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INSERT-MOLDED ELECTRONIC MODULES USING THERMALLY
COMDUCTIVE POLYCARBONATE AND MOLDED INTERLOCKING FEATURES

FIELD OF THE INVENTION

[0801] The present jnvention relates in general 1o electronics and heat sinks, and more
specifically o an insert-molded electronic module having an electrical/electronic component

integrated with a heat sink with molded interlocking features.
BACKGROUND OF THE INVENTION

{H2] State of the art Hght emitting diode (LED) light bulbs and other elgctronics
contain printed civcuit boards and various electronic components which must be elecirieslly
incdated From user comtact. These devices must also have safficient thermal management to
keep operating temperatires below a critical value to extend service life; Carrent high power
LED produce a significant heat sutput as up to 60% of the electric powser input is converted

{0 heat.

[0803] Although there are many different designs for thermal management i such
electronic devices, the major heat dissipation route for the heat produced by such electronics
is usually throogh the base to which the electronic device s mounted. or through additional
metal heat sinks positionsd below the base. For example, one approach for dissipating heat
frora LEDs mounded on a prioted ciroutt board (Le., base) is 1o use a pringed circuit board
comprising a metal core as compared to traditional printed circuit bpards comprising a
dielectric core. While metal core printed circuit boards are effective for dissipating heat,
disadvantages include increased costs and processing ditficuities. Tn addition, since there are
brattations to the size of metal core printed cirouit boards, they are more difficalt o

incorporate inte larger sized devices.

4] Another appreach is to attach the LEDs directly to a heat sink using a
thermally conductive adhesive or tape. A maor disadvantage of this approach it is a labor-
intensive process, resulting in increased costs, and the resulting configuration can he subject

o high failure rates.

{G085] Yet another approach o dissipating heat from LEDs s to mount the LED on a
front side of the printed circuit board, and a heat sink on the back side of the board. Such
sodutions generally require use of a thermal interface material between the pringed circuit

&

board and the heat sink to fill the air gap and for better thermal conduction.  In gensral,
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thermal conduction from such materials is low and thus presenis a bottleneck in heat

conduction from the board o the heat sink

Hie] Accordingly, a need continues o exist in the ant for further improvamenis to
materials and molding methods for use in thermal management in electronic devices that

produce heat, such as LED lamps.
SUMMARY OF THE INVENTION

{60871 Accordingly, the present inventon provides an insert-molded electronic
modile comprising a thermally conductive thermoplastic polymer composition as a heat sink
0 provide thermal management for an electrical/electronic componend, wherein the heat sink
imterlocks with and, optionally, sumrounds all or a portion of the electrical/electronic
component, this replacing the potting compound and thermal interface matenal typically
used in such assemblies. The electricalfelectronic component inchides openings that allow
the conductive thermoplastic polymer composition to flow therethrough and interiock with
the slectrical/electronic component, The eloctronic module may include an insert positionad
between the electrical/electronic component and the heat sink, wherein the insert inchudes
holes that allow the condactive thermoplastic polymer composition o flow therethrough and

interiock with the insert.
{608] These and nther advantages and benefits of the present invention will be
apparent from the Detailed Diescription of the Invention berein below,
BRIFF DESCRIPTION OF THE FIGURES

F9] The present invention will now be described for purposes of ithstration and
nok Hmdtation in oowgunction with the figures, wherein:

foa149] ¥FiG, | shows a cross-soctional view of a prior art printed circuit board
attached to a heat sink by screws positionsd through holes i the board:

{9811} FiG, 24 shows a top view of an exemplary inventive glectronic modole of the
present invention containing a heat sink made of a thermally conductive thermoplastic
polvmer interlocking with a printed circuit board;

(12] FiG, 28 shows a side view of the exemplary inventive eloctronic module

shown in FiG. ZA.
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{11 3] VG, 3 shows g perepective view of an exemplary inventive electronic module
of the present invention containing 2 heat sink made of a thermally condactive thermoplastic

polvmer interlocking with a printed ciraust board;

[14] FiG. 4 shows a perspective view of an exemplary inventive electironic module
of the present invention containing a heat sink made of 2 thermally conductive thermoplastic

polymer interiocking with an insert and a printed circuit hoard;

[6815] FiG, & shows a perspective view of an exemplary inventive electronic module
of the present invention containing a heat sink made of a thermally condactive thermoplastic

polymer interiocking with a prinded civcuit board;

{61e] FiG. 6 chows a perspective view of a crose of the electronic module of FiG, 8

aken along line 6-6;
{171 Fids. 7 shows z side view of the cross-section of FI6. 6;

[H8] FiG. 8 shows a perspective view of an exemplary inventive electironic module
of the present invention containing a heat sink made of 2 thermally conductive thermoplastic

polymer interiocking with an insert and a printed circuit hoard;

{6819] FiG, % shows a perspective view of a crass of the electronic module of Fifz 8
tzken along hine %95 and
{88207 Fi{e. 18 shows a side view of the cross-section of FiG. 9.
DETALLED DESCEIPTION OF THE INVENTION
{3821] The present invention will now be deseribed for parposes of Hustration and
not limitation, Except in the operating examples, or where otherwise indicated, all members
expressing quantities, percentages, and so forth in the specification are to be understood as

heing modified in all instances by the terr “abogt”

f022) “interlocking” as gsed in the context of the present description means that a
material at least partially and perbaps fully, enters into a channel, holg, post, bore, or crevice
of a component of the assembly. In the case of a printed circwt board, for example, the
material may be a heat sink material that may enter through screw holes, through-holes,
andfor vertical imtercomnect access (VIAY holes to intedock the selectrical/electronic
component, preferably the printed ciraut board, 1o the heat sink. Hxemplary printed circust
boards include metal core printed circnit boards, as well as printed civeuit boards formed of

lamdnates and dielectric materials, such as polytetrafluoroethylene (Teflon), FR-2 (phenolic

-3
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cotton paper), FR-3 (cotton paper and epoxy), FR-4 (woven glass and epoxy), FR-5 (woven
glass and epoxy), FR-6 (matte glass and polyester), G-10 (woven glass and epoxy), CEM-1
(cotton paper and epoxy), CEM-2 (cotton paper and epoxy), CEM-3 (non-woven glass and
epoxy), CEM-4 (woven glass and epoxy), and CEM-5 (woven glass and polyester).

Preferable printed circuit boards include metal core boards and FR-4 boards.

{G823] “Encapsuiate” as usad in the context of the present description means that a
material at least partially and perhaps fully surrounds 2 component of the assembly. It does
not necessarily mean that a component is hermetically sealed against the envivonment, hut it
may have such a2 meaning. In the case of an electronic module made of 2 thermally
conductive thermoplastic polymer composition, the heat sink “encapsolaies” preferably
means that the electrical/electronic component, such as an LED light source together with an
LED printed circuit board, is surrounded by the thermally conductive thermoplastic polymer
compasiiinn on at least a bottom portion of the electric/electronic component, and optionally
alzo on one or more sides {(g.g., opposing lateral sides) and a small region on the top side of
the electric/electronic component, while the electric/electronic component may be open al the
top 0 permit electrical conmections for example. That is, the heat sink may surround the
electric/electronic component on the lateral sides and preferably on the lower side, but not

necessarily on the upper side. preferably not on the upper side.

