ELECTRONI C PACKAGE W TH COVPRESSI BLE HEATSI NK STRUCTURE

Technical Field - The invention relates to electronic pa%%‘? S szr
sem conduct or devices and particularly to such packagi ng wher ei

are utilized as part thereof.

Background of the Invention One of the goals-of electronics
packaging, in general, is to increase the capability of sem conductor
devices so as to offer nore speed, and progranm ng features, while

providing ELECTRONIC PACKAGE WITH COMPRESSIBLE HEATSINK STRUCTURE
Technical Field

The invention relates to electronic packaging for semiconductor devices and particularly
to such packaging wherein heatsinks are utilized as part thereof.

Background of the Invention
One of the goals of electronics packaging, in general, is to increase the capability of

semiconductor devices so as to offer more speed, and programming features, while providing
products having smaller, lighter physical sizes. For a given semiconductor technology, suchas
CMOS or galhum arsenide, this trend leadsto higher power dissipation and also to higher heat,
fluxes. Reliability of semiconductor devices and electronics packaging in general is coupled to
operational temperatures, with lower temperatures promoting increased reliability. Therefore, in |
order to achieve greater operational capability from a semiconductor device without sacrificing
reliability thereof, achieving better thermal pé}-formance is essential. This trend has been observed
since the inception of semiconductor devices in the industry, and is expected to continue for the
foreseeable future.

Various methods for improving thermal dissipation of an electronic package have been
introduced to accomplish this objective, examples being defined and illustrated in detail in the
following U.S. Letters Patents and other pertinent documents:

4,034,468 - Koopman 4,993,482 - Dolbear et al

4.254.431 - Babuka et al 5,088,007 - Missele T
4,825,284 - Soga et al 5,444,300 - Miyauchi

Jap. Pub. App. 3-77355(A) - Omura  Research Disclosure 340110 (8/92, No. 340)

4,034,468 and 4,254,431 are assigned to the same assignee as the present invention.
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products having smaller, |ighter physical sizes. For a given sem conductor
t echnol ogy, such as CMOS or galliumarsenide, this trend | eads to higher
power dissipation and also to higher heat, fluxes. Reliability of

sem conduct or devices and el ectroni cs packaging in general is coupled to
operational tenperatures, with | ower tenperatures pronoting increased
reliability. Therefore, in order to achpeve greater operational capability
froma sem conductor device without sacrificing reliability thereof,
achieving better thermal performance is essential. This trend has been
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+ possesses as low a thermal resistance as possible, while satisfying stringent economic factors,

assé;nbly processing and handlmg constraints, and environmental considerations. Asis known,
the chip is electrically coupled to external circuitry of the package, which in turn may form a part
of an overall larger structure, e.g., a microprocessor. Maintaining reliable connection in such
assemblies is paramount. Further, the chip must be protected from damage, debris, and chemical .
attack by coating, protecting, over@_plding, glob-top, encapsulating, or encasing the connected die
with methods and materials well-known in the industry. Chips may be packaged in such a manner
that the chip assembly may be subsequently attached to a circuitized substrate (a printed circuit
board or a flexible circuit) which forms part of the aforementioned structure. Chips or electronic
devices may also be electrically attached to a circuitized substrate using the well-known method
of direct chip attach, the chip subsequently being encapsulated, encased, or otherwise protected
with a quantity of protective material. Thus, the electronic device which dissipates power is
electrically connected to a circuitized substrate by either direct attach or is connected as a
packaged device. -

In either case, heat must be dissipated from the device without interfering with the
electrica;l connection to the circuitized substrate. It is known that some amount of heat can be
removed from the device through the electrical connections and into the circuitized substrate.
However, this heat must then be removed from the circuitized substrate and this arrangement may
not provide the most thermally efficient path. It is well known that a thermally efficient path is
that from the device directly to a nearby structure commonly known as a heatsink and

subsequently to the external atmosphere surrounding the heatsink. Various heatsink designs (such



Typically, electronics packages utilize a sem conductor device or devices.
Such devices, also known as chips or die, generate heat during operation.
The rate of heat generated is known as the power of the chip and, for a

gi ven sem conductor technol ogy, is proportional to the speed and conpl exity
of the chip. Providing a thermally conductive path fromthe chip
outward is one of the major chall enges t el ectroni cs packagi ng technol ogy.
A thermal path nust be provi ded which possesses as |ow a thernal resistance
as possible, while satisfying stringent econom c factors, assenbly

- pr ocessi nas leatsinkfincize, shapeoandtspavings)sand amaterisls (.. calumiming)l foreptimaliperformene.  As
I's known, ,the.chip is.electrically.coupled.to external .ci.ccultry of the
package, mﬁ“ﬁer’@?ﬂfl H“hﬁ?’t’fmﬁvﬁyﬁ%‘#gﬁuﬁogﬁe {Wéf"glt? &&Fﬁ%ﬁ%@#ﬁ‘é’ﬁ%& e.g.
a m cropr gckesdesired ivaithérmblsensg. r el i abl e connection in such assenblies is
paramount. Further, the chip nust be protected from damage, debris, and
chem cal attack by coating, protecting, overnolding, glob-top,

encapsul at i ng, Togic/APOiRaisiilis hé AdNBRAP bbRfd dirctly to the face of a semiconductor device.
This method of attachment utilizes a thermally efficient adhesive, typically a thermosetting epoxy,
provided in a thin layer. The heatsink is typically attached to the device after the device has been
electrically connected to the circuitized substrate, so that the heatsink does:not interfere with that
conﬁection process (typically solder wave or solder reflow processes).

One key limitation of this method of attachment is that the thermal adhesive is not
removable once it has set. Thus, the entire device must be removed from the circuit card after the.
heatsink is applied because the heatsink alone may not be removed. If component rework, nearby
device changes, or other factors requiring specific thermal processing which cannot tolerate a
heatsink present exist, the entire device must be scrapped, which is obviously economically |
undesirable.

In order to avoid this limitation, a separable connection between the device and the
heatsink is desired. In the art, it is common and known to simply press a flat heatsink base onto a
flat component face and hold it there with screws, springs, or other retention hardware which
allows the heatsink to be removed as needed. However, in practice, this “dry inté’fface” is
thermally inefficient. Because of unavoidable tolerances in manufacture of both devices and
heatsinks, neither are ever perfectly flat. Thus, the dry interface will have gaps between the
device and heatsink surface, such gaps greatly reducing thermal transfer efficiency.
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W th nmethods and nmaterials well-known in the industry. Chips may be
pPackaged in such a manner that the chip assenbly may be subsequently
attached to a circuitized substrate (a printed circuit board or a flexible"
circuit) which fornms part ofthe aforenentioned structure. Chips or

el ectronic devices may also be electrically attached to a circuitized
substrate using the well-known nethod of4 direct chip attach, the chip
subsequent |y bei ng encapsul ated, encased, or otherw se protected with a
quantity of protective material. Thus, the electronic device which
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(Such  guch as solder) and limited ability to fill gaps and conform to the heatsink and device faces
without excessive pressure being applied. It is also noted that relatively large research and
development expenses are involved in proper grease development and containment. |

A further consideration is that with temperature change, an electronic devioe may change

size in several ways. The device may simply expand, in which case whatever shape it started with
* remains with uniform dimensional change. It may change dimension in ﬁnon-uniform manner, '

e.g., warp, in whith case the interface between the heatsink and the device may change

dimensions in a complicated manner. These changes may be small or large, and the interface must

be able to provide thermal contact successfully despite these “gap changes”. Since typical

operation of an electronic device involves use at high temperature for an extended period of time,

an interface which conforms to the high-temperature interface configuration will successfully

allow cooling of the component during use.

1t is believed, therefore, that a heatsink interface which assures a “dry”, separable (e.g., no -
grease or material residue cleaning required after separation, and no grease containment issues),
thermal connection which is conformable (to accommodate variations in flatness of heatsink
and/or device face), is convenient to assemble and apply to existing electronic devices and
heafsinks, is of relatively low-cost, and provides relatively low thermal resistance would constitute

a significant advancement in the art.



3 as heatsink fin size, shape and spacings) and materials (e.g.,

al umi num) for optimal performance thereof are known in the art; however,
attachnent of the heatsink to the device often | eaves nmuch to be desired in
a thermal sense. Typi cal Iy, heatsinks are adhesively bonded
directly to the face of a sem conductor device. This nethod of attachnent
utilizes a thermally efficient adhesives typically a thernosetting epoxy,
provided in a thin layer. The heatsink is typically attached to the device
after the device has been electrically connected to the circuitized
substrate, so-that the heatsink Sommaryaiftheltventier e Wit h t hat connecti on
process (typically sol der wave or sol der refl ow processes). One
key limtation of this.-method of attachment is that the thermal adhesive is
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the circuij card aster the heatsink is applied because the heatsink al one
may not b CCLORC PRpKages. conponent rework nearby devi ce changes, or other
factors requiring specific thermal processing which cannot tolerate a
heat si nk present exist, the entire device nust be scrapped, which is

obvi ousl y econ#if & morepastigalasopiget; of the invention to provide an int device to thermally

couple an electronic device to a heatsink as part of such an electronic package.
It is another object of the invention to provide such an interface device which thermally
connects an electronic device to a heatsink in a separable manner. '

It is yet another object of the invention to provide suéh an interface device which is _
relatively inexpensive, capable of being used with existing electronic packages and heatsinks, and
s relatively simple to assemble.

It is another object of the invention to provide an electronic package utilizing such an
interface device.

It is yet another object of the invention to provide an electronic package assembly utilizing

such an electronic package having such an interface device as part thereof.

——
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In accordance with one embodiment of the invention, there is provided an electronic
package assembly comprising a circuitized substrate having a plurality of conductors on a first
surface thereof, an electronic device positioned on the circuitized substrate and electrically
coqpled to the plurality of conductors, a heatsink thermally coupled to the electronic device, a
plﬁrality of compressible, thermally conductive members positioned between the electronic device
and the heatsink and thermally connected thereto in a separate manner, and means for providing
compressive force between the heatsink and the electronic device and onto the compressible,

thermally conductive members. Selected ones of the plurality of compressible, thermally
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In order to avoid this Iimtation, a separable connection between the
‘device and the heatsink is desired. In the art, it is comobn and known to
sinply press a flat heatsink base onto a flat conponent face and hold it
there with screws, springs, or other retention hardware which allows the
heatsink to be renmoved as needed. However, in practice, this "dry
interface" is thermally inefficient. Because of unavoi dable tolerances in
manuf act ure of both devices and heat5|®ks nei ther are ever perfectly
flat. Thus, the dry interface will have gaps between the device and

heat si nk seonfiagive mitbérs greRonpresssd ay:d perghafdntlg défbradetias a t-ersﬂﬂ&ftﬁé cothgrésgiveNCy .
4 To | roethe her mal ansfer eff| |en ILs.al so known to

i ncl ude a @Eﬁfﬁ? 2 SEpAT ?°“PP°<§‘H§ @WWEW W"é‘iﬂ“’&s a t her mal

grease or conforrrabl e thermal |y conductive nateri aI Wth thermal grease
(one exanpl e being alumna-fil] ed silicon g}aease) cont ai nment of the

grease in the iln@eardanee withanqther inyertionthera is providedanslectrenic
| eakage cagy kgl BHpR&hEan electronic device, a heatsmk thermally coupled to the electronic device, a
- plurality of compressible, thermally conductive members positioned between the electronic device

and the heatsink and thermallyoonnectedthéreto in a separable manner, and means for providing
compressive force between the heatsink and the electronic device and onto the compressible,
thermally conductive members. Selected ones of the plurality of compressible, thermally
conductive members are compressed and permanently deforrned as & result of the compressive
force to provide a separable connection between the heatsink and the electronic device.

In accordance with another embodiment of the invention there is provided a method of
making an electronic package assembly comprising the steps of providing a clrcultlzed substrate
having a plurality of conductors on a first surface thereof, positioning an electronic device on the -
circuitized substrate and electrically coupling the device to the plurality of conductors, thermally
coupling a heatsink to the electronic device ina separable manner, positioning a plurality of
compressible, thermally conductive members .substantial]y between the electronic device and the
heatsink to form a thermal connection therebetween, and providing compressive force between
the heatsink and the electronic device and onto the compressible, thermally conductive members
50 as to compress and permanently deform the compressible, thermally conductive members to
provide a separable connection between the heatsink and the electronic device to thereby define -
an electronic package assembly.

. Inaccordance with another embodiment of the invention there is provided a method of
making an electronic package comprising the steps of providing an electronic device, thermally
coupling a heatsink to the electronic device in a separable manner, positioning a plurality of
compressible, thermally conductive members substantially between the electronic device and the

heatsink to form a thermal connection therebetween, and providing compressive force between
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the circuit board and pronote drying and | oss of thermal efficiency of the
‘grease interface. Use of thermally conductive conformable material, such as
an alumna or alumnumnitride filled silicon elastonmer, is known, but this
material has |imted thermal efficiency (conpared to a solid nmetal such as
solder) and limted ability to fill gaps and conformto the heatsink and
device faces w thout excessive pressure7being applied. It is also noted
that relatively large research and devel opnent expenses are involved in
proper grease devel opnment and contai nnent . A further
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the interface between the heatsink and the device may change di mensions in

a conpl i cuelegtranis paskagerhese changes may be small or iarge, and the
interface nust be able to provide thermal contact successfully despite
these "gap changes”. Since typical operation of an el ectronic device

i nvol ves use dAcchrdifig to yetanotheremabodiment, of thyinvantion] thees is provided mimsthod-of
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members on the second side of the flexible member such that selected ones of fhe second plm'ahty
of the compressible, thermally conductive members align with respective ones of the openings
substantially directly opposite the selected ones of the first plurality of compressible, thermally
conductive members and are in direct physical contact therewith, the first and second pluralities of
compressible, thermally conductive members being thermally connected.

