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DESCRIPTION
LED WITH INTEGRAL THERMAL VIA

TECHNICAL FIELD

[0001] The present invention relates to a light emitting diode (LED)
having an integral thermal via which provides improved heat transfer of
heat generated by the LED to a heat spreader, heat sink, or the like.
BACKGROUND ART

[0002] Printed circuit boards are conventionally manufactured from

dielectric materials such as glass fiber laminates (known as FR4 boards),
polytetraﬂuoroethylene, and like materials. On one of the surfaces of such -
boards, or, between 1ayeré o.f ‘dielectrici materrals, are circuits, usually
formed of copper. The circuits are commonly formed by photolithographic -
‘methods, sputtering, ‘screen’ printing or the like (for circuits disposed
between layers, the circuit 1is apphed to the d1e1ectr1<: material before
formatlon of the lammate) In addltlon LEDs- are often disposed:on the -
surface of the boards, in contact with the circuits on the surface, and can
generate substantial amounts of heat that must:be dissipated- for the
LEDs to operate rehably and to thelr 1ntended performance levels t
‘[0003] As a result of the _presence of LEDs, the amount of heat that
prmt circuit boards must help dissipate can ‘be 81gn1f1cant So called
“thermal boards ‘are being developed Where a layer of a heat spreadmg
-material such as copper or aluminum and alloys thereof is lamlnated with.
the dielectric material, on the surface opposite or in layers opposing that
of the circuit and heat-geﬁerating oomponehts, to act as a heat spreader
for the heat generated from the electronic components. It is important
.that the heat spreader be located such that at least one layer of dielectric
material separates the heat spreader frorn the circuit(s), since the heat
sprea.der materials are typicall}r electrioally conductive, and would
interfere with. the operatioh of the circuits if they were in contact.
[0004] There are several commercially available “thermal boards,”
sometimes called metal core printed circuit boards (MCPCB), such as

Insulated Metal Substrate™ thermal boards from The Bergquist
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Company, T-Clad™ thermal boards from Thermagon, HITT Plate boards
from Denka, and Anotherm™ boards from TT Electronics. These thermal
boards utilize thermally conductive dielectric layers, either through filling
the dielectric layer with thermally conductive particles as in the case of
the first three, or as in the case of the Anotherm solution, through a thin
anodization layer on top of the aluminum heat spreader layer. The use of
thermally conductive particles can be expensive, however, and the
subsequent layer must be thick enough to ensure it is pin-hole free, adding
to thermal resistance in the design. Additional limitations of this
approach arise from the lack of flexibility to fabricate bent or non-planar
‘circuit structures, and thé, fact that the dielectric material covers the
entire surface of the heat. spreader 1ayér. The use of anodization as the |
" dielectric layer attempts to overcome some of these issues, but forces the -
“use of -aluminum as its heat ‘spreader layer, since ‘copper cannot-be *
anodized. Since the thermal conduct1v1ty of alummum is significaritly less
- than that. of copper, th1s can-be a thermal dlsadvantage All .of the.
foregoing approaches, however, can suffer soldering dlfﬁcultles, since. the
same heat dissipation properties thét are useful during the operation of
the prlnted circuit board and - components, 1nh1b1t an assembly process
;:'that requires point sources of heat for soldermg (such as hot bar bonding,
- for example) S - 4 7
[0605] To ovei‘c&me some;ﬁbut not altlllof fhesé iss!ues, traditional
printed circuit boards can: be married to a-separate metal heat spreader
layer in a separate process. In this arrangement, the printed circuit board
can be deéigned with thermal vias (fypically drilled holes that are plated
with copper) to conduct heat better through the unfilled dielectric layer of
the printed circuit board, but these may only be used in applications
where electrical isolation from component to component is not required.
[0006] Moreover, traditional heat spreading AmaterialAs like copper or
aluminum also add significanf; weight to the Board, which is undesirable,
and the coefficient of thermal expansion (CTE) of these materials may not