{241 “Forming the module” as used in the context of the present descriphion mesns
that the themeally conductive thermoplastic polymer composition partly or fally interlocks
with, and optionally surrounds or encapsulates, an electrical/electronic component, thus
baving a joining function. In case of the exemphified printed circuit board, the thermally
conchictive thermoplastic polymer composition preferably passed through openings in the
printed circult board o tnderlock the heat sink with the board. The thermally conductive
thermoplastic polymer compnsiiion may also encapsulate the electrical/electronic component,

sach as the printed circuit board,

HHI25] The present invention provides an electronic modole comprising  an
electrical/slectronic component and a beat sink, whersin the heat sink comprises a thermally
conductive thermoplastic polymer compositinn.  The electricalfelectronic component
comprises openings that provide entry, passage, of flow of the thermally condective
thermoplastic polymer composition so that the slectrica¥/electronie component may interlock
with the beat sink. As such, the heat sink partially or fully interlocks with the

clectrical/electronic component  and  optionally, partially  or fully swrounds  the

4.



WO 2020/076579 PCT/US2019/054239

clectrical/electronic component.  Some o all of the openings of the slectricalielectronic

component may become interiocked with the heat sink

{Hi26] The clectromic module may comprise an insert positioned between the heat
sink and the electricalfelectronic component. The insert may include holes that may provide
entry or flow of the thermally conductive thermopiaste polymer compasition so that the
insert may interiock with the heat sink, According to certain aspects, the holes in the insert
may align with the openings in the electricalfelecironic component o form a single
coniinuous channel from a bottom side of the insert o a top side of the electricalfelectronic
component, whercin a top side of the insert contacts a bottom side of the electrical/electronic
component. In this way, the thermally conductive thermoplastic polymer composition may
flow though the single channel 1o interlock the insent and the elecirica¥electronic component

with the beat sink.

IG027] The insert may be sized to cover at least 100% of the hottom surface of the
electrical/electronic component {i.e., may have a length and a width substantially the same as
that of the electricalfelectronic component).  The insert may be larger than the
elecirical/electronic component, such that the length and width of the insert are greater than
the length and width of the electricai/electronic component. For example, the insert may be
substantially flag, and may have a length and 2 width that are individually af least 100% the
fength and width, respectively, of the elecinicalielectronic component, sach as at least 118%,

20%, 130%, 140%, 150%, 160%, 170%, 180%, 190%, 200%, 220%, 2530%, or greater.

{0828] The insert may comprise a thermelly conductive metal or metal alloy.

According to certain aspects, the insert may be aluminum.

{80287 When an insert is incloded in the electronic modude of the present invention,
the heat sink may encapsulate or surround at least a bottom portion of the insert. According to
certain aspects, the heat sink may encapsulate the bottor portion of the insert and one or
more lateral sides of the insert. Accaording to certain aspects, the heat sink may encapsulate
the bottom portion of the insert and one or more lateral sides of the insert, and may also
gncapaulate one or more lateral sides of the electrical/electronic component.  According o
certain aspects, the heat sink may encapsuiate the botiomm portion of the insert as well as ong
ar more lateral sides of the insert, and may encapsulate one or more lateral sides of the
eleciricallelectronic component as well as regions on the top side of the electricalfelectronic

COTBPpon end.
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1663367 The electrical/electronic component may b selected from the group consisting
of a printed circuit board, a light emitting dinde (LED), a resistor, a constant current driver, a
driver/controtler, a capacitor, a microprocessor, an integrated circut, 2 photocell, a piezo-
sransducer, an inductor, and a proximity switch. According o a preferred embodiment, the
electrical/electronic component comprises a printed circuit board, such as an LED circuit

Broard.

[0831] According o certain aspects, the printed circuit board may be 2 metal core
board or a laminated cireoit boards such as an FR-4 circuit board, Preferably, the printed
circait board has a thickness of greater than 50 microns {0.05 miflimeters), such as greater
than 6.1 mullimeters, or greater than 0.2 millimeters, or greater than 0.3 mullimeters, or
areater than 0.4 mitlimeters, or greater than G.3 nulhmeters, or greater than 1.0 millimeters,

ar greater than 1.5 millimeters, or greater than 2 millimeters.

f0032] The openings in the electricalielectronic component may be standard
openings, such as attachunent openings {c.g., screw hales), through holes, VIAs, or any
combination thergof, The openings may further inclode holes made specifically for entry of
the thermally conductive thermoplastic polymer composition to form the electronic modales

of the present invention.

1683337 The heat sink may include heat dissipation elemenis such as fins. The fins
may extend Brearly from a base portion of the heat sink and may provide additional air flow
therethrough to aid in heat dissipation from the heat sink. The fins may be positionsd on a

side of the heat sink opposite from the electrical/electronic component.

{6034] The present invention further provides a process of making an electronic
module comprising partially or fully interlocking an elecirical/electronic component with a
beat sink, and optonally surrounding or encapsulating the elecinical/eleciromce component
with the heat sink, wherein the heat sink comprises the thermally conductive thermoplastic

polymer.

HHI35] The present invention further yet provides a method of making an slectromic
module having an integrated heat sink, wherein the method comprises inserting an
electrical/electronic  cowoponent o a mold) introducing  the  thermally  conductive
thermoplastic polymer composition into the meld so that the thermally conductive
thermoplastic polymer passes through one or more openings on the electrical/electronic

component and, optionally, partially or fully suwvrounds the electrical/electronic component;
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and cooling the thermally conductive thermoplastic polymer to form the electronic module

having the integrated heat sink.

H6i36] The mold may inclede cavides positioned above the openings on the
glectrical/electronic component so that the thermally condoctive thermoplastic polymer

composiiion forms caps over the openings.

{68371 According o cerizin aspecis, an insert may bhe positiongd bencath the
electric/electronic component in the mold, whergin the insert comprises holes configured to
allow the thermally conductive thermoplastic polymer composition to pass therethroagh and

secure the insert 1o the elecronic maodule with the integrated heat sink.

{G4338] The methads and modules disclosed herein eliminate the need for a potiing
compound, a thermal interface material, and fasteners or adhesives in the production of

glectronic modules, such as an electronic modale usetul as an LED lamp.

HHE39] The thermally conductive thermoplastic polvimser useful in the present
ipverdion may be made fom an amorphous thermoplastic polymer or from a blend of an
amorphous thermoplastic polymer and a semicrystalhine thermoplastic polymer or from a
blend of an amorphous thermoplastic polymer and a vubber, such a3 acryvionttrile-butadiens-
styrene (ABRSY or styreng-acrylonifrile copalvmer (5AN). Such blends are commercially

avatlable from Covestro LLC under the BAYBLEND tradename,

(684487 Suiteble amorphous thermoplastic polymers within the meaning of this
inveniton are, in particular, amorphows polycarbonates, amorphous polyesters and amorphous
polvolefing as well as, copolymers and polvmer hiends thereof. Amorphouns polvolefing
inchide both open-chain polyolefing such as polypropylene as well as cyclic olefin
copolymers. Preferred az amorphous thermoplastic polyvmers in the context of the present
invention are polycarbonate, polymethylmethacrviate (PMMA)Y aod polystyrene, with

polycarhonate heing particularly preferred.

i6841) Amorphous and semicrystaliine thermoplastios may be blended into a resin
composition useh! in the present inventon., Examples of blends of amorphous and
semicrystalline thermoplastics are well known to those skilled in the art. Some examples of
sach blends are polvewrbonate  and  polvethylene  terephthalate, polvearbonate  and
polybutvlene terephthalate, polycarbonate and polyphenyiene sulfide, polycarbonate and),
Hepaid crystaliine polymers. Some of these blemds are commercially available from Covestro

LEC under the trade narge MAKROBLEND. There is no lumtation on what kind of
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amorphous thermeoplastic to blend with what kind of semicrystalline thermoplastic as long as

the resulted blend serves the intended application.