According to another embodiment of the invention, a method of making a thermally
conductive structure is defined which comprises the steps of providing a flexible member having
first and second-opposing sides, providing at least one layer of mask material, the i;yer of mask
material substantially adhering to the first side of the flexible member, providing a plurality of -
apertures in the layer of mask material and positioning a first plurality of compressible, thermally
conductive members on the first side of the flexible member within respective ones of the

apertures of the layer of mask material.

In accordance with still another embodiment of the invention, there is provided a method
of making a thermally conductive structure which comprises the steps of providing a substantially

rigid heatsink having at least one surface, providing at least one layer of mask material, the layer
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a significant advancenent in the art.

REPLACEMENT SHEET - 5-

Summary of the Invention It is, therefore, a primary object of the
present invention to enhance the art of cooling of electronic packages.

It is a nore particular object of the invention to provide an interface
device to thermally couple an electronic¢c device to a heatsink as part of
such an el ectroni c package. I't 8is anot her obj ect of the invention
to provide such.an interface device which thermally connects an el ectronic
devi ce t OgfmisRahatériaksd i8¢ AdkeRddat rggégﬁ,% e | e t?er

obj ect of the inventig;&a&aﬁgfagﬁ/i deosuc _aoﬁﬁfmegﬁwa%]%b%pgﬁn o l RN
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the i nven%}. t g_{aﬁvi de an el ectronic package assenbly utilizing such an
el ectroni ‘ﬁ%&!‘g"é aving such an interface device as part

According to a further embodiment, there is defined a method of making a thermally
conductive structure comprising the steps of providing a member having at least one surface,
positioning a layer of adhesive material on the surface of the member, and positioning a plurality

. of compressible, thermally conductive members on the layer of the adhesive material to thereby
secure the plurality of compressible, thermally conductive members to the member.

In accordance with a still further embodiment of the invention, a method of meking a
thermally conductive structure is defined which includes the steps of providing a plurality of
compressible, thermally conductive members, providing a quantity of adhesive material, the ' = °
adhesive material substantially adhered to at least one preseleéted portion of each of the
compreséible, thermally conductive memberg, providing a member having at least one surface, and
positioning the plurality of compressible, thermally conductive members having the adhesive
material adhered thereto on the surface of the member such that the adhesive material secures the

plurality of compressible, thermally conductive members to the surface of the member.
Brief Description of the Drawings

In FIG. 1A, there is illustrated an electronic package assembly in accordance with one -

embodiment of the invention, this electronic package assembly shown prior to application of

compressive force;

In FIG. 1B, there is illustrated a much enlarged view of a portion of the electronic package

assembly shown in FIG. 1A, as indicated by the reference numeral 1B in FIG. 1A;
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t her eof . I n accordance with one enbodi nrent of the invention, there
-1s provided an el ectroni c package assenbly conpri sing: a
circuitized substrate having a plurality of conductors on a first surface

t her eof ; an electronic device positioned on said circuitized
substrate and electrically coupled to said plurality of conductors;

a heatsink thermally coupled to said ebectronic device; a plurality
of conpressible, thermally conductive nmenbers positioned between said

el ectroni c device and said heatsink and thermally connected thereto in a
separ abl e manieFIG. 2 tidredoilinsteated the electtonizrpackage/asssnabiiLio FiG.cl Anxfreb epplication
conprising a Elut%hjté.of sol der el enents; and means for providing
conpr essi en said heatsink and said el ectronic device and onto
sai d conpreSS|bIe thermal | y conductive nenbers, selected ones of said
plurality of conpressible, thermally conductlve nmenbers bei ng_conpressed
and per manent Iy % @ﬂ/‘F’cMO fegocordan %éﬂfh@éﬂthslal d
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conpri si nlgemauywndummrthqg\ﬁaﬁ&pmember This gletteonicpackage lassemblyliy
coupl ed tg, 3R békofe thié hiphilitfon B2 Yiftessive force;

In FIG. 4, there is illustrated a much enlarged view of a therxhally conductive structure
having a plurality of compressible, thermally conductive members secured to a flexible member, in
accordance with the embodiment of the invention shown in FIG. 3;

In FIG. 5, there is illustrated an electronic package in accordance with another
embodiment of the invention, this electronic package shown with compressible, thermally
conductive members secured to a flexible member. The electronic package in FIG. 5 is shown
before the application of compressive force, and is depicted attached to a circuitized substrate
with a plurality of electrical conductors; |

In FIG. 6A, there is illustrated a thermally conductive structure including a plurality of
compressible, thermally conductive members secured to a flexible member which may be used
with the embodiment of the invention as shown in FIG. 5; -

In FIG. 6B, there is illustrated a thermally conductive structure including a plurality of
compressible, thermally conductive members secured to a flexible member in accordance with
another embodiment of the invention;

=N

In FIG. 6C, there is illustrated a thermally conductive structure including a plurality of

compressible, thermally conductive members secured to a flexible member in accordance with still

another embodiment of the invention;



-6- : a plurality of conpressible, thermally conductive nenbers
‘posi tioned between said el ectronic device and said heatsink and thermally
connected thereto in a nmanner, said conpressible, thermally conductive
menbers conprising a plurality of sol der el enents; means for
provi di ng conpressive force between said heatsink and said electronic
device and onto said conpressible, thetomlly conductive nenbers, selected
ones of said plurality of conpressible, thermally conductive nenbers being
conpressed and pernmanently defornmed as a result of said conpressive force

to provide a sGRFIGIY, a8 skl AURAY SRR kavilith Slafhyecct T oni C

devi ce. In accordance W th enbodi nent ntion,

there is prospressiblesthemaliy gongdu m@maﬂmwemq@mmmhm

conpri si NoarblifRr ehbEEmett of the inventio n?r oviding a circuitized substrate having a
plurality of conductors on a first surface thereof; posi tioning an

el ectronic device on said circuitized substrate and el ectrically coupling
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substantially between said el ectronic device and sai d heatsi nk to forma
t her mal co‘?‘ﬁqect i on therebetween; and

In FIGS. 8A and 8B, there is shown yet another example of positioning the invention’s
compressible, thermally conductive members on an external surface.

Best Mode For Carrying Out The Invention

For a better understanding of the present invention, together with other and ﬁ.u’ther
i objects, advantages and capabilities thereof, reference is made to the following disclosure and
appended claims in connection with the above-described drawings. It is understood that like
numerals are used to indicate like elements ﬁ'om FIG. To FIG.

In FIGS. 1A and 1B, there is shown an electronic package assembly 10 in accordance with
one embodiment of the invention. This electronic package assembly 10 includes a ctrcmtlzed
substrate 12 (e.g., a printed circuit board) having a first surface 16 with electncal conductors 14
(e._g., copper pads). Design, manufacture, and use of various embodiments of circuitized -
substrateg such as printed circuit boards, printed wiring boards, flex circuits, etc: are known in the
electronics industry and further definition should not be necessary. Also known are various means
of electrically coupling an electronic device 18 (e.g., a semiconductor chip) to such a circuitized
substrate 12. Examples of such coupling means may include pin-in-hole solder connections, ball
grid array (BGA) solder connections, controlled collapse chip connections (C4), leadless chip
connections, and surface mount solder attach of the electronic device (if the device includes

several projecting leads). According to the invention, a preferred coupling means is to use a



provi di ng conpressive force between said heatsink and said electronic
“devi ce and onto said conpressible, thermally conductive nenbers so as to
conpress and pernmanently deform said conpressible, thermally conductive
menbers to provide a separabl e connection between said heatsink and said

el ectronic device to thereby define an el ectroni c package assenbly.

I n accordance with anot her enbodi nent aft the invention, there is provided a
nmet hod of maki ng an el ectroni c package conprising the steps of:

providing an electronic device thermal |y coupling a heatsink to

said el ec 'QHulFr
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Coﬁﬁectiom’ ‘&g@pfogaqrgyetc i generategxermalﬁ c?urigggl\éclmgala sration and which can
- 1- be effectively coupled to _aheatsmkorslmllarstrucmreusmgthet'eachmgs of the instant

invention.

It is known in the electronics art that use of a heatsink can be beneficial in reducing
temperature of an electronic device such as-chip 18. A primary consideration in the successful
muMmumumonofmmhahﬂmmmusﬂweﬁummeﬂwmmhmMMmgofﬂwhammmnoﬂunkwmzso
that a path of low thermal resistance is created. A path of lower thermal resistance allows 2
greater rate of heat to be dissipated by the heatsink such that the electromc device can in turn
generate a greater rate of heat during operation. There are, of course, other considerations
ngmﬂmgﬂmﬂmnmﬂnmmuwmmnoﬁmehmnmhpﬂkmwmmmmh;awhmumﬂmwowxﬂw
heatsink, heatsink fin design, internal thermal resistance of the electronic device, thermal path
design from the device to the underlying clrcumzed substrate, etc. As understood, the invention
is directly concerned with heat transfer from device to heatsink or similar body. Implementation
of the present invention can be accomplished in cbnjunction with virtually any combination of the
above other considerations, assuring a beneficial result for any such combination. _

In the drawings, the heatsink is represented by'fhe numeral 22 and is preferably metallic -
(e.g., copper or aluminum). This heatsink may include a planar base portion 23 having one or '
more (preferably several) upstanding fins 24 projecting from the base. Such fins are spacedly
positioned from one another to facilitate passage of air therethrough. The invention is not limited
to usage with such heatsinks as described above, however, in that other heat sinking members

(including a liquid cooled plate) are acceptable.



A

heat sink and said el ectronic device to thereby define an el ectronic

‘package. According to yet another enbodi nent of the in ention
there is provided a nmethod of naking a thernmally conductive structure
conpri si ng: providing a flexible nmenber having first and second
opposi ng si des; providing a plurality of openings within said
flexible nenber ext endi ng between said fjrst and second sides of said

fl exi bl e menber; posi tioni ng a%irst plurality of conpressible,

thermal |y conductive members on said first side of said flexible nenber
such that sel eanIGdﬁeancbhgseatddeaﬂmmuBJtﬁerehﬂ&@fu@@téd/aﬁlﬁﬁﬁ%ﬂ ve nenbers

align wth res tive sald e and ositioning a
second pl prg}ngg) g thegy 'Pﬁ%?%l“&ﬂ% gedy dn theid n said
second si ckmbaﬁnmat,ﬂxefdbawbla&Wﬁc&@&fbﬁdﬂﬁ&m&ﬁdﬁ%&h&w&ﬁm&ﬁhﬂzﬁecond
plurality of.said ¢ g?presm bl hermally conductive nmenbers align wth
respect i vé&@m@@m@m‘g I mgmggmcaqdp @%ﬁf%gm&mm5 37

conduct i vgmr[ggp& Mﬁ id first
and second pluraliti esa'él¥t corrpﬂbz %7 er ma y conaagﬁaﬁ%%gfs bei ng

thermal |y Mﬂl@c&wummmmmgmmmmmmmemwo@m&mm
i nventi on, ki N er conductive
structure f%@sﬁw%?&%%&WSWﬁ?&W%ﬁM first and
second opposducgvitiesd temperature-dependentdtegofrech
material, ,satd |layer ?f mas k g&werial ubstant a)gm ad r|n sg%gclile?irst
si de of sm mt) ?"t‘§/ Q]?P'és in
sai d |ayeru6fow3ﬁélk’mﬁéc&isemmelmestmlﬁﬂ%h%&g@ﬂnﬁea bituite ¢ &?Slenﬂéapo d ty of

| Irst s

conpressible, fhermally conductive nenbers on s and di rect

physi cal @BM‘@WI Celsis (Pe Fombmelt” splder for the pumpeses ofthis invention is
 typically solder with a solidification temperature below about 200 degrees C, characteristic ofa
solder with lead content from about 30 to 43 percent with the balance tin. “High-melt” solderis
typically known as solder with a solidification temperature above about 290 degrees C,
characteristic of solder with lead content 80 percent by weight and higher, with the balance tin.
Both solders are acceptable for use in the present invention.

Members 26 are spacedly positioned between heatsink 22 and device 18, so that when the
heatsink is pressed toward the electronic device, numerous members 26 are in direct thermal
contact with both device and heatsink, thereby forming a multiple of several parallel thermal
paths. In one example, a total of 400 members 26, in the form of s;phen'cal solder—f)ans, may be
successfully used for a chip having side dimensions of 18 millimeters (mm). Overall, the thermal -
resistance between device 18 and heatsink 22 is the parallel sum of these several “small” thermal
paths. By-employing several hundreds of compressible members 26, it is also possible that every
compressible member need not contact the heatsink and/or device, as long as a sufficient number
make thermal contact to form a sufficient overall thermal path between the device and heatsink. It

has been determined that effective heat transfer can be accomplished by the instant invention



ones 'of said apertures of said |ayer of mask material . In
‘accordance with still another enbodinent of the invention, there is

provi ded a nethod of making a thermally conductive structure conpri sing:
providing a substantially rigid heatsink having at | east one surface;
providing at |east one layer of mask material, said |ayer of mask materi al
substantially adhered to said surface q sai d heat si nk; providing a
_plurality of apertures in said |ayer of “mask material; and

positioning a plurality of conpressible, thermally conductive menbers on
sai d sur fthrouglthesisé of froma sbouhénestodorty solder balls patsquhromasofehipardadofthepuireRsi bl e,

thermal | y,.cond L ve e r ogitioned within res | ve ones of said
aper t ur e "s%%&%@?seng’%gﬂﬁm haying (cah.ameters m abou&?.% to a%m.:t 1.5 mm

- 8- can be sutcessfully uilizedinauhiinibets t6 HieisoRid chiptHast thinifereldeqY ititbode Mt hod
of maki ng]e%h,e mal | y conductive structure adapted for being thermally .

connecte m external electronic device, said nethod conpri sing:
providing a flexible, netallic nenber having at | east one surface;

The compressible nature of members 26 is utilized to provide a conforming interface in,
those situations wherein a substantially non-planar electronic device and/or non-planar heatsink
surface face one another. This is accomplished by adjusting several design factors of the
invention, In general, a small but sufficient compressive.force is applied using means 30, so that
members 26 experience creep-inducing stress. Because there may be many hundreds (or
thousands) of members 26, and because of gap dimensional tolerances, the number of members
actually making initial contact may be quite low. These _members thus experience relatively high
stress which may deform and creep relatively rapidly. In other words, the interface gap
dimensions decrease as these compressi:ble members are compressed. Continuing force
application, the reduction of interface gap dimensions eventually results in more and more
members 26 making contact. As more members 26 become in contact and carry the compressive
load, the stress in the compressible members becomes greatly reduced and the deformation
process slows. After a period of time of force application, nearly all the compressible members 26
may come into contact with both members 18 and 22. Additionally, as the compressible members
become compressed, the height of each member decreases with a corresponding increase in area
of the member contacting both device 18 and heatsink 22. It is again worth mentioning that as

this process occurs, the high stress on members 26 is reduced due to increasing contact and -
member area.

