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conductive polymer composition that can dissipate heat from a
heat-generating 1light source within the reflector. The
reflectors can be used in automotive headlamps, flashlights,

and other lighting fixtures.

In the past, reflector housings for automotive
headlamps and other lighting devices were made by stamping
sheets of metal into a desired shape. A layer of aluminum
was vacuum-deposited onto the shaped metal to form a highly
polished reflective surface. This metal stamping process
produced headlamps having good mechanical strength, but only
a limited number of simple shapes could be made. As designs
for automobile headlights changed, the need for reflectors

having more complex aerodynamic structures grew.

Today, reflector housings for automotive headlamps are
often made from thermosetting or thermoplastic compositions
that can be molded into a variety of shapes. Typically,
these compositions contain a resin and a reinforcing material
that improves the strength and dimensional stability of the

molded housing.

For example, Weber, U.S. Patent 5,916,496 discloses a
method of molding a vehicle lamp reflector from a composition
containing substantial amounts of fiber and mineral £fillers.

The method produces a lamp reflector having a substantially



met hod of nolding a vehicle |anp reflector froma conposition containing
substantial anmounts of fiber and mneral fillers. The method produces a

| anp ref Iwotoam2tsayi ng a substantially WO 03/ 021623 PCT/ USPRTARBD S50

organi ¢ skin over a substantially inorganic core. A layer of alum num can
be vacuum deposited onto the organic skin w thout using a base coat. [05]
Baciu et al., U S Patent 4,617,618 disclases a headlanp reflector nmade by
a co-injection nolding process. The core of the reflector is nade froma
conposition containing polyal kyl ene terephthal ate and hematite (85 to 950
by wei ght of Fe2OBlrpafilc §k8S oha@yianguisstpatid1tl eirdrganiessrd.han 1af@rgim

G ass fibers, mcrobeads, and other filler materials can be added to the
conposition. [06] Wthiows etanal bs WaSmunmPdtrmstitdd 188t358hdi subasie askit hod
of manufacturing a netallized plastic reflector. Afilmor fabric of
fibrous material (MOFhBEaRPIng 2J1288sCF-carbon fibers) is provided over a
convex surface of a nold and saturated with a therno-hardening synthetic
resin. After [Balrtial h&rabhi 8§ otltheVresi Ratert| afetl7of1q i GiFeofet al®
particles is sprayed to the resin. upporting layer including a
synthetic resin re?‘ﬁf“g]pa(‘,“gd rﬁﬂeﬁtf’f b‘i“%‘{%s%ﬁgtaerc’loéfl%e(:%?n e'%oalﬁ*b’i’ge,prp?%ﬁ/se'ster
or nylon) is providgd oygr the pgt akefllefaxslr- b0 Taalheeldndhl  SOMSSE81 4D

aut onot i ve headl anps and ot her reflector devices can generate a trenendous
amount of heat. - containing polyalkylene terephthalate and hematite (85 to 95%

by weight of Fe,0;) particles having a particle size less than
70 um. Glass fibers, microbeads, and other filler materials

can be added to the composition.

[06] Withoos et al., U.S. Patent 4,188,358 disclose a method
of manufacturing a metallized plastic reflector. A film or
fabric of fibrous material (for example, glass or carbon
fibers) is provided over a convex surface of a mold and
saturated with a thermo-hardening synthetic resin. After
partial hardening of the resin, a layer of liquid metal
particles is sprayed onto the resin. A supporting layer
including a synthetic resin reinforced with fibrous material
(for example, polyester or nylon) is provided over the metal

layer.

[07] The light sources in automotive headlamps and other
reflector devices can generate a tremendous amount of heat.
These devices must meet maintain an operating temperature
within the enclosed reflective region (area between the
reflector and lens assembly) of no greater than 190°C. Many
reflector devices are made from molded plastics that are poor
conductors of heat. As a result, heat remains trapped
within this reflective area, and temperatures can quickly

rise above 190°C. This overheating phenomenon often occurs



These devices nmust neet maintain an operating tenperature wthin the

encl osed reflective region (area between the reflector and | ens assenbly)
of no gr ewpDes/oetan 190C. Many reflector devices are madePCrarsonwisoed

pl astics that are poor conductors of heat. As a result, heat remains
trapped wthin this reflective area, and tenperatures can quickly rise
above 190C. This overheating phenonenon aften occurs WO 03/021623

PCT/ US02/ 27508 3 in underwater flashlights where the entire lighting
structure is nade of plastic and sealed to prevent infiltration of water.

[08] The industry BasyabifRmateth 401 &cewvidiesendatheatifg inr aluetdey a
variety of ways. One process involves nolding large mlled al um num heat

si nks onto the backs ofhadut @hDpliaseic healll snpedetd eptorpr Théserhemmn sifnks
are used often with heat pipes to transfer heat fromthe back of the
reflector to otheratat sinks renotely located in the assenbly. Another
process involves naking reflectors fromsheets of netal. For exanple, a
sheet of al uml@Im can b&hei jidegter hepuptieTPeed e Pa¥s r BifsehapRFrGRt e
reflector. However, these . manufacturi n&aglrocesses are cpst ng it can

|
be cunbersome to BFIUGEE Mert &BTHTY Havig: cofS Eﬁocseﬁﬁpgévodg?%gm [ci14
processes. [09] Thﬁzir\/legrel §n1flgfggur£ fum @h aQersErglLJ %nggrﬁgck%é&e olfag%:omlégidee(:t or

that can effective enobve heat from heat- generating [anp assenblies such
as autonotive headh@éﬂl@mp reflectors. These heat sinks are used often with
heat pipes to transfer heat from the back of the reflector to
other heat sinks remotely located in the assembly. Another
process involves making reflectors from sheets of metal. For
example, a sheet of aluminum can be milled or spun into the
desired shape of the reflector. However, these
manufacturing processes are costly, and it can be cumbersome

to produce reflectors having complex shapes using such

processes.

[09] There 1is a need for a thermally conductive lamp
reflector that can effectively remove heat from heat-
generating lamp assemblies such as automotive headlamps,
underwater flashlights, and the like. The present invention

provides such a thermally conductive reflector.

