WD 97/ 41599

.PCT/ 1 B97/ 00223 - 1 CONFORIVAL
THERMAL | NTERFACE MATERI AL FOR ELECTRONI C
COMPONENTS BACKGROUND OF | NVENTI ON _ The present
invention relates broadly to a heat transfer materical which is interposable
between the t Lnterfaces of a heat-generating, electraog ent
and a thernal |d§§|£5 ation menber, - such as a heat s%ﬁm&ﬁ@%uit
board, for the conductive cooling of the electronic conponent .
More particularly, the invention relates to a self-supporting, formstable
filmwhich 5 nelts or softens at a tenperature or range within the
operating tenperature range of the electronic conponent to better

conformto the thermal interfaces for inproved heat transfer fromthe

el ectroni c conponent to the thermal dissipajion nmenber.

Circuit designs for nodern el ectronic devices such as tel evisions, radios,
conput er s, medi cal instrunments, business machi nes, comruni cations
equi pnrent, and the |i ke have becone

CONFORMAL THERMAL INTERFACE
MATERIAL FOR ELECTRONIC COMPONENTS

BACKGROUND OF THE INVENTION
The present invention relates broadly to a heat transfer material which is interposable
between the thermal interfaces of a heat-generating, electronic component and a thermal dissipation
member, such as a heat sink or circuit board, for the conductive cooling of the electronic
component. More particularly, the invention relates to a self-supporting, form-stable fihln which
5 melts or softens at a temperature or range within the operating temperature range of the electronic
component to better conform to the thermal interfaces for improved heat transfer from the
electronic component to the thermal dissipation member.
Circuit designs for modern electronic devices such as televisions, radios, computers,
medical instruments, business machines, communications equipment, and the like have become

10 increasingly complex. For example, integrated circuits have been manufactured for these and
other devices which contain the equivalent of hundreds of thousands of transistors. Although the
complexity of the designs has increased, the size of the devices has continued to shrink with
improvements in the ability to manufacture smaller electronic components and to pack more of

" these components in an ever smaller area.

15 As electronic components have become smaller and more densely packed on integrated
boards and chips, designers and manufacturers now are faced with the challenge of how to
dissipate the heat which is ohmicly or otherwise generated by these components. Indeed, it is well
known that many electronic components, and especially semiconductor components such as
transistors and microprocessors, are more prone to failure or malfunction at high temperatures.

20 Thus, the ability to dissipate heat often is a limiting factor on the performance of the component.

Electronic components within integrated circuit traditionally have been cooled via forced

or convective circulation of air within the housing of the device. In this regard, cooling fins have



10 I ncreasingly conplex. For exanple, integrated circuits have been
manuf actured for these and ot her devi ces which contain the
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(E’(C)Z% || 887; 68;22a1\1/§1smg For high power circuits m tge smajller but more densely packed circuits typical of
2 5 current electronic designs, however, simple air circulation often has been found to be insufficient
to adequately cool the circuit components.
Heat dissipation beyond that which is attainable by simple air circulation may be effected
by the direct mounting of the electronic component to a thermal dissipation member such as a
“cold plate” or other heat sink.. The heat sink may be a dedicated. thermally-conductive metal
10 plate, or simply the chassis of the device. However, and as is described in U.S. Patent No.
4,869,954, the faying thermal interface surfaces of the component and heat sink typically are
irregular, either on a gross or a microscopic scale. When the interfaces surfaces are mated,
pockets or void spaces are developed therebetween in which air may become entrapped. These
pockets reduce the overall surface area contact within the interface which, in turn, reduces the
15 efficiency of the heat transfer therethough. Moreover, as it is well known that air is a relatively
poor thermal conductor, the presence of air pockets within the interface reduces the rate of thermal
transfer through the interface.
To improve the efficiency of the heat transfer through the interface, a layer of a thermally-
conductive material typically is interposed between the heat sink and electronic component to fill
.20 in any surface irregularities and eliminate air pockets. Initially employed for this purpose were
materials such as silicone grease or wax filled with a thermally-conductive filler such as aluminum
oxide. Such materials usually are semi-liquid or sold at normal room temperature, but may liquefy
or soften at elevated temperatures to flow and better conform to the irregularities of the interface
surfaces.
25 For example, U.S. Patent No. 4,299,715 discloses 2 wax-like, heat-conducting material
which is combined with another heat-conducting material, such as a beryllium, zinc, or aluminum
oxide powder, to form a mixwure for completing a thermally-conductive path from a heated element

to a heat sink. A preferred wax-like material is a mixture of ordinary petroleum jelly and a natural



been provided as an integral part of the conponent package or as separately
attached thereto for I ncreasing the surface area of the package
exposed to convectivel y-devel oped air currents. Electric f ans
additionally have been enployed to increase the volune of air which is
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includes a housing containing electronic components. A heat sink material fills the housing in

direct contact with the electronic components for conducting heat therefrom. The heat sink
20 material comprises a paste-like mixture of particulate microcrystalline material such as diamond,
boron nitride, or sapphire, and a filler material such as a fluorocarbon or paraffin. T he
greases and waxes of the aforementioned types heretofore known in the art, however, generally
are not self-supporting or otherwise form stable at room temperature and are considered to be
messy to apply to the interface surface of the heat sink or electronic component. To provide these
25 materials in the form of a film which often is preferred for ease of handling, a substrate. web, or
other carrier must be provided which introduces another interface layer in or hetween which
additional air pockets may be formed. Moreover, use of such materials typically involves hand

application or lay-up by the electronics assembler which increases manufacturing costs.
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3 or synthetic wax, such as beeswax, pal mwax, or mneral wax,
whi ch m xture nelts or becones pl astic at a tenperature above
normal room tenperature. The material can be excoriated or

abl at ed by marking or rubbing, and adheres to the surface on which it was

rubbed. | n WPX489ard, the material may be shapZETARPEO233 r od,
bar, or other extensible formwhich nay be carried in a 5
pencil -1i ke dispenser for application. U. S. Patent No.

4,466. 483 di scl oses a thernmally-conductive, electrically-insulating gasket.
The gasket includes a web or tape which is forned of a material which can
be i npregnated or | oaded with an electrically-insulating, heat
conducting material. The tape or web functions as a vehicle for
hol ding the neltable nmaterial and heat coﬂducting ingredient, if any, in a
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liquid within the operating 15 tenperature range of the electronic
appar at us. ThB2gReHWR PXide. NG opide.fbgrommittides and-aluminupnitridp) o
. Exemplary of the aforesaid interface materials is an alumina or boron nitride-filled silicone
or urethane elastomer which is marketed under the name CHO-THERM® by the Chomerics
Division of Parker-Hamnifin Corp., Woburn, MA. Additionally, U.S. Patent No. 4,869,954
10 discloses a cured, form-stable, sheet-like, thermally-conductive material for transferring thermal
energy. The material is formed of a urethane binder, a curing agent, and one or more thermally
conductive fillers. The fillers may include aluminum oxide, aluminum nitride, boron nitride,
magnesium oxide, or zinc oxide.
U.S. Patent No. 4,782,893 discloses a thermally-conductive, electrically-insulative pad for
15 placement between an electronic component and its support frame. The pad is formed of a high
dielectric strength material in which is dispersed diamond powder. In this regard, the diamond
powder and a liquid phase of the high dielectric strength material may be mixed and then formed
into a film and cured. After the film is formed, a thin layer thereof is removed by chemical
etching or the like to expose the tips of the diamond particles. A thin boundary layer of copper
20 or other metal then is bonded to the top and bottom surfaces of the film such that the exposed
diamond tips extend into the surfaces to provide pure diamond heat transfer paths across the film.
The pad may be joined to the electronic component and the frame with solder or an adhesive.
U.S. Patent No. 4,965,699 discloses a printed circuit device which inctudes a memory chip
mounted on a printed circuit card. The card is separated from an associated cold plate by a layer
25 of a silicone elastomer which is applied to the surface of the cold plate.
U.S. Patent No. 4,974,119 discloses a heat sink assembly which includes an electronic
component supported on a printed circuit board in a spaced-apatt relationship from a heat

dispersive member. A thermally-conductive, elastomeric layer is interposed between the board
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ZCT/ | B97/ 00223 board which is separated from a thermally-conductive plate by a pre-molded sheet of silicone
5 rubber. The sheet may be loaded with a filler such as alumina or boron nitride.

U.S. Patent No. 5,137,959 discloses a thermally-conductive, electrically insulating
interface material comprising a thermoplastic or cross linked elastomer filled with hexagonal boron
nitride or alumina. The material may be formed as a mixture of the elastomer and filler, which
mixwre then may be cast or molded into a sheet or other form.

10 U.S. Patent No. 5,194,480 discloses another thermally-conductive, electrically-insulating
filled elastomer. A preferred filler is hexagonal boron nitride. The filled elastomer may be
formed into blocks, sheets, or films using conventional methods.

U.S. Patent Nos. 5,213,868 and 5,298,791 disclose a thermally-conductive interface
material formed of a polymeric binder and one or more thermatly-conductive fillers. The fillers

15 may be particulate solids, such as aluminum oxide, aluminum nitride, boron nitride, magnesium
oxide, or zinc oxide. The material may be formed by casting or molding, and preferably is
provided as a laminated acrylic pressure sensitive adhesive (PSA) tape. At least one surface of the
tape is provided as having channels or through-holes formed therein for the removal of air from
between that surface and the surface of a substrate such as a heat sink or an electronic component.