closely match that of the glass fiber laminate, leading to physical stress on
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the printed circuit board with the application of heat and, potentially,
delamination or cracking.
[0007] Additionally, since the heat spreader layer on these boards is
comprised of an isotropic, thin (relative to its length and width) metal
material, heat tends to flow through the thickness of the heat spreader
readily, and resulting hot-spots can occur in the location directly opposite
the heat source.
[0008] Another type of circuit assembly, referred to in the industry
as a “flex circuit,” provides similar heat management problems. Flex
circuits are formed by providing a circuit, such as a copper circuit as
described above, on vthe surface-of a' polymer material, such as a polyimide
. or polyester, which functions as the dielectric layer. As the name .
' suggests, these circuit materials are flexible and can even be provided.as -
“Yolls of circuit materials that can later be married to a heat spreader layer
" like copper or aluminum.i "While very vthin, the dielectric layer in flex -
, cﬁcuits, still adds appreciably to ‘fhe‘thermal resisﬁance in. a given design,
‘and suffers from some of the same issues observed in printed circuit
‘boards. The use of thermal vias is still limited to electrically isolating
_applications as described _previo;isly. And as is apparent, the use of rigid
- métallic layers, such as-of copper or aluminum, does not aliow one to take
advantage of the flexibility :0f flex circuits, where such:a characteristic is
- impoftént in an end-use application. L .
10009] - -  The. use. of an LE].)‘ in operative: contact Wﬁh a thermal
pathway extending through to a heat spreader, especially one formed of
,sheét(s') of cérﬁpressed pérticles of exfoliated graphite or a heat sink or
other thermal dissipation article can remedy many of the disadvantages
encountéered with the use of copper or aluminum heat spreaders.
[0010] The use of various solid structures as heat transporters is
known in the art. For exalﬁple, Banks, U.S. Patents 5,316,080 and
5,224,030 discloses the utility of diamonds and gas-derived graphite fibers,
- joined with a suitable binder, as heat transfer devices. Such devices are
employed to passively conduct heat from a source, such as a

semiconductor, to a heat sink.
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[0011] In U.S. Patent 6,758,263, Krassowski and Chen disclose the
incorporation of a high conducting insert into a heat dissipating
component such as a graphite heat sink base in order to conduct heat from
a heat source through the thickness of the component, and from there in a
planar direction. However, nothing in the Krassowski and Chen
disclosure describes conducting heat from a heat source through layers of

a relatively non-conductive material like a dielectric layer of a circuit

assembly.
DISCLOSURE OF THE INVENTION
[0012] It is an object of the invention to provide an LED having a

thermal via to facilitate ‘heat transfer from the LED to a thermal -
dissipation article, such as a heat spreader or a heat sink.
-[0013] - - It is a further object of the invention to provide a circuit
assembly having a heat spreader layer on-one surface thereof and a
‘thermal pathway for heat *from anlLED'located"at ‘the other surface
thereof to flow towards the. heat spreader layer
[0014] . It is yet another object of this invention to provide a c1rcult
assembly having a heat spreader layer on one surface thereof and a -
‘ thermal pathway mtegral with an LED for heat transfer from the LED
’ located at the other surface thereof tothe heat spreader layer
[0015] It i is still- another object of the invention to provide an LED
'haV1ng a thermal pathway 1ntegral therewith pos1t10ned across a dlelectrch
material interposed between a heat-generating component and a graphlte-
based heat- spreader layer i 1n a circuit assembly. oo
[0016] These and other objects are accomplished by the present
invention, which provides an LED having a thermally conductive element
in operative contact therewith, for forming a thermal pathway between
the LED and, for 1nstance a heat spreader layer in a circuit assembly
comprising at least one layer of a dlelectrlc material positioned between a
heat spreader layer and the LED. Most preferably, the thermally
conductive element is integral with the LED. |
[0017] Other and further objects, features, and advantages of the

present invention will be readily apparent to those skilled in the art,
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upon a reading of the following disclosure when taken in conjunction with

the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fig. 1 is a partially broken away schematic view of an LED
having an integral thermal pathway in accordance with the present
invention. :

[0019] Fig. 2 is a partially broken-away perspective view of a circuit

assembly in accordance with the present invention, having a heat
spreader layer on one surface thereof and an LED incorporating a thermal
pathway between the heat spreader layer and the LED.

BEST MODE FOR CARRYING OUT THE INVENTION -

[0020} Thisv invention is based upén. lthe finding that the heat

- gpreading function -of ‘2 heat. spreader layer on a circuit assembly ‘is' -
substantially improved when' a thermal pathway between an LED, and: * *
the heat spreader layer isi)rovided. Indeed, by the use of such a thermal

- pathway, the use 'of graphitezbased heat spreader layers can provide
improved heat spreading, even as compared to the use of ‘aluminum or
copper heat spreaders, with the added benefit of reduced weight.