SUMMARY OF THE INVENTION

[10] This invention relates to a thermally conductive lamp
reflector including a shell having a surface that is coated
with a metallized reflective layer. The shell is made from a
composition containing a base polymer matrix and thermally
conductive filler material. The surface of the shell can be
metallized with a layer of aluminum. A protective layer

comprising polysiloxane, silicon dioxide, or acrylic resin



underwat er flashlights, and the |like. The present invention provides such
a thermally conductive reflector. SUMVARY OF THE | NVENTI ON [ 10] This

i nventi orwpeBat®e3to a thernmally conductive |anp refl ect®cTiusotedisg a
shell having a surface that is coated wth a netallized reflective |ayer.
The shell is made froma conposition containing a base polymer matrix and
thermally conductive filler material. The surface of the shell can be
netallized with a layer of alumnum A protective |ayer conprising

pol ysi | oxane, silicon dioxide, or acrylic resin WD 03/021623 PCT/ US02/ 27508

4 can be coated ovegnthe c8htdd BYSE a9at ethnlidy@lcoaldi® U2t eCtraE rdTascior
thermal conductivity of greater than 3 WnK and nore preferably greater

than 22 WnK. [ 11] hés t herhepphlastondugdivynerofs eresteed thamm tWie kgrodpmore

consi sting of polycarbonate, polyethylene, polypropylene, acrylics,

vinyls, and fl uor oearisenbl aneerusear £8 ¥/8rfmthe matrix. Preferably, a
liquid crystal Polyner is used. Alternatively, thernosetting polyners such
as el ast oner s[11lepoxi es® pehsrmepkassic pobsiivirdesselgftehc AyPBni the | 85°%an be

used. The filler materjal may_be selected fromith ou cqnsi sting of
al um num al um na, “GOPFEFY n’&éne%‘isléfﬁ?r Paky, PR egcggiene!?l i%ogﬁp il 'rllelgeé,

SI

aluninumnitride. Raroncnl tides, Ald%030dendikasin S (lead ALAPOI C.

The filler materia y be Tn the tformof particles, fibers, or any other

suitable form ThenpetTer metfdosnpyef r ahlyi€onsddalt @olymer is used.
Alternatively, thermosetting polymers such as elastomers,
epoxies, polyesters, polyimides, and acrylonitriles can be
used. The filler material may be selected from the group
consisting of aluminum, alumina, copper, magnesium, brass,
carbon, silicon nitride, aluminum nitride, boron nitride,
zinc oxide, glass, mica, and graphite. The filler material
may be in the form of particles, £fibers, or any other
suitable form. The polymer matrix preferably constitutes
about 30 to about 80% and the thermally conductive filler

preferably constitutes about 20 to about 70% by volume of the

composition.

[12] In one embodiment, the composition includes: i) about
30 to about 60% by volume of a polymer matrix; ii) about 25
to about 60% by volume of a first thermally conductive filler
material having an aspect ratio of 10:1 or greater; and (iii)
about 10 to about 15% by wvolume of a second thermally
conductive filler material having an aspect ratio of 5:1 or

less.

[13] The present invention also encompasses methods for

making thermally conductive lamp reflectors.



about 30 to about 80% and the thermally conductive filler preferably
constitutes about 20 to about 70% by volune of the conposition. [12] In
one enbodwomn2i6ehe conposition includes: i) about 30 toPabasnv2/8698 by
volume of a polymer matrix; ii) about 25 to about 60% by volume of a first
thermal |y conductive filler material having an aspect ratio of 10:1 or
greater; and (iii) about 10 to about 15%by volune of a second thermally
conductive filler material having an aspect ratio of 5:1 or less. [13] The
present invention also enconpasses nethods for meking thermally conductive

| anp refl ectors. WO 03/ 02162z:RETHAIORZI R GF rhe BRAINIIESCRI PTI ON OF THE
DRAW NGS [ 14] The novel features that are characteristic of the present

invention are f[154:]t forthq np tRe.APRENIRs ClRLES are HONBV S terihE cPraf ethed
enbodi ments of the invention, together wth further objects and attendant

advant ages, are begtresertdenstanibnbyareefeitentetho ihhehkoldpomided ddbamd ed
description taken in connection with the acconpanying draw ngs in which:
[15] Fig. 1 is a pHanevercr thss psetarired adnbeiitwnds of ChaplnverfioBet Brebhen he

present invention; and [16] Fig. 2 is a graph show ng bulb tenperatjure over
time for |anp ref "3ERof =TTt KPISFFHr 28 tagﬁ?ﬁﬁiﬁ%d agﬁarfté‘ﬁﬁs’ ?gﬁ e%‘f%trs of

the present inventign, [ETA!FRPEIGR RE O G115 EREFERRED (EMBGDLMENT

taken in connection with the accompanying drawings in which:

[15] Fig. 1 is a planar cross-sectional view of a lamp

reflector of the present invention; and

[16] Fig. 2 is a graph showing bulb temperature over time
for lamp reflectors of the prior art compared to lamp

reflectors of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[17] The present invention relates to a thermally conductive

lamp reflector and methods for making such reflectors.

[18] A thermally conductive composition is used to make the
lamp reflector of this invention. This composition contains a
base polymer matrix and thermally conductive filler material.
Thermoplastic polymers such as polycarbonate, polyethylene,
polypropylene, acrylics, vinyls, and £luorocarbons can be
used to form the matrix. Alternatively, thermosetting
polymers such as elastomers, epoxies, polyesters, polyimides,
and acrylonitriles can be wused as the matrix. Suitable
elastomers include, for example, styrene-butadiene copolymer,
polychloroprene, nitrile rubber, butyl rubber, polysulfide
rubber, ethylene-propylene terpolymers, polysiloxanes
(silicones), and polyurethanes. Liquid crystal polymers are

preferred due to their highly crystalline nature and ability



[17] The present invention relates to a thermally conductive |anp

refl ector and nmethods for making such reflectors. [18] A thermally
conduct i wOomanpwsition is used to nake the |anp refl ect oPCofUSONRZS08
invention. This conposition contains a base polyner matrix and thermally
conductive filler material. Thernoplastic polyners such as pol ycarbonat e,
pol yet hyl ene, pol ypropyl ene, acrylics, winyls, and fluorocarbons can be
used to formthe matrix. Alternatively, thernosetting polymers such as