20 U.S. Patent No. 5,321,582 discloses an electronic component heat sink assembly which
includes a thermally-conductive laminate formed of polyamide which underlies a layer of a boron
nitride-filled silicone. The laminate is interposed between the electronic component and the
housing of the assembly.

Sheet-like materials of the above-described types have garnered general acceptance for use

25 as interface materials in conductively-cooled electronic component assemblies. For some
applications, however, heavy fastening elements suéh as springs, clamps, and the like are required
to apply enough force to conform these materials to the interface surfaces to attain enough surface

for efficient thermal transfer. Indeed, for certain applications, materials such as greases and waxes
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Al ternatively, another approach is to substitute a cured, sheet-like

material for theée silicone grease or wax material. Such materials
may be conpounded as containing one or nore thernally- conductive
particulate fillers dispersed within a polyneric binder, and may be
provided in the form of cured sheets, tapes, pads, or filns.

Typi cal binder materials include silicones, urethanes 5
thermopl ast i¥OPUME® s, and other elastoners, with typical FOTRYE2%c| uding
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equipment to, for example, the interface surface of a thermal dissipation member such as a heat

sink. In being self-supporting, no web or substrate need be provided which would introduce
another layer into the interface between which additional air pockets could be formed.

20 It therefore is a feature of the present invention to provide for the conductive cooling a
heat-generating electronic component. The component has an operating temperature range above
normal room temperature and a first heat transfer surface disposable in thermal adjacency with a
second heat transfer surface of an associated thermal dissipation member to define an interface
therebetween. A thermally-conductive material is provided which is form-stable at normal room

25 temperature in a first phase and conformable in a second phase to substantially fill the interface.
The material, which has a transition temperature from the first phase to the second phase within

the operating temperature range of the electronic component, is formed into a self-supporting
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.dissipation member: Such member then may be shipped to a manufacturer for direct installation

into a circuit board to thereby obviate the need for hand lay-up of the interface material. Still
further advantages include a thermal interface formulation which may be tailored to provide
controlled thermal and viscometric properties. These and other advantages will be readily apparent

20 to those skilled in the art based upon the disclosure contained herein.
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6 which liquefy, nelt, or softeg at elevated tenperature
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5. Fig. 1 is a fragmentary, cross-sectional view of an electrical assembly wherein a heat-
generating electronic component thereof is conductively cooled in accordance with the present
invention via the provision of an interlaycr of a thermally-conductive material within the thermat
interace between the heat transfer surfaces of the component and an associated thermal dissipation
member;

10 Fig. 2 is a view of a portion of the thermal interface of Fig. 1 which is enlarged to detail
the morphology thereof;
Fig. 3 is a cross-sectional end view which shows the thermally-conductive material of Fig.
1 as coated as a film layer onto a surface of a release sheet, which sheet is rolled to facilitate the
dispensing of the film; and
15 Fig. 4 is a view of a portion of the film and release sheet roll of Fig. 3 which is enlarged
to detail the structure thereof.
The drawings will be described further in connection with the following Detailed

Description of the Invention.

DETAILED DESCRIPTION OF THE INVENTION

20 Referring to the drawings wherein corresponding reference characters indicate
corresponding elememts throughout the figures, shown generally at 10 in Fig. 1 is an electrical
assembly which includes a heat-generating digital or analog electronic component, 12, supported
on an associated printed circuit board (PCB) or other substrate, (4. Electrical component 12 may
be an integrated microchip, microprocessor, transistor, or other semiconductor, or an ohmic or

25 other heat-generating subassembly such as a diode, relay, resistor, transformer. amplifier, diac,
or capacitor. Typically. component 12 will have an operating temperature range of from about 6()-

80°C. For the electrical connection of component 12 to board 14, a pair of leads or pins, 16a and



tenperatures within the operating tenperature range of the electronic
conponent to better conform to the interface surfaces.

BROAD STATEMENT OF THE | NVENTI ON The present invention is
directed to a heat transfer material which is interposable between 10

the thermal interfaces of a heat-generating, electronic conponent and a
thermal dissipahin 5% menber. The material is of the gothgnish
melts or softens™at "a tenperature or range within the operating
tenperature range of the electronic conponent to better conformto the
thermal interfaces for inproved heat transfer fromthe electronic
conponent to the thermal dissipation nenber. Unli ke the greases
or waxes of such type heretofore known in the art, however, the interface
15 . material of the present invention is formstable and

sel f-supporting at room tenperature. 9 Accordingly, the material
may be fornmed into a filmor tape which may be applied using automated

equi pment to, for6bewerebvidedtddcexteidifg fram ceithdil dnd @f coOmpomerit QI inW| a cbldesddpart other
menber such as a heat be| self upportin no, we
substrate need bcé’mﬂfftb‘{?lvﬂg‘abomlléhiﬂéllﬁ ‘F‘HPP%B & SuP ppor wgmm%ﬁg?‘f?é? b‘faé@g?m

i nto the interf ateéindeiges arpredentedhataldcli ¢fi aboal3 milsr (79 atdrenisy thezbidteledne Al@rmiekly, 20
It therefore is &"&g&hulrzqng,fbetr&gwa{(ﬁrseg tonboarﬁ%' on to provide for the

conductive cooli erating el ectroni c conmponent. The
conponent Ras an operﬁﬁtmmnmm“mlﬂreammmm& presentsaﬁrst hero rramgfer surtang,

tenperature and g {jnichis cnﬁ@;ablte llﬁpﬁ{gﬁﬁal %PJcE@%?rtQHﬁ&Q ace 0 J?re%#gﬁ&ﬁﬂecond heat

'adj acency with a econd eat ran sur assocl ate
t hermal di ssi pat mpferrmm;e{% of ag @¥speiated:thermplidissipation member. 20. Dissipgtionaperhgehis A

- thermal | y- conduCloha@ctbPd e mhetdt mhSridd bOHd ﬁl@qlmwiy LOiidad Gpdef®y F1aBieAb kifdt GlcoRpirlR! 12
room 25 terrperature in a first phase and confornmable in a second phase

to substanti al | ylofp effeciikgis |dHf'%"|"f‘%1E!’ém‘al energy conductedor athervie; tigpsteryqd thareframs - Epr
transi ti onot enpegudiosds of thé pm&m:s{mfoﬁ tm@hﬂ%ﬁsmoﬂ féntRe OB dhdwi\as 8 h%ﬁit kit ﬁhvmg

h ratin re ran roni
; g elolE) N sﬁf:)p O?t It ﬁngeneta }yupla%ar baase %rt on, 24 ?ro w%c e:?tendg' a%lct)xrg?lty 0 coolmg ﬁns onenPf Whlc?lt 0

is referenced at 26. With assembly 10 configured as shown, fins 26 assist in the convective

cooling of component 12, but alternatively may be received within an associated cold plate or the

like, not shown, for further conductive dissipation of the thermal energy transferred from
15 component 12,

o The disposition of first heat transfer surface 18 of electronic component 12 in thermal
adjacency with second heat transfer surface 22 of dissipation member 20 defines a thermal
interface, represented at 28, therebetween. A thermally-conductive interlayer, 30, is interposed
within interface 28 between heat transfer surfaces 18 and 22 for providing a conductive path

20 therethrough for the transfer of thermal energy from component 12 to dissipation member 20.
Such path may be employed without or in conjunction with convective air circulation for effecting
the cooling of component 12 and ensuring that the operating temperature thereof is maintained
below specified limits.

Although thermal dissipation member 20 is shown to be a separate heat sink member,

25 board 14 itself may be used for such purpose by alternatively interposing interlayer 30 between
surface 32 thereof and corresponding surface 34 of electronic component 12, In cither

arrangement, a clip, spring, or clamp or the like (not shown) additionally may be provided for
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7 layer. The layer is applied to one of the heat transfer
surfaces, which surfaces then are disposed in thernal adjacency
to define the interface. The energization of the electronic conmponent is
effective to heat the layer to a tenperature which is above the phase
transition teWﬂe’?’éfSa?e. It is a further fREWIBI/9223t he
i nvention to provide a thermally-conductive interface for 5 _
conductively cooling a heat-generating electronic conponent having an
associ at ed t hernal di ssi pation nenber such as a heat sink. The
interface is fornmed as a sel f-supporting |ayer of a

thermal | y-conductive material which is formstable at normal room

tenperature in a first phase and ﬁubstantial!y conformable in a
second phase to the interface surfaces of the electronic conponent

and t her mal pIpERE P BradFRATRSHEe, repRRenBR'aP 3, B F i Poving MRSt
fromthe fi rst gsg ¢ re]; T1 ae con dfr §b0{i‘nwz 'Jo fm%mvf'ﬁ 'f“ﬁg

operating te rrpé’F‘&t"BF‘éC‘ P%‘WQ‘E' 'Gfﬂawéﬂén@ gurfaeen 18 alts’o’ﬁpm g2 md 34. _
Advant ages of the prms&amancawmmé Fﬂacegg%#ﬁdﬁeémtxMﬁdsﬂ' maeﬂagﬁf $03Eh togra'sé%k

which nelts or tter conform i nter
surfaces, but \ﬁﬂ?pcf’ﬁ"'?@rg'eﬂ?'fe‘s‘ﬁﬁﬁﬁrr]ﬂeﬁgf Hihermply-sanductivs material. By self-svamoninmm

t enper at uSe f orit iemesnt it Hreragkri30 g ﬁ%&l-ﬁtarﬂﬁ@ itk 1he Suppdrt tlalWeb o SN@R 3BRE would
i ncl ude anlnteH;tt may_ be fornmed into a filmor

tape without a Wep o md?%??’“éﬂ?)gah’ﬁnﬁgmg%m%% air gogkets cpuld be formedynTypicaliay
be applied usi nlg.etamtoometem mmhjfwds wimhavé chlcﬁﬁ{ead’féf'fﬂ)m dob& 1L1mtxﬁrsf(@&ﬁo§hiﬁioﬁs €

of a thermal on nmenber then may be s |pped
to a manuf acture?enf| %Pq aﬁlﬁ%lg P'P?a'fy gﬂssm%iy 10. into a circuit board to

t her eby obviate the Wheéﬁrmaay-cmmu mgpteniad fophing Iireerlamréoﬁabmm_aﬁ béform$abik |
further agvant apRSmbroh fpdutdS b B3€1 [5G LRLIAL R MNECH, BV, DE

tailored to provid edt &lsc
properties. Theseyasimegbus gybesubstantiabiconfopmable trbeseuurd@hdscy whizh isradigbid 2@mi-liquid,

to those skill el oihBrwish Qiséut mBR ffiteHRR Rurk& 18 'aﬁ&ﬁf&”e?pe&%l&%l&%gmp %rﬁﬁogem
12 and thermal dissipation member 20. The transition temperature of the material, which may be
its melting or glass transition temperature, is preferably from about 60 or 70°C to about 80°C, and

15 is tailored to fall within the operating temperature of electronic component 12.

