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METHOD FOR INTEGRATING HEAT TRANSFER MEMBERS, AND
AN LED DEVICE
The present invention relates o methods for integrating heat transfer
members, {o provide an integrated composite mamber using injection molding
§  of thermally conductive resins.
BACKGROUND QF INVENTION
From the viewpoint of high intensity and fonger operating lite, use of a

Hght emitting dicde (LED} as an dluminalion source is considered. US

£211626 disclosed an LED hght modiude comprising 8 heat transfer member

W and a LED system and thermal connection including a thermally conductive

resin. A light source of a liquid crystal display (LCD) and a light source for

fluminating the inside or outside of & room are nofed as a specific use
application.

JB 2007-108656 discloses an invention that uses an LED as a

15 backlight of a LCD. When using such LED for lighting, an LED array is

obtained by combining a pluralify of colors such as red, blue and green so as

to emit white light. An LED is configured with an LED array disposed on a

metal core printed circuit board (MCPCB).  Generslly a MCPCB is joined to a

metallic chassis with a thermal interface matenal (TIM} such as heat

20 conducting sheet and grease o reduce thermal resistance between the

MCPCB and the chassis. An LED emits a large amount of heat. The intensity

of the LED decreases if the heat radisted from the periphery of the LED is

msufficient. Therefore, varicus means are used to manage and control heat

radigtion from LEDs. For example, in a conventional LCD having an LED as a

]
LA

light source, heat is radiated from the LED in the following sequence: LED
chip to MCPCB, to thermally conductive grease, fo aluminum block, to
thermally conductive sheel, o aluminum chassis, to thermally conductive
grease, and then 1o a heal sink.  In such a device, joining of members, le.,
ioining of the MCPCRB 1o the aluminum chassis and joining of the aluminum
3 chassis fo the heat sink, is performed by mechanical mesans such as screw
clamping.

However, joining the members by mechanical means increases the
amount of ime required for assembly, thereby reducing the mass productivity.
Moreover, a thermally conductive shest or thermally conductive grease is
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usuatly expensive, which can weaken the cost competitiveness of the product.
What is needed is a8 method for integrating heat fransfer members and LEDs
i & manner which circumvents the need for mechanical {abrication of the
vartous mambers,
8 SUMMARY QF INVENTION
One aspect of the invention is a method for integrating at least two heat

{ransfer members o provide an integrated composite member, the method
comprising:
a) disposing the at least two heat fransfer members in a mold
3] cavily, such that said heat transfer members each have atleast one
exposed surface forming a surface of a resin injection cavity; and
b} injecting a thermally conductive resin info the resin injgction
cavity 10 contact the exposed surfaces of the at least two heat
transfer membaers, {o form the integrated composite member;
15 wherein the thermally conductive resin has a thermal conductivity of at least
0.7 WimK or highsr.
Ancther embodiment is an integrated composite member provided by
the various embadiments of the method of the invention.
Another embodiment is an iflumination device having a light emitting
20 diode in thermal contact with the integrated composite member provided by
thae method of various embodiments of the invention
DESCRIPTION OF FIGURES
Figures 1 - 4 illustrates an integrated composite members provided by

various embadiments of the invention.

]
LA

Figure § fllustrates an illumination device having an MCPCB
comprising an LED array provided by an embodiment of the invention,
DETAILED DESCRIPTION OF INVENTION
The heat transfer members useful in the method of the invention can

be any thermally conductive article having dimensions genersily compatible
30 with insert injection molding cavities, and having a thermal conductivity of af
imast 10.0 WimrK, and more preferably at least 100 WimKl Heat transfer

members preferably will have softening points or melting poinis at least 100
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*C higher than the highest temperature used in the method. The heat transfer
members can be made of melal, thermally conductive composites such as
fhose comprising highly conductive fillers, and carbon composites and shests.
Specific heat transfer members include those selected from the group
2 consisting of MCPCB, mefallic pipes, plates, blocks, frames, chassis, and
housings; graphite sheets; thermally conductive composite pipes, plate,
blocks, frames, chassis, and housings; and any combination thereof.
Heat transfer members useful i the invention include thermally
conductive articles that act as heat radialors and/or heat sinks in functioning
10 devices. Heat radiators typically are heal transfer members that have a
surface that acts as a heatreceiving surface which receives heat from a heat-
emitting source, such as an LED; and a heat-radiating surface which acts o
transfer heat to ancther medium, for instance, oulside atmosphere, or the
thermally conducting resin, stc.  Before assembly into an integrated
15 composite member, whether a surface of a heat transfer member is
congidered a heat-radigting surface or heatreceiving surface, may not be
clear; because the specific function depends upon the relationship of the heat
transfer member to the heatemitting source. Examples of the heat radistors
include a thermally conductive chassis, a thermally conductive housing, and a
20 thermally conductive frame; alone, or in combination with a high-surface
radigtor having a series of fing i order o increase the surface area betwsen
the member and the atmosphere or another medium.
When a high-surface radiator s used in the method of the invention, a
heat transfer unit, such as g MCPCB or an aluminum block, and the high-