[0021}] By the Atern'l “circuit assembly” is méant an assembly
includiﬁg .one or more - electronic circuits positioned ‘on ra . dielectric
material, and can include laminates where one or more of the ‘circuits is
sandwiched between laYefs of dielectric material.. Sbeéific examples of
circuit assemblies are printed circuit boards and flex circuifs, as Would be -
familiar to the skilled artisan. - -

[0022] ‘ Referring now to the drawings, and, in_pai'ticular, Fig. 1, an

LED in accordance with the present invention is denoted by the reference
numeral 10. LEDs typically include a body 21, including. a lens 20,
usually formed of a plastic material, a semiconductor chip 22, an
encaps.ula'nt, such as a éilicone encapsulant 24 about chip 22, a lead 25 for
powering chip 22, a mount 26 on which chip 22 sits, often with a thermal
interface 28 therebetween, and a wire connection 29 between lead 25 and

chip 22,
[0023] In accordance with the present invention, LED 10 further
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comprises a high thermal conductivity thermal slug or via 30, which forms
a thermal pathway for moving heat generated by chip 22 to a thermal
dissipation article such as a heat spreader or a heat sink (not shown).
Thermal via 30 is formed of a thermally conductive material, such as a
metal like copper or alloy thereof, or aluminum or alloys thereof, or a
graphite article, especially one formed of compressed particles of exfoliated
graphite. Thermal via 30 extends beyond the body 21 of LED 10 to
provide a thermal pathway from chip 22 to a heat dissipation article which
is not located directly adjacent LED 10. Indeed, thermal via 30 should
extend beyond body 21 of LED 10 to bridge the gap betweén body 21 and a -

‘heat dissipation article, such as a heat spreader or d heat sink, and extend
fhrough any article Between body 21 and the tilermal dissipation article,

" such-as-a dielectric material or the like: - t

- [0024] "By “high thermal conductivity” is meant that the thermal '
~ conductivity of thermal via 30 in the direction between LED 10 and a heat.

- dissipation article, such as-a.heat spreader is greater than the through-
thickness thermal conductivity. of any material (including air) which is
pbsitioned*between LED 10 and the heat dissipation article; preferably,
the thermal conductivity of thermal via 30 is at least about 100 W/m°K,

. more preferably at least ‘about 200 W/m°K, and even more. preferably -
above 350 W/m°K. 'Thermal via 30 can assume any particular éross-
sectional shape, alfhdugh most commonly, thefmal via ‘.30 will ‘be
cylindrical in shape. | . |
[0025]  Referring now to Fig. 2, one preferred environment for use of
inventive LED 10 is in a circuit assembly 100. Circuit assembly 100
includes at least a dielectric layer 200 and a heat spreader layer 300,
where heat spreader layer 300 abuts dielectric layer 200.. Preferably, heat .
spreader layer 300 comprises at least one sheet of compressed particles of
exfoliated graphite. Circuit assembly 100 is generally either a printed .
circuit board or flex circuit; but can also comprise, for example, a printed
or silk-screened pattern of conductive ink on dielectric layer 200.

[0026] Circuit assembly 100 also generally comprises a circuit.400 .

thereon, conventionally formed of copper, applied to dielectric layer
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200 by photolithographic methods, sputtering, screen printing or the like.
As noted above, circuit 400 can also be formed of a conductive ink applied
to dielectric layer 200 by, for example, printing or silk-screening processes.
[0027] Dielectric layer 200 can be that conventional in the printed
circuit board industry, such as glass fiber with resin (FR-4), preferably
formed as a laminate; polytetrafluoroethylene (PTFE), commercially
available as Teflon brand materials; and expanded PTFE, sometimes
denoted ePTFE, as well as resin-impregnated or —imbibed versions of the
foregoing. In addition, dielectric layer 200 can be a polymer such as a
polyimide or polyester,-as used in the formation of flex circuits. Dielectric .
layer 200 can also comprise a ceramic material, such as aluminum nitride,
aluminum oxide or alumina, present as a discrete layer, or applied to a
‘subsﬁrate.layer (such as heat spreader layer 300) through, for example, an
anodization, vapor deposition, ‘or ‘flame-spraying process; ‘the use of )
"anodization 'is especially relevant” where heat spreader layer 300 is
aluminum.. o , ~ ; ‘ : V
[0028] Preferably, heat spreader layer 300 is from about 0.25 mm to
about- 25 mm in thickness, more preferably from about 0.5 mm to about 14
mm in -thickness, and comprises at least one graphite sheet.
Advantageously, heat spréader layer 300 can be a laminaté of up to tén or.
more graphite sheets, to provide .the desired heat spreéding capabilities.
The graphite compqsite can be used to at least partially, hand, in the.
- preferred embodiments, compietely replace the use:of copper or éther
- metals as the circuit assembly heat spreader. o
[0029] . The graphite/dielectric material laminate can be formed by
laminating together dielectric layers 200 and heat spreader layer 300 in a
manner conventional in the formation of circuit assembly laminates, using
conventional adhesive‘s, for instance. Alternatively, graphite/dielectric
material laminate can be formed in the pre-pressed stack while pressure
curing the graphite materials. The epoxy polymer in the impregnated
graphite sheets is sufficient, upon curing, to adhesively bond the non-
graphite as well as the impregnated graphite layers of the structure irito