~ Since creep rate is highly dependent on temperature, the process can be expedited by
incréasing temperature (e.g., by operation of the device 18 during compression, by externally
applied heat (e.g., placing the assembly in an oven or using a hot air flow, etc.)). However, it is
not necessary (nor desired) to exceed the melting temperature of the compressible members 26 in

order to achieve a conformed interface, as creep readily takes place at temperatures below that of



positioning a | ayer of adhesive material on said at |east one surface of
said flexible, netallic nmenber; and positioning a plurality of
conpressible, thermally conductive and permanently defornmabl e nenbers on
said |l ayer of said adhesive material to thereby secure said plurality of
conpressible,. thermally conductive and permanently deformable nenbers to
said flexible, netallic nmenber such thatt4said conpressible, thermally
conductive and permanent|y defornabl e nenbers directly contact said
flexible, netallic nenber, said conpressible, thermally conductive and

per manent | gie shelting paihts of theseinetaian Bemasechf iisp thedslisnotraflidient adhasiombetwedndheaf t er

adapted for being thernally,connected,t ' I L device in
a separ abI@Wﬁ@??ﬂemgmm&/th?ﬁ%%gg%?@g&%ﬁﬁdﬂ & ot le‘?%arg{eh{g%{rirbodi nent
of ; he !nVﬁﬁbMBfthéheat?kiﬁand?ompfﬁdibbnmﬁhs%lfwmﬂwldmgma’chiﬂryadﬂy |
conductive structure adapted f.oL.bei t nally. L rna

el ectroni Prcet Lséiﬁﬁlfﬂqﬁbmf%f’ﬁ ; Mﬁg@?@@%‘%’%ﬁé&é‘ enprat e;
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pos iht i ?ni n‘_@f"ﬁfﬁﬂ’é&r@? F‘?u‘;fgﬁg%q&% %&;ﬁﬁ’ﬁg# ﬁ'géfag%g' %ﬁ?ﬂ&of .
each of sagheke®alRORSE ubdetstaridblsly, Eodatey t elevated tenfperaperes s _ ingnabl e
menber s; ' . providing a nenber having at |east ong surface; and

posi ti oni nePIPEESHOD| ural ity of conpressible, thermally conductive and -
permanent |y deformabl e nenbers having sai d adhesi've material adhered

mmter 1 a1 Secur Y SRPRRPRRRRS P as BHHDSSPH G OPRER PRI ve

menber s  t Opfepérthuibéd oFetchhentbiésCkhBaHieat contfeBsivellsiid andopbraing Tetmperut

thermally ?e?ar&gglg }alrgveeam%ggt o%gpnt%?egxllu Zan 3%’&%&& comp?és?xblg mers érls Of the ;
invention in a relatively short period of time, witha reasonably large numbér of members making
thermal contact for a series of effective thermal paths. In one example, using eutectic solder balls
for compressible members (each of a diameter of about 0.80 mm) placed on a 1.27 mm pitch
rectangular a;ray of 28 by 29 rows (total of 812 members), effective compression is possible using
a total load of only approximately ten to thirty pounds. It is noted that use of numerous

compressible members instead of a solid sheet of like material and thickness greatly reduces the

compressive load needed to deform the compressible members over that required for like
deformation of such a solid sheet.

As illustrated in FIG. 1A, the means 30 to apply the above compressive force includes a
retention spring 58, two spaced fasteners 60, and a pair of studs 62. In FIG. 2, the electronic
package assembly is shown after compressive force is applied for a predetermined time period,
such that the compressible members have been deformed to the extent allowed by clearance
feature 64 (which may simply comprise one or more metal elements affixed (e.g., soldered) to
surface 92 of the heatsink). In the example given above, it could take an extensive time period at
a relatively low temperature (e.g., 80 degrees C) to defo.nn the members 26. However, with an

elevated temperature of about 100 to 140 degrees C, it would only take relatively few (e.g., 5)



cont act said at | east one surface of said nenber, said conpressible,
thermal |y conductive and permanently defornmabl e nenbers and said nenber

thereafter adapted for being thermally connected to said external
el ectronic device in a separabl e manner.

- 8a- o Brief Description of the Draw ngs
In FIG 1A there is illustrated an el egtronic package assenbly in
accordance with one enbodi ment of the invention, this el ectronic package

ﬁ:

bl h
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el ectronic Spdmim@s embntﬂllpwsbﬁimnu mntEctgo cdh:presalﬂe qubexmmyo forma aigepér ence
numeral 18 {0 hGmal flith (actuslly several individual paths) between device 18 and heatsink 2.

In order to avoid compressing and stressing the solder balls 20 between device 18 and
substrate 12 as compressive force is applied to members 26, use of an encapsulant material 44 is
illustrated in FIGS, 1A, 1B and 2. This encapsulant material 44, which may be 2 known material
such as Hysol 4510, available from Dexter Electronic Materials, Industry, California (Hysol is a
regtstered trademark of Dexter Electronic Materials), is harder than the solder balls 20, and
typically carries almost all of the compressive force between the electronic device 18 and
circuitized substrate 12, mchthatthmelecMcaloouphngmwrshtﬂeorno stress. For direct chip
attach schemes (where device 18 is a semiconductor chip), utilization of encapsulant material 44 is
typically required for other reasons (e.g., to relieve thermal expansion mismatch between chip and
printed circuit card) and therefore has synergy with the present invention. -

In FIG. 3, there is illustrated an electronic package assembly 10’ in accordance with
another embodiment of the invention. This electronic package assembly is shown with a thermally
conductive structure 66 comprised of a plurality of compressiblé, thermally conductive members
26 secured to a flexible member 68 (see FIG. 4 below). Members 26’ are preferably of similar
material as members 26 in FIGS. 1A, 1B and 2. The flexible member 68 is shown positioned
between heatsink 22 and electronic device 18, before the application of compressive force using a
similar means as in FIG. 2. Standoff clearance feature 64' is shown secured to flexible member 68

so that deformation of the compressible members is limited to a predetermined amount. _

In FIG. 4, there is illustrated an enlarged view of thermally conductive structure 66
including a plurality of compressible, thermally conductive members 26 secured to the flexible -
rﬁember 68 as shown in FIG. 3. (Actually, only three members 26’ are shown for better -
illustration purposes.) For this embodiment, a material for flexible member 68 is preferably

annealed (soft) copper foil of 1 mil (0.001) or less thickness, such that good heat conduction and



9 In FIG 2, there is illustrated the el ectroni c package assenbly
-in FIG 1A after application of conpressive force; In FIG 3,
there is illustrated an el ectronic package assenbly in accordance with

anot her enbodi ment of the invention, this electronic package assenbly shown
Wi th conpressible, thermally conductive nenbers secured to a flexible '
menber. This el ectroni c package assenbié/ I's shown before the application of
conpressi ve force; : In FIG 4,°there is illustrated a much

enl arged view of a thermally conductive structure having a plurality of
conpr essi blow bending stiffhésy isqssurhdciniadditiontolpfedtiveknnding td members26% xPthéranetalnber, i n

accor dancenielill; {idfdfg B6Hel By oP duhifim 'aflo§ 3R dr® Rscd20hnle Makibmatéria 88
with apertures 89 may be used to define positioning of compressible members 267, but is not’
required. Additionally, a thermal adhesive may be used to secure compressible members 26’ to
flexible member 68. One example of such adhesive is RTK 7455, available from AI Technology,
Inc., Lawrenceville, New Jersey. Standoff feature 64’ is also illustrated in FIG. 3, so that
deformation of the compressible members will be limited to a predefined amount. Feature 64/,
like feature 64 in FIGS. 1A, 1B and 2, ispreferablyazﬂetallicmemberﬁndisbondedtoﬂe:dble
member 68, e.g., also using a suitable adhesive such as BG 7655, also available from AI
Technology, Inc.. Feature 64’ can also be of solder material, particularly one having a greater
melting point than those of members 26’ and 20." Feature 64’ can also be directly secured to a
surface of device 18, rather than as depicted herein,

In FIG. 5, there is illustrated an electronic package 10” in accordance with another
embodiment of the invention. Package 10* is illustrated as including solder ball members 20 and °
circuitized substrate 12 similar to those elements in FIGS. 1A, 1B, 2 and 3. This electronic
package is also shown with compressible, thermally conductive members 26" secured to a flexible
member 68’ in accordance with the teachings of FIGS. 6A, 6B, 6C or 6D. The electronic
package in FIG. 5 is shown before the application of compressive force, with the compressible
members 26” positioned between the electronic device 18 and heatsink 22. Further description of
the flexible member and compressible members 26" will be provided hereinbelow with the
description of FIGS. 64, 6B, 6C and 6D.

In FIG. 5, a means for providing compressive force between the heatsink 22 and electronic
device 18 includes an elongated retention spring 58’ and an external means for forcing spring 58' e
onto the base 23 of heatsink 22, such as a pair of spring-clips 60. Spring 58" is preferably of the
same material as spring 58, while clips 60 may be of stainless steel. It is significant to note that
the means illustrated in FIG. 5 for providing compressive force does not result in significant force

or stress on electrical coupling members 20 between electronic device 18 and substrate 12 such



In FIG 5, there is illustrated an el ectroni c package in accordance with
*anot her enbodi nent of the invention, this el ectronic package shown with
conpressible, thermally conductive nenbers secured to a flexible nenber.
The el ectronic package in FIG 5 is shown before the application of
conpressive force, and is depicted attached to a circuitized substrate with
a plurality of electrical conductors; 17 In FIG 6A, there is
illustrated a thermally conductive structure including a plurality of

conpr essi
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| nvent i ortherebetween. Asexplmnedbelow,two opposmgplurahtmofmchmembers%"areusedinthis
embodiment of the invention.

" InFIG. 6A, the thermally conductive structure of FIG. 5 is shown including the plurality

of compressible, thermally conductive members 26" secured to interim flexible member 68",
Openings 86 are provided, through which members 26", being thermally coupled, may conduct

 heat. A preferred material for flexible member 68" is a thin (e.g., 0.025 mm thick) sheet of
polyimide or similar polymer, non-conductive (electrically) material. Because member 68" is
primarily concerned with thermal transfer, it can also be of metallic material, such as copper or
aluminum in thin sheet form. Members 26* are of similar material as members 26 above, and are
aligned 'in the illustrated paired orientations and then partly reflowed to bond the respective pairs
through an opening 86 in member 68°.

In FIG. 6B, there is illustrated a plurality of compressible, thermally conductive members
26" secured to a flexible member 68" similarly to the embodiment of the invention in FIG. 6A.
Mask material 88* (similar to material 88 in FIG. 4) with apertures 89 therein is shown in
conjunction with corresponding openings 86’ in flexible member 63“. A preferred material for
flexible member 68" in this embodiment is a thin sheet of copper. Mask material 88" assists in -

member 26" pbsitioning on the opposed sides of member 68" across the interim openings.

In FIG. 6C, a plurality of compressible, thermally conductive members 26" are secured to
an interim flexible member 68" in accordance with still another embodiment of the invention. In
this embodiment, flexible member 68" does not need to have openings (86"); instead mask 88’

has apertures 89’ to allow thermal contact between thermally conductive members on opposite



In FIG 6D, there is illustrated a thermally conductive structure having a
plurality of conpressible, thermally conductive nenbers secured to a
flexi bl e menber in accordance with yet another enbodi nent of the invention;
In FIGS. 7A and 7B, there is shown one exanple of a nethod of positioning

t he conpressible, thermally conductive nenbers of the invention with :
respect to an external surface; and In FIGS. 8A and 8B, there is
shown yet anot her exanpl e of positionlﬁg the invention's conpre55|ble
thermal |y conductive nmenbers on an external surface.

Best -Modeoffthe solid interinnfiexibl¢ mdthiser 58/ £ Biecis¢ialignment of the compressible members 26 on
both opposite sides of the solid flexible member 68" is also assured with the correspondingtly
aligned pairs of apertures 89 as shown in FIG. 6C. Member 68" is obviously of sound thermally
conductive material, preferred examples being thin sheets of aluminum or copper or alloys
thereof.

In all of the embodiments of FIGS. 6A-6D, a preferred material for members 26" is one of
the aforedefined solders. Alternatively, different melting point solders are possible for each
plurality on its respective side of the interim member. The standoffs 64* are also of similar
material (to standoffs 64 and 64°) and secured to the interim flexible member in substantla]ly the
same way as in either FIGS. 1A-2 or FIG. 3.