2% surface radiator may be connected {o each other using a pipe through which
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water or ofl passes as g heat fransfer medium, and the water or oif is

circulated to thereby radiate the heat generated from the heat-emitting sowrce,

such as an LED. integration of this circulation pipe with the heat transfer

members, and/or integration of the circulation pipe with the radiafor can be
3 performed by insert-molding them with the thermally conductive resin.

Heat transfer members useful in the mvention that are also heat sinks
fypically take the form of metal blocks that have the capability {o store
significant amounts of heat, and radiate that heat over a period of time. Heat
sinks have a surface that acts as a heal-receiving surface which receives heat

10 from a heat-emiting source, such as an LED; and a healvadiating surface
which acts to transfer heat o another medium, just as with a radiator. The
defining difference between a heat sink and radigtor is that heat sinks have a
significant the capacity to siore heat sither 35 a result of the mass of the
material, or as a resull of the parBicular physical attributes of a malerial

15 included in the heat sink. For instance, in one embodiment the process
utilizes a heat transfer member that is 8 heat sink that includes a thermally
conducting medium and & medium capable of undergoing a phase change, for
instance, meaiting, upon absorption of heat.

When & heat transfer member is metallic, the metal used is not

20 particularly limited, and examples of the type of metal include steel, nickel,
chrome, copper, zine, titan, aluminum, magnssium, and any combination
thereof. Copper and aluminum are preferred, and aluminum is preferable. An
altiminum plate or an aluminum block is especially suitable as a heat transfer
member. Preferred metallic frames, chassis, and housings, as heat transfer

25 members, are made of aluminum or magnesium, most preferably aluminum,
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When a heat fransfer member i5 a thermally conductive composite, the
composite used is not particularly limiled, so long as if has the desired thermal
conductivity, Examples thergof include ceramic composites, carbon fiber
composites, thermally conducting resins having thermal conducting fllers, and

5 any combination thereof.

A specific embodiment is the method wherein at least one heat fransfer
member is a MCPCR. Anoather embodiment 1s a method wherein at least
one heat fransfer member is a MCPCB upon which is mounted an LED or and
LED array. Other smbodiments are articles provided by these two spedific

10 embodiments.
The method of the invention requires an infection molding cavity
adapted o receive al least fwo or mors of the heat transfer members; in such
a manner that each heat transfer member, when disposed in the mold cavily,
has at least one exposed surface forming a surface of a resin injection cavity.
15 The resin injection cavity is formed when the mold is in the closed position, as
is well understood in the art of insert injection molding.

The two or more heat transfer members disposad in the mold cavity
can be the same or different. The two or more heal transfer members each
have at least one exposed surface forming & surface of a resin injection

20 cavity. The “at least one exposed surface” may have any profils desired by
the arisan including a planar surface, angled swface, curved surface, a
surface having multiple planes, angles, or curves; or any combination thereof.
The term “by at least” is meant that there can be more than one, more than
two, more than three, etc., exposed surfaces, within one heal bansfer

2% member, and they may be podions of the same surface.
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Once the heat transfer members have besn inserted into the mold
cavity, and the mold closed to form the resin injection cavity, thermally
conductive resin is injected into the resin injection cavity 1o contact the
exposed surfaces of at least two heat tansfer members, fo from the
integrated composite member. The thermally conductive resin useful in the
invention has a therma!l conduchvity of at least 0.7 WimK, and more
preferably, 1 WimK or higher, as measured by a igser flash method at 23 °C
aceording to Japanese Industial Standards (JI5) R1611, which s a
measwrement method using laser fash method for thermal conductivity of fine
ceramics. In one embodiment the bending modulus of the thermally
conductive resin is preferably 300 MPa, and preferably 1 Gpa or more, at 80
*C: as measured according 10 150 178,