H42] Semicrystalline thermoplastic polymers and methods of their production are
known to those skilled in the art. Preferved semicrystailine thermopiastic polymers oy use in
the inventive composition include, but are not Hmtted tn, polvethyiene, polypropyiene,
polybutvlene  terephthalate  and  polvethylene terephthalate, polyphenyiene  sulfide,

polyphenyiene either, Rouid crystalline polymers, and polyvamide.

[3843] Where present in a blend, the semicrystailine thermoplastic polymer may be
present o an amound ranging from S0% to 30% of the composition useful in the present
invention, more preferably from 80% to 40% and most weferably from 70% to 30%. The
semicrystalling thermoplastic polymer may be present in the composition usefud in the
present invention in an amount ranging between any combinations of thess values, inchisive

of the recited values,

{8844} The inventive process invalves injection melding a beat sink componerd using
a thermally condective thermoplastic polvimer composition, preferably a material such as
MAKROLON TCEO30, s polycarbonate commercially available from Covesuro LLEO. The
clectricalielectronic component is inserted o 2 mold and the thermally conductive
thermoplastic polymer composition is molded around it o form g heat sink. The

electrical/electronic component includes openings, such as attachment holes {e.g., screw

holes), through holes, VIAs, and any combination thereof that allow the thermally conductive
thermoplastic  polymer coowpposition 0 pass  thersthrough  and ingerlock the

electrical/electronic component io the heat sink.

{60457 The mold may ipchide cavities positionsd above the opemngs on the
eleciricallelectronic component so that the thermally conductve thermoplastic polymer

cormpostion forms caps aver the openings.

{66467 An insert may be positinn henecath the electrical/electronic component in the
mold, wherein the insert may inchude holes that allow the thermally condactive thermoplastic
polvmer composition o pass therethrough snd interlock the insert o the heat sink
According to certain aspects, the holes in the msert may align with the openings in the
electric/electronic component so that the thermally conductive thermoplastic polymer
compasiiion may pass or flow through the aligned holes/openings and interlock the

eleciric/electronic component and insert to the heat sink.
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1663471 The heat sink may contain features, holes or undercuts o act as a joint with
mechanical inferiock to allow connection to a housing, or further reaction injection molded

components (o better bond to the heat sink.

HHIE] According to certain aspects, the best sink component may be subseguently
inserted into a mold designed for reaction injection molded (RIM) of further comaponents.
Additional electronics such as an LED driver/controller board may be inserted into a cavity in
the heat sink. RIM matenial, such as polyurethane or another thermoplastic, may be injected
inio the cavity, filling the Tower portion of the heat sink encapsulating the electricalfelectronic
component and replacing the potting material currently used for metai heat sinks. After filling
the lower cavity in the heat sink, the thermoplastic may continue o fill the mold, forming a
further assembly, such as the base of an LED bullb which terminates in a traditional “Edison”

style screw-in base.

[0849] Thermally conductive polyearbonate 1s commercially available for example
from Covestro LLC under names MAKROLON TCBO6G and TCEG30, These materials,
which contain polycarbonate and expanded graphite, are partcolarly preferred in the practice
of the present invention and are described in greater detatl in LS. Poblished Patent
Apphication No. 2012/0318031, the entire contents of which are incorporated by reference
herein. The compositions provided o the '031 application contain from 90 wt-% 3 30 wi-%
of at least one amorphous thermoplastic or at lsast one semi orystalline thermoplasuc or a
mixture thereof and 10 wi-% t© 70 wi-% of expanded graphite, wherein 90 wi-% of the
particles of the expanded graphite have a particle size of at least 200 microns. As thoss

skilled in the ant will appreciate, other thermally conductive polymers may also be used.

[6854] Suitable polyvearbonate resins for preparing the composition useful in the
present ivention are hormopolycarbonates and copolycarbonates, hoth linear or branched
resins  and mixtures thereof. As used hercin, the term “polycarbonaie” inchades
homopolycarbonates soch as BPA polycarbonate, copolvearbonates derived from two or
more different dihydric phenels, and copolyestercarbonates which inchide structural units
derived from one or more dihydric phenols and one or more diacid derived structural units,
The diacid, for example, includes dodecandioic acid, terephthalic acid, isophthalic acid. U.5.

Pat. Mo, 4,983,706 describes a methoed for making copolyestercarbonate.

[8851] The polycarbonates have g weight average roolecular weight (a8 determingd

by gel perroeation chromatngraphy, or size-exclasion chromatography) of preferably 10,008
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o 200,000 g/mol, more preferably 20,000 o 80,000 o/mol and their melt flow rate, per
ASTM D-1238 at 300° O and 1.2 kg weight, is preferably T o 80 g/10 niin, more preferably
20w 65 ¢/10 min. Soch polycarbonates may be prepared, for example, by the known
diphasic interface process frown 2 carbonic acid derivative sach as phosgene and dibydroxy
compounds by polycondensation (See, Terman Offenlogungsschriften 2,063,850, 2,063,052;
570,703, 2,211,986, 2211957 and 2,248.817; French Patent 1,561,518; and the monograph
by H. Schnell, “Chemustry and Physics of Polycarbonates”, Interscience Publishers, New
York, N.Y., 1964},

{66527 In the present context, dihvdroxy compounds suitable for the preparation of
the polvcarbonates wseful in the ipvention conform to the structural formulae (1) or (2}

below.

)
— A) OH
(;.|['-)d
B {2
HO HO
S
\/\ 2N
& Zy

wherein, A denotes an alkylens group with | to § carbon atoms, an atkyvlidene group with 2 to
& carbon alomns, g cycloalkylene group with 5 to 13 carbon atoms, a cyclealhvidens group
with 5t 15 carbon atoms, a carbonyl group, an oxyger atom, a sulfur atorm, —Sk OF

50k or a radienl conformng to

CH;
CH;

pum— (‘.—

—C <1
/e

CH,

wherein, e and g both denote the number O o 1) Z denotes F, U, Br or )-Cs-aliyl and if
several 7 radicals are substitients in one ary! radical, they may be identical or different from

ane another; d denotes an integer of from € 10 4; and { denotes an integer of from G110 3,

-10 -
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IG653] Among the dihydroxy compounds useful in the practice of the present
invention are hydroguinong, resorcinol, bis-(hydrmoxyphenyl)-alkanes, bis-(hydroxy-phenyvi}-
gthers, bis-(hydroxyphenyli-ketones, bis-thydroxy-phenyD-sulfoxides, bis-{hydroxyphenyl)-
suifides, bis-(hydroxyphenyii-sulfones, and ou-his-(hyvdroxyphenyvil-diisopropytheneenes, g8
well as their nuclear-alkyiated compounds. These and further suifable aromatic dihydinxy
compounds are described, for example, in U5, Pat. Nos. 5,401 826; 5.1053,004; 5,126,4258;
5109076, 5,104,723, 3,086,157, 3,028,356, 2,999,835, 2,148,172; 2,991 273, 3,271,367,

and 2,99% 8446, the entire contents of which are incorporsted herein by referenece.

{3354] Further exomples of suitable bisphensis are 2,2-bis-(4-hydroxyphenyiy-
propane  {(bisphencl Ay, 2 4-bis-t4-hydroxyphenyl-Z-methyl-butane, 1 1-bis-{4-
hydroxyphenyl-cyclohexane, ou-bis-{4-hydroxy-phenyb-p-ditsopropyibenzene, 2,2-bis-{3-
methyl-4-hydroxyphenyl-propane, 2,2-bis-(3-chloro-4-hydroxyphenyli-propane, 4,4'-
dibydroxy-diphenvl, bis-(3,5-dimethyl-4-hydroxyphenyl)-methane, 2,2-bis-(3,5-dimethyl-4-
hvdroxyphenvii-propane, bis-(3,5-dimethyl-4-hvdroxyphenvit-solfide, bis-(3,S5-dimethyl-4-
bydroxy-phenyl sulfoxide, bis~{ 3, 3-dimethyl-4-hydroxyphenyh-sulfone, dihydroxy-
benzophenone, 24-bis-(3,5-dimethyl-4-bydroxyphenyii-cyclohexane, o,o-bis-(3,3-dimethyl-

4-hydroxypheayl)-p-ditsopropyi-benzene and 4,4"-sulfonyi diphenol.