Other alignment schemes, such as partially misaligned and full out-of-phase alignment (as
in FIG. 6D) of the invention’s compressible members between opposing sides of the interim ‘
flexible member 68"/ may be beneficially utilized to enhance thermal contact between the
illustrated surfaces of heatsink 22 and electronic device 18. An embodiment of the invention is
illustrated in FIG. 6D, in which compressible members 26" are in out-of-phase alignment with
opposing members 26" on opposing sides of the solid flexible member 68”’. It is evident that
upon compression, the flexible member will act as a spring in conjunction with compression and
creep of members 26“. Therefore, with a small increase in thermal resistance, very large interface
gaps and gaps which significantly change dimensions during' use may be readily accommodated.
A preferred material for the thin flexible member 68" ifi FIG. 6D is a thin sheet of copper acting
as an elastic spring in conjunction with compressible members 26°. Multiple layers of such an
embodiment may be positioned between device 18 and heatsink 22 to provide even further
compliance and tolerance accommodation. It is also understood that in FIG. 6D, the number of
members 26" on one side of member 68" need not be the same number as those on the opposite
side. Such members 26" can even be randomly distributed_ on the respective opposite sides.

A mask material 88’ can also be used, including one having apertures 89’ therein. Two layers of
material 88 are used in FIGS. 6B and 6C.



For a better understanding of the present invention, together w th other
‘and further objects, advantages and capabilities thereof, reference is mde
to the follow ng disclosure and appended clains in connection with the '
above-descri bed drawings. It is understood that |ike nunerals are used to
indicate |like elements fromFIG To FIG In FIGS. 1A and 1B, there
I s shown an el ectroni c package assenblyy 10 i n accordance wth one

enbodi ment of the invention. This el ectroni c package assenbly 10 includes a
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solder balls 26" with a thermally conductive adhesive 90 (while the balls are retained in a template

91) and then gently pressing the solder balls with the adhesive thereon onto the heatsink or

flexible member is both effective and economical, Pressing of the solder balls serves to displace

the adhesive sufficiently to form apertures therein (not shown in FIG. 7B) and thereby assure

direct solder ball to heatsink (or flexible member) contact. The preferred adhesive is a soft,

thermally conductive adhesive, one example being GE32XX silicone adhesive from General

Electric Company, Waterford, New York. Alternatively, “dots” of such adhesive may be placed

in predetermined positions on the flexible merhber or heatsink, with the solder balls picked up by

adhesion at these points, and gently pressed into place. Uncured solder mask material may serve

as an adhesive, or screening thermal adhesive onto the flexible member in a manner resembling a

solder mask may also be economically utilized. In FIGS. 8A and 8B, conductive members 26"

may be randomly dispersed on a layer of adhesive 90 on the heatsink 22 or flexible member 68"

(shown in phantom), and then pressed into direct contact therewith (not shown). Alternatively,

“dots” of adhesive 90 can be provided on the respective surfaces (much as described above), the

members 26" thereby engaging such material, and pressure again applied to effect direct solder-
to-surface contact (not shown).

While there have been shown and described what are at present the preferred
embodiments of the invention, it will be obvious-to those skilled in the art that various changes
and modifications may be made therein without departing from the scope of the invention as

defined by the appended claims.



plurality of solder balls 20 of the C4 type, each bonded to a respective
‘conductor 14. Simlarly, there are many known enbodi nents of el ectronic
devi ces 18 which can be electrically coupled to a circuitized substrate 12,
i ncl udi ng sem conductor chips (as shown), ball grid array (BGA) nodul es,

| eaded conponents (e.g., dual inline packages (DI Ps)), |eadl ess conponents,
menory devices, transforners, etc. whicipgenerate thernmal heat during

el ectrical operation and which can be effectively coupled to a heatink or
simlar structure using the teachings of the instant invention.

It is known in the electronics art tGhAIMS of a heatsink can be benefici al
in reducing tenperature of an electronic device such as chip 18. A prinmary
consideration in the successful inplenentation of such a heatsink—s the

ef fective Whetiselhimed@upl i ng of the heatsink to the device so t a pat h of
| ow thermal resistance is created. A path of Iowemllmmm B!ane
allows a greater rate of heat to be dissipated by h t hat
the el ectrdni c Aneelectrenicpackdga assembly gomgsisiagie a gr eat ér Fate of heat during
operation. There are, of course, other considerations regarding the therm
managenment of an el ectronic package assenbly, such as airflow over the

heat si nk heat siariccfitized sibstraje havingtasplurality oficonductorsion ¢ fisst susface thereathe el ectronic

device, thermal path .

an electronic device positioned on said circuitized substrate and electrically coupled
‘to said plurality of conductors; : o

a heatsink thermally coupled to said electronic device;

a plurality of compressible, thermally conductive members positio:_led between said
electronic device and said heatsink and thermally connected thereto in a separable manner;

and

means for providing compressive force between said heatsink and said electronic device
ahd onto said compressible, thermally conductive members, selected ones of said
plurality of compressible, thermally conductive members being compressed and
permanently deformed as .a result of said compressive force to provide a sepggable

connection between said heatsink and said electronic device.

2. The electronic package assembly of claim 1 wherein said circuitized substrate is a printed

circuit board.

3. The electronic package assembly of claim 1 wherein said electronic device comprises a

semiconductor chip.

This Sheet Has Been Rep laced

[T

THIS SHEET HAS BEEN
REPLACED




design fromthe device to the underlying circuitized substrate, etc. As
understood, the invention is directly concerned with heat transfer from
device to heatsink or simlar body. Inplenmentation of the present invention
can be acconplished in conjunction with virtually a rml mi met he
above ot her considerations, assuring a beneficial rgmlm ul rlm

conbi nati on. In the drawi ngszlthe heatsink i$ réprksehted by the
nuneral 22 and is preferably netallic (e.g., copper or alumnum. This

heat si nk iqcl ud | anar b L 23 '
(pref er abfy s Heficofl Bt gy b s uiecect i by HsolgEEdSncgti n 1 ns
are spacedly qiaidallyocaplidgrsaitdchip o aatdqhsdity dfeoddactodsi t at e passage of air

t her et hrough. The invention is not limted to usage with such heatsinks as
descri bed above, however, in that other heat sinking nenbers - (including a

liquid codl ed THeadetromit packapRpdemblly Of claim 4 further including a quantity of encapsulant
material substantially supporting said chip above said substrate.

6. The electronic package assembly of claim 4 wherein said plurality of compressible, _
thermally conductive members comprise a second plurality of solder elements. :

7.  The electronic package assembly of claim 6 wherejn the melting points of said first
plurality of solder elements are greater than the melting points of said second plurality of
solder elements.

8.  The electronic package assembly of claim 7 wherein said first plurality of solder elements
are comprised of 10:90 fin:lead solder, and said second plurality of solder elements are
comprised of 63:37 tin:lead solder. ' P

9. The electronic package assembly of claim 1 wherein said electronic device comprises a
module.

10.  The electronic package assembly of claim 1 wherein said compressible, thermally

conductive elements comprise a plurality of solder elements.

11.  The electronic package assembly of claim 10 wherein said solder elements are comprised
of low melting point solder.

12 The electronic package assembly of claim 1 wherein said means for providing

compressible force comprises at least one retention spring operatively coupled to said

circuitized substrate and said heatsink.
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In FIG 1A and in greater detail in FIG 1B, there are illustrated a
plurality of conpressible thermally conductive menbers 26, not yet
conpressed. In the illustrated enbodi ment, nenbers 26 are directly secured
to portions of a surface (face) 92 of heatsink 22. Typical materiat—for—
t hese nmenbers include tin:|lead solder of various rati - 37
tin:lead solder (a/k/a eutectic solder22 3:97 tin:| eaxﬂyﬂhﬂﬂ“ﬂ‘wﬁtﬁaﬁr

sol ders including other materials, such as indium and S . 37
tin:lead, the | ead conprises about 37 percent by weight of the total )
sol der.) These materials have relatively high thermal cenductivities and

t emper al ung: defgNgionc BhiagOissdibRFdh bl (ITRihet nBling MeS 1R GGUARE BOI AL
hi gher | ower creep rates at |ower tenperatures). Eutectic
sol der is conmsienfion spying teyepid qirgpitized|spbstrate| der because it has.-the | owest

solidification terrperature of any tin:lead ratio, approximtely 183 degrees
Celsius (©. "Lownelt" solder for the purposes of this invention.is

typical |y Mol d@hemn&m@mgﬂmqummm%sﬁegrees
C characterlsta{%u? -;-,A Wy hébioR iR Yo w&% 30 .to 43
percentwith the ance gh-nelt™® sol I's typically known as
solder with a sol i dlflcatlon t enperat ure above about 290 degrees C,

characteri Yol #Eipfgﬁgﬁ@'mmﬁ lida She S¥aritRb ffurdNd  hi. gher,
with the bara (':@L In. (E% ers are agé‘gpta#&?‘or use 1 n the presént

invention. pomﬁon%Mﬂ@W@&éWdﬂ@&f&?ﬁ@&W ink 22

and device 18, so.t Eg&wﬁsﬁé‘ﬁﬁ‘ oni c

devi ce, nunero B’WM%%%“?EE&O’%M%&@ cont act wt ot evi ce
and heat si nk, tshidelebtyonicodeniceg a nultipl e of several parallel thermal paths.
I n one exarrpl e, a total of 400 nenbers 26, in the formof spherical sol der
balls, may be successfully used for a chip having side dinensions of 18

m | | i met er 16. ( nijhe electeonid packegh esstdily oftxlaim ¢ sricludingiatdeastanplesrante faee 18 and
heat si nk ;22 18 ptots’igonpe%%gtweenl I_eI sa?d‘hmeatgink_f mﬂ eﬁ%ﬁfc%ﬁéﬁ’&@&éﬁﬁn& Qﬁfeaﬁérmm ed

spacing between said heatsink and said electronic device, said clearance feature secured to

or forming part of said heatsink.

17.  The electronic package assembly of claim 1 further including a flexible member located
between said heatsink and electronic device, said plurality of compres31ble thermally

conductive members secured to said flexible member.

18.  The electronic package assembly of claim 17 wherein said flexible member includes a
plurality of openings, selected ones of said thermally conductive members being positioned -

within respective ones of said openings.

19.  The electronic package assembly of claim 17 wherein said flexible member includes at
least one standoff feature attached thereto or forming part thereof for defining a

predetermined spacing between said heatsink and said electronic device.
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pat hs. By enpl oyi ng several hundreds of conpressible nenbers 26, it is also
possi bl e that every conpressi ble nenber need not contact the heatsink

and/ or device, as long as a sufficient nunber nake thermal contact to form
a sufficient overall thermal path between the device and heatsink. It has
been determ ned that effective heat transfer can be acconplished by the

I nstant i nvention t hrough the use of from about one to forty
sol der balls per square mm of chi p area ?of the surface directly contacting

t hese bal Iza) ggl (_on?ca}% E lLaneters fromabout 0.10-to about 1.5 mm
can be suéCessful y utl I'n s h nunbers to assure sound chip heat
transferenee to the above heat si nk. The conpressible nature of

menbers 26 is rovide a conform ng mterfaee—l—ﬁ—t—hesei
situations whe?'%el n stu%ﬁ?eg

o Bl anar heatsine P e iuiiummmm

a heatsink thermally coupled to said electronic device;

a plurality of compressible, thermally conductive members positioned between said
electronic device and said heatsink and thermally connected thereto in a separable manner;

means for providing compressive force between said heatsink and said electronic device
and onto said compressible, thermally conductive members, selected ones of said plurality
of compressible, thermally conductive members being compressed and permanently
deformed as a result of said compressive force to provide a-separable connection between
-said heatsink and said electronic device.

' 21. ' The electronic package of claim 20 wherein said electronic device comprises a
semiconductor chip.

22.  The electronic package of claim 20 wherein said electronic device comprises a module.

23.  The electronic package of claim 20 wherein said compressible, thermally conductive
members comprise a plurality of solder elements. -

24. The eiectronic package of claim 23 wherein said solder elements are comprised of low i

melting point solder.

35.  The electronic package of claim 20 wherein said means for providing compressible force

comprises at least one retention spring operatively coupled to said electronic device and
said heatsink.
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surface face one another. This is acconplished by adjusting several design
factors of the invention. In general, a small but sufficient conpressive
force is applied using neans 30, so that nenbers 26 experience

creep-inducing stress. Because there may be many hundreds—{or—thousands) of

menbers 26, and because of gap di nensional tolerances, f
menbers actually making initial contact @ay be quite :J m; Gu‘ﬁmﬂs
t hus experience relatively high stress which nmay def. L s

relatively rapidly. In other words, the interface gap dinensions decrease
as these conpressible nenbers are conpressed. Continuing force application,
t he reduct3éon @eexmmwmmm@mwm@emm@fm more and

nore nmenbers 2 t : |% I E@Fﬁ %Q and
carry the conp ESSI ve &&ﬁgh rdexggsl n glaﬁorrp ESSI g%%&b cones
great |y reducedo erfdmitgepaiedfsaidheatsink. pr ocess sl ows. After a per| od of tine

of force application, nearly all the conpressible nenbers 26 nay cone into
contact with both nmenbers 18 and 22. Additionally, as the conpressible

menber s be2fone The elpctemicpdckapgdef daim g& inchﬂmgaddnstrmmﬂenmtdefeamwmmeﬂh a
correspondi ng incr ti v 18 and
heat si nk 22. IPM%@W%?@%I?[ ﬁ%ﬁ&)@%w&@g@%& rs, the
hi gh stress on eleetdniodevieé i s reduced due to increasing contact and menber

ar ea. . Since creep rate is highly dependent on tenperature, the
process can be expedited by increasing tenperature (e.g., by operation of

tEe devi (r:nglgLS clma'mmmgsm mbgﬂa&&ﬁﬂd\minbyﬂmbmeﬂb@' Rsehted Betgreen pl aci ng
t he asse y in oyen a qQt ai, w,, etc. Howeyer, it is not
necessary (nor saggﬁ‘%‘ﬁsm%ﬂ@ “ﬂéﬂ“{ @M%W%e .
conpressi bl e n&aﬁm&m@ﬁﬂbmwtamaﬁﬁwonf ornmed interface, as.creep
readily takes place at tenperatures bel ow that of )

29.  The electronic package of claim 28 wherein said flexible member includes a plurality of
openings, selected ones of said thermally conductive members being positioned within
respective ones of said 6penings.

