions of heat dis 
sipated from a source by natural convection. The LED chips 
may be mounted to a moderate to high thermal conductivity 
plate to Which a transparent plate is sealed in spaced-apart 
relation to de?ne the sealed chamber or cavity. This combi 
nation is uniquely effective because heat is removed from 
large surfaces of the chip by conduction and by convective 
transport due to the natural convection of the liquid in the 
sealed chamber or cavity. Embodiments of the present inven 
tion are discussed beloW in connection With FIGS. 1-18. It 
Will be appreciated that these embodiments are provided for 
purposes of illustration only and are not limiting to the present 
invention. 

FIGS. 1-3 shoW a radiation emitter device 10 constructed in 
accordance With a ?rst embodiment of the present invention. 
Device 10 includes one or more radiation emitting sources 12, 
Which are shoWn in FIG. 1 mounted to a ?rst substrate 14. 
Although radiation emitters 12 are preferably LED chips or 
dies, other forms of radiation emitters may be used. The LED 
chips may be any conventional LED chip including those With 
vertical and lateral structure, transparent or absorbing sub 
strate, electrically conductive or insulating substrate, tapered 
sides, Truncated Inverted Pyramid (TIP) construction, partial 
TIP construction, or ?ip chip, or other chip geometry, includ 
ing LED chips utiliZing AlGaAs, AlInGaP, GaAs, GaP, 
InGaN, AlInGaN, GaN, SiC, ZnSe and other inorganic com 
pound semiconductor materials. The anode can be on the 
topmost surface of the chip, normally used for Wirebond, and 
the cathode may be on the bottom of the chip, normally 
connected With die attach adhesive, solder or eutectic bond 
ing. As With some InGaN/SiC LED chips, this polarity may be 
reversed such that the cathode is at the top side, normally used 
for Wirebond and the anode is at the bottom, normally con 
nected With die attach adhesive, solder or eutectic bonding. 
Alternately, both anode and cathode may be top side of the 
chip as in a lateral-type InGaN/ sapphire LED chip structure, 
normally connected by Wirebonding. Both contacts may also 
be at the bottom side of the chip in ?ip -chip con?guration, and 
normally attached With solder or die attach adhesive. LED 
chips suitable for use in the present invention included are 
available from sources such as Cree, AXTI, UOE, 
LumiLEDS and UEC and others. For purposes of this ?rst 
embodiment, ?rst substrate 14 may be made of any electri 
cally conductive material, and preferably a material that has 
relatively high thermal conductivity. Preferably, ?rst sub 
strate 14 has a thickness of 0.5 to 6.1 mm and is made of 
copper or aluminum. As described beloW With respect to other 
embodiments, the ?rst substrate may alternately be made of 
electrically nonconductive material (such as a ceramic, PC 
board, passivated metal clad board, etc.). The ?rst substrate 
may also comprise all or a portion of or surface of an external 
cooling structure such as a heat sink or thermoelectric cooler. 
An optional submount made of silicon, silicon carbide, metal 
or other like materials may be mounted betWeen emitters 12 
and ?rst substrate 14 to facilitate distribution of electrical 
poWer or to moderate the physical properties of the emitters 
and the ?rst substrate. 

Radiation emitter assembly 10 further includes a second 
substrate 16 serving as a protective barrier that is spaced apart 
from ?rst substrate 14. At least a portion of second substrate 
16 through Which radiation is emitted from radiation emitters 
12 is substantially transparent to some or all of the Wave 
lengths of radiation emitted from emitters 12. Alternatively, 
all of second substrate 16 may be transparent to the radiation 
emitted from radiation emitters 12 or alternatively transparent 
to all visible, IR, and/or UV radiation. For example, second 
substrate 16 may be made ofa 0.5 to 6.1 mm glass cover plate. 
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For some embodiments, this glass may be conventional soda 
lime ?oat glass, and in others it may be fused silica glass, 
borosilicate ?oat glass or other glass composition. Second 
substrate 16 may also be made of tempered glass, an epoxy 
sheet, or transparent plastics that are aliphatic or ole?nic in 
nature (e.g., polypropylene, polyethylene, dicylcopenta 
dienes and polymethylpentenes). Such transparent aliphatic 
or ole?nic plastics do not degrade When exposed to aprotic 
solvents such as propylene carbonate, Which is one possible 
liquid that may be used in the present invention. These trans 
parent plastics also function Well in solid-state systems that 
include pure solution-phase and partial solution-phase elec 
trolytes. These transparent plastics include: cyclic ole?n 
copolymers such as TOPAS® available from Ticona, LLC of 
Summit, N.J.; polymethylpentenes such as TPXTM manufac 
tured by Mitsui; hydrogenated cyclo-ole?n polymers such as 
ZEONEX® (based on dicyclopentadiene) manufactured by 
Nippon Zeon Company; and amorphous cyclo-ole?n copoly 
mers such as APELTM manufactured by Mitsui. Another suit 
able polymer for the second substrate is polysulfone. Second 
substrate 16 should maintain its “in-band” optical properties 
over an extended period of time. The term “in-band” optical 
properties shall mean those optical properties that affect or 
substantially in?uence radiation at Wavelengths emitted by 
the radiation emitters Within the assembly. Speci?cally, it 
should maintain an absence of optical absorption (particu 
larly, at the Wavelength emitted by radiation sources Within 
the assembly), be resistant to hazing and scattering, and be 
resistant to reactions that cause it to turn yelloW or other color 
over time in such a manner as to unintentionally absorb sig 
ni?cant portions of radiation emitted by light sources Within 
the assembly. In many embodiments, second substrate 16 
should be resistant to degradation upon prolonged, repeated 
or intense exposure to short-Wavelength radiation such as 
blue, violet or UV light or upon exposure to ambient heat, 
heat from processing the assembly or from internal heat gen 
erated by operating the assembly. For embodiments of the 
present invention containing emitters of blue-green, blue, 
violet or UV light, it may be especially important for the 
second substrate 16 to start and remain substantially trans 
parent in the short Wavelength bands emitted, avoiding the 
yelloWing phenomena typical of some transparent polymer 
materials, and thus avoiding excessive tendencies toWard 
increased absorption of radiation produced by those emitters. 
Second substrate 16 may also be treated With a coating (not 
shoWn), such as an anti-re?ection coating, a barrier coating or 
other thin-?lm coating, on one or more of its surfaces. Such a 
coating may be employed, for example, to enhance extraction 
e?iciency for optical radiation emitted by sources Within the 
chamber 21 and exiting through surfaces of second substrate 
16. Another coating may be used to prevent permeation of 
oxygen, Water vapor or other agents through second substrate 
16 into the chamber 21, to prevent impurities from leaching 
out of second substrate 16 into liquid 20, or to prevent por 
tions of liquid 20 from permeating into or reacting With sec 
ond substrate 16. 