place. In any event, in the preferred embodiment, a graphite composite is
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employed as heat spreader layer 300 for circuit assembly 100, to replace

the copper or aluminum heat spreader in a so-called “metal-backed”

printed circuit board or in a flex circuit.

[0030] As noted above, dielectric material 200 forming the central

portion of circuit assembly 100 has two major surfaces 200a and 200b.

Heat spreader layer 300 abuts one of the surfaces 200a of dielectric

material 200; the other surface 200b has located thereon at least one LED

10, and often a plurality of LEDs 10a, 10b, 10c, etc. as would be familiar

to the skilled artisan. LED 10 is located so as to be in contact with a

portion of circuit 400 lying on surface 200b of circuit assembly. 100. on ..

which LED 10 is located. -

[0031] As noted, in order to facilitate the transfer of heat from LED
10 to heat spreader layer 300, thermal:via 30 extends-through heat
- gpreader layer 300 ‘ ' R ‘ '

00321 - . Thermal via 30 may advantageously hav'e"a shoulder or step

on the side adjacent dielectric layer 200, for positional considerations. If

electrical isolation is .required a dielectric layer, such as anodized
aluminum, aluminum nitride, aluminum oxide or alumina, can be placed
onto some or all surfaces of the thermal via 30, like flame-sprayed or
vapor deposited alumina on‘ copper, or through the. use of anodized

aluminum as thermal via 30, for example. In addition, surfaces of .

thermal via 30 can'rémain 'soideréblé, or éan bé plat_ed fo be solderable, to

facilitate joinder of LED 10 to thernial via 30.

[0033] - Thermal via 30 extends into heat spreader layer 300 and is

brought into thermal contact with heat spreader layer 300. For instance,

thermal via 30 can be fitted into a slot or hole in heat spreader layer 300
using a thermal adhesive or a pressure fitting, such as'a so-called “speed
-nut,” in order to ensure good thermal contact be;twe'en thermal via 30 and

heat spreader layer 300, and to ensure heat transfer from thermal via 30

across the thickness of spreader layer 300. One suitable way thermal via
- 30 is fitted into spreader layer 300 so as to establish adequate thermal

contact is to force thermal via 30 through an opening in spreader layer

300 which has a diameter smaller than that of thermal pathway 60; in
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this way, the act of forcing thermal via 30 through the opening provides a
pressure fitting between the two. Alternatively, the hole in spreader layer
300 can be formed by using thermal via 30 itself as a punch. The nature
of sheets of compressed particles of exfoliated graphite can permit such a
fitting to be accomplished without undue damage to either thermal via 30
or heat spreader layer 300.

[0034] One advantageous method for providing good thermal contact
between thermal via 30 and heat spreader layer 300 is by the use of a
“rivet”-type thermal via 30. In this way, in the same manner a rivet is
compressed to seal against a substrate, a rivet-style.thermal via 30 can be! .
compressed or forced to seal against the outer surface of heat spreader
Ylayer 300 (i.e., the surfécé not abutting fhe dieléc’:tric layer), creating a
good thermal connection between the two. : ,
[0035] - Most preferably, thermal via 30 has a length approximately -
equal to the combined thickness of dielectric layer 200 and heat spreader
layer 300, plus any distance thermal via 30 extends from either dielectric-
1ayer 200 of heat spreader layer 300, as shown in Fig. 2. Of course, if
thermal via 30 does not pass comﬁletely through heat spreader layer 200,
its length does not have to be equal to the combined thickness of dielectric
layer 200 and heat spreadeir 1ayer. 300. In a more general sense, the
length of thermal via 30 is dependent on the distance for which heat"
transfer from LED 10 to a thermal dissipation article is désired.
"[0036] ~ As noted aboire, heat spreader layer 300 is‘ advantageously -
laminated or adhered to diélectric layer 200. However, it is contemplated
‘that the use of thermal via 30 can permit a gap to bé present between heat
spreader layer 800 and dielectric layer 200, to optimize heat dissipation.
In other words, since heat transfer between LED 10 and heat spreader
layer 300 is primarily thi'ough thermal via 30, as opposed to primarily
through dielectric léyer 200, it is not necessary for heat spreéder layer 300
to be in physical contact with dielectric layer 200. Thus, a gap, of.about. 1
mm or even greater, can be provided between heat spreader layer 300 and
dielectric layer 200, such as by the use of spacers, ete. (not shown). In this