30.  The electronic package of claim 28 wherein said flexible member includes at least one
standoff feature attached thereto or forming part thereof.

31, A method of making an electronic package assembly comprising the steps of:

—

providing a circuitized substrate having a plurality of conductors on a first surface
thereof

positioning an electronic device on said circuitized substrate and electrically coupling

said device to said plurality of conductors;

thermally coupling a heatsink to said electronic device in a separable manner;
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14  the melting points of these materials. Because of this, there is not
sufficient adhesi on between the conpressible rrenbers_and_t-h%dew~ee—}8r
and/ or heatsink such that sinple disassenbly and renpval of the heat5|

and conpressi bl e menbers 26 fromthe el ectronic dev MI“IEH il jm g“l
possible. This is a particularly significant featur *
I nvention because it allows access to thegselectronic deV|ce (e.g., for

testing, rework, replacenent, etc.). It aPso avoi ds the possibility of
reflowing the pe Mgb@ldrﬂxtﬁ@fdé&@fbsﬁﬂﬂe Ql(bﬁﬂiﬁ?boxﬂeoﬂvemeﬁx&ri substaiitilly at e 12.

The melting pojnts of t ese b Ils 20 are, r st andab reater than such
el evat ed terrpei’ﬁ?’ﬁ"r“es%‘ & °’i‘?1 %{}WP@‘ %‘B ‘X’ nnettion By
choosi ng appr ofetebét¥esmbm | al s and di mensi ons for conpressi bl e menbers 26,

t he proper nunber of such nenbers, the correct conpressive | oad and
operating tenperature, a -

providing compressive force between said heatsink and said electronic device and onto
said compressible, thermally conductive members 5o as to compress and permanently
deform said compressible, thermally conductive members to provide a separable
¢ connection between said heatsink and said electronic device'to thereby define an electronic
" package assembly.

32. The method of claim 31 wherein said electrical coupling of said device to said plurality of
' conductors is accomplished using a plurality of electrically conductive members.

33.  The method of claim 31 wherein said positioning of said plurality of compressible,
thermally conductive members between said electronic device and said heatsink comprises
initially positioning said compressible, thermally conductive members on said heatsink and
thereafter positioning said heatsink and said compressible, thermally conductive membets
on said electronic device in thermal connection therewith.

34.  The method of claim 31 wherein said providing of said compressive force comprises

engaging said electronic device and said heatsink with a retention spring.

——
—

35.  The method of claim 31 further including positioning said heatsink and said electronic

device within a heated environment having a predetermined temperature rangé during said i

providing of said compressive force.

36.  The method of claim 35 wherein said predetermined range of temperatures of said heated

environment is less than the melting point of said compressible, thermally conductive

members.
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relatively | arge anount of gap tol erance can be absorbed by the
‘conpressi ble nenbers of the invention in a relatively short period of tine,
with a reasonably |arge nunber of menbers making thermal contact for a
series of effective thermal paths. In one exanple, using eutectic sol der
balls for conpressible nenbers (each of a dianeter of about 0.80 mm placed
on a 1.27 mmpitch rectangular array of228 by 29 rows (total of 812
menbers), effective conpression is possible using a total |load of only
approximately ten to thirty pounds. It is noted that use of numerous
conpressi ble nenbers instead of a solid sheet of {ike material and

t hi ckness 391 eafrhy/métRelsfRRith B whEeR 588 SoReskivefdred applibdtapsaitef or m t he
conpressi bl e nenhers over that required for. lLike .deformation of such a
solid sheet. Predetermined femperatyres forg pradetormiaedtime )Aod. o heans 30 to apply the

above conpressive force includes a retention spring 58, two spaced
fasteners 60, and a_ paiyf ., of styds, 62. In FIG .2, the elgctronic .,package
assenbly 38 shmmﬁp?‘é?t[%ﬁﬁ7§‘§§‘ie’<?é”f‘8ngBﬂF P"é'{?dﬁﬁ' %P(’BV@'(?&'E‘%H%ed
time period, ghhubtehdddutdshe conpressi bl e menbers have been defornmed to the
extent allowed by clearance feature 64 (which may sinply conprise one or

more metal elements affixed (e.g., soldered) to surface 92 of—the

), BRI st s sk 5 iy i 1

menbers 26. However, with an elevated tenperature of about 1

degrees C, it W&g%le&&&ﬁ@dm;at ively few (e.g., 5) :
thermally coupling a heatsit;k to said electronic device in a separable manner;

- positioning a plurality of compressible, thermally conductive members substantially
between said electronic device and said heatsink to form a thermal connection
therebetween; and f

providing compressive force between. said heatsink and said electronic device and onto
said compressible, thermally conductive members so as to compress and permanently
deform said compressible, thermally conductive members to provide a separable-
connection between said heatsink and said electronic device to thereby defirie an electronic

package.

40. The ihethod of claim 39 wherein said positioning of said plurality of compressible,
thermally conductive members between said electronic device and said heatsink comprises
initially positioning said compressible, thermally conductive members on said heatsink and
thereafter positioning said heatsink and said compressible, thermally conductive members

on said electronic device in thermal connection therewith.
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15 mnutes for nenbers 26 to deformsufficiently to take up several nmls
‘of coplanarity msmatch. Such tine is enough to allow sufficient contact to
conpressi bl e nmenbers to occur to forma good overall thermal path (actually
several individual paths) between device 18 and heatsink 22. I.n
order to avoid conpressing and stressing the solder balls 20 between device
18 and substrate 12 as conpressive force7is applied to nenbers 26, use of
an encapsul ant material 44 is illustrated in FIGS. 1A, 1B and 2. This

encapsul ant ' WD . . i “@mﬁgysol 4510,
avaiIabIgﬂfrgﬁ%ﬁé&@%?3@?%@@@§ﬁ$%ﬁ%%@§W$%$@$¥¥ﬁg%§§%$§kggﬁgg% nra (Hysol is
a regi stered engagnguuid elodtrobiexdevice did eaitd heutsink with e ceténtibrdpring.s har der t han t he

sol der balls 20, and typically carries alnost all of the conpressive force
bet ween the el ectronic device 18 and circuitized substate 12,-such that

this el ecd2 i c4ahe awthot oficaindd wherein saidl compressive foscerisappliedibotween saistheatsinkp at t ach
schenes (where_devige 14S . ] C ' gfh"m'igation of '
encapsul ant & ﬂ%ﬁ%@&%&ﬁ?@%@e@@%wﬂ er reasons (e.g., to
relieve thermal expansion msnatch between chip and printed circuit card)
and ther e£3c.)r € 'lql%%ne%g%i‘ nglmVHZtvthe}erl]ne saElr p%daegrmmt 'Iela\{'z?ngé &chmperatutesislessthanthe

melting point of said compressible, thermally conductive members. '

44.  The method of claim 43 wherein said compressive force is applied during said range of
predetermined temperatures for a predetermined time period.

45.  The method of claim 44 wherein said predetermined time period is for about one minute to
about ten minutes. '

46. A method of making a thermally conductive structure comprising: l I!II“CI I“IlLl I“JII “Ilsl " I!II
providing a flexible member having ﬂrst and second opposing sides; |

providing a plurality of openings within said flexible member extending between said first
and second sides of said flexible member; '
positioning a first plurality of compressible, thermally conductive members on said first
side of said flexible member such that selected ones of said compressible, thermally

conductive members align with respective ones of said openings; and
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InNFIG 3, there is illustrated an el ectronic package assenmbly 10' in
accordance with another enbodi nent of the invention. This electronic
package assenbly is shown with a thermally conduttive structure—66

conprised of a plurality of conpressible, thernmall rrenbers 6'
secured to a flexible nmenber 68 (see FIG 4 bel OWJ!@ ﬂm IB am
preferably of simlar material as rrenb s 26 in The

fl exi ble menber 68 is shown positioned etmeen heatsi nk 22 and el ectronic

devi ce 18, DbeT %oty 8RR Al of LorMIBRIE IRk aly bHdRive Hefilerdlon Shd™ < a1

means as i1 n Fl . ranc eat ure hown secured to
fl ebl e nenmber mmxdewﬁw@wmhmmhtmme@m%@wémmmty of gnid

limted to a pr&qﬁ& ;:émngs
illustrated an en arg VI ew o‘#’ﬂ{l cg‘r'erra y co Echt e s?r ueét%ﬁgragid
including a pl ummmmmsmmwmmmmmmmms 26

tsﬁ(r:gree(rjreirgeﬁ Qez@k’%‘?‘gh&ﬁom ﬁ%ﬁ:ﬁg@%ﬁﬁeﬁ%ﬂ%a ra I on purpo es. ;i&r:or this

embodi ment, a nsecond pliralitios of dompieassible, thenhally cagudtive memgbers bebngthermallyneal ed

(soft) copper fgdnheé?édl ml| (0.001) or less thickness, such that good heat
conducti on .and

47." The method of claim 46 further including the step of attaching at least one standoff
member to said flexible member, said standoff member being of greater hardness than said
first and second pluralities of said compressible, thermally conductive members.

48.  The method of claim 47 wherein said step of attaching said standoff member to said
flexible member comprises using a thermally conductive adhesive.

i 49.  The method of claim 46 wherein said compressible, thermally conductive members of said
first plurality of thermally conductive members have & similar or higher melting point
temperature than said compressible, ihermally conductive members of said second
plurality of thermally conductive members.

50.  The method of claim 46 wherein said openings within said flexible member are randomly
provided. i

51.  The method of claim 46 further including the step of providing at least two layers of mask
material, each of said layers of mask material substantially adhering to a respective one of

said opposing sides of said flexible member.
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| dw bending stiffness is assured, in addition to effective bonding to
menbers 26'. Other netal materials, including copper alloy or alum num
alloy foil are also acceptable. Mask material 88 with apertures 89 may be
used to define positioning of conpressible nmenbers 26', but is not
required. Additionally, a thermal adhesive may be used to secure
conpressi ble nenbers 26' to flexible neeber 68. One exanple of such
adhesive is RTK 7455, available from Al Technol ogy, Inc

New Jerseys, StQngmbd of Bilding dxhéithally Sondhchive dnh&hm&aﬁ:ﬁ
deformati on of the conpressible nenbers wil | |mted to al Eﬂ “ IMH"I
anount. Feature 64', like feature 64 in FlIGS. 1A 1B and 2,
metal | ic menberpraaging 8 HOASIS thediBer i b and R opfiing Bt al so using a
a

sui tabl e adhesive such as EG 7655, so avail able from Al Technol ogy, Inc..
Feature 64' can also be of solder material, particularly one having a

greater nelti ngpxaﬁuﬁgaﬂeénomﬁwe %mafhyemama&nat&w&m&sn% can
al so be directly secured surface of device 18, rather than as” depicted
her ei n. eﬂmwmﬁ@tsui%ﬁ! flexible mgmber at ed an el ectroni ¢ package 10"

I n accordance with anot her enbodi nent of the invention. Package 10" is
Il lustrated as including solder ball nenbers 20 and circuitized substrate
12 sinilar to tprovidingaphwalityof aperturesdn saidiayenof mask maferiak andhi s el ect roni c
package is al so shown with conpressible, thermally conductive nenbers 26"
secured to a flexible menber 68" in accordance with the teachings of FIGS.
6A, 6B, 6C or 6positipniog elficst plumlityof gomprassible; thermplly, comluctiveshrabarsioafsaid first he

povi 1 oned bot SR BRE et *ﬁ%&“ﬁw&%&ﬁ%@ﬁﬁ%rfﬁ?ﬁ

.descri ption of material

§3.  The method of claim 52 further including the step of attaching at least one standoff
member to said flexible member, said standoff member Being of greater hardness than said
plurality of said compressible, thermally conductive members.

54.  The method of claim 53 wherein said step of attaching said standoff member to said
flexible member comprises using a thermally conductive adhesive.

55.  The method of claim 52 further including providing a second layer of mask material, said
second layer of mask material substantially adhering to said second side of said flexible
member, providing a plurality of apertures within said second layer, and thereafter
positioning a second plurality of compressible, thermally conductive membefs within

respective ones of said apertures in said second layer of mask material.

56.  The method of claim 52 wherein said flexible member is provided in substantially solid

form not including openings therein.
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the flexible nmenber and conpressible nenbers 26" wll be provided
herei nbel ow with the description of FIGS. 6A 6B, 6C and 6D. I n
FIG 5, a means for providing conpressive force between the heatsink 22 and
el ectroni c device 18 includes an elongated retention spring 58 and an
external means for forcing spring 58 -onto the base 23 of heatsink 22, such
as a pair of spring-clips 60. Spring 58'j preferably of the sanme materi al
as spring 58, while clips 60 may be of st nless steel. It is signi ficant
to note thas7 t h&heewthod of ¢lsist S6awteckin saidrseand blufality ofompresiiblg theomgliyessi ve

force does not res n|f|c t_f.or 0 ri oupl i ng
rombers 20 bet weBRUE e A oo 8 sl ahg hsfe St bl o6

17 that encapsuh;dlﬁtstphtahtmdboxﬁmsibleatheﬂm@mnddchusﬁaﬁbsd in FIG 3) is not
required to relieve such stresses on nenbers 20. Menbers 20, not having

stress thereon, may therefore be solder balls (as shown), sofder colums,

pi n-i n- hol esgrentremethbd bf miskiriguethdhallysconductivesttierare camprising! e, fm““ﬂml“m"lll | l“l

providing a substantially rigid heatsink having at least one surface;

VSR .-

providing at least one layer of mask material, said layer of mask material substantially
adhered to said surface of said heatsink;

providing a plurality of aperfures in said layer of mask material; and
positioning a plurality of compressible, thermally conductive members on said surface of
said heatsink such that selected ones of said compressible, thermally conductive members
gre positioned within respective ones of said apertures in said layer of mask material.
59.  The method of claim 58 further inclu&ing the step of attaching at least one standoff
member to said heatsink, said standoff member being of greater hardness than said

plurality of said compressible, thermally conductive members.