The thermally conductive resin i3 used to joint the two or more heat
transier members 1o each other, Apny thermally conductive resin having the
required thermal conductivity can be used. For sxample, the thermally
conductve resin may include a  thermally conductive filler dispsrsed in
thermoplastic resin matrix. Examples of the thermoplastic resin that can be
ysad as a malnx include polyclefin resins such as polyethylens and
polypropylens, modified polyolefin resins such as ionomer, polyamide resing
{PA} such as PAG, PASS, PA11, PA12Z and semi~aromalic polyamide resins,
polyvester  resins  such  as  polyethylene  terephthalate, polybulylense
{erephthalate and polyoycichexyimethylene terephthalate, polyethersster
copolymer, ABS resin, polycarbonate resin, modified polyphenylene ether
resin, polyacetal resin, polyphenyiene sulfide rasin, wholly aromalic polyester

resin, polyether ether ketone resin, polyether sulfone resin, polysulfone resin,
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polyamide-imide resin, and the like. Moreover, a copolymer obtained by
combining the componenis configuring these resing may be used
Furthermore, these thermoplastic resins may be used independently, or a
combination of two or more of them may be used. Preferably, the thermally
conductive resin is selected from the group consisting of polyamide resin,
polyester resin, polyphenylene sulfide resin and liquid crystaliine polymer
{(LCP).  Preferably, the thermally conductive resin includes a thermoplastic
resin having a glass transition {Ty) temperature of 50 °C or higher, and more
preferably, 80 “C or higher.

In embodiments wherein at {east one of the heat transfer members is
an MCPCH, or an MCPCB upon which is mounted an LED or and LED array,
“C, and more preferably less than 200 °C. In one embodiment the at least
one of the heat transfer members is an MCPCB, or an MCPCB upon which is
mounted an LED or and LED array; and the thermally conductive resin is
sglecied from the group consisting of. PAB12, PAB10, PA1G10, PA11, PAS1Z,
polyvether ester block copolymer and ionomer,

The thermal conductive filler that is dispersed within the thermoplastic
resin matnix s not particularly hmited. Useful thermally conductive fllers are
sglected from the group consisting of odide powders, flakes and fibers
composed of aluminum oxide {alumina), zinc oxide, magnesium oxide and
sihicon dioxide; nitride powders, flakes and fibers composed of boron nitride,
atuminum nitride and silicon nitride; metal and metal alloy powders, flakes and
fibers composed of gold, silver, aluminum, iron, copper, tin, in base alloy

used as lead-free solder; carbon fiber, graphite flakes or fibers; silicon carbide
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powder; and caloium fluornde powder; and the like. These fillers may be used
independently, or & combination of two or more of them may be used.
The surface of the thermally conductive filler can be processed with a
coupling agent, for the purpose of improving the interfacial bonding between
5 the filler surface and the matrix resin. Examples of the coupling agent nclude
silane sernes, lilanate seres, zirconate series, aluminate series, and
zircoalumingte series coupling agents.
Usefud coupling agents include metal hydroxides and alkoxides
ncluding those of Group Hla thru Villa, ib, b, Hib, and Vb of the Periodic
10 Table and the lanthanides. Specific coupling agents are metal hydroxides
and atkoxides of metals selecied from the group consisting of 1, Zr, Mn, Fe,
Co, Ni, Cu, Zn, Al, and B. Preferred metal hydroxides and alkoxides are
those of Ti and Zr. Specific metal alkoxide coupling agents are litanate and
zirconate orthoesters and chelates including compounds of the formula (B, (1)
15 and (Hiy
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R is a monovalent Cy ~ Gs linear or branched alkyl,

Y is a divalent radical selected from ~CH(CH3)-, ~C{CH3)=CHy~, or -
CHCH2-;

X is selected from OH, -N(R ')z, -C{O)YOR®, -CIOR", -COyA"; wherein

R'is a ~CHa or Cy ~ Cq4 linsar or branched atkyl, optionally substituted
with & hydroxyl or interrupted with an ether oxvgen; provided that no more
than one heteroatom is bonded o any one carbon atom;

R*is Cy — Cq linear or branched alkyl;