el astonmers, epoxies, polyesters, polyimdes, and acrylonitriles can be

used as the IT-B.t N %o %‘ﬂb&ﬂél e g@&@-%fa@ﬂﬁf SokrNehdl Q1 1EO0Mma@¥HHA. €, Examples
st yrene-but adi ene copol yner, polychl oroprene, nitrile rubber, butyl

rubber, polysul fide ligbldeerystahyiengehmepy| srduderteryipdrsticpetysitioxanes
(silicones), and polyurethanes. Liquid crystal polyners are preferred due
to their highly crgedvasterhe rRyererdnd @5 PPIeNAFIL0 2PH2 I GET? II5ORF 27508
6 to provide a good matrix for the tiller terial . Exanples of liquid
crystal line pol ynE?’rOsti’nacHOHEIeth‘héY r?‘r?é}“&est"ifct Sr GAERPEE Bl yest er s.

Preferably, t pol ymer_matrix constitutes_about 30.to abo 0% vol une
of the corrposlﬂgion. [lgﬁhefﬂ%Jr%lcP?d‘EBF\‘é%cfﬁf@%r f“laltF‘é’r‘"‘lﬁ‘ﬁtf‘%@ria;i%%(g3 X l%éaded to

are

the polymer matrix, pglit%Qéx%xf.i'!%Lié%asriﬂhfeé NliidGard OlncIRHRIPIsEy

al um num al um na, per, “nagnesi um brass, carbon, silicon nitride,
alum num nitride, bEREN NidhlhGn, ZdRGiOKi @6ppery! AShes ink,abr=apbiidn, and

the like. Mxtures of such fillers are also suitable. The filler material

preferably silicon nitride, aluminum nitride, boron nitride, zinc oxide,
glass, mica, graphite, and the like. Mixtures of such
fillers are also suitable. The filler material preferably
constitutes about 20 to about 70% Dby volume of the
composition. More preferably, the polymer matrix constitutes
greater than 40% and the filler material constitutes less
than 60% of the composition. " In one embodiment, the polymer
matrix is a liquid crystalline polymer constituting about 60%
by volume of the composition, and the filler material is

PITCH-based carbon fiber constituting about 40% by volume of

the composition.

[20] The filler material may be in the form of granular
powder, particles, whiskers, fibers, or any other suitable
form. The particles can have a variety of structures. For
example, the particles can have flake, plate, rice, strand,
hexagonal, or spherical-like shapes. The filler material may
have a relatively high aspect (length to thickness) ratio of
about 10:1 or greater. For example, PITCH-based carbon fiber
having an aspect ratio of about 50:1 can be used.
Alternatively, the filler material may have a relatively low
agpect ratio of about 5:1 or less. For example, boron

nitride granular particles having an aspect ratio of about



constitutes about 20 to about 70% by volunme of the conposition. Mre
preferably, the polynmer matrix constitutes greater than 40% and the filler
mat eri al worsn2teet es | ess than 60% of the conposition. | RCorEsSoEmsosli ment ,
the polyner matrix is a liquid crystalline polyner constituting about 60%
by volume of the composition, and the filler material is PITCH based
carbon fiber constituting about 40% by votune of the conposition. [20] The
filler material may be in the formof granular powder, particles,

whi skers, fibers, or any other suitable form The particles can have a

variety of structuges.cafiObe ¥aMPlRerdhB1pALLEI RS sspechadt higkesppdmt e,
rice, strand, hexagonal, or spherical-like shapes. The filler material may
have a rel atively haglo a&ipeet (dtemgdls taret hiddkdess)theatpobyrsfr maboir &0: 1 or
greater. For exanple, PITCH based carbon fiber having an aspect ratio of
about 50:1 can be dsegribed\ t & na¥¢Srélgudhy he U-Ft | ePateREEr | éizﬁaﬁ"%av%nda
relatively low aspect ratio of about 5:1 0 ess. For _exanml e, boron
nitride granul ar pdrti%réd nd r‘?@s‘é]r?s&’é?fec‘ig rwgf‘?}b bt 5‘6]6%3’@\7@%@05?3%123
PCT/ US02/ 27508 7 4.1 can.be used. Preferably, both |ow aspect and high
aspect ratio fiIIelY materials are added to the polymer matrix as

d?SCI’I bed in l ! Ough’InU'aS' %fe%tegpéds Qm@o%lg&?«% a&g §o1%§r93c8m qu%ion
di scl osures o i ch are hereby i ncorporate y reference. [217 In a
preferred enbodi menhe14d38: PO YABRKuLCONPOSI 8RB 603 by volume of a polymer
matrix; ii) about 25 to about 60% by volume of a first
thermally conductive filler material having an aspect ratio
of 10:1 or greater; and (iii) about 10 to about 15% by volume

of a second thermally conductive £filler material having an

aspect ratio of 5:1 or less.

[22] More preferably, the composition includes: i) about 50%
by volume of a polymer matrix; ii) about 35% by volume of a
first thermally conductive filler material having an aspect
ratio of at least 10:1; and (iii) about 15% by volume of a
second thermally conductive filler material having an aspect

ratio of 5:1 or less.