Further in this regard, reference may be had to Fig. 2 wherein an enlarged view of a
portion of interface 28 is illustrated to detail the internal morphology thereof during the
enerigization of electronic component 12 effective to heat interlayer 30 to a temperature which is
above its phase transition temperature. Interlayer 30 accordingly is shown to have been melted

20 or otherwise softened from a form-stable solid or semi-solid phase into a flowable or otherwise
conformable liquid or semi-liquid viscous phase which may exhibit relative intermolecular chain
movement. Such viscous phase provides increased surface area contact with interface surfaces 18
and 22, and substantially completely fills interface 28 via the exclusion of air pockets or other
voids therefrom to thereby improve both the efficiency and the rate of heat transfer through

25 interface. Moreover, as depending on, for example, the melt flow index or viscosity of interlayer
30 and the magnitude of any applied external pressure 36 (Fig. 1), the interface gap between

surfaces 18 and 22 may be narrowed to further improve the efficiency of the thermal transfer
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8 BRI EF DESCRI PTI ON OF THE DRAW NGS For a
full er understanding of the nature and objects of the invention, reference
shoul d be had to the follow ng detailed description taken in
connection wt cconpanyi ng draw ngs wherei n

Fig. 1is a fﬂgakgﬁf ry, cross-sectional view of an electricg?Tassgﬁgfy
wherein a heat - generating el ectronic conponent thereof is
conductively cooled in accordance with the present I nvention via
the provision of an interlayer of a thermally-conductive material within

t he t her mal i nterace between the heat transfer surfaces of the
conponent and an associ ated thernmal dissipation menber; 10

Fig. 2 is a viewof a portion of the thermaljjinterface of Fig. 1 which is
enl arged to detail t he norphol ogy thereof; Fig.

3 is.a Cross- seqhdrébeiveere mwwmmaamm islﬂsetchﬁ@aad themA&RANGahinY Mterlayer

material of Fig. ayer onto a surface of a
rel ease sheet, il |ag‘i1fm§ﬁ@’e‘i°n1"§"‘?sotf’ ql?d’"‘gﬁ‘g PE‘&Q"}PP‘E"&{ J(,} t he di spensi ng
of the film and Unlike the greases or waxes of such type heretofore known in the art, however, interlayer

of the present invention advantageously is form-stable and seif-supporting at room temperature.
5 Accordingly. and as is shown generally at 40 in Fig. 3, interlayer 30 advantageously may be
' provided in a rolled, tape form to facilitate its application to the substrate by an automated process.
As may be better appreciated with additional reference to Fig. 4 wherein a portion, 42, of tape 40
is shown in enhanced detail, tape 40 may be formed by' applying a film of interlayer 30 to a length
of face stock, liner, or other release sheet, 44. Interlayer 30 may be applied to a surface, 46, of
10 release sheet 44 in a conventional manner, for example, by a direct process such as spraying, knife
coating, roller coating, casting, drum coating, dipping, or like, or an indirect transfer process
utilizing a silicon release sheet. A solvent, diluent, or other vehicle may be provided to lower the
viscosity of the material forming interlayer 30. After the material has been applied, the release sheet
inay be dried to flash the solvent and leave an adherent, tack-free film, coating, or other residue of

15 the material thereon. | |
As is common in the adhesive art, release sheet 44 may be provided as a strip of a waxed,
siliconized, or other coated paper or plastic sheet or the like having a rclatively low surface energy
so as to be removable without appreciable lifting of interlayer 30 from the substrate to which it is
ultimately applied. Representative relcase sheets include face stocks or other films of plasticized

20 polyvinyl chloride, polyesters, cellulosics, metal foils, composites, and the like.

In the preferred embodiment illustrated, tape 40 may be sectioned 1o length, and the exposed
surface, 48, of intcrlayer 30 may be applied to interface surface 22 of dissipation member 20 (Fig.
1) prior to its installation in assembly 10. In this regard, interlayer exposed surface 48 may be
provided as coated with a thin film of a pressure sensitive adhesive or the like for adhering
25 interlayer 30 to dissipation member 20. Alternatively, interface surface 22 of dissipation member
20 may be heated to melt a boundary layer of interlayer surface 48 for its attachment via a “hot-

melt” mechanism.



15 | Fig. 4is aviewof a portion of the filmand rel ease

sheet roll of Fig. 3 which is enlarged to detail the structure

t her eof . The drawi ngs will be described further in
connection with the follow ng Detailed . Description of the

I nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20

Referring to the_draw ngs wherein correspondi ng reference characters

i ndi cate WO 374158 r espondi ng el ements t hroughout the fi Q$T8897/08333\n
generally at 10 in Fig. | is an electrical ' assenbly which

I ncl udes a heat-generating digital or anal og el ectronic conponent, 12,
supported on an associated printed circuit board (PCB) or other
substrate, 14. Electrical conponent 12 may be an integrated _
m crochi p, mcroprocessor, transistor, or other sem conductor, or an ohmc
or 25 ot her heat-generating subassenp]y such as a diode, relay,
resistor, transforner, anplifier, diac, or capacitor. Typically,

conponent 12 wi || hawah @ipe MPSY ppliddAnd G Rieadelthédt 14315}9@&%% éﬂf&ﬂ%@@«? prrfaéeo 30

80C. For the electrijcal._cgonnection of component 12 to . a palr of
| eads or pins, ‘ié‘éf“&ﬁﬂ 30, dissipation member 20 (WﬂquWMbEmed and shipped as an integrated unit

PCT/ 1 B97/ 00223 1o an electronics manufacturer, assembler, or other user. The user then simply may remove
release sheet 44 to expose surface 50 of interlayer 30, position surface 50 on heat transfer surface
5 18 of electronic component 12, and lastly apply a clip or other another means of external pressure
to dispose interlayer surface 50 in an abutting, heat transfer contact or other thermal adjacency
with electronic component surface 18.

In one preferred embodiment, interlayer 30 is formulated as a form-stable blend of; (a)

from about 25 to 50% by weight of a pressure sensitive adhesive (PSA) component having a

10 melting temperature of from about 90-100°C; (b) from about 50 to 75% by weight of an a-olefinic, -
thermoplastic component having a melting temperature of from about 50-60°C; and (c) from about
20 to 80% by weight of one or more thermally-conductive fillers. “Melting temperature” is used
herein in its broadest sense to include a temperature or temperature range evidencing a transition
from a form-stable solid, semi-solid, crystalline, or glassy phase to a flowable liquid, semi-liquid,

15 or otherwise viscous phase or melt which may be characterized as exhibiting intermolecular chain
rotation,

The PSA component generally may be of an acrylic-based, hot-melt variety such as a
homopolymer, copolymer, terpolymer. interpenetrating network, or blend of an acrylic or
(methjacrylic acid, an acrylate such as buty] acrylate, and/or an amide such as acrylamide. The

20 term “PSA” is used herein in its conventional sensc to mean that the component is formulated has -
having a glass transition temperature, surface energy, and other properties such that it exhibits
some degree of tack at normal room temperature. Acrylic hot-melt PSAs of such type arc
marketed commercially by Heartland Adhesives, Germantown, WI, under the trade designations
“H600™ and “H251.”

25 The a-olefinic thermoplastic component preferably is a polyolefin which may be
Characterized as a “low melt” composition. A representative material of the preferred type is an

amorphous polymer of a C,, or higher alkene which is marketed commercially by Petrolite



9 16b, are provided as extending fromeither end of conponent 12

into a soldered or other connection wth board 14. Leads 16
additionally may support conponent 12 above board 14 to define a
gap, represented at 17, of about 3 mls (75 mcrons) therebetween.

Al ternatively, conponent 12 may be received directly on board 14.
5 ported on board 14, electronic conponenjcrhgofifo@Rent s
a first heat tha?%&ypsurface 18, which is di sposatﬁe in a

thermal , spaced-apart adjacency with a correspondi ng second heat
transfer surface, 22, of an associated thermal dissipation nenber. 20.