A" is selected from NH.', LiT, Na™, or K™

The coupling agent can be added fo the filler before mixing the filler
with the resin, or can be added while blending the filler with the resin. The
additive amount of coupling agent is preferably Q.1 through 5 wi% or
preferably 0.5 through 2 wi%h with raspect to the weight of the filler. Addition
of coupling agent during the blending of filler with the resin has the added
advantage of improving the adhesiveness between the metal used in the jaint
surface between the heat transfer unit or heat radiating unit and the thermally
conductive resin,

if the particle digmster of the filler is too small, the viscosity of the resin
may increase during blending to the exient that complete dispersion of the
filler can not be accomplished. As a resull, it may not be possible fo obtain
resin having high thermal conductivity. if the particle diameter of the filler is
too farge, & may become impossible to inject the thermally conductive resin
o thin porlions of the resin injection cavity, espeacially those associated with
heat radiating members. Thus, the average particle diameter of the filler is
preferably 0.1 through 500 wm, and more preferably 3 through 100 um; as
measured by using laserdiffraction type particle diameter distribution with a

Selas Granulometer "model 920" or a laser-diffraction scattering method
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particle diameter distnbution measuring device "LS-230" produced by Couler
KK, for instance.
The confent of the thermally conductive filler dispersed in the matrix of

the thermoplastic resin is preferably in 8 range of 20 through 70 vol%,

L%

preferably 30 through 50 vol%, based on of the volume of the thermally

conduchve resin.

The thermally conductive resin can include other fillers, flame
retardants, heat stabdizers, viscosity modifiers, weatherability enhancers, and
other addiives known in the art, according to need,

10 The thermally conductive resin useful in the invention can be mads by
methods well known in the art for dispersing fillers and other additives with
thermoplastic resins such as, for example, single screw extruder, a twin screw
extruder, a roll, a Banbury mixer, g Brabender, a kneader or a high shear
mixer.

15 in one embodiment the at feast one exposed surface of at least one
heat transfer mamber has al least two surface portions; said at least two
surface portions having surface planes that are at finite angles to gach other.

in one embodiment the at least one exposed surface of gach heat
transfer member has at least two surface portions; said at lsast two surface

20 portions having surface planes that are at finife angles to each other.

In another embodiment the at least one exposed surfaces of at least
one heat transfer members has two surface portions; said at least two surface
portions having surface planes that are parallel {o each other.

in another embodiment the at least one exposed surfaces of at least

2% one heal transfer members is concave, convex, serated, dimpled, interrupted

10
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o form a siit; or some combination thereof. By “slif’ is meant that the exposed
surfgee is inferrupted by a channel leading to an opposing exposad swifacs,
fhrough which resin may flow during the injecting step. I one ambodiment at

ieast one heat transfer member has at least one exposed surface that

L%

mcludes one or more slits, or channels, {o an opposing exposed surface.

Figure 4, as disclosed below, illustrates an inlegrated composite member

prepared by the method of such an embodiment,

The following figures dlustrate several integrated composite members
provided by various embodiments of the invention,

10 Figure 1 dlustrates an integrated composite member prepared by the
method of the invention in which a metal plate {1} has a heatrecehing
surface {1a) which receives heat from an LED {not shown), a heatradiating
surface {(1b) opposite to the heat-receiving surface, and a side surface {1c); a
metal chassis (2) having a heat recetving surface {Pa) and a heat radiating

15 surface (2b), and a side surface {20}, the metal plate (1) and metal chassis (2)
joined by a thermally conductive resin member (3}, the thermally conducting
resin member (3) having 8 side pottion (33) extending beyond the heat-
radiating surface (1b) and the heatreceiving surface {2a), and a hooking
portion {3b) extending beyond and over a portion of the heat-receiving surface

20 {1a). In thizs case, a concave porlion {1d) is provided on the heatradiating

surface {1b).  The side portion {1¢), and/or the heat-receiving surface {1a),

optionally may have concave portions, and the hooking portion {3b} of the
thermally conductive resin member may extend to a concave portion of {(1a) {(if
present, not shown). In Figure 1, heat receiving swface (2a}, and a side

2% surface {Zc}, are at right angles fo one ancther; demonstrating integrated

11
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composite mambers provided by the embodiment wherein at least one
exposed surface of at least one heat transfer member has at least fwo surface
portions; said at least two surface portions having surface planes that are at
finite angles to each other. Furthermore, considering surfaces (1c) and {1b} in

5 Figure 1, are at right angles to one another, demonstrates an integrated
composite member provided by the embodiment wherein at least one
exposed surface of each heat fransfer membsr has at least two swface
padions; said at least two swrface porbions having swrface planes that are at
finite angles ¢ each other.