[23] The filler material is intimately mixed with the non-
conductive polymer matrix to form the thermally conductive
composition. The loading of the filler material imparts
thermal conductivity to the polymer composition. If desired,
the mixture may contain additives such as antioxidants,
plasticizers, non-conductive fillers, stabilizers, dispersing
aids, and mold-releasing agents. The mixture can be prepared
using techniques known in the art. Preferably, the
ingredients are mixed under low shear conditions in order to
avoid damaging the structure of the thermally conductive

filler materials.



i ncludes: i) about 30 to about 60% by vol une of a polynmer matrix; ii)
about 25 to about 60% by volune of a first thermally conductive filler

mat eri al wWewsmgleah aspect ratio of 10:1 or greater; and @CTgsozabsoe 10 to
about 15% by volume of a second thermally conductive filler material
having an aspect ratio of 5:1 or less. [22] Mirre preferably, the
conposition includes: i) about 50% by vobune of a polynmer matrix; ii)
about 35% by volunme of a first thermally conductive filler nmaterial having
an aspect ratio of at least 10:1; and (iii) about 15% by volunme of a

second t her mal %econducti.ve,%.ill I materi havi ng_an,aspect._.rati 5:1
or less. [23] [ filler it FAHY s SRt Prgriﬁméer‘y RS T Th e %%n?la}gé
conduct i ve pol yner it thiy dftok OLMdes LN GRRLMALAV Ravd AIIPARIADN.
The loading of the filler material inparts thermal conductivity to the
pol ymer conpositi Oltonklictd@sty esk grbledMitkhure wyaygk camdt drafaddly i yestetich as
antioxidants, plasticizers, non-conductive fillers, stabilizers,
di spersing aids, amednnd @/ni.eatiavg berFnrondubhéomipxpprntiearrisecpitésal ed
usi ng techni ques known in the art, Preferably, the ingredients are m xed
under | ow shear corf@Fti®Hdngn B dEPreEed a8 JSPESERY (et stPBctFEESDf the
thermally conductive fille erials. WD 03/021623 / 2/ 27508 8 [ 24]
significantly, the dﬁ&ﬁ%re %%a%%rs?“f Fo%%atﬁgeenc?r?gm lgl‘!?Ct cenH:%%fl ect or
assenbl i es of [&gj S InvenTH’xleO%o %rYeer %O%Qggi@lm can be molded into the lamp
reflector using a melt-extrusion, injection-molding, casting,
or other suitable process. An injection-molding process is
particularly preferred. This process generally involve
loading pellets of the composition into a hopper. The hopper

funnels the pellets into a heated extruder, wherein the

pellets are heated and a molten composition (liguid plastic)

forms. The extruder feeds the molten composition into a
chamber containing an injection piston. The piston forces
the molten composition into a mold. {(Typically, the mold

contains two molding sections that are aligned together in
such a way that a molding chamber or cavity is located
between the sections.) The material remains in the mold under
high pressure until it cools. The shaped reflector is then

removed from the mold.

[26] Referring to Fig. 1, one embodiment of the lamp
reflector assembly 10 of the present invention is shown. 1In
Fig. 1, a lamp reflector shell 12 is provided with a plastic
or glass lens 14 attached thereto. The iamp reflector shell
12 is made from a thermally conductive composition as
described above. The surface of the lamp reflector shell 12
can be metallized with a reflective, mirror-like layer 16.

Typically, aluminum is used to form the polished reflective



conductivity of greater than 3 WnK and preferably greater than 22 WnK
These heat conduction properties are critical for making an inproved | anp
refl ect orwohwap2wah better dissipate heat from a heat - gen@cattisny21spght
source. [25] The pol yner conposition can be nolded into the lanp reflector
using a nelt-extrusion, injection-nolding, casting, or other suitable
process. An injection-nolding process isoparticularly preferred. This
process generally involve |oading pellets of the conposition into a
hopper. The hopper funnels the pellets into a heated extruder, wherein the

pellets are heated;and acmol HRNcOIMNReSEd | RRrhdd QUi e Plsashh Qe £bokd® byThe
extruder feeds the nolten conposition into a chanber containing an

i njection piston. Iheayphgt Digdiar @esalltihe awhinen ootpogiet isomfaqy oofa timel d.
(Typically, the nold contains two nol ding sections that are aligned
together in such zefi@gtehashed lnpizdi dRgreh&nper wrewgRviappsisingocgtiaefs:
bet ween the sections.) The material remins hn nol d under

th hi gh.
pressure until it BHY1EY THE §ﬁ§péﬁh?%fF%E?@ i &°¢ ﬂueTenﬁVéﬁxF%%ﬁWFhe
mol d. [26] Referri @gat‘:[igglziégica;[’beogg%ﬁ.@o égewelfxe %\Lu&l&lﬁlénl @ﬁg:?:edrﬂfe@gtﬂr

assenbly 10 of the present inventi IS S , a lanp reflector

shel | 12 is provi deghaiibh & PLRstice =0ricBhasfodianscdpaybanhese ther @ko. The
|l anp reflector shell 12 is made froma thernmally conductive conposition as
descri bed above. Thecsiuréaseiodd the dagpic efdsdot orn shel bprkRed camtdethe
metallized with a reflective, mrror-like layer 16. Typically, alumnumis
used to formt he pgpqltgqiealqnéﬁp@cltaygé 16. Also, a light source 20, such as a

lamp bulb, is provided within interior chamber 22. In Fig.
1, the lamp reflector shell 12 is shown having a parabolic
shape, but it is understood that shell can have a variety of

shapes. For example, the shell 12 can have a conical shape.

[27] The lamp reflector shell 12 of the present invention
has several advantageous properties. Particularly, the
reflector shell 12 has a thermal conductivity of greater than
3 W/m°K, and preferably it is greater than 22 W/m°K. These
heat transfer properties allow the reflector to remove heat
from interior chamber 22 of the assembly 10, where heat tends
to build up quickly. The reflector efficiently dissipates the
heat and prevents overheating of this enclosed area. The
unique composition of the reflector keeps temperatures within
this area below 140°C and below UL required levels. In
addition, the lamp reflector shell 12 may include a number of
heat dissipating elements 24 to improve heat transfer by
increasing the surface area of the lamp reflector shell 12.
The heat dissipating elements 24 are shown in the form of
upstanding pins, but they can have other configurations such

as fins.