{855] Examples of parnticularly preferred aromatic isphenols are 2.2-bis-{4-
hydroxyphenyl-propane,  2,2-bis-(3,5-dimethyl-4-bydroxyphenyli-propane, 1, 1-bis-14-
hydroxyphenyli-eyclohexane  and L 1-bis-{d-hydroxy-phenyl)-3.3, 3-triroethyloyciohexane,

The most preferred bisphenol is 2,2-bis-(d-hydroxyphenyi}-propane {Msphenol A},

{08561 The polycarbonates useful in the invention may entail in their structire units
derived trom one or more of the suitable bisphenola. Among those resins suttable in the
practice of the invention are phenolphthalein-based polycarbonate, copolycarbonates and
terpolycarbonates such as are described in ULS. Pat, Nos., 3,036,036 and 4,210,741, both of

which are incorporated by reference hergin.

HHIST] The polvearbonates psefsd in the present invention may also be branched by
condensing therein small quaniiues, e.g., 005 to 2.0 mol % (relative lo the bisphenols) of
polvhydroxyl compounds. Polycarbonates of this typs have been described, for example, in
German, Offenlegungsschriften 1,570,533; 2,116,974 apd 2,113,374; British Patents 885,44
and 1479321 and LS. Pae. No. 3,344,514, which is incorporated herein by refersnce. The

tollowing are soroe exanpies of polyhvdroxyl compounds which may be wsed for this
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purpose:  phlowoglucinol,  4.6-dimethyl-2,4,6-tri-{4-bydroxyphenyi}-heptane:  1,3,5-tri-{4-
hydroxyphenyl)-benzene; 1,1, L-wi-(4-hvdroxyphenyl)-ethaneg,; tri-{(4-hydroxyphenyl}-phenvi-
methane; 2,2-bis-{4,4-(4 4 -dibydroxydiphenyvhi-cyclohexyl-propane; 2,4-bis-{d4-hvdroxy-1-
isopropylidine)-phenal; 2,6-bis-(2 -dihydroxy-5-methyibenzyli-4-methyl-phenal; 24
dihydroxyhenznic acid: 2-{4-hydroxy-phenyly-2-(2,4-dibydroxyphenyii-propane and 1,4-bis-
(4,4 -dihvdroxy-triphenylmethyl}-benrzene. Some ot the other polyfunctional compounds are
2, 4-chhydroxy-benzoie acid, timesic acid, cyanuric chlonide and 3,3-bis~{4-hydroxyphenyl)-

2-or0-2, 3-dihydroindale.

{G358] In addition o the polycondensation process menticned above, other processes
for the preparation of the polycarbonates of the invention are polycondensation in a
homogeneous phase and transesterification. The suitable processes are diselosed in U5, Pat
Mos, 3,028,363; 2,999 846; 3,153,008, and 2,991 273 which are incorporated herein by

reference,

{8859] The preferred process for the preparation of polycarbonates is the interfacial
polycondensation process. Other methods of synthesis in forming the polycarbonates of the
invention, such as disclosed in 1LS. Pat No.o 3,912,688, incorporated herein by reference,
may be used. Suiteble polycarbonate resins are available in commerce, for instance, from

Covestro LLC gnder the MAXKROLON trademark.

HieG] The term polyester as used herein i3 meant to inchude homo-polvesters and co-
polvesters resins. These are resins the molecular stracnie of which include at least one bond
derived from a carboxylic acid, preferably excluding linkages derived from carbonic acid.
These are known resins and may be prepared through condensation or ester interchange
polymerization of the diol component with the diacid according to known methods. Suitable
resing inclade pobvialkylene dicarboxrvlates), especially poly{ethylens werephthalawe) (PET),
polv(l,d-hutyvlene  twrephthalate) (PBT).  polv{inimethylene  terephthalatey  (PTT),
polviethviens naphthalate) {PEMN), poly{butylenes naphthalate) {PBN},
polvicyclohexanedimethanot terephthalatey (POT), polvicyelohexanedimethancl-co-ethyiene
terephithalate) {(PETG oF POTG), and polyl d-cyciohexanedimethyl-1,4-

cyclohexanedicarboxylate (PCCD).

[6061] U5, Par Nos, 2,465,319, 3,953,304 and 3,047,539, all incorporated herein by
reference herein, disclose suttable methods for preparing such resins. The switabls

polvalkviene wrephthalates are characterized by an intrinsic viscosity of at least 4.2 and
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preferably at least (.4 deciliter/gram as measured by the relative viscosity of an % solution
in orthochlorophenol at 25° €. The upper Hmit is not critical but § preferably does not exceed
2.5 deciliters/gram. BHspecially preferred polvalkylene wrephthalates are those with an

intrinsic viscosity in the range of 0.4 (o §.3 deciliter/gram.

00621 The alkyviene units of the polvalkyviene terephthalates which are suitable for
yse in the present invention comdain from 2 0 5, preferably 2 to 4 carbon atoms. Polybutviens
terephihalate (prepared from 1 4-butanediol} and polvethylens terephthalate are the preferred
tetraphthalates for use in the present invention. Other suitable polvalkylene terephithalates
inclode polypropviene terephthalate, polyisobutylens terephthaiate, polypenty! terephthalate,
polvisopentyl terephthalate, and polynecpentyl terephthalate. The alkyvlene umis may be

straight chains or branched chaina.

{8631 The prefemred polvalkyviene terephthalates may contain, in addition o
terephthalic acid groups, up o 20 mol % of groups from other aromatic dicarboxylic acids
with 8 to 14 carbon atoms or aliphatic dicarboxylic acids with 4 to 12 carbon atoms, such as
groups from phtbalic acid, isophthalic acid, naphthalene-2 6-dicarboxyhe aad, 4,4~
phenyl-dicarboxylic acid, succinic, adipic, sebacic, azelaic acids or cyelohexanediacetic acid.
The preferred polyaikyiene terephthalates may contain, in addition to ethylene glyend or
butanedicl-1,4-groups. up to 24 mol % of other aliphatic diels with 3 to 12 carbon atoms or
cyleoaliphatic dicls with 6 w0 21 carbon atoms, e.g., groups from propavediol-1,3,2-
gthvipropanedinl-1,3, neopentvl  glveol, pentanediol-1,3, hexansdiol-1,6, cyclohexane-
dimethanod-1,4,3-methylpentanedinl-2,4,2-methyl-pentanedicl-2,4,2,2.4-
trimethyipentanediol-1,3, and -1.6,2-gthyibexanediol-1,3,2 2-diethyipropanediol- 1,3,
hexanediol-2,5, 1 4-&i-(B-hydroxvethonyi-benzens,  2.2-bis-{d-hydroxyeyciohexyt-propane,
2 4-dihydroxy-1,1,3 3-etra-methyvl-cyelobutane, 2,2-bis-(3-B-hydrovyethoyyphenyl-propane
and 2.2-bis-{4-hydroxypropoxyphenvl}-propane (DE-O8 24 67 674, 24 07 776, 27 15 832).