10 Figure 2 dlustrates an integrated composite member prepared by the
method of the invention in which a metal chassis {2) has a heat-receiving
swface (2a), & heatradigling surface {(2h) opposite fo the heatreceiving
surface, and a side surface (J¢); the metal plate (1) having a heat rscehing
surface {(1a) which receives heal from an LED {not shown), and a heat

15 radiating surface (1b), and a side surface (1c); the metal plate (1) and metal
chassis {2} joined by a thermally conductive resin member (3), the thermaily
conducting resin membser having a side porlion {38) exdending beyond the
heat-receiving surface (Za) and the heatradiating surface (1b}, and a hooking
portion (3b} extending beyond and over a portion of the heat-radiating surface

20 {2b). In this case, 8 concave portion (2d) is provided on the heat-recsiving
surface (Za).  The side portion (2¢}, and/or the heatradiating surface (2b),
optionally may have concave portions, and the hooking portion {3b} of the
thermally conductive resin member may extend to a concave portion of (2b) (if
present, not shown).  In Figure 2, heat receiving surface (2a), and heat-

25 radiating surface (2b}, the portion thereof adjacent hooking portion {3b);
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demonstrate at least one exposed surface of al least one heat transfer
members having two surface portions; said at least two surface portions
having surface planes that are parallel to sach other, as reqguired in one
smbodiment of the invention.

Figure 3 illustrates an integrated composiie member prepared by the
method of the invention in which a metal plate {1) has a heat-receiving
sutface {1a} which receives heat from an LED, a heatradiating surface (1b)
opposite o the heat-receiving surface, and a side surface (1), a metal
chassis {2} having a heat receiving surface (2a} and a heat radiating surface
{2b}, and a side surface (2¢); the metal plate (1) and metal chassis {2} joined
by a thermally conductive resin meamber (3}, the thermally conducting resin
having a side portion {3a) extending beyond the heat-radiating surface {1h}
and the heat-receiving surface {2a). in this case, a concave portion (1d) is
provided on the heatradigting surface {1b) and a concave potdion (2d} is
provided on the heat-receiving surface {(2b).

Figure 4 fHlustrates a modification of Figure 1, wherein one or more
portion{s) of the heat receiving surface (2a) of the metal chassis (2) form
slit{s} {(2e). The thermally conducting resin member (3) has a side portion (3a)
axtending beyond the heat-radiating surface (1b) and the heat-receiving
surface {Z2a}, and also extends through the slits (Ze) providing a hooking
portion {3¢) over a portion of the heatradiating surface (2b).

Figure 5 illustrates a illumination device prepared by the process of the
invention whersin a MCPCR (4) comprising an LED array (5} is mounted on a
metal plate (1) having a heat-receiving surface {1a) which receives heat from
an LED, a hestradialing surface {1b} opposite to the heatreceiving surface,
and a side surface {1c¢), a metal chassis {2) having a heat receiving surface
{2a) and g heal radiating surface {Zb}, and a side surface (2¢); the metal plate
(1} and metal chassis {2) joined by a thermally conductive resin member {3},
the thermally conducting resin having a side portion {3a) extending batween
the heat-recetving surface {(1a) and the heat-radiating surface {(1bl. and a
hooking portion (3b) extending beyond and over a portion of the heat-
receiving surface (1a).

13
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The method of the invention can provide arficles that are illumination
devices; for instance wherein an LED or LED array is in thermal contact with
one or more heat fransfer members, for instance an MCPCB. Thus, the
present invention can be used in to provide an LED backlight for a liquid

§  crystal display (LCD), automobile highting, decorstive fighting. signs and

adveriisement lighting, an information display, and the like.

Anpther embodiment is an llumination device having a light emitting
diode in thermal contact with the integrated composite member provided by
the method of the invention. In this embodiment the term “in thermal contact”

1 means that the ight emitting dicde is in direct contact or in contact via ancther
glameant.

Materials
ZytelHTN® 501 is a polyamide 87T/66 copolymer supplied by E.L du
Pont de Nemours and Co, Wilmington, DE.