WO 03/ 021623 PCT/ US02/ 27508 9 |ayer 16. The netallized surface |ayer 16
can be fornmed by spraying liquid netallic alumnumonto the surface of the
ref | ect orwehloti162®2 usi ng known vacuum deposi ti ng nmet hods, PCplEn2/2m308 or any
ot her suitable technique. A protective coating 18 can be applied over the
al um num coated | ayer. For exanple, a layer of silicon dioxide or

pol ysi | oxane can be vacuum deposited or ®mcrylic resin can be sprayed onto
the coated alum num|ayer 16. Also, a |light source 20, such as a |anp
bulb, is provided within interior chanber 22. In Fig. 1, the lanp

reflector shelber2 1S shoun, hav;tﬂgsﬁn%a&é diby ShARGs lerkbof Siugder st ood

t hat shell ve a vari exanpl e 12 can
have a coni cal Shanguol 27biddte | A7hid CRAGE! Ofmeshal, 1nal ohEopr 65 cBhe

i nvention has severaF advant ageous properties. Particularly, the
reflector shell 12 fe@Seadrhes nekendndaciy vhé yshabe grfeahermolidny s8ctdbnk; and
preferably it is greater than 22 WnK. These heat transfer properties

al | ow t he refl ect orNa ¢dddpirpal heercesgingmarnteptdlg dRabBariregd B Pypeluce
assenbly 10, where heat tends to bui The ref]ector

efficiently dissipdtés “‘ELH’é“atﬁeﬁlﬂapgnd’fpfﬁ?/gﬁ%ge% ‘hedtT-Ag™ B PHi RFS5EF osed

area. The unique conp . Jefle e § in
this area bel ow 140e6 be ow %Ltr?lgqﬁll rogdgf‘evee{g% H?sé %gpﬁfgflteg%ﬁéﬁ%dewanp

reflector shell 12 cﬂi%)éctﬂﬁhﬂgﬁ t8e NP EFefAbccdieahe Wi §§l pating el ements 24 to
i nprove heat transfer by increasing the surface area of the |lanp reflector

shel | 12. [29] The present invention is further illustrated by the
following examples, but these examples should not be

construed as limiting the scope of the invention.

EXAMPLES
[30] Example 1
[31] A thermally conductive composition including 60% by

volume of liquid crystal polymer and 40% by volume of PITCH-
based carbon fiber was molded into a parabolic-shaped shell
for a lamp reflector. The lamp reflector weighed 2.9 grams.
The surface of the lamp reflector was not metallized with a
reflective layer. The lamp reflector was equipped with a
bulb providing 4.8V and 0.38A. The temperature within the
enclosed reflective area was monitored for a period of four
(4) hours. The results are identified as reference numeral 1

on the graph of Fig. 2.

[32] Example 2

[33] A thermally conductive composition including 60% by
volume of a liquid crystal polymer and 40% by volume of
PITCH-based carbon fiber was molded into a solid block and

then machined into a conical-shaped shell for a lamp



The heat dissipating elenents 24 are shown in the formof upstanding pins,
but they can have other configurations such as fins. WO 03/021623

PCT/ US02/ 2033821628 [ 28] Further, the lanp reflector of thiPSTIUSOESION | S
net- shape nol ded. This neans that the final shape of the reflector is
determ ned by the shape of the nolding sections. No additional processing
or tooling is required to produce the ultimate shape of the reflector.

Thi s nol ding process enables the integration of the heat dissipating
elenments 24 directly into the lanmp reflector shell 12. [29] The present
invention is furthekriddusst natgeidyy 4.Re @kl oW Rk exanRles o bhet hagS
exanpl es should not be construed as [imting the scope of the invention.
EXAMPLES [ 30] Exanplgedtofr3tds Adtherenalliged ondictal wefTartposi tdyem. i nChadi ng
60% by volunme of liquid crystal polymer and 40% by vol ume of PI TCH based
carbon fiber was noiRERIT¢HEStY p@calkarirpedhaped sHBP Proiding Awgv and
reflector. The | anp refl ector e surfacle of the |anmp

wei qﬁhed 2.9 grans. ThIr I
reflector was not et &t i z \}'V/!E‘F%e gtu?eefwilégﬂ \r}%‘el gPeosenEsy &fip" e &t or
vas equi pped W th dasbibhRLOYI NG gefaald 90@8/%-4>Tﬁaaésgpp§£@t+gs&))@gth' n

the enclosed reflective area was nonitore or a perio our

hours. The results aeeiddentidi 84 RseFoleranceanNPres ahelgrn sheigr aph of
Fig. 2.

[34] comparative Example A

[35] A commercially-available existing production lamp
reflector made from aluminum was equipped with a bulb
providing 4.8V and 0.38A. The surface of the reflector was
not metallized with a reflective layer. The temperature
within the enclosed reflective area was monitored for a
period of four (4) hours. The results are identified as

reference letter A on the graph of Fig. 2.

[36] comparative Example B

[37] A commercially-available prototype lamp reflector
having a conical-shaped aluminum shell was equipped with a
bulb providing 4.8V and 0.38A. The surface of the aluminum
shell was not metallized with a reflective layer or polished.
The temperature within the enclosed reflective area was
monitored for a period of four (4) hours. The results are

identified as reference letter B on the graph of Fig. 2.

[38] comparative Example ¢

[39] A thermally conductive composition including 50% by
volume aluminum and 50% by volume nylon was molded into a

conical-shaped lamp reflector. The surface of the lamp



[32] Exanmple 2 [33] A thermally conductive conposition including 60% by
volunme of a liquid crystal polynmer and 40% by vol une of PITCH based carbon
fiber waswomBged2d nto a solid block and then machi ned i nlPeTAIS02/27508

coni cal - shaped shell for a | anp WD 03/021623 PCT/ US02/ 27508 11 reflector
wei ghing 4.6 grans. The surface of the lanp reflector was not netallized
wth a reflective layer. The |anp refl eakzor was equi pped with a bulb
providing 4.8V and 0.38A. The tenperature within the encl osed reflective
area was nonitored for a period of four (4) hours. The results are

identified as referLgptLBUMBLAIne2a PN By HhARMuRnuR Bo Zhrm h34dsiCeEpad ative
Exanple A [35] A commercially-avail able existing production |anp reflector

made from al um numiagse .equhepedp Wdthea:drukds epnipgedi wmighda 8hlanpki88%& The
surface of the reflector was not netallized with a reflective layer. The
tenperature Wit hir-8%e aadcl ©58a8- r ef IT8gt | SAIPAFEAT RS DR t Ghed rnloged

period of four (4) hours. The results are jdentified as eference letter A
on the graph of Fi GeE2ECH 3R> AR EP‘?’\Fé’r‘E?(JHﬁ%%rrg%ofAEour (4) hours.

commerci al | y-avai |l ghle_pr type. f Vi i - ed
al um num shel | msqgauf%ﬁgégv% f.g hl%'f%qgﬁeg %)%glf/e?%ﬁerf%gf%%egn%%% %SAA.g%T]%g
surface of the al urgenpyg. shell was not netallized with a reflective |ayer

or polished. The tenperature within the encl osed reflective area was

[40] In view of the foregoing, an improved lamp assembly 10
is provided having an improved lamp shell 12 with optional
heat dissipating elements 24. With the present invention,
the temperatures within a lamp assembly can be reduced, thus

extending the life of a light source therein.