{H#i64] The polyalkylene terephthalates may be hranched by incorporating relatively
small amounts of 3- or 4-hydrie aleohols or 3- or 4-basic carboxylic acids, such as are
described, for example, in DE-OS 19 00 270 and U5, Pat. No. 3692744, Bxamples of
preferred branching agents comprise frimesic acid, wrimellitic acid, trimethylol-ethane and -
propans and pentaervibiritol. Preferably no more than 1 mol % of branching agent, with

respect to the acid component, is used.
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{G665] Polvalkviene terephthalates prepared solely fromn torephthalic acid and its
reactive derivatives {e.g. i3 diallyl esters) and ethylene glyenl and/or butanediol-1.4

{polyvethyvieneterephthalate and polybutvlenetersphthaiate} and mixtures of these polyalkyiene

terephthalates are particularly preferred.

{3866] Suitable polvalkyiene werephthalates are disclosed in U.S. Pat. Nos. 4,267,096;
4,786,692, 4,352,007, 4,391,954, 4125571, 4125572, and 4,188314, 5407994 the

disclosures of which are incorporated herein by reference.

(80677 The at least ope amorphous thermoplastic is present in an amount ranging
from 90% to 30% of the composition useful in the present invention, more preferably frown
80% to 40% and most preferably from 70% o 50%. The at least one amorphous
thermoplastic may be present in the composition of the present invention in an amount

mnging between any cornbination of these values, inclusive of the recited values.

{8681 Expanded graphite and methaods of its production are known 1o those skilled in
the art. Expanded graphite may present in an amount ranging from 10 wi.-% to 70 wt.-% of
the composition useful the wesent invention, more preferably from 20 wi-% to 60 wi-% and
most preferably from 30 wi-% o 50 wi-%. The expanded graphite may be present in ap
amount ranging between any corshinations of these values, inclasive of the recited vahues. kt
is preferred that at least 90% of the particles of the expanded graphite should bave a particle
size of at least 200 microns. There are also highly thermally conductive expanded graphites
commercially available, which have a lower particies size, e.g., where 90% of the particles

have a particle size of 100 maximum, which meay alterpatively be used.

{6869 The thermally conductive polycarbonaie composition may further include
effective amounts of any of the additives known for their function in the context of
thermoplastic molding compositions. These include any one or more of hibricants, mold
release agents, for example pentasrvihritol tetrastearate, nucleating agents, antistalic agents,
other antioxidants, thermal stabilizers, light stabilizers, hydrolytic stabilizers, impact
modifiers, fillers and reinforcing agents, colorants or pigments, as well as finther flame
retarding agents, other dnp suppressants or a flame retarding sypergists. The additives may
be used in effective amounts, preferably of from 4.81 to 2 total of 30 wi.-% relative to the

total weight of the polycarbonate component.

{G078] The thermally conductive polycarbonate composition may be produced by

conventional procedures asing conventional equipment. It may be used to produce moldings
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of any kind by thermopiastic processes such as injection molding, extrusion and blow

molding methods.

HEY7E] As known 1o those in the art, a wide varety of different molded thermoplastic
paris may be produced by the reaction injection molding (“RIM™Y process. This process
involves fithing g closed mold with highly reactive Hquid starting components within a very
short time, generally by using high output, high pressure dosing apparatus after the
components have been mixed. The RIM process involves the inumate mixing of a
componenta of the thermoplastic, followed by the injection of tus mixtwe into 2 mold for
subsequent rapid curing. For a thermoplastic such as polyurethane, such as may be used to
form housings for the insert-molded electronic modules, the components may inclode a
polvisocyanate componenis and an isocvanate-reactive component.  For example, the
polvisocyanate component may preferably be based on a Lguid polyisncyanate, and the
isocyanate-reactive cornponent may contain 2 high molecular weighi isocyanate-reactive
component, preferably a polyol and/or an amine polyether, and may contain a chain extender

containmng aming and/or hydroxy! groups.

(8072 A sumber of U8 patents describe various RIM procssses, all which are
suitable in the practice of the present invention inchuding US. Fat Nos. 4,218,543,
4,433,067, 44449180 4,530,941, 4,774,263; 4,774,264, 4,929,697, 5.003.027; 5350.77¢;
5,563,232, 53,585,452; and 53,686,042, the entive contents of which are incorporated by

reference herein.

{08731 Polvurethanes useful in RIM processes are prefersbly produced by the reaction
at least nne relatively high molecular weight hydroxyl-containing polyol, at least one chain
extender; and at least one polyvisocyanate, polvisothioeyanate o mixture thereof. Suifable
polvurethanes are disclosed in LS. Published Patent Application No. 20160084490 o Davis

et al,, the entire contenis of which are incorporated herein

{34¥74] Other materials which can be included in the reaction mixture incloded any of
the materials generally osed in the RIM art. Reintorcing fillers, which allow reduced
contraction of the molded product upon cooling, as well as adiustment of tensile modohis and
flex moduius, can also be used and are well known in the art Suiiable inorganic fillers
include glass in the form of fibers or flakes, mica, wolastonite, carbon black, tale, caleium

carbonate, and carbon fibers. Organte fillers, although less preferred, are also suttable.

-15-



WO 2020/076579 PCT/US2019/054239

{4757 Other additives which may be used in the present invention include catalysts,
especially tn{li) salis of carboxylic adds, dialkvliin salts of carboxylic acids, dialicyliin
mercaptides, dialkyiin dithioesters, and tertiary amines. Preferred among these catalysis are
dibutvlitin didavrate snd | 4-dinzabicyclol2,2. 21 joctane  (ricthylene diamdne), especiaily
mixtures of these catalysts. The catalysts are generally used in amounts of (.01 o 10%

{preferably .03 to 2%}, based on the weight of the high melecalar weight component.

[6878] 1t ia also possible to use surface-active additives such as emulsifiers and foam
stabilizers. Examples inchide siloxanes, Nestearyl-N N'-bis-hydronyethyl orea, oleyl
polvoxyethylene amide, steary! dicthanol amide, isostearyt digthanolamide, polyoxyethyiene
glveol monoleate, & pentaerythritol/adipie acid/eleic acid ester, a hydroxyethvl imidasole
derivative of oleic acid, N-stearyl propylene diamine, and the sodium salts of castor oil
saifonates or of fawy acids. Alkali metal or ammonium salis of salfonic acid, such as
dodecylbenzenesulfonic add or dinaphthyvimethanesuifonic acid, and fatty acids may also be
used as surface-active additives. Particularly suitable swrface-active compounds include
polyether siloxanes of the type generally known for ase in the polyarethane art, such as
water-soiuble polyether stoxanes. The structure of these siloxanes is generally such that a
copedymer of ethyiene oxide and propyiens oxide is aftached t© 2 polydimethyisiloxane
functionality. Methods of mamifacturing preferred siloxanes are described in U5, Patl No

4.906,721, the disclosure of which is herein incorporated by reference.

68771 It is also possible to use mold release agents, which are compounds that are
added to the reactive components of the isocyanate addition reaction, usually the ispoyanate-
reactive component, {0 assist in the removal of a polyorsthane product from a maold. Suitable
meld release agents for the present invention include those based at least 1w part on fatly acid
esters (e.g., U5, Pat. Nos, 3,726,952, 3 G258 527, 4 058,492, 4,0%8.731, 4,201,847, 4,254 228,

4,868,224, and 4,954,537 and Briish Patent 1,363,215); metal andfor amine salis of

carboxylic acids, ammdo carboxylic acids, phosphorus-comaining acids, or boron-containing
acids (e.g., U.S. Paw Nos. 4319965, 4,581 386, 4585803, 4,876,019, 4,893 879, and
5.135862) polvsiloxanes {e.g., U.S. Pat Noo 4,504,313); amidines {e.g, U5, Pai MNos
4,764 340, 4,739,688, and 4847307} resins prepared by the reaction of isocyanate
prepolvimers and a polyamene-polvimine component {g.g, U.S. Pal. Neo. 5198.508)
neuiralized esters prepared from certain anune-started tetrahydroxy commpounds described in
VLS, Pat, Neo 5.208.268; and ahphatic polyaikylene and polyalkadienss. Preferred meld

release agents contain zingc stearate.
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{G4778] In addition to the reinforcement fillers, catalysts, surface-active agents, and
mold release agents mentioned above, other additives which may be used in the molding
composiiions of the present invention wchude known illers of other types, blowing agents,
cell regulators, flame retarding agents, plasticizers, and dyes of the types generally known in

the art.