13 Modified-EPDM: EPDM {ethylene/propyleneidiene polyolefin) grafted
with 2.1 wt % rmaleic anhydride was purchased from Dow Chemical (Midland,
Michigan, USA}

m-MgO: modified magnesium  oxide powdsr made by swface
maodification with 1 wi% of trimethoxy-3-aminopropoxysiane coupling agent

20 on Coolfiler® CF2-100A magnesium oxide supplied by Tateho Chemical
industries Co., Lid. The average size of the Coolfiller® magnesium oxide was
about 25 pm.

A thermally conductive resin composttion (Composition 1) listed in
Table 1 was prepared using a twin screw extruder. Composifion 1 was used

25 o prepare an IS0 spaecimen having a thickness of 4 mm by injection molding.
The bending modulus was measured by the method according to 1830 178
and is listed in Table 1.

The thermal condudtivity of Composition 1 was measured by the laser
flash method (1S R1611)

14



WO 2009/124158 PCT/US2009/039229

Table 1
Thermally conductive resin - composition 1
ZytelHTNG 501 (wi.%) 285
Modified-EPOM (W% N
RGO (Wi ) B
Thermal Conductivity (W/mK) 11
Bending Modulus (GPa) B

i

Example 1
Two aluminum plates, each having a thickness of 1 mm, were inseried
intc @ mold of an inection molding machine in such 8 manner that a resin
injection cavity having a gap betweean the plates of abowt 2 mm was formed.
The thermally conductive resin composition 1 wag injected into the injection
Hi resin cavity fo  provide an  integrated composite member of
aluminumithermally conductive resin.
A MCPCH circuit board of an LED was placed on one of the aluminum plates
of the composite member, and an aluminum block heat sink was attached to
the other aluminum plate via a thermally conductive sheet. A constant power
13 output {12 V) was applied to the LED, and the thermal resistance (wJi) was
obtained using the following egquation when the surface temperatire of the
LED (To) and the surface temperature of the heat sink {T{} became canstant:
wdt = (T} - Te)Power Cansumption {SC/W)
The measured thermal resistance was 0.3 SCAW.
20 Comparative Example 1
An integrated composite member of aluminumythermally conductive
resin was prepared in the same manner as Example 1, except that 35 %
glass-fiber-reinforced polyamide (Zytel® HTN 51G35L supplied by EL du
Pont de Nemouwrs and Co.} having a thermal conductivity of 0.3 Wim-K was
25 used in the injecting step. The thermal resistance of the compaosite member,
obtained in the same manner as Example 1, was 0.8 *C/W.
This demonstrates that the thermal conductivity of the resin is an

mmportant attribule in determining the thermal resistivity of the composite

15
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member.  Resins having higher thermal conductivity generally provide
composite members having lower thermal resistance,
Comparative Example 2

Two aluminum plates were fixed by a screw via a thermally conductive
sheef having a thickness of 1 mm and a thermal conductivity of 2.5 WimK
{manufactured by Shin-Efsu Chemical Co., Lid., TC-100THS) to provide a
compasite article. The thermal resisiance of the adicle, measured in the
same manner as Example 1, was 0.3 *C/W.

Ag shown in the experiment described above, by using the present
invention, the Hlumination device with excellent radiation properties can bs
produced without using a serew or the like device.

18
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CLAIMS

1. A method for infegrating at least two heat ransfer members to

A

provide an integrated composite member, the method comprising:
o) disposing the at least two heat transfer members in a miold
cavity, such that said heat fransfer members each have af least one
exposed surface forming a surface of a resin infection cavity; and
d} injecting a thermally conductive resin into the resin injection
% cavily to confact the exposed surfaces of the al least two heat
transfer members, o form the integrated compasite member;
whereain the thermally conductive resin has a thermal conductivity of at least
0.7 WimiK or higher.
2. The method of claim 1 wherein the at least one exposed surface
15 of at least one heat iransfer member has at least two surface portions,; said at
least two swrface portions having surface planes that are at finite angles to
each other,

3. The method of claim 1 wherein the at least one exposed
surfaces of at least one heat transfer members has two surface portions; said

20 atleast two surface portions having surface planes that are parallel to each
other.