[41] As shown in the graph of Fig. 2, the lamp reflectors
made in accordance with the present invention, as identified
by curves 1 and 2, have an improved bulb temperature profile
compared to existing production lamp reflectors.
Specifically, the overall temperatures for the lamp
reflectors of the present invention are lower than
temperatures for conventional reflectors. Also, it takes
less time for the lamp reflectors of the present invention to
cool down.

[42] In addition, other thermally conductive compositions
were used to make lamp reflectors in accordance with the
present invention as described in the following Examples 3-8.
Various particles were used as thermally conductive filler
materials in the following examples. The average particle

size was about 15 pm, although particles having a particle

size as large as 500 pm were used at times. In accordance

with the present invention, it has been found that particles



nonitored for a period of four (4) hours. The results are identified as
reference letter B on the graph of Fig. 2. [38] Conparative Exanple C [39]
A t her malWo osomdext i ve conposition including 50% by vol ueTaiSon27en and
500 by volunme nylon was nolded into a conical-shaped |anp reflector. The
surface of the lanp WD 03/021623 PCT/ US02/ 27508 12 reflector was
metallized with alumnumto forma reflective layer. The lanp reflector
was equi pped with a bulb providing 4.8V and 0.38A. The tenperature within
the enclosed reflective area was nonitored for a period of four (4) hours.

The results are idﬂvf%iaedr_eﬁtirv%&;rs@m@ bkt &le Giod) kbe Shaphe Bbufing. 2.
[40] In view of the foregoing, an inproved |anp assenbly 10 is provided

having an i nprovedy) anph&i@l lpel Zudidt, h pRLELSNakhedteAmAll SHapBI¢IRG eeapENt S
24. Wth the present invention, the tenperatures within a |anp assenbly
can be reduced, thpsviaxt andimBgridie durEeccof fa |tightlampureélddterei n.The41] As
shown in the graph of Fig. 2, the lanp reflectors nmade in accordance with
t he present inventéwmwthasurtiest ickhelle bjatedr vash 1agngtallimdy erefdereoved
bul b tenperature profile conpared to existi ng producti on Iagggrefl ctors.

Specifically, the b%%Fal| A%sRpePhrtiras aPrdr otfE IS5RAPF&r PREFGFE 0 Tiie

present invention are |ower than t eratures for_conventianal. peflgctors.
Also, it takes |ef% P Re T8r ¢ hsemlogfrl:gamrdgl S%trbortsﬁ% {th %reser]{t invg%nti on

to peel-like imperfections.

[43] Example 3

P44] A thermally conductive composition including 80% by
volume of polycarbonate and 20% by volume of graphite
particles having an average particle size of about 15 um and
density of 2.1 g/cc was molded into a shell for a lamp

reflector.

[45] Example 4

P46] A thermally conductive composition including 50% by
volume of polycarbonate and 50% by volume of graphite
particles having an average particle size of about 15 um and
density of 2.1 g/cc was molded into a shell for a lamp

reflector.

[47] Example 5

D48] A thermally conductive composition including polyester
(PET) and alumina particles was prepared. The amount of
polyester varied in the range of about 60% to 80% by volume,
and the amount of alumina particles wvaried in the range of

about 20% to about 40% by volume. The alumina particles had



cool down. [42] In addition, other thermally conductive conpositions were
used to make lanp reflectors in accordance with the present invention as
descri bedwpr3phe23 ol | owi ng Exanpl es 3-8. Various particl @esTsSor2138%d as
thermally conductive filler materials in the foll ow ng exanples. The
average particle size was about 15 gm although particles having a
particle size as large as 500 gmwere used at tines. In accordance wth
the present invention, it has been found that particles WO 03/021623

PCT/ US02/ 27508 13 having a relatively small particle size, for exanple
about 15 m shoul d bg,used bacadsesihese ap&ld Bapki shesadhsldy Rrevede a
snoot her surface for the lI'anp reflector. The snooth surface can be plated
with a netallized rthect iNe cdmd¥eiviodf &4 mi1aténgnand ehber secaendany
operations, the surface remains snooth and does not have any pits or
orange peel-like imgeedweti ons. [43] Exanple 3 [44] A thermally conductive
conposition including 80% by volune of polycarbonate and 20% by vol une of
graphite particles having an average particle size of about 15 m and
density of 2.1 g/cc was nolded into a shell for a lanp reflector. [45]
Exanpl e 4 [46][43] t tBxempld ¢ conductive conposition including 50% by vol une

of pol ycarbonate and 50% by vol une of graphite
[50] A thermally conductive composition including polyester

(PET) and glass particles was prepared. The amount of
polyester varied in the range of about 60% to 80% by volume,
and the amount of glass particles varied in the range of
about 20% to about 40% by volume. The glass particles had an
average particle size of about 15 pm and density of 2.6 g/cc.

The composition was molded into a shell for a lamp reflector.

[51] Example 7

[52] A thermally conductive composition including polyester
(PET) and mica particles was prepared. The amount of
polyester varied in the range of about 60% to 80% by volume,

and the amount of mica particles varied in the range of about

20% to about 40% by volume. The mica particles had an
average particle size of about 15 pum. The mica particles

were used to try and reduce the coefficient of thermal
expansion (CTE) of the composition. The composition was

molded into a shell for a lamp reflector.