60.  The method of claim 59 wherein said step of attaching said standoff member to said

heatsink comprises using a thermally conductive adhesive.
61. A method of making a thermally conductive structure comprising;
providing a member having at least one surface;

positioning a layer of adhesive material on said surface of said member; and
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etc. The conpressi bl e nenbers 26" secured to flexible nenber 68 provide a
good thermal path between device 18 and heat si nk ZZ—UV’Té'a’dﬂ'y‘&)—an
to the interface gap dinensions therebetween. As expli m nmL
opposing pluralities of such nmenbers 26" are used |n mﬂm“lm m f the

I nventi on. In FIG 6A the thernally conductiwecstructure of FIG
5 1is shown including the plurality of c reSS|bIe “thermal |y conductive
menbers 26" secured,to,interimflexible nenber 68 . Openings 86 are

provi ded, t hr oughPSHEHUINS sHiHselity ofxompresglh héhwyﬁ%ﬂdi‘?wﬁﬁﬁ‘ﬁ\’wnwaﬁbﬁﬁuct
heat. A pref err egidiheivedhatdrial tofthetlyRbQurd RidMRIalBf chfiprdssibla] thernfiitg - . 0. 025

mm t hi ck) sheet of polyimde or sim’lar polyner,” non- conducti ve

(el ectrically) neanduqtiyp!: tpssai - 68" is primarily concerned with -
thermal transfer, it can also be of nmetallic material, such_as copper or
aluminumin thin sheet form Members 26" are of simlar materjal as menbers

26 above, afd arEhem WW?H@WW@W@%WW%@W& hen

partly reflowed pshah@Refdrhe respective pairs through an opening 86 in
menber 68'. In FIG 6B, there is illustrated a plurality of
conpressi bl e, thernally conductive menbers 26" secured to a erX|bIe menber

68" siym | aLles, LOThEheBPOKYSHRBY whlrohd}id'sfty SPYosbnioinfi pforaififor ML € Hal
88’ (S|mlar to matertal 88 in FIG 4; apertures 89 there| I' S shown

in conjunction wmembersisaseomplished in nhwn%' in flexible menber 68". A
preferred material for flexible nmenber 68" in this enbodinment is a thin
sheet of copper. Mask material 88'assists in menber 26" positioning on the

opposed si defd. of Themethod ofxlaim @l Susther including the step ofjstiaching ot least one stando:
member to said member, said standoff member being ofgreater hardness than said
plurality of said compressible, thermally conductive members.

65.  The method of claim 64 wherein said stép of attaching said standoff member to said
member comprises using a thermally conductive adhesive.

66.  The method of claim 61 wherein said'layer of adhesive material is provided in the form of
several, individual elements, said plurality of compressible, thermally conductive members

positioned on respective ones of said individual elements.
67. A method of making a thermally conductive structure comprising:
‘providing a plurality of compressible, thermally conductive members;

-providing a quantity of adhesive material, said adhesive material substantially adhered to
at least one preselected portion of each of said compressible, thermally conductive
members; ' .
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Inm FIG 6C, a plurality of conpressible, thermally conductive nenbers 26"
are secured to an interimflexible nenber 68"' in accordance with still

anot her enbodi nent of the invention. In this enbodiment, flexible nmenber
68"' does not need to have openings (86'); instead nask 88" has apertures
89" to allow thermal contact between thermally conductive menbers—on—
opposi te of the solid intersz flexible nenbe

alignment of the conpressible nmenbers 26" on both opp05|’ ﬁﬁ Q‘IE l!l!
solid flexible nerdrevidigga meinberhhvng atdenstropel supaeehandhe cor respon d
pairs of apertures 89' as shown in FIG 6C. Mnber 68" ‘i s ObVI ously of

sound thermally conductive material, preferred exanples being thin sheets
of al um num or coppsitioning saiid plysslity lofeampressible, thermally conductive members having said

adhesive material adhered thereto on said surface of said member such that said adhesive
material secures said plurality of compressible, thermally conductive members to said '
surface of said member.

68.  The method of claim 67 wherein said quantity of adhesive material is provided in thermally - —
" conductive form.

69.  The method of claim 67 further including the step of attaching at least one standoff
member to said member, said standoff member being of greater hardness than _said
plurality of said compressible, thermally conductive members. =

70.  The method of claim 69 wherein said step of attaching said standoff member to said

. member comprisés using a thermally conductive adhesive.

"~ 71.  The method of claim 67 wherein sald step of applying said quantity of adhesive material
includes substantially surrounding each of said compressible members with said adhesive

material.

72.  The method of claim 67 wherein said step of positioning said plurality of compressible
members is accomplished in a random manner.
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In*all of the enbodinents of FIGS. 6A-6D, a preferred material for nenbers
"26" is one of the aforedefined solders. Alternatively, different nelting
poi nt solders are possible for each plurality on its respective side ofthe
interimnmenber. The standoffs 64" are also of simlar material (to
standoffs 64 and 64') and secured to the interimflexible nenber in
substantially the saneway as in either FIGS. 1A-2 or FIG 3. O her
al i gnnent schenes, such as partially m saligned and full out-of-phase
alignnment (as in FIG 6D) of the invention' s conpressible nmenbers between
opposi ng si dBEECTRONIG RAGKAGEIWATHIGOMERESS HEATSIDK SdRAMGEVRE y
utilized to enhance thermal contact between the illustrated surfaces of
heat si nk ABSIRACTect roni ¢ device 18. An errbodi ment of the invention is
illustrated in FIG 6D, in_whi I‘eSSI ers 26' r%'

out - of - phase alATfigeFNIGPAcka %@2@% %w Wcﬁﬁﬁgslcﬁlﬂf’ s(jilg}egnﬁfthe
solid flexjbl

f1 exi bl fe ﬁ’éﬂ'ﬂg?e%n?’?uﬁtegl@s(’tjaﬁ’g stl?l%\ée ?ﬁ?ﬁg@mqﬁh&ﬂ?féﬁ %[I}% E‘&anp(rae)sm %n and
26" T
o ot anceebaAs magpéy. ot €l e e gapé“e%‘mﬁé‘?.‘dé‘ﬁ??? BEABErs (¢ inge

di mensi on f kel for
the thin ?? em%afig)gﬁb ggfq I nngthécaE% Is athin shéeﬂél? (%gdlg%gg%r acting

as an el agld dethdlicod lu% conjunction with conpressible nenbers 26". Miltiple
| ayers of such an en% nment may be positioned between device 18 and
heat si nk g to provide even further conpliance and tol erance accommdati on.

It is also understood that in FIG 6D, the nur’rbﬁ]!;s etﬁgrgg&jﬁﬂ on one

si de of nenber 68" need not be the sane nunber a opp05|te
side. Such nmenbers 26" can even be randomy di st respectlve
opposite sides. A nmask material 88" can also be one havi ng
apertures 89' therein. Two |ayers of material 88 are used in FI GS. 6B and
6C.
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14~ In FIGS. 7A-8B, there are shown various nmethods for securing a
plurality of thermally conductive, conpressible nmenbers such as sol der
balls 26" onto a surface (such as that of heatsink 22 or flexible nenber
68). In the enbodinents of FIGS. 4 and 6B-6D, sol der paste and/or sol der
balls 26" (e.g., 0.025 inch dianeter eutectic solder balls) can be
positioned within apertures 89, while the anbient tenperature is raised to
about the nelting point of the solder, caﬁsg?g the sol der to refl ow and
then wet to the correspondi ng surface biURe& si nk 22. These sol der nenbers
w || subsequently adhere to the heatsink after the tenperature is reduced
to bel ow the solder nelting point and the solder cools (solidifies). In
FIGS. 7A and 7B, sinply coating the solder balls 26" with a thermally
conductive- -adhesi vpgQ0 (while the balls are 2ined in a tenplate 91) and
t hen gently pressing %he solger balls wi thfthe adhesive thereon onto the
heat si nk or flexible er 75/both effectj ve and econom cal. Pressing of
the sol der balls serves to diépl | sufficiently to form
apertures therein (not shoyp.] ebé3assure

30 6058 /4§§;j5 8
(/0 2 |
§ Y P n——— 7804l .62

Y

%2 f 20 20
Yy

12
1(B)

FIG. 1A

26
I ~—Mlos =~
“ﬁ .\20
20
\\\\ 14
12



v

direct solder ball to heatsink (or flexible nenber) contact. The preferred
adhesive is a soft, thermally conductive adhesive, one exanpl e bei ng GE32XX
silicone adhesive from General Electric Conpany, Waterford, New YorKk.

Al ternatively, "dots" of such adhesive may be placed in predeterm ned
positions on the flexible menber or heatsink, with the solder balls picked
up by adhesion at these points, and gently pressed into place. Uncured

sol der mask material may serve as an agﬂgﬁ;v , Oor screening thermnal
adhesive onto the flexible nmenber in a ner resenbling a sol der nmask may
al so be economcally utilized. In FIGS. 8A and 8B, conductive nenbers 26"
may be randonmly dispersed on a | ayer of adhesive 90 on the heatsink 22 or
flexi bl e nmenber 68" (shown in.phanton), and then pressed into direct
contact therewith (not shown). Alternatively, "dots" of adhesive 90 can be
provi ded on the respective surfaces (nmuch as descri bed above), the nenbers
26" thereby engaging such material, and pressure again applied to effect
direct solder- to-surface contact (not shown). Wil e there have
been shown and described what are at present the preferred enbodi nents of
the invention, it will be obvious to those skilled in the art that various
changes and nodifications may be nade therein w thout departing fromthe
scope of the invention as defined by the appended cl ai ns.
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d ai s 1. An el ectroni c package assenbly conpri sing: a
circuitized substrate having a plurality of conductors on a first surface-

t her eof ; an electronic device positioned on said circuitized
substrate and electrically coupled to said plurality of conductors;
a heatsink thermally coupled to said el ectronic device; a

plurality of conpressible, thermally conductive nenbers positioned between
said el ectronic device and said heatsi kﬁgn thermally connected thereto in
a separabl e manner, said conpressible, tKkermally conductive nenbers
conprising a plurality of solder elenents; and means for providing
conpressive force between said heatsink and said el ectronic device and onto
said conpressible, thermally conductive nenbers, selected ones of said
plurality of conpressible, thermally conductive nenbers being conpressed
and permanentl|ly defornmed to provide a separable connection between said
heat si nk and sai d el ectronic device. 2. The el ectroni c package
assenbly of claim1l wherein said circuitized substrate is
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a printed circuit board. 3. The el ectroni c package assenbly of clalm

1 wherein said electronic device conprises a seniconductor chip. 4,

The el ectroni c package assenbly of claim 1l wherein said electronic device
conprises a nodul e. 5. The el ectroni c package assenbly of claiml
wherein said solder elenments are conprised of |ow nelting point sol der.

6. The el ectroni c package assenbly of claim1l wherein said neans for
provi di ng conpressi ble force conprises %é ast one retention spring
operatively coupled to said circuiti zét QubStrate and said heatsi nk. 7.

The el ect.roni c package assenbly of claim 1 including at | east one clearance
feature positioned between said heatsink and said el ectronic device for
defining a

> /68
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predeterm ned spaci ng between said heatsink and said el ectronic device,
said clearance feature secured to said el ectronic device. 8. The

el ectroni c package assenbly of claim1 including at | east one clearance
feature positioned between said heatsink and said el ectronic device for
defining a predeterm ned spaci ng between said heatsink and said electronic
devi ce, said clearance feature secured to or formng part of said heatsink
9. The el ectroni c package assenbly of claim1l further including a

f1 exibl e menber |ocated between said h&aii ik and el ectronic device, said
plurality-of solder elenments of said plurality of conpressible, thermally
conductive nenbers being secured to said flexible nenber.
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10. The el ectroni c package assenbly of claim3 further including a
second plurality of solder elenents electrically coupling said chip to sai-d

plurality of conductors. 11. The el ectronic package assenbly of claim
10 further including a quantity of encapsul ant material substantially
supporting said chip above said substrate. 12. The el ectroni c package
assenbly of claim 10 wherein the nelting points of said second plurality of
sol der el enents are greater than the n@lb’ points of said plurality of
sol der el enents of said conpressible, thermally conductive nenbers. 13.
The el ectroni ¢ package assenbly of claim 12 wherein said second plurality
of solder elenents are conprised 0: in:lead solder, and said
plurality of solder elenents of said conpressible, thermally conductive
menbers are conprised of 63:37 tin:|ead sol der. 14. The el ectronic
package assenbly of claim 6 ggr or fa iLrg said
retention spring Y4id circuiti The el ectronic
package assenbl y \of clajrnékg wherfgein said st enf ng
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conprises at |east two studs spacedly positioned within said circuitized
‘substrate. -22- 16. The

el ectroni c package assenbly of claim9 wherein said flexible nenber

i ncludes a plurality of openings, selected ones of said thermally nenbers
bei ng positioned within respective ones of said openings. 17. The

el ectroni ¢ package assenbly of claim9 wherein said flexible nenber

i ncludes at | east one standoff feature-ﬁtépc@gd thereto or form ng part

t hereof for defining a predeterm ned spacing between said heatsink and said

el ectroni c devi ce. 18. An el ectroni c package conpri sing: an
el ectroni c device; a heatsink thermally coupled to said electronic
devi ce; a plurality of conpressible, thermally conductive nenbers
posi ti oned between F|G. 6C
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said el ectronic device and said heatsink and thermally connected thereto in
a separabl e manner, said conpressible, thermally conductive menbers '
conprising a pIurallty of sol der el enents; means for providing
conpressive force between said heatsink and said el ectronic device and onto
said conpressible, thermally conductive nmenbers, selected ones of said
plurality of conpressible, thermally conductive nmenbers bei ng conpressed
and permanently defornmed as a result o8 ©hi & conpressive force to provide a
separ abl e connection between said heatsink and said el ectronic device..