4. The method of claim 1 wherein the heatl transfer members are
selected from the group consisting of a MCPCB; metallic pipes, plates, blocks,
frames, chassis, and housings; graphite sheets; thermally conductive

25 composite pipes, plate, blocks, frames, chassis, and housings; and any
combination theraof

5. The method of claim 1 wherein af least one of said at least two
heat transfer members in the mold cavity a MCPCB upon which is mounted
an LED or and LED array.

30 8. The method of claim 1 wherein the at lpast one exposed
surfaces of at least one heal transfer members is concave, convex, serrated,
dimpled, interrupted to form a shif; or @ combination thersof.

7. The method of claim 1 wherein the thermally conductive resin
has a bending modulus of 300 MPa or higher at 80 °C.

17
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8. An Humination device having a light emitling dinde in thermal
contact with the infegrated composite member provided by the method of
claim 1,

Q. A tiguid crystal display device having the llumination device of

claim 8 as a backlight.

18



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/039229

A. CLASSIFICATION O

INV.

SUBJECT MATTER

HO1L23/373 HO1L33/00 H01L25/075

According 1o International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1L

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic dala base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category® | Citalion of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2006/043401 Al (LEE SEON G [KR] ET AL
LEE SEON GOO [KR] ET AL)

2 March 2006 (2006-03-02)

paragraphs [0066], [0092] - [0098];
figures 16,17

US 2007/063321 A1l (HAN KWAN Y [KR] ET AL)
22 March 2007 (2007-03-22)

paragraphs [0055] — [0058]; figures 2-4
US 2001/036065 Al (HIRANO KOICHI [JP] ET
AL) 1 November 2001 (2001-11-01)
paragraph [0073]; figure 1

US 4 879 630 A (BOUCARD MICHEL [FR] ET AL)
7 November 1989 (1989-11-07)

column 4, 1ines 32-53; figure 3

-

1-9

1-4,7-9

See patent family annex.

Further documents are listed in the continuation of Box C.

* 8pecial categories of cited documents : e

"A" document defining the general state of the art which is not
considered to be of particular relevance

earlier document but published on or after the international
filing date

invention
g

e

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

*X' document of parlicular relevance; the claimed invention
cannot be considered novel or cannot be considered to

document which may throw doubts on pricrity claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

document published prior to the international filing date but
later than the priority date claimed

P

g

involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
'metr]\ts, ﬁuch combination being obvious to a person skilled
n the art.

document member of the same patent family

Date of the actual complstion of the international search

19 June 2009

Date of mailing of the intemational search report

30/06/2009

Name and mailing address of the I1SA/
European Patent Cffice, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswijk
Tel. (+31~70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Edmeades, Michael

Form PCT/ASA/210 (sacond sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/039229

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Gitation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2006/180824 A1 (KIM CHANG W [KR] ET AL
KIM CHANG WOOK [KR] ET AL)

17 August 2006 (2006-08-17)

the whole document

EP 1 650 730 A (BARCO NV [BE])

26 April 2006 (2006-04-26)

figure 10

US 2007/070530 Al (SEO JUNG H [KR] ET AL)
29 March 2007 (2007-03-29)

paragraphs [0078] - [0080]; figure 16

1-9

5,8,9

5,8,9

Form PCT/ISA/210 (continuation of second sheet) (April 2065)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

international application No

PCT/US2009/039229

Patent document

Publication

Patent family

Publication

Cited in search report date member(s) date
US 2006043401 Al 02-03-2006  NONE
US 2007063321 Al . 22-03-2007 DE 112004000864 T5 20-04-2006
JP 2006529058 T. '28-12-2006
| Wo 2004107461}A1 09-12-2004 .
US 2001036065 Al 01-11-2001 JP 3830726 B2 11-10-2006
JP 2001308250 A 02-11-2001
US 4879630 A 07-11-1989 DE 3870365 D1 27-05-1992
EP - 0306412 Al 08-03-1989
FR -2620296 Al 10-03-1989
US 2006180824 Al 17-08-2006 CN 1825644 A 30-08-2006
‘ : JP 2006229205 A 31-08-2006
KR 20060091980 A 22-08-2006
US 2009053839 Al 26-02-2009
"EP 1650730 A 26-04-2006 WO . 2006045586 Al 04-05-2006
JP 2008518388 T 29-05-2008
KR 20070083782 A 24-08-2007
US 2007070530 Al 29-03-2007 EP 1768197 A2 28-03-2007
JP 2007096318 A 12-04-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report