way, provided heat spreader layer 300 remains in thermal contact with
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thermal via 30, more surface area of heat spreader layer 300 is exposed,
and more heat can be dissipated therefrom.
[0037] Accordingly, by the use of the present invention, effective
heat dissipation from an LED thereon can be accomplished to a degree not
heretofore seen.
[0038] All cited patents, patent applications and publications
referred to in this application are incorporated by reference.
[0039] The above description is intended to enable the person skilled
in the art to practice the invention. It is not intended to detail all of the
possible variations and modifications that will become. apparént to the.
skilled worker upon reading the description. It is intended, however, that
all such modiﬁcations and variations be included within the scope of the
invention that is defined by the following claims. The claims are intended
to'cover the indicated elements and steps in any arrangement or sequence
that is effective to meet the objectives ifitended for the invention, unless

. the context specifically indicates the contrary. -
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CLAIMS

What is claimed is:

1. A light emitting diode comprising a body and a thermal via integral
therewith and which extends from the body.

2. The diode of claim 1, wherein the thermal via comprises a high
thermal conductivity material.

3. The diode of claim 2; wherein the thermal via forms a thermal
pathway form the light emitting diode to a heat dissipation article.

4. A circuit assembly comprising a substrate which comprises a dielectric
layer, a heat spreader layer located at a first surface of the substrate, 4 light
+ emitting diode located at a second surface of the substrate, the light emitting-
diode comprising a body and a thenﬁal via integral therewith and which .
~extends from . the body through’ ‘the: dielecfric layer “and .intb thermal.

" connection with the heat spreader layer. - - | |
- 5.. - The circuit. assembly of claim 4, wherein the heat spreader layer
. comprises .copper, aluminum, an alloy. of copper, an alloy of alufninum, a
éheet of compl;essed particles of exfoliated graphite, or combinations thereof.
6. The circuit assembly of claim 4, wherein the second -surface of the
' substrate has a circuit thereon. ‘

7. The circuit assembly of claim 4, Wherein the dielectric layer comprises .
a material selected from the group consisting of glass fiber impregnated with
_resin; polytetrafluoroethylene; expahded poly‘tetraﬂudroethylene; a polymer;’

a ceramic material; or combinations thereof. |

.. 8. . The circuit assembly of claim 4, wherein the dielectric layer comprises
anodized aluminum, aluminum nitride, aluminum oxide or alumina.
9. The circuit assembly of claim 4, wherein the thermal via comprises a
high thermal conductivity material.
'10.  The circuit assembly of claim 9, wherein the thermal conductivity of -
the thermal via is greater than the thi‘ough-thickness thermal conductivity
of the dielectric layer.
11.  The circuit assembly of claim 9, wherein the thermal via comprises

copper, aluminum, or alloys thereof.
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12. The circuit assembly of claim 4, further comprising a dielectric layer

on the thermal via, wherein the dielectric layer comprises anodized
aluminum, aluminum nitride, aluminum oxide or alumina.
13. A light emitting diode assembly comprising a light emitting diode and
thermal via in operative contact with the light emitting diode, wherein the
thermal via is sized such that it can extend into thermal connection with a
heat dissipation article.
14. The light emitting diode assembly of claim 13 wherein the thermal via
is sized to extend through the dielectric layer of a circuit assembly and into
thermal connection with the heat spreader layer of the circuit assembly.
15. The light emitting diode. assembly of claim 13, wherein the thérmal. .
via comprises a high thermal conductivity material.: - -
| 16 A The light éinitting diode assembly' of claimﬂ‘ 15, wherein the thermal
conductivity of the .thermal pathway is greater than the through-thickness.
thermal conductivity of the dielectric layer. A .
“17.-  The light emitting diode assembly of claim 16, wherein the thermal -
via comprises copper, aluminum, or alloys thereof. .
18. ‘Thé light emitting diode assembly of claim 17, further comprising a
dielectric layer on-the thermal via, wherein the dielectric layer comprises

anodized aluminum, aluminum nitride, aluminum oxide or alumina.
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