{6879] The compositions according to the present invention are suited for processing
by the RIM process. In general, in the RIM process, two separate streams are intimately
mixed and subsequently injected into a suitable moold, although it is possible 1o use more thap

{wg streains.

IHG8G] In the known RIM process used for carrying out the process according to the
present invention, the components may be mixed simoltanecusly, or the non-reactive
components may be pre-mixed and then mixed with the reactive components. & starting
remperature of from 107 C.ouo 70° O preferably from 307 C. 1o 58° 18 preferably chosen
for the mixture introduced into the mold. The temperature of the mold itself is preferably
from 40° O, o 1007 C., more preferably from 30° O o 70° C. Afier completion of the

reaction and molding process, the resultant product 13 removed from the mold.
Example

{681 ] The present invention s further iflustrated, but s not to be limited, by the
following example, which is depicted in connection with the figures. Althoogh the invention
is exemplified in the context of an LED printed cirant board, those skilled in the art will
sppreciate the applicability of the instant fnvention 0 2 variety of assemblies containing a
variety of glectrical/clectronic components, incloding, but not limited to, printed circuit
boards, driver/controlers, light emitting diodes (LEDS), resistors, constant corrent drivers,
capacilors, microprocessors, infegrated cirouits, photocells, prero-tranaducers, indactors, and
proximity switches, The LED printed circuit board shown in the figures embodies the general
idea of the invention. The materials of the heat sink are only specified for the purpose of an
gxample. Those skilled in the art will appreciate that such materials can be varied within the

scope of the present invention.

(8821 FiG, 1A shows a prior art electronic modele 18 wherein  an
electrical/electronic component 34 is mounded to a heat sink 12 using scrows 16 mounted

through attachment spenings 18 in the electrical/electrome component 14 and the heat sink
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12, In order to provide immproved contact between the electricalielectronic component 14 and

the heat sink 32, a thermal interface material 11 is included,

{831 Fifs. 24 shows an elecironic modole 188 of the presently disclosed invention,
wherein the electiical/electronic component 114 is encapsulated and interlocked with the heat
sink 132, As shown, at least a2 bottom side of the electrical/electronic component 134 is
encapsilated by the thermally conductive thermoplastic polymer compnsition of the heat sink
112, and attachment opemngs 128 {e.g., screw holes) are interlocked by the thermally
conductive thermoplastic polymer composition of the heat sink 112, FIG, 2B shows a side
view of the electronic module of i 24, wherein the glectrical/electronic component 114

includes an LED 148,

{1841 Fi6s, 3 chiows an electronic modide 288 comprising an electrical/electronic
component 214 encapsulated by 2 heat sink 212, wherein the elecirical/electronic component
214 moay inciude an LED element 23, The beat sink 212 includes laterally extending fins
222, and additional holes or atachument eiements 224 that may assist in connection beiween
the slectronic module 288 and additional components such as an injection molded housing.
Also shown are the interlocking features 228 on the slectrome module 288, which includs
regions of the heat sink wherein the thermaily conductive thermoplastic polymer composition

has fowed inte openings on the electrical/elzctronic component 214,

{851 Fi{s. 4 shows an electronic modele 300 comprising an electrical/electronic
component 214 sncapsulated by a heat sink 212, and further including an insert 230
pasitinned between the electricalielectronic component 214 and the heat sink 212, As in Fi(x
3, the heat sink 212 includes laterally extending fins 222, and additional holes or attachment
elements 224 that may assist in connection hetween the electronic modale 200 and addivonal
componenis such as an injection moklded housing. Also shown are the interlocking features
224 on the electronic moduie 300, wherein holes {not shown) in the fnsert 230 are aligned
with the openings on the electrical/electronic component 214 w form continuous channels
through which the thermally conductive thermoplastic polymer composition has tlowed to
fourn the interlocking features of the elecironic module 300, As shown in FIG. 4, st least a
hattom side of the insert 230 is encapsulated by the thermally conductive thermoplastic

podymer composition of the heat sink 212.

{98861 FIGS. 5.7 show another view of an electronic module 288 comprising an

eleciricallelectronic component 214 encapsulated by a heat sink 212 that inclodes laterally
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extending fins 222, While the electronic module 288 is shown o include four laterally
extending fins 222, any number, size, and arrangement of fins is within the scope of the
present nvention. Moreover, while various configurations of a heat sink (112, 282 are
shown in the figures, these representations are exemplary only and are mtended 1o assist in
describing the presently disclosed invention. Other designs and configurations for the heat
sink are envisioned and within the scope of the present invention. Shown in FIGK. ¢ and 7
are perspective and side views, respectively, of a cross-section of the electronic module 28
tzken along Hne 6-6& from Flde. 5. An interlocking feature 228 on the electronic madule 286
is shown, whergin the thermally conductive thermaplastic polymer composition of the heat

sink 212 has flowed into an opening 232 in the electrical/electronic component 214,

[887] FIGS, 8.1 show another view of an slectromie module 388 comprising an
electrical/electronic component 214 encapsulated by a heat sink 232, and further including an
insert 234 positioned between the elecirical/electronic component 234 and the heat sink 232
Shovwn in FIGE, 2 and 10 are perepective and side views, respectively, of a croas-section of
the electronic modiule 34 taken along Hoe %9 from FEG. 8. An interlocking feavre 228 on
the electronic module 388 is shown, wherein the thermaily conductive thermoplastic polymer
composition of the heat sink 212 has flowed through a channel formed by alignment of an

opening 232 in the electricalelectronic component 234 and a hole 234 in the insert 238,

{88E] The foregoing example of the present invenuon is offered for the purpose of
iHustration and not Hmitation, It will be apparent o those skilled in the art that the
embndiments described herein may be mndified or revised in various ways without departing
from the spirit and scope of the invention. The scope of the invention i3 0 be measored by

the appended claims.

16089] As for other details of the present invention, materials and aliernate related
configurations may be employed as within the level of those with skill in the relevant art. The
same may hold true with respect o process-based aspects of the invention in terms of
addinonal acts as commonly or logically emploved. In addition, though the invention has
heen described in reference o several examples, optionally incorporating various features,
the inventinn is nod to be limited to that which 15 described or indicated as contemplated with
respect fo each variation of the invention. Varipus changes may be made to the invention
described and egunvalents (whether vecited berein or not included for the sake of some

brevity} may be substituted without departing from the true spirit and scope of the invention.
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Such changes or others may be undertaken or guided by the principles of design for

assemibly,

HHBG] Also, it is contemplated that any optional feature of the inventive variations
deacribed may be set forth and claimed independently, or in combination with any one or
more of the features described herein. Reference 1o 2 singular vem, includes the possibility
that there are plural of the same items present. More specifically, as used herein and in the

Rl %9 %6

appended claims, the singular forms "2, "an,” “said,” and “the” include ploral referents
unleas the specifically stated otherwise. In other words, use of the articles allow for “at least
one” of the subject itern in the description above as well as the claims below. It i5 further
noted that the claims may be drafted to exchide any optional element. As such, this statement
is intended to serve as antecedent basis for use of such exclusive ferounology as “solely)”
“ouly” and the like in connection with the recitation of claim elements, or use of a “negative”
limitation. Without the use of such exclusive terminndogy, the term “comprising” in the
claims shall allow for the inclusion of any additional element—irrespective of whether a
given number of elements are enomerated in the claim, or the addition of a featiwe could be
regarded as transforming the nature of an elersent set forth o the claims. Stated otherwise,
unless specifically defined herein, all technical and scientific terms used hercin are o be

given as broad a commonly understond meamng as possible while maintaining claim validity.