19. The el ectroni c package of claim 18 wherein said electronic devi ce
conpri ses a sem conduct or chip. 20. The el ectroni c package of claim 18
wherein said el ectronic devi ce30gnpri s Wl e. 21. The el ectronic
package of claim 18 wherein said pgolder elenmpnts are conprised of |ow

mel ting point solder. og22.

said neans for providing cphngFeRsi bl ¢ f gFs&&/co é1ses aF'@astTer
retention spring operative ‘
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el ectroni c device and sai d heat si nk. 23. The electronlc package
of .claim 18 further including at | east one clearance feg ’
bet ween sai d heatsink and said el ectronic device, said E’PMEE

secured to or forming part of said heatsinks- 24. Cﬁ e PrﬁEﬁEﬁgﬂE.'e
package of claim 18 incl udi ng at |east one clearance ec ;ﬂg QQ?I;JJ:QS
bet ween sai d heatsink and said el ectron| C deV| ce, saidjclie neg*faatug e
secured to said el ect ron| c device. unggaryo f thegventiont r ¢nil | 4i m

18 further including Eftdrl) HE{EB? ﬁg 2 eat S B4
said electronic dewce salo)l- ﬁ}ra sal pQ er u':-:- Sy aart i

plurality of gmlnig@dinbn&mcpadgagemer mal I y conduct I ve nmenbers be| ng secured
to said flexible meﬂt%s a'more particular object of the invention to provide an interface device to

thermally couple an electronic device to a heatsink as part of such an electronic package.

It is another object of the inverntion to provide such an interface device which
thermally connects an electronic device to a héatsink in a separate manner.

It is yet another object of the invention to provide such an interface device which
is relatively inexpensive, capable of being used with existing electronic packages and
heatsinks, and is relatively simple to assemble. _

It is another object of the invention to provide an electronic package utilizing
such an interface device.

It is yet another object of the invention to provide an electronic package
assembly utilizing such an electronic package having such an interface device as part
thereof.

In accordance with one embodiment of the invention, there is provided an
electronic package assembly comprising: '

a circuitized substrate having a plurality of conductors on a first surface thereof;

an electronic device positioned on said circuitized substrate and electrically
coupled to said plurality of conductors;

a heatsink thermally coupled to said electronic device;

a plurality of compressible, thermally conductive members positioned between
said electronic device and said heatsink and thermally connected thereto in a separable
manner, said compressible, thermally conductive members comprising a plurality of
solder elements; and _

means for providing compressive force between said heatsink and said electronic
device and onto said compressible, thermally conductive members, selected ones of said
plurality of compressible, thermally conductive members being compressed and
permanently deformed to provide a separable connection between said heatsink and said

~ electronic device. .

In accordance with another embodiment of the invention, there is provided an
electronic package comprising:

an electronic device; -

a heatsink thermally coupled to said electronic device;



26. The el ectronic package of claim25 wherein said flexible nenber . ..
~includes a plurality of openings, selected ones of said QEFWEMENTO%ngt qer
el enents of said conpressible, thermally conductive nenbers being ‘ _
positioned within respective ones of said-dpeni ngs. 7. The, el ect rioni o
package of claim 18 wherein said flexible nenber includes a8 & ¢B%t “one l

standoff feature attached thereto or. form part t.her gof 28, A |
met hod of meking arf ety ot icemﬁaeéﬁébeg%&gglgﬁ% P9n%{9ms? YRS n@%?r@ésﬁe&ff@el
providing a Claid Uiebirgifiel devies ahd sfid HRMisifk shdPihefnidlly dorE _ _
first surface thereof; positioning an el ecCtronic device on said

circuitized smenerasaidgempressible,i thermallyceanductive membette ¢owprising aplirality of

plurality of " thermally coupling a heatsink to said
el ectronic des\(/bi?({céglélfé%ﬁ)e?%epar abl e manner; positioning a plurality of

conpr essi bl e, ther natdng foroprduidinguempeedsive forcu bstweeh isaild heatisirkend sailadlettronic
el ectronic deyice and said heatsink tg forma thermal connection .
Cher ebet vieen: d61i ad onts sétg 5 irsntle, iepREbL fondiFibye- menBReectel ensseafiseidi
and sai d el eGfluRlite ¢Fe\cbmPreasibled NthernsAlyd coadmLRe S ihderst RER | dovnpréyaslt Caridv e

menbers so as to conpress and permanent]y deform said conpressible,
thernal |y corRfieancpilyndefpuned gy apresylt pf $pid compressive force to provide a separable

connection between said heatsink and said electronic device.

In accordance with another embodiment of the invention, there is provided a
method of making an electronic package assembly comprising the steps of:

providing a circuitized substrate having a plurality of conductors on a first
surface thereof;

positioning an electronic device on said circuitized substrate and electrically
coupling said device to said plurality of conductors;

thermally cdupling a heatsink to said electronic device in a separable manner;

positioning a plurality of compressible, thermally conductive members
substantially between said electronic device and said heatsink to form a thermal
connection therebetween; and

providing compressive force between said heatsink and said electronic device
and onto said compressible, thermally conductive members so as to compress and
permanently deform said compressible, thermally conductive members to provide a
separable connection between said heatsink and said electronic device to thereby define
an electronic package assembly.

In accordance with another embodiment of the invention, there is provided a
method of making an electronic package comprising the steps of:

providing an electronic dévice;

thermélly coupling a heatsink to said electronic device in a separable manner;

positioning a plurality of compressible, thermally conductive members
substantially between said electronic device and said heatsink to form a thermal
connection therebetween; and )

providing compressive force between said heatsink and said electronic device
and onto said compressible, thermally conductive members so as to compress and
permanently deform said compressible, thermally conductive members to provide a

separable connection between said



separ abl e connection between said heatsink and said el ectronic device to
t hereby define an el ectronic package assenbly. 24 29
The met hod of claim 28 wherein said electrical coupli gREﬂLMMEm”esHm i {o}
said plurality of conductors is acconplishéﬂ-using a

el ectrically conducti ve menbers. - The met hod eijn
said positioning. of said plurali |bIe %
menbers bet We@‘i‘?%@‘i desardgleivonie &fé‘ﬂeé‘é He H%SIFE

initially positioni Rgc3dih tsoymrﬁaﬁlbpleﬁlboaﬁ%mdﬂ the Giaféehitichl Rerf B8 GR6widaY a

sai d heatsink and thereaf posi tioning said heatsinkamt—sard
conpr essi bl e, mcﬂvednﬁmakmsarthmmaﬂlwombw strupture gPMpHEFIBGY r oni ¢ device in

. thermal connection 1; ‘F‘@ a Hemble member having first and second opposing sides;

providing a plurality of openings within said flexible member extending between
said first and second sides of said flexible member;

positioning a first plurality of compressible, thermally conductlve members on
said first side of said flexible member such that selected ones of said compressible,
thermally conductive members align with respective ones of said openings; and

positioning a second plurality of compressible, thermally conductive members
on said second side of said flexible member such that selected ones of said second
plurality of said compressible, thermally conductive members align with respective ones
of said first plurality of compressible, thermally conductive members and are in direct
physical contact therewith, said first and second pluralities of compressible, thermally

- conductive members being thermally connected.

According to another embodiment of the invention, there is provided a method of
making a thermally conductive structure comprising: '

providing a flexible member having first and second opposing sides;

providing at least one layer of mask material, said layer of mask material
substantially adhering to said first side of said flexible member;

providing a plurality of apertures in said layef of mask material; and

positioning a first plurality of compressible, thermally conductive members on
said first side of and direct physical contact with said flexible member within respective
ones of said apertures of said layer of mask material.

In accordance with still another embodiment of the invention, there is provided a
method of making a thermally conductive structure comprising:

providing a substantially ﬁgid heatsink having at least one surface;

providing at least one layer of mask material, said layer of mask material
substantially adhered to said surface of said heatsink;

providing a plurality of apertures in said layer of mask material; and

positioning a plurality of compressible, thermally conductive members on said
surface of said heatsink such that selected ones of said compressible, thermally
conductive members are positioned within respectlve ones of said apertures in said layer

of mask material.



31. The nethod of claim 28 wherein said providing of said conmpressive
faorce conprises engagi ng said electronic device and sai d Reptgbeeny chra.
retention spring. 32. The net hod of claim 28 furthgr 'nolfq?(}}l&rm %H"
positioning said heatsink and said el ectrom€ device w tfhi|n ‘g;_he%t,egﬁ
envi ronment having a predeterm ned tenperature range during Hd

i n prdvf.‘-l‘]difnq
of said conpressive force. 33. The et hod of . claim W_’
pr edet er mi ned rangeAﬁ‘Forfbé‘ﬂﬁ@r‘hg‘HFl@E eB'fq’oglé‘il@t’h et} E"ﬁVﬁdﬂ’i_ 50 nggn

the melting Pliehhaff cSAMRHTOTRIAAR Rddpted BG' BEhS ¥n&RRAYS _ .

The nmethod of claim 33 wherein said conpressive force I's applied at sai

pr edet er m nedeleetnquic deviess saifl srethodyompstsmigli ned ti ne peri od. 35. The
or about one

rethod o ol 1 52 G h{a et e S O Sy RS 8 2000
package conpri si ng pdsiticiigpa layer of adhesive material on said at least one surface of said
flexible, metallic member; and
positioning a plurality of compressible, thermally conductive and permanently
deformable members on said layer of said adhesive material to thereby secure said
plurality of compressible, thermally conductive and permanently deformable members to
said flexible, metallic member such that said compressible, thermally conductive and
permanently deformable members directly contact said flexible, metallic member, said
. compressible, thermally conductive and permanently deformable members and said
flexible metallic member thereafter adapted for being thermally connected to said external
electronic device in a separablelmanner.
In accordance with a still further embodiment of the invention, there is provided
a method of making a thermally conductive structure adapted for being thermally
connected to an external electronic device, said method comprising:
providing a template;
positioning a plurality of compressible, thermally conductive and permanently
deformable members at spaced locations on said template;
positioning a quantity of adhesive material on a preselected portion of each of
said compressible, thermally conductive and permanently deformable members;
providing a member having at least one surface; and
positioning said plurality of compressible, thermally conductive and permanently
deformable members having said adhesive material adhered thereto on said at least one
surface of said member such that said adhesive material secures said plurality of
compressible, thermally conductivé members to said surface of said member such that
said compressible, thermally conductive and permanently deformable members directly
contact said at least one surface of said member, said compressible, thermally conductive
and permanently deformable members and said member thereafier adapted for being

thermally connected to said external electronic device in a separable manner.



provi ding an el ectronic device; thermally coupling a heatsink to

said electronic device in a separabl e manner; positioning a
plurality of conpressible, thermally conductive ne ﬂgpmew y

bet ween said el ectronic device and said he8sink tq feLnNa %@f?g‘ﬁ]’?
connection therebetween; and 25 r@\rﬁjdl ng conygressi ve
force between said heatsink and said el ectronic deyi I8t 2n0ai d
conpressible, thermally conductive nenbers so as t s..and

permanent |y deform said conpres rf@:k‘f)esérgﬁi g@h tive nmenbers t
provi de a- separabl e connection twee eat si trdgnic

device to ther eby defhlGe 14y théreds nldushatepiamkelgeiromc package asembiptihadcartlance
claim 36vvher in sai d rality,of co ssi bl e, .
Cher mai 1y coifkpe Snhefebt 0B dveition Wl Hectiid i, FRERERG Sofmprior to
heat si nk comapplicasioh bf tor@pieysipofoirde; oni ng sai d corrpr essible, thermally
conductive menbers .

In FIG. 1B, there is illustrated a much enlarged view of a portion of the

electronic package assembly shown in Fig. 1A, as indicated by the reference numeral 1B
in FIG. 1A;




on said heatsi sitioning said heatsink and said

conpr essi bl e, menbers on sai Fi-—e-l-ee-t-r-gm_c_dem_ce I n
t her mal connectl [le“§ ‘ﬁ l“ The net hod] REPLABGEMERTY SWRRTeil n said
pREBGH-Ag—Sa-d—

providing step o orrpr eeswelfor ce eNrprl sep el ¢ctronic
device and said heatsink with a retention spring. g sl R@aret hod of
claim 38 V\hezcgl n said conpressive force is appliefd \M{ﬁ.efn sai'd hEa si nk
and sai d el et ¢ device within a predet er m ned} r ange—ef—t-enperat lires.

40. The met hod of claim 39 wherein said predeterm ned range of
tenperatures is less than the nelting point of sard-conpressibte—thermally
conduct i ve melvber s.An elggtronic pagkage@ss¢robly $PMPKSINg: 40 wher ei n sdi d

conpressive force .is ggﬁ{ [ Ek"t%rf .

tenperatures for aapcfle e g&?nu%e &?ﬁvﬁ@@p}lﬁﬁl&%f‘%&a@&c‘?&?%ﬁ tho % eléﬁogfi m
41 wherein said pr ametlectronie detvicarpositioned! onssdid rcirsbitized cnbstrateahé dlectadabiyt
ten m nutes.

coupled to said plurality of conductors;

a heatsink thermally coupled to said electronic device;

a plurality of compressible, thermally conductive members positioned between
said electronic device and said heatsink and thermally connected thereto in a separable
manner, said compressible, thermally conductive members comprising a plurality of
solder elements; and | '

means for providing compressive force between said heatsink and said electronic
device and onto said compressible, thermally conductive members, selected ones of said
plurality of compressible, thermally conductive members being compressed and
permanently deformed to provide a separable connection between said heatsink and said

electronic device.