[53] Example 8
[54] A thermally conductive composition including polyester
and graphite particles was prepared. The amount of polyester

varied in the range of about 60% to 80% by volume, and the



particles having an average particle size of about 15 mand density of 2.1
g/cc was nolded into a shell for a lanp reflector. [47] Exanple 5 [48] A

t her mal | ywomn@eieses ve conposition including pol yester (PEPCTASd2/215087 na
particles was prepared. The anount of polyester varied in the range of
about 60%to 80% by volunme, and the ampbunt of alum na particles varied in
the range of about 20% to about 40% by wsl une. The al um na particles had
WO 03/021623 PCT/ US02/ 27508 14 an average particle size of about 15 gm and
density of 3.9 g/cc. The conposition was nolded into a shell for a lanp
reflector. [49] Exapph® 6£[ §%nfrd hertmily weneuch ve: canpositt dieruti aed udi ng
polyester (PET) and glass particles was prepared. The anount of pol yester
varied in the rangeoofababourob0%t goBGEH by Vi ugmephitndratidciemulad ofn gl ass
particles varied in the range of .about 20%to about 40% by vol une. The

gl ass particl es hadvarrgeaperwgée parzei ef ebgity d508m #pdudenpbtmoind- HEMSFty of
2.6 g/cc. The conposition was nolded into a shell for a |anp reflector.
[51] Exanpl e 7 [52]Fha dnepsiiicp wenverdefvEtCofpdsiti O i@ adisigepdyest er
(PET) and mica particles was prepared. The anpunt of polyester varied in
the range of about 60%to 80% by volune, and the anmount of mca particles

varied in the [églnge of aItt):OU:ir[s appreciated by those skilled in the art that

various changes and modifications can be made to the
illustrated embodiments without departing from the spirit of
the dinvention. 21l such modifications and changes are

intended to be covered by the appended claims.



20% t o about 40% by volume. The mca particles had an average particle
size of about 15 m The mca particles were used to try and reduce the
coef fi ci ewD oafo2teber mal expansi on (CTE) of the conpositi oRCTNI$E2/Z1308€0Si ti on
was nolded into a shell for a lanp reflector. [53] Exanple 8 [54] A
thermal Iy conductive conposition including polyester and graphite
particles was prepared. The anount of poligester varied in the range of
about 60%to 80% by volunme, and the WO 03/021623 PCT/ US02/ 27508 15 anopunt
of graphite particles varied in the range of about 20% to about 40% by

vol une. The graphite particles had an average particle size of about 15 gm
and density of 2.1 g/cc. The conposition was nolded into a shell for a

| anp refl ect omwaat 58] clAIMER I@ppr eci ated by those skilled in the art that

vari ous changes and nodifications can be nade to the illustrated

embodi nents witt hou® dejsameilyg eosirtie s t Toflecide PAVEN: i dn tEAF*such

nodi fi cati ons and changes_are _intend Q. be cover.ed by the appended
clai ms. WO 03FGAB5E” ?Bﬁﬁ?"ﬁs%’%"’m %g"} AT TS AP MED 1S 1. A thermally

conductive lanp retl getiory haying a.fhermaly conductivity of greater than 3
WnK, conprising: a %ﬁell %gV?ngsarsurface; and a netallized | ayer on the

surface of the sheblmetallized layer on the surface of the shell;

gaid shell including about 30% to about 80% by volume of a
polymer matrix and about 20% to about 70% by volume of a thermally

conductive filler material.

2. The lamp reflector of claim 1, wherein the metallized layer

includes aluminum.

3. The lamp reflector of claim 1, wherein the polymer matrix

includes a thermoplastic or thermosetting polymer.

4. The lamp reflector of claim 3, wherein the polymer matrix
includes a thermoplastic polymer selected from the group consisting
of polycarbonate, polyethylene, polypropylene, acrylics, vinyls,

and fluorocarbons.

5. The lamp reflector of claim 3, wherein the polymer matrix
includes a thermosetting polymer selected from the group consisting

of elastomers, epoxies, polyesters, polyimides, and acrylonitriles.

6. The lamp reflector of claim 1, wherein the polymer matr:i:x

includes a liquid crystal polymer.

7. The lamp reflector of claim 1, wherein the filler material is

selected from the group consisting of aluminum, alumina, copper,



said shell including about 30%to about 80% by volume of a polynmer matrix
and about 20%to about 70% by volune of a thermally conductive filler

mat er i al .w0.03/0ts23 anp refl ector of claim1l, wherein the necalisozewos ayer

i ncludes alum num 3. The lanp reflector of claim1, wherein the pol yner
matrix includes a thernoplastic or thernosetting polyner. 4. The | anp
reflector of claim3, wherein the polyner7matrix includes a thernoplastic
pol ymer selected fromthe group consisting of polycarbonate, polyethylene,
pol ypropyl ene, acrylics, vinyls, and fluorocarbons. 5. The |anp reflector

of claim 3, V\ﬂg%ﬂs@u&h%xﬁggyr@&b@t IdiXicdnnglh thehess, aaIdﬂﬁﬁﬁﬂDSﬁﬁ:ffidég potatrer
selected fromthe group consisting of elastoners, epoxies, polyesters,

pol yi m des, andtaciey| Ditict sxides.glaBs, Tieal amd g@bhétﬁt-or of claim 1, wherein
the polynmer matrix includes a liquid crystal polyner. 7. The | anp
reflector of claim1, wherein the filler materi al is sel ected fromthe
group consi sti ng of aI um al um

e 2 7508
17 magnesi um Sbr asgBe c]aﬁ“‘Bo’ﬁé?l§FF? E dh]latlr P'g’eWhe eulrrﬁ num i %I’I e, 1:on 1

nitride, zinc.,ox A$Spa Ui Gfug . @and graphite. 8. The lanp reflector of
claim7, Wnerelgnh ’EO% ?Ii?arraterslal is inthe formof particles. 9. The

| anp reflector of claim8, wherein the particles have an average particle

size of 15 gm 10. The lanp reflector of claim7, wherein the filler
material is 9. The lamp reflector of claim 8, wherein the particles have an

average particle size of 15 um.

10. Thé lamp reflector of claim 7, wherein the filler material is

in the form of fibers.

11. The lamp reflector of claim 1, wherein a protective layer
including a compound selected from the group consisting of
polysiloxanes, acrylics, and silicon dioxide is coated over the

metallized layer.