BT ] Various aspects of the sobiect matter deseribed hersin are set out in the

following nommbered clauses:

68921 1. An electronic modale comprising: an electricalfelectronic component; 2 heat
sink camprising a thermally conductive thermoplastic polymer composition, wherein the heat
sink passes throogh one or more openings on the elsctnical/electromc component, and
optionally partially or fully surrounds the eleciricalelecronic component, © form the
electronic module.

f6893] 2. The clectronic module according to Clause 1, wherein the heat sink
surrounds gt least g bottom portion of the electneal/slectromie component.

{84] 2. The slecuonic module according to Clagse | or 2, wherein the
electrical/electronic component is selected from the group consisting of a printed circuit
board, a hght enmtting diode (LED), a resistor, a constant current driver, a driver/controller, a
capacilor, a sHoroprocessor, an infegrated civeuit, a photocell, a piezo-transdacer, an inductor,

and a proximity swiich.
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{66951 4. The clectronic module according to clanse 1 or 2, wherein the
clectrical/electronic component comprises a printed circuit board, and the openings comprise
attachment openings, VIA heles, through-heles, and any combination thereot in the printed
circuit board.

{G696] 5. The electronic module according o clause 4, wherein the printed circumit
board has a thickness of greater than 50 microns {0.03 millimeters), or greater than 300
mmicrons (0.5 mullimeters).

(80971 6. The electronic module according to any one of clases 1 to 5, wherein the
thermally conductive thermoplastic polymer composition comprises a blend selected from: the
group consisting of polycarbonate and polyethylene terephthalate, polyearbonate and
polvbutylens terephthalate, polyvesrbonate and polyphenyiene sulfide, and polycarbonate and
hguid orystailine polymers

{698] 7. The electronic module according to any one of clauses 1 © 6, wherein the
thermally conductive thermaoplastic polymer composition comprises expanded graphite in an
amouont of from 14 wit-% o 70 wi.-% of the composition, or from 20 wi-% 0 60 wi-% of
the composition, or fromn 30 wi-% o 30 wi-% of the composition.

180997 ¥, The electronic moduie according to clause 7, wherein at least 80% of the
particles of the expanded graphite have 2 particls size of at least 204 microns.

(81887 . The electronic module according to any one of clases 1 to §, wherein the
heat sink comprises lpemrty extending fins.

f0181] 10, The clecronic module according to any one of clauses 1 to 9, further
comprising an insert positinned between the clectricalfelectronic component and the heat
sink.

(81821 11, The slectronic moduls according to clagse 14, wherein the heat sink
surrounds at least 2 bottom portion of the insert.

1816831 12, The eloctronic module according to clause 10 or 11, whergin the insert is
substantially flat.

{81847 13, The electronic module according to any one of clauses 14 to 12, wherein
the insert comprises boles for the thermally conductive thermoplastic polymer of the beat
sink to pass through to secure the heat sink o the insart.

{61957 14, The electronic module according to clause 13, wherein the holes in the

heat sink align with the openings in the electric/electronic corponent so that the thermally
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conductive  thermoplastic polymer of the heat sink secures the insert and the
electric/electronic compnnent o the heat sink.

{8108] 15, The electronic module according to any one of clauses 10 to 14, wherein
the insert comprises a thermally conductive metal or metal alloy, such as alaminom.

916871 16, An assermnbly coreprising, the electronic modale according 1o any one of
clavses 1 to 15, and further comprising an additional injection molded part that partially or
tully surroonds the electronic moduale.

(I8 17, A process for making an electronic module, the process comprising
passing a heat sink through one or more openings on an electrical/electronic component; and
orkionaily, partially or fully surrounding the glectricalfelectronic component with the heat
sink, wherein the heat sink comprises a thermally conductive thermoplastic polvmer
COmpHRHoT.

T
I

(91491 18, The process acconding o clause 17, wherein the heat sink surrounds at
least a bottom portion of the electrical/electronic component.

188161 19 The process according to clause 17 or 18, wherein the elgctncalielectronic
component is selected from the group consisting of a printed circuit board, a light emitting
diode (LED), a resisinr, a constant current driver, a driver/controller, a capacitor, a
microprocessor, an integrated circuit, a photocell, 2 piezo-transducer, an inductar, and a
proximity switch

{11E] 20, The process according to clause 17 or 18, wherein the elecincalielectronic
component comywises a printed circuit hoard, and the openings comywise atiachment
openings, Y1A holes, through-holes, and any combination thereof in the printed circuit board.

{69127 21. The process according to any ong of clauses 17 o 26, wherein the printed
circint board has a thickness of greater than 30 microns (.05 millimeters), or greater than
506 muicrons (6.5 millimeters).

(6113] 22, The process according to any one of clauses 17 1o 21, wherein the
thermally condoctive thermoplastic polymer composition comprises a blend selscted from the
group consisting of polycarbonate and polyethyiene tervephthalate, pobyeamrbonate and
polybutylene terephthalate, polycarbonate and polyphenyiens suifide, and polycarbonate and
hepeid crystalline polymers

{6114] 23. The process according to any one of claoses 17 o 22, wherein the

thermally conductive thermoplastic polvimer commposition comprises expanded graphife in an
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amount of from 18 wt.-% to 70 wi.-% of the compasition, or from 20 wt.-% o 60 wt.-% of
the composition, or from 30 wi-% o0 50 wi.-% of the composition,

[8115] 24, The process according to claugse 23, wherein at least 80% of the particles
of the expanded graphite have a particie size of at least 200 microns.

i116] 25, The process according to any one of clauses 17 to 24, further comprising,
before passing the heat sink material through one or more openings on  the
eleciricallelectronic  component, posifioning an insert beneath the electricalfelectronic
component, wherein the insert compnises holes configured to allow the heat sink material to
pass therethrough and secure the insert to the heat sink material,

{8117} 26. The process according to clause 25, wherein the heat sink surrounds at
least a botiorn portion of the insert.

{118] 27, The process according o clause 25, wherein the holes on the insert align
with the openings in the electric/electronic component so that the themmally conductive
thermoplastic polymer of the heat sink secures the insert and the electric/electronic
component 1o the heat sink.

{119] 28, The process according o any ong of clause clagses 25 1o 27, wherein the
insert is substantially flat.

IG126] 29 The process according to any ong of clause clauses 25 to 28, wherein the
inaert comprises a thermally condoctive mewal or metal alloy, such as aluminom.

[8121] 30, A method of meking an electromce moduale having an indegrated heat sink,
the method comprising: inserting an electrical/electronic component inte 2 mold; indroducing
a thermally conductive thermoplastic polymer composition into the mold so that the
thermally conductive thermoplastic polvmer passes through one or mowe openings on the
glectrical/electronic  component  and,  optionally, pamiaily or fully  surmounds  the
electrical/electronic component; and conling the thermally conductive thermoplastic polymer
o form the elecironic module with the integrated heat sink.

{41221 21, The method according to clause 30, wherein the thermally conductive
thermoplastic polymer composition  surrounds  at lesst g boftom  portion of  the
electrical/electronic component.