Second substrate 16 is generally semi-rigid to rigid; hoW 
ever, it may be advantageous in some embodiments for sec 
ond substrate 16 to be made substantially ?exible. By making 
second substrate 16 ?exible, it may be possible to accommo 
date bulk thermal expansion of liquid 20 as may occur during 
prolonged operation of the assembly at high poWer levels, or 
during operation in environments having an ambient tem 
perature greater than that prevailing during the manufacture 
of the assembly. Such ?exibility may be accomplished by 
utiliZing thinner sheets of transparent material for construc 
tion of second substrate 16 or by choosing more ?exible 
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10 
materials to begin With. Altemately, second substrate 16 may 
be made ?exible by increasing the area of the chamber 21 in 
such a Way that portions of second substrate 16 are disposed 
at a considerable distance from retaining forces applied by 
seal 18 (or by other mechanisms in the vicinity of seal 18). 
As shoWn in FIGS. 1-3, assembly 10 further includes a seal 

(or gasket) 18 extending betWeen ?rst and second substrates 
14 and 16 so as to de?ne a closed region therebetWeen that is 
hereinafter referred to as a “sealed chamber.” As used herein, 
the term “chamber” may include a cavity or similar structure. 
The seal or gasket 18 is preferably made of epoxy, butyl 
rubber, a frit of metallic and/or glassy composition, ceramic, 
metal alloys such as solder, or other relatively inert barrier 
material. Within the sealed chamber is a liquid, gel, or other 
material that is either moderate to highly thermally conduc 
tive, moderate to highly convective, or both. As used herein, a 
“gel” is a medium having a solid structure and a liquid per 
meating the solid structure. Because a gel includes a liquid, 
the term “liquid” is used hereinafter to refer to liquids con 
tained in gels as Well as non-gelled liquids. 
The liquid 20 is disposed Within the sealed chamber 21 so 

as to surround each of the LED chips 12 used in the device. 
Enough liquid 20 may be disposed Within the sealed chamber 
21 such that the sealed chamber 21 is effectively ?lled. Alter 
nately, the volume of liquid 20 used may be less than the 
volume of the sealed chamber 21 such that a portion of the 
sealed chamber 21 remains occupied by a bubble of air, gas or 
vacuum (not shoWn). Such an un?lled portion of the chamber 
21 may be useful for accommodating thermal expansion of 
the liquid 20 or as a visual indication that the remainder of the 
chamber 21 is ?lled. More than one type of liquid 20 may also 
be used Within the same sealed chamber 21 such that more 
than one Zone is de?ned (not shoWn), and occupied by such 
liquids if they are not miscible. Such a con?guration may be 
useful if different physical, optical or chemical properties are 
desired for the liquid 20 present in different portions of the 
chamber 21. Liquid 20 is preferably, but not necessarily, 
electrically nonconductive. The materials utiliZed for sub 
strates 14 and 16, seal 18, and LED chips 12 preferably are 
selected such that they do not react or otherWise ioniZe the 
liquid 20 so as to cause the liquid to become signi?cantly 
electrically conductive. High electrical conductivity of liquid 
20 could create a short circuit across the LED chips 12 
depending upon hoW they are disposed in the sealed chamber 
21. Preferably, liquid 20 has loW to moderate thermal expan 
sion, or a thermal expansion that substantially matches that of 
?rst substrate 14, second substrate 16, or seal 18, and in some 
embodiments, a slightly higher thermal expansion may be 
desired to increase convection While in other embodiments, a 
loW coe?icient of thermal expansion may be desired to mini 
miZe stress on the optional die attach (not shoWn), optional 
solder bumps (25) and seal 18. Liquid 20 is also preferably 
inert and does not readily decompose or otherWise react With 
external agents that manage to enter the sealed chamber 21 
over time or With impurities contained Within the sealed 
chamber 21 from the time of manufacture. Liquid 20 should 
also maintain its optical properties over time. Speci?cally, it 
should be resistant to reactions that cause the liquid to turn 
yelloW or other color over time in such a manner as to unin 
tentionally absorb signi?cant portions of radiation emitted by 
light sources Within the assembly. For applications Where the 
assembly Will be exposed to short Wavelength radiation such 
as UV, violet, blue or blue-green optical radiation from the 
ambient environment or from emitters Within the assembly, 
liquid 20 should be resistant to degradation upon prolonged, 
repeated or intense exposure to such radiation. For embodi 
ments of the present invention containing emitters of blue 
