2. The electronic package assembly of claim 1 wherein said circuitized substrate is

a printed circuit board.

3. The electronic package assembly of claim 1 wherein said electronic device

comprises a semiconductor chip.

4. The electronic package assembly of claim 1 wherein said electronic device

comprises a module.

5. The electronic package assembly of claim 1 wherein said solder elements are

comprised of low melting point solder.

6. The electronic package assembly of claim 1 wherein said means for providing
compressible force comprises at least one retention spring operatively coupled to said

circuitized substrate and said heatsink.

7. The electronic package assembly of claim 1 including at least one clearance .

feature positioned between said heatsink and said electronic device for defining a



43. A_nethod of neking a thernally conductive structure conprising:
pr.ovi di: ng m‘@ |ubl e nenber having first and second appasing sides:

provi di ng “ M)m; 'enl ngs within said fl exu_ bﬂEPWEMHBWSHEE‘ld' ng

bet ween sa nd sides of sai«2Ilf4 exiblie
positioning a flrst pIurallty of conpressible, the

on said first side of said . flexible nenber.such th
conpr essi bl e, predstepmined SBB‘HB&E’F ﬁéﬁ‘i‘gﬁags“gq

sai d openi NYS oAl secured to saifelectronic devicePOSi t 0”' n
conpressible, thermally conductive nenbers on sai

fl exi bl e menber such that selected ones of said second plurality of said
conpressi bl e, gt her Ye ngggﬁ

said first pl Sr al i {Tgh%f lécéggng#eé % {)g’ &f Fy cong‘{bllgﬁ%%tlér%g?g@gﬁe are
in direct phy$éatak positionet bdﬁweawsduﬂ hmmk fmds&mch@bcnenmnde\pbm rfod |dbﬁnmgoi
conpressibl e, prelag{e%{xleﬁ sﬁé’c?x‘i'g %E:t'v%eenggl ea smliceI nysaut{| elecht X d%%]:g,e gatl clearance

feature secured to or forming part of said heatsink.

9. The electronic package assembly of claim 1 further including a flexible member
located between said heatsink and electronic device, said plurality of solder elements of
said plurality of compressible, thermally conductive members being secured to said

flexible member.

10. The electronic package assembly of claim 3 further including a second plurality
of solder elements electrically coupling said chip to said plurality of conductors.

11. The electronic package assembly of claim 10 further including a quantity of
encapsulant material substantially supporting said chip above said substrate.

12. The electronic package assembly of claim 10 wherein the melting points of said
second plurality of solder elements are greater than the melting points of said plurality of

- solder elements of said compressible, thermally conductive members.

13. The electronic package assembly of claim 12 wherein said second plurality of
solder elements are comprised of 10:90 tin:lead solder, and said plurality of solder
elements of said compressible, thermally conductive members are comprised of 63:37

tin:lead solder.

14. The electronic package assembly of claim 6 further including means for

fastening said retention spring to said circuitized substrate.

15.. The electronic package assembly of claim 14 wherein said means for fastening

comprises at least two studs spacedly positiohéd within said circuitized substrate.
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a predetermined spacing between said heatsink and said electronic device.

18. An electronic package comprising: l I!Il"cl "IIILI “I“" "IISI " |!I|

an electronic device;

a heatsink thermally coupléd to said electronic device;

a plurality of compressible, thermally conductive members positioned between
said electronic device and said heatsink and thermally connected thereto in a separable
manner, said compressible, thermally conductive members comprising a plurality of
solder eleménts;

means for providing compressive force between said heatsink and said electronic
device and onto said compressible, thermally conductive members, selected ones of said
plurality of compressible, thermally conductive members being compressed and
permanently deformed as a result of said compressive force to provide a separable

connection between said heatsink and said electronic device.

19. | The electronic package of claim 18 wherein said electronic device comprises a

semiconductor chip.

20. The electronic package of claim 18 wherein said electronic device comprises a

module. ' —

21. The electronic package of claim 18 wherein said solder elements are comprised

of low melting point solder.

22, The electronic package of claim 18 wherein said means for providing
compressible force comprises at least one retention spring operatively coupled to said

electronic device and said heatsink.
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24, The electronic package of claim 18 including at least one clearance feature

positioned between said heatsink and said electronic device, said clearance feature

secured to said electronic device.

25. The electronic package of claim 18 further including a flexible member located
between said heatsink and said electronic device, said plurality of said solder elements of
said plurality of said compressible; thermally conductive members being secured to said

flexible member,

- 26. The electronic package of claim 25 wherein said flexible member includes a
plurality of openings, selected ones of said plurality of solder elements of said
compressible, thermally conductive members being positioned within respective ones of

said openings.

217. The electroﬁic package of claim 18 wherein said flexible member includes at

least one standoff feature attached thereto or forming part thereof.

28. A method of making an electronic package assembly comprising the steps of:

providing a circuitized substrate having a plurality of conductors on a first
surface thereof;,

positioning an electronic device on said circuitized substrate and electrically
coupling said device to said plurality of conductors;

thermally coupling a heatsink to said electronic device in a separable manner;

positioning a pluraliiy of compressible, thermally conductive members
substantially between said electronic device and said heatsink to form a thermal
connection therebetween; and ' '

providing compressive force between said heatsink and said electronic device
and onto said compressible, thermally conductive members so as to.compress and
permanently deform said compressible, ihefﬁlally conductive members to. provide a
separable connection between said heatsink and said electronic device to thereby define

an electronic package assembly.
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on said heatsink and thereafier positioning said heatsink and said compressible, thermally

conductive members on said electronic device in thermal connection therewith.

31. The method of claim 28 wherein said providing of said compressive force

comprises engaging said electronic device and said heatsink with a retention spring.

32. The method of claim 28 further including positioning said heatsink and said
electronic device within a heated environment having a predetermined temperature range

during said providing of said compressive force.

33. The method of claim 32 wherein said predetermined range of temperatures of
said heated environment is less than the melting point of said compressible, thermally

conductive members.

34. The method of claim 33 wherein 'said compressive force is applied at said

predetermined temperatures for a predetermined time period.

35. The method of claim 34 wherein said predetermined time period is for about one

minute to about ten minutes.

36. A method of making an electronic package comprising the steps of:
providing an electronic device; .
thermally coupling a heatsink to said electronic device in a separable manner;
positioning a plurality of compressible, thermally conductive members
substantially between said electronic defridé- and said heatsink to form a thermal

‘connection therebetween; and
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heatsink and said electronic device to thereby define an electronic package.

37. The method of claim 36 wherein said positioning of said plurality of
compressible, thermally conductive members between said electronic device and said
‘heatsink comprises initially positioning said compressible, thermally conductive members
on said heatsink and thereafter positioning said heatsink and said compressible, thermally

conductive members on said electronic device in thermal connection therewith.

38. The method of claim 37 wherein said providing step of said compressive force

comprises engaging said electronic device and said heatsink with a retention spring.

39. The method of claim 38 wherein said compressive force is applied between said

heatsink and said electronic device within a predetermined range of temperatures.

40. The method of claim 39 wherein said predetermined range of temperatures is less

than the melting point of said compressible, thermally conductive members.

- 41, The method of claim 40 wherein said compressive force is applied during said

range of predetermined temperatures for a predetermined time period.

42. The method of claim 41 wherein said predetermined time period is for about one

minute to about ten minutes.

43, A method of making a thermally conductive structure comprising:

providing a flexible member having first and second opposing sides;

providing a plurality of openings within said flexible member extending between
said first and second sides of said flexible member; ‘

positioning a first plurality of compressible, thermally conductive members on
said first side of said flexible member such that selected ones of said compressible,

thermally conductive members align with respective ones of said openings; and
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standoff member to said flexible, metallic member, said standoff member being of greater
hardness than said first and second

- pluralities of said compressible, theﬁnally conductive members.

45. The method of claim 44 wherein said step of attaching said standoff member

comprises using a thermally conductive adhesive.

46. The method of claim 43 wherein said compressible, thermally conductive
members of said first plurality of thermally conductive members have a similar or higher
. melting point temperature than said compressible, thermally conductive members of said

second plurality of thermally conductive members.

47. The method of claim 43 wherein said openings within said flexible members are

randomly provided.

48. The method of claim 43 further including the step of providing at least two layers
of mask material, each of said layers of mask material substantially adhering to a

respective one of said opposing sides of said flexible member.

49. A method of making a thermally conductive structure comprising:

providing a flexible member having first and second opposing sides;

providing at least one layer of mask material, said layer of mask material
substantially adhering to said first side of said flexible member;

providing a plurality of apertures in said layer of mask material; and

positioning a first plurality of compréssible, thermally conductive members on
said first side of and direct physical contact with said flexible member within respective

ones of said apertures of said layer of mask material.



61. The nethod of claimb58 further including the step of attaching at

| east ane standoff nember to said flexible, netalli gﬁ;@?ﬁ E@g,lngmandoff
M HERISi bl e,
ej

menber ' rgpardness than said pluralit

t her mal jﬁlﬂﬁjﬂljjmmgmrpermnently def or atbl e nenpeqds. 7.

met hod oOfy Cleal it n said step of attaching shi s&ﬁndb!,fzmm)e to
said flexible, netallic nenber conprises using a thprigally conducti

adhesi ve. 63. The net hod of claim58 wherein spid | ayer o esfve
material is ooV derhe method $fo¢lind 49skiviben including vh
plurality of conpressible,

t, N - 29 - conductive.and
per manent | y Wﬁéﬁ?@bﬁ%ﬁageg@& %‘F@H@rel saifh stapdoff memher Brne -BEAlY hardness
i ndi vi dual = el{geaki$ plurality of said compressible, thermally conductive members. .

51. The method of claim 50 wherein said step of attaching said standoff member to

said flexible member comprises using a thermally conductive adhesive.

52. The method of claim 49 further including _providing a second layer of mask
material, said second layer of mask material substantially adhering to said second side of
said flexible member, providing a plurality of apertures within said second layer, and
thereafter positioning a second plurality of compressible, thermally conductive members

within respective ones of said apertures in said second layer of mask material.

53. The method of claim 49 wherein said flexible member is provided in

substantially solid form not including openings therein.

54. The method of claim 52 wherein said second plurality of compressible, thermally
conductive members are positioned in a substantially offsetting manner with respect to

said first plurality of compressible, thermally conductive members.

55. A method of making a thermally conductive structure comprising:

providing a substantially rigid heatsink having at least one surface;

providing at least one layer of mask material, said layer of mask material
substantially adhered to said surface of said heatsink;

providing a plurality of apertures in said layer of mask material; and

positioning a plurality of - compressible, thermally conductive members on said
surface of said heatsink such that selected ones of said compressible, thermally
conductive members are positioned within respective ones of said apertures in said layer

of mask material.

56. The method of claim 55 further including the step of attaching at. least one
standoff member to said heatsink, said standoff member being of greater hardness than

said plurality of said compressible thermally conductive members.
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plurality of compressible, thermally conductive and permanently deformable members to
said flexible, metallic member such that said compressible, thermally conductive and
permanently deformable members directly contact said flexible, metallic member, said
compressible, thermally conductive and permanently deformable members and said
flexible metallic member thereafter adapted for being thermally connected to said external

electronic device in a separable manner.

59. The method of claim 58 wherein said layer of adhesive material is provided in
thermally conductive form.
60. The method of claim 58 wherein said step of positioning said plurality of

compressible, thermally conductive and permanently deformable members is

accomplished in a random manner.

61. The method of claim 58 further including the step of attaching at least one
standoff member to

said flexible, metallic member, said standoff member being of greater hardness than said
plurality of said compressible, thermally conductive and permanently deformable

members.

'62. " The method of claim 61 wherein said step of attaching said stand_off member to

said flexible, metallic member comprises using a thermally conductive adhesive.

63. The method of claim 58 wherein said layer of adhesive. material is provided in

the form of several, individual elements, said plurality of compressible, thermally
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thermally connected to an external electronic device, said method comprising:

" providing a template; _

positioning a plurality of compressible, thermally conductive and permanently
deformable members at spaced locations on said template; |

positioning a quantity of adhesive material on a preselected portion of each of
said compressible, thermally conductive and permanently deformable members;

providing a member having at least one surface; and

positioning said plurality of compressible, thermally conductive and permanently
deformable members having said adhesive material adhered thereto on said at least one
surface of said member such that said adhesive material secures said plurality of
compressible, thermally conductive members to said surface of said member such that
said compressible, thermally conductive and permanently deformable members directly
contact said at least one surface of said member, said compressible, thermally conductive
and permanently deformable members and said member thereafter adapted for being

thermally connected to said external electronic device in a separable manner.

65. The method of claim 64 wherein said quantity of adhesive material is provided in

thermally conductive form.

66. The method of claim 64 further including the step of attaching at least one
standoff member to said member, said standoff member being of greater hardness than
said plurality of said compressible, thermally conductive and permanently deformable

members.

67. The method of claim 66 wherein said step of attaching said standoff member to

said member comprises using a thermally conductive adhesive.

68. The method of claim 64 wherein said step of applying said quantity of adhesive
material includes substantially surrounding each of said compressible, thérmally

conductive and permanently deformable members with said adhesive material.
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69. The method of claim 64 wherein said step obf pps1lgio§1irfg!s !saggnﬁlw*aiy of

compressible, thermally conductive and permanenfly deformable memb
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accomplished in a random manner.
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ELECTRONIC PACKAGE WITH COMPRESSIBLE HHATSINK STRUCTURE

ABSTRACT

An electronic package (10) wherein an electronic device (e.g., chip)'(18) on a
circuitized substrate (12) of the package is thermally coupled to a heatsink (22) in a
separable manner using a plurality of compressible, thermally conductive members (e.g.,
solder balls) (20). These members are compressed and permanently deformed as part of
the thermal coupling.

Fig. 1