I123] 32, The method acenrding to clanse 30 or 31, wherein the mold includes
cavities positioned above the opemings on the electrnicalielecurome component so that the

thermally condoctive thermoplasuc polymer composition forms caps over the openings.
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($8124] 33, The method according to any one of clauses 30 to 32, further comprising,
before introducing the thermally conduciive thermoplastic polymer composition inio the
mold, positionng an insert bensath the electric/electronic component in the mold, whersin
the insert comprises holes configured o allow the thermally conductive thermoplastic
palymer composition to pass therethrough and secure the insert o the clectronic module with
the integraied heat sink.

{125] 24, The method according o clause 33, wherein the holes on the insert align
with the openings in the electric/electronic component so that the themmally conductive
thermoplastic polymer passes therethrough to secure the insert to the electronic module with
the integraied heat sink.

{41261 35, The method according to classe 33 or 34, wherein the thermally
conductive thermoplastic polymer composition surrounds at feast a bottom portion of the

insert.
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C1AIMS

What is claimed is:

I An electronte module comprising:
an electrical/electronic component comprising openings;
a heat sink comprising a thermally conductive thermoplastic polymer composition,
wherein the heat sink passes through one or more of the openings on the
electrical/glectronic corpponent, and optionally partially or fully surrounds the

electrical/electrome component, Lo form the electronic module.

3

The elecironic module of Claimm 1, wherein the beat sink surrounds at least a bottom

portion of the electrical/electronic component.

3. The electronic module of Claim 1, wherein the electrical/electronic component
corprises a printed circuit board, and the openings comprise attachment openings,

YA hedes, thuough-holes, or a combination thereof in the winted circuit board.

4. The electronic modude of Claim 3, wherein the printed circuit board has a thickness of

greater than 5O nucrons (.05 millimeters}.

5. The electronic module of Claim 3, wherein the printed cireuit board has a thickness of

greater than 300 microns (0.5 millimeters).

6. The electronic module of Claim 1, wherein the thermally conductive thermoplastic
polymer composition comprises 2 blend selected from the group consisting of
podycarbonate and  polysthylene terephthalate, polycarbonate and  polybutyiene
terephthalate, polyearbonate and polyphenyiene sullide, and polycarbonate and hguid

crysialline polymers

:~J

The electronic module of Claim 1, wherein the thermally conductive thermoplastic
polvmer composition comprises gxpanded graphite in an amount of fom 10 wi-%

TG wt-% of the corposition.
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a. The electronic module of Claim 1, wherein the thermally conductive thermoplastic
polvmer compasition comprises expanded graphite in an amount of from 20 wi-% o

60 wi.-% of the composition.

9, The electronic module of Claim 1, wherein the thermally conductive thermoplastic
podymer composition comprises expanded graphite in an amount of from 30 wt.-% w

S0 wi-% of the composition.

13 The clectronic module of Claim 7, wherein at least 90% of the particles of the

expanded graphite have a particle size of at least 206 microns.

PE. The electrome module of Claim 1, wherein the beat sink cownprises Hnearly extending
fins.
12 The electronic module of Clatm 1, further comprising an insert positioned between

the electrical/electronic component and the heat sink.

13, The electronic module of Claim 12, wherein the heat sink surrounds at least a bottom
portion of the insert.
14, The electrone moduie of Claim 12, wherein the insert is substantially flat,

15, The electronic module of Claim 12, wherein the insert comywises holes for the
thermally conduoctive thermoplasue polymer of the heat sink o pass through to secure

the heat sink to the insert.

16, The electronic module of Claim 15, wherein the holes in the heat sink align with the
openings in the electric/electronic component so that the thermally condoctive
thermoplastic polymer of the beat sink secures the insert and the electric/electronic

component to the heat sink.
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[
~3

The electronic module of Claim 12, wherein the insert comprises a thermally

conductive metal or metal alioy.

I8, The electronme moduie of Claim 17, wherein the insert comprises aluminum.

149, A process for making an electrome module, the process comprising:
passing a heat sink throogh one or more opemngs on an electrical/electronic
component; and
opticnally, pardally or fully surrounding the electricalfelectronic component with the
heat sink,
wherein the heat sink comprises 2 thermally conductive thermoplastic polymer

COMPORLON.

N2
o

The process of Claim 19, wherein the heat sink surrounds at least a bottom portion of

the electrical/slectronic component.

21, The process of Claim 19, wherein the electrical/electronic component comprises a
printed circuit board, and the openings comprise attachment openings, VIA holes,

through-holes, or 2 combination thereof in the printed circuit board.

22. The process of Claim 21, wherein the printed cirenit board has a thickness of greater

than 50 microns (.05 millimeters).

23. The process of Claim 21, wherein the winted circuit board has a thickness of greater

than S04 mucrons (0.5 mulhimeters),

24, The process of Claim 1%, wherein the thermally conductive thermoplastic polymer
composition comprises a blend selected from the group consisting of polycarbonate

and polvethylens terephthalate, polycarbonate and polyvboiylene  werephthalats,
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26.

b
)C?,j

29

(]
~
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j
.

polycarbonate and polyphenyiens sulfide, and polycarbonate and liguid crystalline

podymers

The process of Claim 19, wherein the thermally conductive thermoplastic polymer
composition coraprises expanded graphite in an amount of From 10 wi-% w0 70 wi-%

of the composition.

The process of Claim 23, wherein at least o of the particles of the expandsd

gzraphite have a particle size of at least 200 microns.

The process of Claim 19, further comprising, before passing the heat sink material
through one or more openings on the electrical/electronic component, positioning an
insert beneath the electrical/electronic component, wherein the insert comprises boles
configured to allow the heat sink material o pass therethrough and secure the insert (o

the heat sink material.

The process of Claim 27, wherein the heat sink surrounds at lesst a bottom portion of

the insert.

The process of Claim 27, wherein the holes on the insert align with the openings in
the slectric/electronic component 30 that the thermally condoctive thermoplastic
polymer of the heat sink secures the insert and the electricfelecironic component o

the heat sink.

The process of Clatrm 27, wherein the insert i3 substantially flat.

The process of Claim 27, wherein the insert comprises a thermally conductive metal

or metal alioy.

The process of Claim 27, wherein the insert comprises alominom.
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37

A method of making an electronic module having an infegrated heat sink, the method

comprising:

inserting an electrical/electronic component into a mold;

introducing a thermally condueuve thermoplastic polymer composition into the mold
so that the thermally condoctive thermoplastic polymer passes through one or
mre dpenings on the electrical/electronic component and, optionally, partially or
fudly sarvounds the elecinealelectronie component; and

cooling the thermally conductive themmoplastic polvmer 1o form the electronic modile

with the integrated heat sink.

The method of Claim 33, wherein the thermally conductive thermoplastic polvmer
composifion  sorrounds  at Isast a bottom portion of the  electricalfelectronic

component.

The method of Claim 33, wherein the mold includes cavities positioned above the
openings on the electricalelectronic component so that the thermally conductive

therroplastic pobymer composition forms caps over the openings.

The method of Claim 33, further comprising, beforg introducing the thermally
conductive thermoplastie polyvmer composition into the mold, positioning an insert
heneath the electric/electronic component in the modd, wherein the insert comprises
hicles configured to aliow the thermally conductive thermoplastic polymer
composition to pass therethrough and secure the insert to the electronic module with

the integrated heat sink.

The raethod of Claim 36, wherein the holes on the insert align with the openings in
the elgctriclelectronic component 50 that the thermally conductive thermoplastic
pobymer passes therethrough o secure the nsent o the slectome module with the

integrated heat sink.

The method of Claim 36, wherein the thermally conductive thermoplastic polymer

composition surrcends at least a bottom portion of the insert.
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