Di ssipation nenber 20 is constructed of a netal material or the
| i ke having a heat capacity relative to that of conmponent 12 to
be effective is dissipating thermal energy conducted or otherw se
transferred therefrom For 10 pur posesi3of the present illustration,
thermal dissipation nenber 20 is shown as a heat sink having a

gener.al | y pl anarCéaparatiopOTlsapOK, der tenada dakigraionc'Vyean®|2602" Stchmateridlynagbe further

cooling fins, on&aggte?zedgsliéetfonhm.rameslref erenced at 26. Wth assenbly 10

configured as shown assi st 1n'the convective cool i ng of
conponent 12, but alternatively may be received within an associ ated cold
pl ate or the i ke, not shown, for Ifbleiher conductive dissipation
of the thermal energy transferredg s?d!l onponent 12.

The disposigion of first heat trg (gbap;lﬁg;rom c conponent
12 in thermnal s <¥e ; scond-hes ah ace 22 of
di ssi pati on nenber 20 defl"ﬁ‘é%c“é?" i nt e?@oﬁﬂ;‘mdr epresent ed at

28, therebetween. A ther niighingRotUSSTM® 36)t er | ayer, 3630°Fg54a0)er posed
within interface 28 bet we %@@Aéﬁ%ﬁzﬁ@rsurfaces 18 and 22 for providing
a

a conductiyp path 20 the transfeggpi bhermal energy

from conponent 12 to dissi I on menber 20 uch path nmay be
enpl oyed wi thout or in co mﬂﬁtf@"mr(AWM@ tVective air circulation for
ef fecting the cd@ A #P° @orrponent 12 and end®&Mhg that the

operating tenperature thergof..i 3 ed
limts. 15 d di ssi patlon0 3 20 is shown
to be a separate heat sin 93° board 14 pEg smay be used
for such purpose by alternatively in | interl ayer et ween
surface 32 thereof and cor'P@Q?.)UH'@}P?FdA§TB' %%5%34 of el ectronl® conponent 12.
In either arrangenent, a cli p, spring, or clanmp or the like (not

shown) addié ionally nmay be provided fo
2 By varying the ratio within the specified Jimits of the PSA to the thermoplastic componen.

bel ow specified

the thermal and viscometric properties of the interlayer formulation may be tailored to provide
controlled thermal and viscometric properties. In particular, the phase transition temperature and
melt flow index or viscosity of the formulation may be selected for optimum thermal performance
with respect to such variables as the operating temperature of the heat generating electronic
25 component, the magnitude of any applied external pressure, and the configuration of the interface.
In an alternative embodiment, a paraffinic wax or other natural or synthetic ester of a long-
chain (C,,, or greater) carboxylic acid and alcohol having a melting temperature of from about 60-
70°C may be substituted for the thermoplastic and PSA components to comprise about 20-80% by
weight of the formulation. A preferred wax is marketed commercially by Bareco Products of Rock
30 Hill, SC under the trade designation “Ultraflex® Amber,” and is compounded as a blend of clay-
treated microcrystalline and amorphous constituents. Such wax is additionally characterized in
Table 2 which follows.
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10 appl ying an external force, represented at 32, of from about
1-2 I bs[err] for inproving the interface area contact between

I nterlayer 30 and surfaces 18 and 22 or 32 and 34. In
accordance with the precepts of the present invention, interlayer 30 is
formed of aYeRyHa1s9 supporting film sheet, or othBET 225f a
thermal | y-conductive material. By "self-supporting,” 5 it is meant
that interlayer 30 is free-standing w thout the support of a web or
substrate which would I ntroduce another |ayer into the thermal

i nterface between air pockets could be forned. Typically, t he
filmor sheet of interlayer 30 will have a thickness of from about 1-10
mls (25-250 m crons) dependingl pon the particul ar geonetry of
assenbly 10. The thernmall y-conductive material formng
interlayer 30 is fornulated to be formstable 10 at normal room
tenperature, i.e., about 25[err]C, in a first phase, which is solid,

sem -solid, glassy, or crystallable@ but to be substantially

conformable in a second phase, kied? Properfies df Rehrekend@dl - | 1 qui d, or

otherwi se viscous nelt, to ipkghlieMax edhpieRIubind®hmgnof . respectively,
el ectronj c conponent -S54 ' er 20. The

transitibn tenperature Yehtipggoi B 120hi ch may bd®8°F(68°C)  jts melting
or glass transition tenyecasity(8STMD 3236f erably from about 60 or 70[err]C to
about 80[err]C, and 15 @210°F(9%Chailored to fall wiBkPn the operating

tenmperature of el ectr onpgnAQIRAARTM &2321)

@ 77°F (25°C) 29 mm
10 @ 110°F (43°C) 190 mm
Density (ASTM D 1168)
@ 77°F(25°C) 0.92 g/em®
@ 210°F {99°C) 0.79 glecm?®
.15 In either of the described embodiments, the resin or wax components form a binder into

which the thermally-conductive filler is dispersed. The filler is included within the binder in a
proportion sufficient to provide the thermal conductivity desired for the intended application. The
size and shape of the filler is not critical for the purposes of the present invention. In this regard,
the filler may be of any general shape including spherical, flake, platelet, irregular, or fibrous,
20 such as chopped or milled fibers, but preferably will be a powder or other particulate to assure
uniform dispersal and homogeneous mechanical and thermal propertiecs. The particle size or
distribution of the filler typically will range from between about 0.25-250 microns (.01-10 mils),

but may further vary depending upon the thickness of interface 28 and/or interlayer 30.
It additionally is preferred that the filler is selected as being electrically-nonconductive
25 such that interlayer 30 may provide an electrically-insulating but thermally-conductive barrier
between electronic component 12 and thermal dissipation member 20. Suitable thermally-
conductive, electrically insulating fillers include boron nitride, alumina, aluminum oxide.
aluminum nitride, magnesium oxide, zinc oxide, silicon carbide. beryllium oxide, and mixtures

thereof. Such fillers characteristically exhibit a thermal conductivity of about 25-50 W/m-°K..



Further in this regard, reference may be had to Fig. 2 wherein an enl arged

view of a - : portion of interface 28 is illustrated to detail the

i nternal norphol ogy thereof during the enerigi zati on of

el ectroni c conponent 12 effective to heat interlayer 30 to a tenperature

which is above its phase transition tenperature. Interlayer 30

accordingly i QE 0 have been nelted 20 or ot her Wigg188dos3ed

froma formstgg’ X‘@B’fld or sem -solid phase into a flowabl e or otherw se

conformable liquid or sem-liquid viscous phase which may exhibit relative

I nt ermol ecul ar chain novenent. Such vi scous phase provides

I ncreased surface area contact with interface surfaces 18 and 22,
and substantially conpletely fills interface 28 via the exclusion of air
pockets or other voids therefromto thereby inprove both the
efficiency and the rate of heat transfer thrmugh 25 i nterface.

Mor eover, as depending on, for exanple, the nelt flow index or viscosity of
i nterl ayer 8ddivonal ﬁlh&s amagddiﬁud may be imlyde&lpip Ii:imlﬂyeﬁﬂew the|exyentabas tkee
36 (Fig. 1), the r y he
nar toved 1o f ur c el EREGRT Rod Ghel Filhicat propsrics ueH, aBEF ofdiyWippfomilY A
WO 97/ 41599 aforementioned, a solvem or other diluent may be employed during compounding to lower the
EST/ | B97/ 00223 vnsc |tg o\(,"vtehg F]nate jal for |m?roved lxm% anéisdgl(ljvgfyat X avennoxﬁl w?]ttmg tﬂaacxfgmg, or

change of the rra@@rfpgmng @gemsngxgmpm% rflamg getardants, and antioxidants also may be added to the
formulation depending upon the requirements of the particular application envisioned. The

formulation may be compounded in a conventional mixing apparatus.
Although not required, a carrier or reinforcement member (not shown) optionally may be
incorporated within interlayer 30 as a separate internal layer. Conventionally, such member may
10 be provided as a film formed of a thermoplastic material such as a polyimide, or as a layer of a
woven fiberglass fabric or an expanded aluminum mesh. The reinforcement further supports the
interlayer to facilitate its handling at higher ambient tcmperatures and its die cutting into a variety
of geometries. '
The Example to follow, wherein all percentages and proportions are by weight unless
15 otherwise expressly indicated, is illustrative of the practicing of the invention herein involved, but

should not be construed in any limiting sense.

EXAMPLE

20 Master batches representative of the interlayer formulations of the present invention were

compounded for characterization according to the following schedule:



30 additionally contributes to the cooling of conponent 12.