12. A thermally conductive lamp reflector having a thermal
conductivity of greater than 3 W/m°K, comprising:

a shell having a surface; and

a metallized layer on the surface of the shell;

said shell including: i) about 30% to about 60% by volume of
a polymer matrix, ii) about 25% to about 60% by volume of a first
thermally conductive filler material having an aspect ratio of 10:1
or greater, and iii) about 10% to about 15% by volume of a second
thermally conductive filler material having an aspect ratio of 5:1

or less.



inthe formof fibers. 11. The lanmp reflector of claim1l1, wherein a
protective layer including a conpound selected fromthe group consisting
of pol yswbesanes3 acrylics, and silicon dioxide is coateadCousn2/ises
netallized layer. 12. A thermally conductive |anp reflector having a
thermal conductivity of greater than 3 WnK, conprising: a shell having a
surface; and a netallized | ayer on the swsface of the shell; said shell
including: i) about 30%to about 60% by volunme of a polymer matrix, ii)
about 25%to about 60% by volume of a first thermally conductive filler

material having antaspegl aiiltef MO clair12gr @Ré:fin 8l deffictabonis 0% t 0
about 15% by vol une of a second thernmally conductive filler nmateri al

havi ng an aspegérdaat tehdobebrity of grestsr WEn0372 001823 PCT/ US02/ 27508 18 13.
The lanp reflector of claim12, wherein the reflector has a thernal
conductivity of greater than 22 WnK. 14. The lanp reflector of claim12,
wherein the netallized | ayer__includes_al um num 15. t‘Lhe I@r{RiZ[éaJ Ilgcéjpr of
claim 12, wherdin R {FOPYAEFISHET IX ATt ddes" B Chermoplast i ¢ or ~°7
t her nosetting iBQLYe Maruk@nugN€ | amp reflector of claim12, wherein the
pol ymer matrix Tncludes a i quid crystal polynmer. 17. The |l anp refl ector
of claim12, wherein the first thermally conductive filler materi al
i ncl udes carbon fiber having an aspect

15. The lamp reflector of claim 12, wherein the polymer matrix

includes a thermoplastic or thermosetting polymer.

16. The lamp reflector of claim 12, wherein the polymer matrix

includes a liquid crystal polymer.

17. The lamp reflector of claim 12, wherein the first thermally
conductive filler material includes carbon fiber having an aspect
ratio of about 50:1, and the second thermally conductive f£filler
material includes boron nitride particles having an aspect ratio of

about 4:1.

18. A method of forming a thermally conductive lamp reflector
having a thermal conductivity of greater than 3 W/m°K, comprising
the steps of:
molding a shell, having an inner surface, and including about
30% to about 80% by volume of a polymer matrix and about 20% to
about 70% by volume of a thermally conductive filler material; and
depositing a layer of metallized material on the inner

surface of the shell.

19. The method of claim 18, wherein the metallized material is

aluminum.



rati o of about 50:1, and the second thermally conductive filler material

i ncl udes boron nitride particles having an aspect ratio of about 4:1. 18.
A et hod wb oBoeweg a thermal |y conductive | anp refl ect or PCrassonegzses t her nal
conductivity of greater than 3 WnK, conprising the steps of: nolding a
shel |, having an inner surface, and including about 300 to about 80% by
vol ume of a polyner matrix and about 200 %0 about 70% by vol une of a
thermally conductive filler material; and depositing a |layer of netallized
material on the inner surface of the shell. 19. The nethod of claim 18,
wherein the mepal | irEethatRberdrabldisn 18) Wkefein MO B30 628-iRCI1dISA24 217508
19 20. The nethod of claim 18, wherein the polyner matrix includes a

t her mopl ast i ¢ tberdpéasmpsedt ithgrpoleynir. pdlvmeThe net hod of cl ai m 20, wherein
the polynmer matrix includes a thernoplastic polyner selected fromthe
group consisting of polycarbonate, polyethylene, polypropylene, acrylics,

vinyls, and fl uorqcarbqns .. The t hod of .claim 20 r.ek pol ymer
Tgﬁer?e%glgo‘é t%zfz claim FBTE wherein tge (Po;{]?(%enx_; {n\é\gﬁx 1£lclruggs a .

matrix includéd-a i ng polyher "selecte group consi sting

of el ast omer g, GROXLES. PRLKGSLET S1.PAY | FLARS cna@NdRGHY | QRbiddihgS. of23.
The met hod of clalm 18, wherein the polynmer matrix includes a liquid
crystal pol ympoly@dboddte, mpbhpdnoiert, aipBliopheiegi Acifidchj | Yiylantesd al is

fluorocarbons.

22. The method of claim 20, wherein the polymer matrix includes a
thermosetting polymer selected from the group consisting of

elastomers, epoxies, polyesters, polyimides, and acrylonitriles.

23. The method of claim 18, wherein the polymer matrix includes a

liquid crystal polymer.

24, The method of c¢laim 18, wherein the f£filler material is
selected from the group consisting of aluminum, alumina, copper,
magnesium, brass, carbon, silicon nitride, aluminum nitride, boron

nitride, zinc oxide, glass, mica, and graphite.

25. The method of claim 24, wherein the filler material is in the

form of particles.

26. The method of claim 25, wherein the particles have an average

particle size of 15 um.

27. The method of claim 24, wherein the filler material is in the

form of fibers.



selected fromthe group consisting of alum num alum na, copper,

magnesi um brass, carbon, silicon nitride, alumnumnitride, boron

nitride, wong/ooedle, gl ass, mca, and graphite. 25. The nechatowt7ses ai m 24,
wherein the filler material is in the formof particles. 26. The nethod of
claim 25, wherein the particles have an average particle size of 15 gm

27. The nethod of claim 24, wherein the f2oller material is in the form of
fibers. WD 03/021623 PCT/ US02/ 27508 20 28. The net hod of claim 18, wherein
a protective layer including a conpound selected fromthe group consisting

of polysil oxangs, Taerydthed, ofikdasi l1i8¢ OlhedieOXiderbtedtaat ethyeyeindiiéing
netallized | ayer.
a compound selected from the group consisting of polysiloxanes,

acrylics, and silicon dioxide is coated over the metallized layer.