Unl i ke the greases or waxes of such type heretofore known in the art,
however, interlayer of the present invention advantageously is
form stable and sel f-supporting at roomtenperature. 5 Accordi ngly,
and as is shown generally at 40 in Fig. 3, interlayer 30 advantageously may
be rovided in a rolled, tape formto facilitate its application
to the subst?&’é"b”?’ an aut omat ed process. As may

appreciated with additional reference to Fig. 4 wherein a portion, 42, of
tape 40 ~1's shown in enhanced detail, tape 40 may be forned by
applying a filmof interlayer 30 to a | ength of face stock

liner, or other release sheet, 44. Interlayer 30 may be applied to a
surface, 46, of 10 rel ease sheet 44 in a conventional manner, for
exanple, by a direct process such as sprayygg, knife coating,
roll er coating, casting, drumcoating, dipping, or like, or an indirect
transfer process utilizing a silicon rel ease sheet. A solvent,

di luent, or other vehicle may be provide o_l ower the " viscosity
of the material formng interlayer 30. Af the material has been appli ed,
the rel ease sheet may Regresbniathd LiterlahvérdPotimidiiens ol vent and | eave an
adherent, tack-free film coating, or other residue of 15 .

mat eri al  hereon. Vybaf®25°'g HBP8 % | s Uiteafime® Ambber he adh«gglfa%‘kg%)

rel ease sheet 44 may be provided as a strip of a waxed,

siliconized, or coat.gds,paper lastic t or t J 1K yings a
relatively | owsqaﬁH}jiop' pn&vﬁhﬁ ?‘M %)GD as (@gsﬁe renovapl ﬁ&r}@outﬂ :
appreci able 1i8tfng of intéﬁlayer 3022romthe substrate to which it i3
ultimately applsized. Represegnptative refyease sheets include face stockszgr

ot her fi of asticized 20 ol yvinyl chloride, polyesters,
ceIIqusk@g, n@%gl foils, éénposites,gand the like. % 30,
the preferred &odinent illustrated, tape 40 ma§ be sectioned to | emsft h,
and the exposed , urf ace, , of interlayer 30 may be gpplied to
interface surface 22 of dissipation nenber 20 (Fig. 1) prior to
its installatid®in assenbl®® 10. In t®i s regard, interlay@f exposed surface
48 may be 310 provided as coatedg with a thin filmof a presgure

sensitiv§5adhe ;ye or the Iike for adhering 25 6 i nt 5Iayer 30 to
di ssi pation mw_umumen

menber 20 may be heated to nelt a boundary | ayer of interlayer

surface 48 for “ITTs artachnent via a hot- nmelt" mechani sm
'a-olefinic thermoplastic, Petrolite Corp., Tulsa, OK

2acrylic PSA, Heartiand Adhesives, Germantown, W1
20 3paraffinic wax, Bareco Products Corp. Rock Hill, SC
“Boron nitride, HCP particle grade, Advanced Ceramics, Cleveland, OH
5Zinc oxide, Midwest Zinc, Chicago, II; Wittaker, Clark & Daniels, Inc., S. Plainfield, NJ
SAlumina, R1298, Alcan Aluminum, Union, NJ

The Samples were thinned to about 30-70% total solids with toluene or xylene, cast, and

25 then dried to a film thickness of from about 2.5 to 6 mils. When heated to a temperature of
between about 55-65°C, the Samples were observed to exhibit a conformable grease or paste-like
consistency. Tﬁe following thermal properties were mcasured and compared with conventional

~ silicone gréasé (Dow 340, Dow Corning, Midland, MI) and metal foil-supported wax

(Crayotherm™, Crayotherm Corp., Anaheim, CA) formulations:
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12 Wth tape 40 so applied and with rel ease sheet 44
protecting the unexposed surface, 50, of interlayer 30,

di ssi pation nenber 20 (Fig. 1) may be packaged and shi pped as an integrated
uni t wols9a el ectroni cs manufacturer, assenbler, or 0023E" -
The user then sinply may renove rel ease sheet 44 to expose
surface 50 of interlayer 30, position surface 50 on heat transfer surface

5 18 of el ectronic conponent 12, and lastly apply a clip or other
anot her neans of external pressure to dispose interlayer surface
50 in an abutting, heat transfer contact or other thernal adjacency

wi th el ectronic conponent surface 18. In one preferred

enbodi nent, interlayer 30 is fornulated as 1 formstable blend of: (a)
fromabout 25 to 50% by wei ght of a pressure sensitive adhesive (PSA)
conmponent having a 10 melting tenp@adé4ire of from about
90-100[err]C, (b) from about 50 t’l‘?ne751/ﬁr9 ygg&g'pet (s)Jm@m [err]-ol efinic,

t her nopl asti ¢ conmponent having g fwElllNng 1.enp s f rom about
50-60[err]C, and (c) from about = 0~ 8U% DYkt  Of TRGRaP’
nmore thermally-conductive fillers. "Melting tenperat Ufnﬁ:edhﬁceﬂse@onductwnys

herein in its bsampleso. s@oafulktion Fildryle %) t SRAGEsIAIR) OF  LEORPWAL Ur quindige
evi denci ng a transtttor——————fefm-a—fofrmstabre—sot-th—sem—seH-e—

crystalline, or_glassy phase to a flowable liquid, sem-liquid, 15
or ot herw se V|§qous pha%(f‘eng{ rrel Z%I ch may é)e char act&uzed as e>§h,| biting

i nt ernol ecul ar chain ion. PSA
componentl0gener3?l y may HRlends an 62%3“ i c-basedl, hot - rrel@12'ar| ety sdéh as a
3-3 blend 62% AI/BN 4 0.09 1.7
36 wax? 60% Al 25 0.04 23
5-1 wax 50% BN 4 0.10 1.5
3-7 blend 62% Zn0, 4 0.14 1.1
15 3-8 blend 30% BN 25 0.07 1.
3-10 blend 70% ZnO, 3 0.12 0.95
Crayotherm wax/foil®  ZnO, 25 0.11 0.93
3-2 blend 62% Al 5 0..26 0.74
3-6 wax ~ 60% Al 5 0.30 0.65
20 5-1 wax 50% BN 5 0.12 1.64
Dow 340 grease’ Zno, 5 (true %) 0.36 0.54
'blend of Vybar® and H600
25 *Ultraflex® Amber

*metal foil-supported wax

‘silicone grease

*measured using from about 10-300 psi applied external pressure
®spacers used to control thickness

30 The foregoing resuits confirm that the interlayer formulations of the present invention

retain the preferred conformal and thermal properties of the greases and waxes heretofore known



honopol ynmer, copol ynmer, terpolyner, interpenetrating network, or blend of
an acrylic or ° (meth)acrylic acid, an acrylate such as butyl
acrylate, and/or an am de such as acrylam de. The 20 term"PSA" is
used herein in its conventional sense to nean that the conponent is
formul at ed has having a glass transition tenperature surface
energy, and other properties such that it exhibits egr ee of
tack at nor mBVOPHHI™ enperature. Acrylic hot-nelt PSAs of SJEHHPV rc

mar keted commercially by Heartl and Adhesives, Germantown, W, under the
trade designations "H600" and "H251." 25 The
a-olefinic thernoplastic conponent preferably is a polyolefin which my be
characterized as a "low nelt" conposition. A representative material of the
preferred type is an anor phous polyner of a CJerr] or higher

al kene which is marketed commercially by Pq%rollte WO

97/ 41599

PCT/ 1 B97/ 00223
the art. However, such formulations additionall are form-stable and self-supporting at room
13 Cﬁ?pgfa tion, Tul'sa, OK under th% trade deS|%nat|on

"Vybar[err] 260smpesiien. fouis affarding pasipr hendling, andeapplication and obyigiing the; pecessitygfos @ j s
set forth in TafhRring substrate, web, or other carrier.

As it is anticipated that certain changes may be made in the present invention without
5 departing from the precepts herein involved, it is intended that all matter contained in the foregoing
description shall be interpreted as illustrative and not in a limiting sense. All references cited

herein are expressly incorporated by reference.



Table 1 Physi cal Pro

Representative 5 A efinic

(Vybar[err] 260) Mol ecul ar Weight =* ¢

2600 g/ nol Mel ti ng Point (ASTM D 36)

130[err] F (54[err] O Vi scosi ty(ASTM D 3236) 10
@210[err] F(99l err 357.5 cP

Penetrati on (M 321) @ 77F (EgTMMI 3
12 mm Density (ASTM D 1168) 15
@75[err]F(24[err] O 0.90 g/cnferr]

@ 2000F (93[err] O 0.79 g/cnferr]

| odi ne Nunmber (ASTM D 1959) 15 20

By varying the ratio within the specified limts of the PSA to the

t her nopl asti c conponent. t he thergml and visconetric properties

of the interlayer fornulation may be tailored to provide
controlled thermal and viscometric propergLg@ms!| n particul ar, the phase

transition tenperature and melt flow index or viscosity of the
formul ati on may be selected for optimumthermal performance W th
respect to such wiat isahined: as the operating tenperature of the heat '
generating el ectronic 25 conponent, the magnitude of any applied

external pressure, and the configuration of the interface.

In an altelnative enflodi nmemtmethad piroaduftivaiy cooliog heat-genekating ¢lettramiatomppnent having
synthetic gster B '
2cid and & Coholam)%é\??drll) '&%pera?xre ra%ge abov%@?xlglb{oéqng ;%:?ag{tﬁ %ﬁg%at?rgﬁs&?%wrﬂcg
70C may be3 substdispepakle irf thermah ednqq@oorrmpi msrcond heaidtramsier wwlagsorfemthermab disgipation s e
about  20- 89% by member 1o define W intithcetherdrfve b '&Mln@ﬁ'lbnp&mpﬁs:ﬁg @ QEgsQE Wax is

mar ket ed commercially by Bareco Products of H'll, SC under
the trade designati o) U t P&’P’FE‘&E@FF‘P‘MW’E\"’“"C ’aﬂ?f"‘] g"‘%ﬁfﬁ’tﬁ@ﬁ&h‘ﬁ apmorgalifpem,

of clay- 6 tempetafuferih @ GirsipHaseQnd Yontainbid R aastdn@mgenb@.m&amn,shu Edltﬁiilie'iface

h X 1 I t.i,onall har riz | Tab
Such wa % addi t, said gtat%nal ¥av(|:ngaa traax(lzstlt%n tem%gramre from said first phase to sald secor J phase w:thm t\ﬁs

8 operating temperature range of said electronic component;
9 {b) forming said material into a self-supporting layer:
10 {c) applying said layer to one of said heat transfer surfaces;
11 (d) disposing said heat transfer surfaces in thermal adjacency to define said
12 interface: and
13 (e) energizing said electronic component effective to heat said layer to a temperature
14 which is above said phase transition temperature.
1 2. The method of claim 1 further comprising an additional step berween steps (d) and (e) of
2 applying an external force to at least one of said heat transfers defining said interface.
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s A
I%’ﬁysi cal Properties of Representative

Paraf fi nic Wax Conponent (U traflex[err] Anber) 5

Mel ting Point (ASTM D 127) 156[err]F (69[err] O

Vi scosity (ASYRH4E9%6) @ 210[ er r | REGB)7/00223

13 cP Penetrati on (ASTM D 1321)

@ T77[err]F(25[err] Q) 29 mm 10

@110[err]F(43[err] C 190 mm

Density (ASTM D 1168) @ 77F(25[err] O

0.92 g/cnferr] @210[err]F (99[err] C

0.79 g/cnferr] 20
1 3. The method of claim 1 wherein said material is provided in step (a) as comprising a biend
2 of: _
3 6] from about 25 to 50% by weight of an acrylic pressure sensitive adhesive
4 component having a melting temperature of from about 90-100°C;
S (ii) from about 50 to 75% by weight of an a-olefinic, thermoplastic component
6 having a melting temperatre of from about 50-60°C; and
7 (iii) _ from about 20 to 80% by weight of one or more thermally-conductive fillers.

4, The method of claim 3 wherein said material has a phase transition temperature of from
2 about 70-80°C.
1 5. The method of claim 1 wherein said material is provided in step (a) as comprising a blend
2 of: _
3 (i) from about 20 to 80% by weight of a paraffinic wax component having a melting
4 temperature of from about 60-70°C; and
5 (ii) from about 20 to 80% by weight of one or more thermally-conductive fillers.
6. The methed of claim 5 wherein said material has a phase transition temperature of from

2 about 60-80°C.
1 7. The method of claim | wherein said thermal dissipation member is a heat sink or a circuit
2 board.
1 8. The method of claim 1 wherein said layer is applied in step (c) to the heat transfer surface
2 of said electronic component.
1 9, The method of claim 1 wherein said layer is formed in step (b) as a film having a thickness
2 of from about 1-10 mils (0.025-0.25 mm).
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15 In either of the described enbodi nents
eonponents ‘form a binder into whi ch the thernallyTIHlﬁn
filler is dispersed. The filler is included within the binder

proportion sufficient to provide the thermal conductivity deS|red for the

i ntended application. The . size and shape of the filler is not
critical for t ses of the present invention. In thisr Q@ﬁg7
the filler ug)eygéf"ggny general shape including spherical, 100223
pl atel et |rregular or fibrous, 20 such as chopped or mlled

fibers, but preferably will be a powder or other particulate to assure
uni for m di spersal and honpbgeneous nechani cal and thermal properties. The

particle size or distribution of the filler typically will range
from between about 0.25-250 mcrons (.01-10 mls), but may
further vary dependi ng upon the thickness ofggnterface 28 and/or interlayer
30. It additionally is preferred that the filler is

sel ected as being electrically nonconductive 25 such t hat interlayer
30 may provj de an eletrlcall i nsul atin ut t hermal | y- uctiye bar [
bet ween el €kt ronit® coﬁkbecfﬁﬁ 'H‘n%w'f"ﬁ%’r‘ é?f’fﬁé‘fﬁ“&% 3 8‘?‘"’{% {E g5t e
thermal ly- 2 from the (mdxpctansmmg eifEhbi'd’nl maidb yalumtw,l ﬂtnmingnfoxhdee lammmni nitidde,
bor on nltrléje al um na umi umo

magnesi um oxi de, ma%"r%m“dfxlge 2SO OSH'C "acrabb'd(febe'gg'f'?/f”f' ﬁ?%")?xpées ﬁe(?f mi xt ur es
t hereof. Such fillers char acterl st ically exhibit a thermal conductivity of

about 25-50; Wm [jerr] / 3
PCT/ | B97/ 0012 [l? Ifhe method of claim 5 wherein Wﬂ &Z o?'pntril%%hermally conductive fillers is selected

from the group consisting of boron nitride, alumina, aluminum oxide, aluminum nitride,

3 magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, and mixtures thereof.

12. The method of claim 1 wherein said self-supporting layer is formed in step (b) by coating
a film of said material onto a surface of a release sheet, and wherein said layer is applied in step
(c) by adhering said film to one of said heat transfer and removing said release sheet to expose said
film.

W N -

13, A thermally-conductive interface for interposition between a heat-generating electronic
component having an operating temperature range above normal room temperature and a first heat
transfer surface disposable in thermal adjacency with a second heat transfer surface of a thermal
dissipation member, said interface comprising a self-supporting layer of a thermally-conductive
material which is form-stable at normal room temperature in a first phase and substantially
conformable in a second phase to said interface surfaces, said material having a transition

temperature from said first phase to said second phase within the operating temperature range of

00 ~N & WK AW N e

said electronic component.
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15 Additional fillers and additives may
interlayer -30 to the extent that the thermal cond @Illmnllﬂm&mmlll
ot her physical properties thereof are not overly conprom se

aforenmenti oned, a solvent or other diluent may be enpl oyed during

conpoundi ng to | ower the viscosity of the materi aI for inproved

m xi ng and del i ver Conventional wetting opacifying, or

anti - f oam ng YR¥MI®® pigrents, flame retardants, and anti oxrﬁyms’g’“%ﬂzéo may

be added to the formul ati on dependi ng upon the requirenments of
the particul ar application envisioned. The formul ati on may be
conpounded in a conventional m xing appar at us. Al t hough
not required, a carrier or reinforcenment nmenber (not shown) optionally may
be i ncorporated within interlayer 30 as a separate interna

| ayer. Conventionally, such nenber may 10 be provided as a filmforned

of a thernoplastic material such as a polyTmde, or as a |layer of a

woven filergl agg falw;é ifteice IS JEE? i nf or cement
further supports t e ¢ ﬁ%%‘éﬂm%fd'ﬂ}a&ﬁ?‘a Jl?st%%-eg?d{og handl i ng at

hi gher arfoi ent terrpé"? at ur remzahent254o §0% 'Uu‘vmhﬁgf AmpaYlic pressyretsgnsitive adhesive  of

geonetri es. component having ameltm-'g_hﬁnp@&ﬂﬂa%ﬁr pbatlgoqugeceherein al |
per cent ages and proE)bortlons are b¥%7§ygbt unl ess 15 ot herw se

express| y* i ndi cat ed®i s i FPREPEHS Y Msight ofcamiocolefigico thepmaplastin componsnt
herein imvol Veﬂawﬂglktmeltmg temperaturé SiGFntlabd G s0l80°¢;Qnt rued i n any | I'm t ' ng
sense. 20
Master bt ches repr 8ent alPRabEt 29 0% by yejeht of ong of mere H‘FF‘E?H%‘CW“‘E‘Wé rB‘F’és ent
i nvention were conpounded for characterization according to the
foll ow ng sc¢ he%l_l ©" The interface of claim 14 wherein said material has a phase transition temperature of from

2 about 70-80°C.

1 16. The interface of claim 13 wherein said material comprises a blend of:

2 @) from about 20 to 80% by weight of a paraffinic wax component having a melting

3 temperature of from about 60-70°C; and

4 (b) from about 20 to 80% by weight of one or more thermally-conductive fillers.

1 17. The interface of claim 16 wherein said material has a phase transition temperature of from

2 about 60-80°C.

1 18. The interface of claim 13 wherein said layer is a film having a thickness of from about I-

2 10 mils (0.025-0.25 mm).

1 19. The interface of claim 14 wherein said one or more thermally-conductive fillers is selected

from the group consisting of boron nitride, alumina, aluminum oxide, aluminum nitride,

3 magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, and mixtures thereof.

1 20. The interface of claim 16 wherein said one or more thermally-conductive fillers is selected

2 from thc group consisting of boron nitride, alumina, aluminum oxide, aluminum nitride,

3 magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, and mixtures thereof.
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Representative Interlayer Formulations 5

Vybar[err]260[err] H600[err] Utraflex[err] Anber[err] Filler ( wt.
% (WM. 9% (WM. 9% (wm._29

BN[ err] Zng err] sg? Al [ er r] 3-1 45 PC@'[B”’“M”
22 33 3-2

47 17 36 10
3-3 47 17 6
30 3-6 40

60 3-7 40 19

41 3-8 50 23 25

25 3-10 34 16

50 15 5-1 _ 67

33 1 21. The interface of claim 13 which is coated as a film onto a surface of a release sheet.
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[err]-olefinic thernoplastic, Petrolite Corp., Tulsa, K

[ferr]acrylic PSA, Heartland Adhesives, Gernmantown, W 20 -~

[err] paraffinic wax, Bareco Products Corp. Rock Hill, SC

[err]Boron nitride, HCP particle grade, Advanced Ceranics, O eveland, OH
[err] Zinc oxide, Mdwest Zinc, Chicago, Il; Wttaker, Cark & Daniels,

Inc., S. Plainfy [err] Alum na, R1298, Al can )

Uni on, NJ W6 blessh The Sanples were thinned to abo@#“g%ggﬁb@b
total solids with toluene or xylene, cadt/ fand 25 then dried to a film

t hi ckness of fromabout 2.5 to 6 mls. Wen heated to a tenperature of
bet ween about 55-65[err]C, the Sanples were observed to exhibit a
conformabl e grease or paste-like 28 (of0 '35ency.zghe fol |l ow ng
thermal properties were neasured and co waredra;th convent i onal

silicone grease (Dow 340, Dow Cor ng-Rg, yM Yand Ng=aet al
e’ﬁ LA '5&1"

foil-supported M@x (Crayf_ ‘14ﬂ ¢ -;hi’ Cor p. , Anqﬂ;im
ch, /3l s ;;;k i A
AN

22 4"111244135:;?5551"4 30

18 =iINE R NI VT

18~ NN __éusb

Fig. 4



i7 DT Table 4

Thermal Properties of Representative S o X and
Conparative Interlayer Formnulations o _ S
Ther mal Thermal 5 - _
| npedance[err] Conductivity[err] : 5Sanple No. Formulation Filler
(wt. % Thlckness(mls) ([err]Cin/w (vv/rr[err]K) L ;, 10
0.14

gl Snd[ err] USI glﬁ delec'?i!omc componetib. Kﬁe elastomeric memper may be formed ofy sificone and
1.3 preﬁraBly includes a fiﬂEIGSihdh as aluminum oxidé % BrbBtride. 60‘V4AI

: 3-
(2). gg OUOS4 Patent No. 4 972 034 discloses a pl\[:gntgd ]Cll'CU.lt boargslevice which includes 30os
BN circu## board which is separafdd lfpom a thermally-cdndictive plate by a pre/molded sheet of
blend . _ 62% ZnJ err y 0.p14 y ﬁ T 15
3-8 5> siljgops,pbber. The sheeqmay m\Ioaded with a filler such ag algmina or boron nitride. 07
1.5 3- éQ; P | 147,959 { ﬁ}
0 12 atent N@ f]@ 95 d#]sglro?ﬁs v\gf({%%q F&lrd]litwe,ze trlcalﬁy insulating
2.5 mterfaceomgtgnal comprising aothggloplasuc Or Cross Bnl@,d elastomer filed mith hexagonal
62% Al
nax boron mgbd%) oAlalumlm The mategzg %?ay be formed as a xalxtuée of the elastomeroanggillfﬁ
5-1 whyighkmixture then may be casb6@m&NEd into a sheet or ofher form. 0.12

056 10 B, ¥R No. LA REble s Gimty prutgivey piecisoly aubing

[ err] Ul traffilled [etastoeAntre preferred filler if @exabdfl 8broh Giitridé.UPRRI IR eM3¥%mer may be
[err]sili Cofnrme% mtosb?ocks sheets, or films using conventional methods.

U.S. Patent Nos. 5,213,868 and 5,298,791 disclose a thermally-conductive interface

fnaterial formed of a polymeric binder and one or more thermally-conductive fillers. The fillers

15 may be particulate solids, such as aluminum oxide, aluminum nitride, boron nitride, magnesium .
oxide, or zinc oxide. The material may be formed by casting or molding, and preferably is
provided as a laminated acrylic pressure sensitive adhesive (PSA) tape. At least one surface of
the tape is provided as having channels or through-holes formed therein for the removal of air
from between that surface and the surface of a substrate such as a heat sink or an electronic

20 component. | |

U.S. Patent No. 5,321,582 discloses an electronic component heat sink assembly which
‘includes a therma'lly-conductive laminate formed of polyamide which underlies a layer of a boron
nitride-filled silicone. The laminate is interposed between the electronic component and the
housing of the assembly.

25 - IBM Technical Disclosure Bulletin Vol. 23, No. 6, November 1980, discloses a thermal
interface including a cap to which an inside surface thereof is applied a metallization layer which
is solder wettable. A low meltirig solder layer is applied over the metallization layer such as by
re-flowing a solder pre-form formed of a eutectic alloy, with a thin layer of thermal grease being
deposited over the solder lajer. The cap may be assembled in an overlying relation with a

30 substrate, and a light pressure applied. The assembly then may be heated to re-flow the solder

" and seal the cap to the substrate.
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';[ er r'] measured using from about 10- 3_00 psi applied external
[err]spacers used to control thickness 30 : Tqmmﬂm‘“lullll““'
results confirmthat the interlayer formulations of the present ¢ nvention =

Tetain the preferred conformal and ther properties of the greases and
waxes heretof ore known WO 7/41599

PCT/ 1 B97/ 00223 :

18 in the art. However, suche{ QNgy! ati ons additional | y are
formstable and self-supporting at room — tenperature, thus

af f or di ng ®ési srclaieed| i ng and application and obviating the necessity for a
supporting substrate, web, or other carrier. As it i's .

anticipated that certain changes may be nade in the present i nvention

wi thoutt5 1. A mletp@cr b1 dogdderiosty tdmempnaea{gbmrhmg&lmtrmmwodmmdem i(12) Ihsvmg an

i htended that all er contai ned t he forego
_ ? operat%lg temperature range a ove normaq room temperaglre ax% a first heat transter surface (18)

disposable in thermal adjacency with a second heat transfer surface (22) of a thermal dissipation

E N S B

member (20) to define an interface (28) therebetween, said method comprising the steps of (a)
providing a thermally-conductive material which is form-stable at normal room temperature in a
first phase and conformable in a second phase to substantially fill said interface (28), said material
having a transition temperature from said first phase to said second phase within the operating

temperature range of said electronic'component (12); (b) forming said material into a self-

O 0 N1 N W

supporting layer (30); (c) applying said layer (30) to one of said heat transfer surfaces (18,22); (d)
10  disposing said heat transfer surfaces (18,22) in thermal adjacency to define said interface (28);
11  and (e) energizing said electronic component (12) effective to heat said layer (30) to a
12 temperature which .is above said phase transition temperattire, and said method. beihg
13 characterized in thét:

14 said self-supporting layer (30) is formed in step (b) by coating a film (48) of said material
onto a surface (46) of a release sheet (44); and

16 said layer (30) is applied in step (c) by adhering said film to one of said heat transfer
17  (18,22) and removing said rele'gse sheet (44) to expose said film (48).

1 2. The method of claim 1 further comprising an additional step between steps (d) and (e) of
‘2 applying an external force (36) to at least one of said heat transfer surfaces (18,22) defining said
interface (28). '

3. The method of claim 1 wﬁich is further characterize;d in that said material is provided in
step (a) as comprising either a blend (I) or (II) of: |

)] (i) at least about 25 % by weight of an acrylic pressure sensitive adhesiv_e
componetit having a melting temperature of from about 90-100°C;

(ii) at least about 50% by weight of an wa-olefinic, thermoplastic component

1
2
3
4
5
6

having a melting temperature of from about 50-60°C; and




L 4

“description shall be interpreted as illustrative and not in limtin
sense. All references cited herein are expressly IHMHHI'H"IE" ”"l
-reference. : e .
CLAI M5 What is clained: 1 1. A met hod of conductively
cooling a heat-generating el ectronic cong8nent (12) having an 2
operating tenperature range above nornmal roomtenperature and a first heat

transfer surface (18)...3 di.s ble in thermal adjacency with a second
heat tansfer surfacé"‘%‘*z’iﬁas{o"fbo'g‘%%et?yn’ﬁ‘?‘gﬂi-ozg?ep%ftm?fﬁkheﬁnﬂlyﬁ@%’éf‘ve(f?‘ 505
define an interface (B8t 1tdemoelomEryweighti i afRiaifatc ¥R0FMpohed hivigy & heming Of
(a) 5 _ providi ng a thernnllyl-g:onductive material which is formstabl e at
nor mal P ooMMERSFASHF &t fTP® abept§0-78°Crand st phase and conformable in a second

phase tg substanti al Igy) it'léalst_a%@ﬁt(i’_omﬁx(/éigﬁ%f breBor, mer@ iy Sohdctivefillerd)aVi NY
a transition tenperature fromsaid first phase to said sécond phase within
the operating 8 tenperature range of said electronic conponent (12); (b)
f or mi ngysaiyd matgLi ' Slibsein Qi i " ; ing
Sai d 1ayer X 30) e ol Bf Gats 3 ytcicin Bid oiRBPA: alace il Gnperblle R

di sposi Ag gbdud 70:881C.tand said blend (I fas eepbase 1@nsitiin temparkturerod fromdjbawteiieBp°€o
define said interface (28); 11 and (e) energizing said electronic
conponent (12) effective to heat said |layer (30) to a 12 tenperature
-which it albove Jhe depiodoéclaimnhehercinrsaid eimpmalatissipetionanentsaiisch et diddortzediregit 13
char actfri i’?g in that: 14 - said self-supporting |ayer (30) is
formed Tn erS'(b) by coating a film (48) of said material 15 onto a
~surface (46) of a rel ease sheet (44); and

1 6. The method of claim 1 wherein said layer is applied in step (c) to the heat transfer surface

2 of said electronic component.

7. The method of claim 1 which is further characterized in that said layer is formed in 'step
2 (b)as a film having a thickness of from about 1-10 mils (0.025-0.25 mm).

8. The method of claim 3 wherein said one or more thermally-conductive fillers (I)(iii) or

N =

(I) (ii) is selected from the group consisting of boron nitride, alumina, aluminum oxide,

LI

aluminum nitride, magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, and mixtures

F-N

thereof.

9. A thermally-conductive interface comprising a self-supporting layer (30) of a thermally-

[\ I

conductive material which is form-stable at normal room temperature in a first phase and
substantially conformable in a second phase, said material having a transition temperature from
said first phase to said second phase within the operating temperature range of an eiectronic
component (12) having an operating _tempefature range above normal room temperature, said
interface being characterized in that éaid material comprises either a blend () or (II) of:

' )] (i) at least about 25% by weight of an acrylic pressure sensitive adhesive

component ha\}ing a melting temperatﬁre of from about 90-100°C;

O 0 3 N W AW

(ii) at least about 50% by weight of an a-olefinic, thermoplastic component
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tlg one of Sai dsﬁiagtlﬁz:]s# 2?) 1i7S aFEHSi gg)i gnzt (ragm()\(il) ngysggge mmm“mmm”“l
(44) to expose said film(48). 1 2 The nethod of claim % farthers *

conprising an additional step between st Qs (d) and (e) of 2 appl yi ng an
external force (36) to at | east one of sdi'd heat transfer surfaces (18, 22)

defining said 3 interface (28). 1 3. The nmethod of claim 1l which
furt ded 2 t
;2 Cgﬁrprﬁleglh%%ﬁ‘t eﬁ[ng%&&e'rﬂud%?ﬁrox%%b% ??%6% aagd' S provi e(l')“ (i)s gf (a)

| east dbout 25% by v(m)g;heasoiboamw’cb;ytvelghtpresesorrmomselnmmallw®ndn¢tiesfmms;¢r
conmponegt havin - melti W from about 90-100 rr%).C' 5 ..
(ii) aﬁ“l east about §B°/aﬂ%§7 g@ﬁt §¥ Wﬁﬁ 0efr rﬁami%) Ut ALK S?mqorqérﬁ% P felting
conpondlt Gempenatiie v frdmMadbiitiG0FOL € gnar ature of from about 50- 60[err]C' and
20 7 east ut 20% by, wei or nore
t her malll4y conduct i ve {1 P4 léarséag%&og’ by we‘gﬁt of ong g jrore ﬂ(‘?“}‘al C"I“g‘é‘(’é‘f’e Bgut 20%
by wei ght of a paraffinic vvax conponent having a nelting 9 t enper at ure of

from about 60-70[err]C an (i) at_ |east about 20% by
wei ght &f dRe orlhednterfacs of ﬁlﬂlln} § whergimsaidblead (D jhpssy ghase trapsition temperature of from

2 about 70-80°C, and said blend (II) has a phase transition temperature of from about 60-80°C.

111 The interface of claim 9 which is further characterized in that said layer is a film having a
2 thickness of from about 1-10 mils (0.025-0.25 mm).

12. The interface of claim 9 wherein said one or more thermally-conductive fillers (I)(iii) or
2 (II)(ii) is selected from the group consisting of boron nitride, alumina, aluminum oxide, aluminum

nitride, magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, and mixtures thereof.
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REPLACEMENT SHEET _ _ _ , qeo8s2Y..3
——The—tret§od of claim 3 wherein said blend (1) has a phase s omy
transjtj wﬁgﬁ atjurje of from 2 abouts 70-80[err] C, and said blend (1)
pél i Si tli gn tenperature of from about 60-80[err]C. 1 5.
The: L § wherein said thernmal dissipation menber is a heat
sink or aafid isdliefecidonic ROMpéhent. 1The GlastomericT RRmMBEY Y B fednivd Ml sinbdieChid
said layer is applied in step (c{ to the heat transter surface 2 of said
el ect r oni EreéesARIL Hstides  filler such as aluminyge oxids FFRPTATNIEIEI m 1 which is further

characteri zed ijpet SRLdyl i o ; : fi havi n
a thi ckness of @'Fbgﬁgrgoﬁ?' i,_g?%,@?# Idg‘:l%%l.é gggr}%&zgﬁﬁ% l?oard %@w)xcéé‘.%théh ltf‘hgaeﬁe hog
of cl ai m 3irgkiebedrd vduadhdiscseparated foume at thermatiy-tondeaivel ipdate by o ptelmolded( hefd of )

or 2 F1). (id).d.S | ected fram, the. gr cpnsi.stin f boran nitride,
Ol o s i e, T Sebibay S Ghef e P 8 25 aiRinid By Rorop fishle. ) 1t

oxi de, silicon ©war Patkpt Ner ¥187,950 Qisclses AnBeriibiy-tor@acide, eleB@icAB  insuladn

9.
A thermal | y-conductive interface conprising a self-supporting |ayer (30?77 of
a t her nal |igterface mategial fOmprigingnat Bemmeplaglisi emcros Hnked,elastomes flled Wittnbgxagens

t enper at ung dnnifidk ik SfunfidSPhePMbterial may RSNl R4l ﬁ(ixﬁﬂt? Bpﬁ'n@%t%mlepﬁ figsond

phase, said material having a transition tenperature from4  sai I rst
phase to swiich mixowsthepmay de gist br moldebintpeshegtiongtheefopmr at ure range of an

el ectranic 5 one ( vi.ng _an operating tenperature.range ahove
nor nal 1%r oom t eng g:??‘ﬁ?‘&%lo's%@é’ ’@% d‘ﬁ%ﬁ?ﬁf‘%@%‘ y'&?fgiﬁ‘éfbvteeF eg{t}ﬁ?}?’%@ﬁéﬁg

sai d mat erfilRd elf3Maiet.S S pedfédi@l filerlik @Bhgbnal bbfon(rifrikde Of The/filled elastomer m4y be
(1) at |east about 25% 'f;ht of an acrylic pressure sensitive adhesive

b
-8 conporférredaigibigrks SH??‘/% %ﬁé_msaﬁﬁe;ca%vam@n@fmthm about 90-100[err]C; 9
- (11) at |east apQyipplYoNdRY sWR5388 8f 298| "disclseld BefmallytohdRB A fhdrfice

conponent

material formed of a polymeric binder and one or more thermally-conductive fillers. The fillers
15  may be particulate solids, such as aluminum oxide, aluminum nitride, bordn nitride, magﬁesium

oxide, or zinc oxide. The material may be formed by casting or molding, and preferably is

provided as a laminated acrylic pressure sensitive adhesive (PSA) tape. At least one surface of

the tape is provided as having channels or through-holes formed therein for the removal of air

from between that surface and the surface of a substrate such as a heat sink or an electronic
20  component.

U.S. Patent No. 5,321,582 discloses an electronic component heat sink assembly which
includes a thermally-conductive laminate formed of polyamide which underlies a layer of a boron
nitride-filled silicone. The laminate is interposed between the electronic component and the
housing of the assembly.

_ 25 . IBM Technical Disclosure Bulletin Vol. 23, No. 6, November 1980, discloses a thermal
interface including a cap to which an inside sufface &ereof is applied a metallization layer which
is solder wettable. A low melting solder layer is applied over the metallization layer such as by
re—ﬂoiwing a solder pre-form formed of a eutectic alloy, with a thin layer of thermal grease being
deposited over the solder layer. The cap may be assembled in an overlying relation with a

30 substrate, and a light pressure applied. The assembly then may be heated to re-flow the solder
and seal the cap to the substnate
Sheet-like materials of the above-described types have garnered general acceptance for usce
as interface materials in conductively-cooled electronic component assemblies. For some
applications, however, heavy fastening elements such as springs. clamps, and the like are required
- to apply enough force to conform these materials to the interface surfaces to attain enough surface

for efficient thermal transfer. Indesd, for certain applications. materials such as greases and waxes



. |essoy -2
21 10 having a nmelting tenperature of from about 50-60[err] C, ambs copy4
1 : - - (iii) at least about 20% by wei ght of one or noréPER 4 ANNEXES

| t hermal'l y- conductive fillers; or 12 (rn) (i) at |east abwatrcmeny
" 20% by wei ght of a paraffinic wax conponent having:a nmelting /e

tenperature of fro bout 60-70[err]C, and 14 ll* 1) at
| east about 20% hﬁ\ﬁi ght of ‘6% ‘m&mﬁ%ﬁﬁﬂ'ﬁ?@%uctive .
L 10 Thek eggwgﬁ A ALICROT i AFES Rt Fheth ir CQorkitgrdnHiaaty ecn

translt T O O A\~ A L LB = A\~ AL J A0 I | 7y SUl O oOroeiTiTrua
(11) hap®RIneme al Pptegt, Classificaion £ énper at irAS il h#@#ioevi)wﬁci'@ml"@@{ﬂer r] C. WO 97/41599
11. The HMB2/ITRCOHK SO& m 9 which |iAd [f er. characterized | h '
layer if a filmhaving a 2 thickne éﬁ?n’%ﬂ%ugﬁ%‘{%m” il’%‘%n @{33&&3&9’1%&&7)
(0.025-p mal Applicatidh Nuker: T*}fa—(' ondilaRial R EE e e (OF B ©
mor e tha(rnr%rgtﬁ y-bé"grfﬂﬂauf"v%m%ﬂ lers ﬁa%iﬁlblf" Fﬁg)r DE, DK, E&@"J’&&%l’g é&d rd pﬁl{
f rom t he@3) intemptiops Fdingshateng  0f4 Fetowap 1P9N(14.020T0¢, al 8BA na, al um num oxi de,

al um-num 3 nitride, nmagnesium oxide, |zinc oxide, silicon carbide,

beryl | i i@ @Mieflepatsand m xt ures thereof. Published
60/016,488 29 April 1996 (29.04.96) Us With international seqrch report.
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(57) Abstract

A thermally-conductive interface (30) for conductively cooling a heat-generating electronic component (12) having an associated
thermal dissipation member such as a heat sink (20). The interface is formed as a self-supporting layer of a thermally-conductive material
which is form-stable at normal room temperature in a first phase and substantially conformable in a second phase to the interface surfaces
of the electronic component and thermal dissipation member. The material has a transition temperature from the first phase to the second
phase which is within the operating temperature range of the electronic component,




