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METHOD AND APPARATUS FOR HEAT SI NK

This invention relates generally to cooling of integrated circuit packag
and nore specifically applies to such cooling which includes use of a he

. si nk.

Cross Reference to Related Patent Applications None.

' Background of the Invention | mprovenents in integrated circuit
technol ogy, such as
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TITLE: 'METHOD AND APPARATUS FOR HEAT SINK

Field of the Invention
This invention relates general;y to cooling of integrated
circuit packages and more specifically applies to such cooling

which includes use of a heat sink.

Cross Reference to Related Patent Applications

None.

Background of the Invention

Improvements in integrated circuit technology, such as
lowering circuit voltages and selectively modifying circuit
operation in responée to heating, have tended té somewhat mitigate
the increasing heat density which normally éccompany ever

increasing circuit density and operating frequency. Nevertheless,

integrated circuit heaping continues’ to be problematic. The art is

replete with methods ‘and devices for improviné IC cooling,
particﬁlarly involving'the use of a heat sink.

There are numerous difficulties associated with using a heat
sink for IC cooling. One of the difficulties invqlves how to
attach a small, relatively fragile IC to a larger, relatively more
stufdy heat sink. Heat treating is commonly used for attaching the
IC to a.relatively small carrier. To include a relatively large

heat sink in a heat treating oven for attachment to the IC or
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lowering circuit voltages and selectively nodifying circuit ,
operation in response to heating, have tended to sonewhat mtigate the
increasing heat density which normally acconpany ever increasing
‘circuit density and operating frequency. Nevertheless, integrated circuit
heating continues to be problematic. The art is replete wth nmethods and
devices for inproving 1C cooling, particularly involving the use of a

heat si nk. " There are nunerous difficulties associ.-ated with using a
heat sink for IC cooling. One of the difficulties involves howto
attach a small, relatively fragile ICto a larger, relatively nore sturdy

heat sink. Heat treating is commonly used for attaching the 1Cto a
relatively small carrier. To include a ré& atively large heat sink in a

heat treating oven for_attachnment to the |.C or, e
carrier would increase processing time and presents difficult

"problems of temperature control.

The prior art, therefore, includes improving the thermal
conductivity of a mechanical attaéhment or contact between the heat
sink and the IC or between the heat sink and the IC and carrier
combination, where attachment or contact can be without thermal
treatment. For example, U.S. patent 5,311,1300 to M.D. Rostoker,
et al. describes a heat sink having a flat surface in close
proximity above an IC die; with a silicon gel therebetween. The
dié is mounted on a substrate therebelow. One problem with this
die/heat sink attachment is that the plane of the die which is
proXimaﬁe to the heat sink will inevitably be somewhat tilted with
respect to the flat surface of the heat sink, resulting in reduced
thermal conductivity. |

U.S..patent 5,184,211 to L.R. Fox describes a heat sink
mounted to a substfate, ﬁith the substrate supporting the dief The
heat sink above the ?ie is drawn down toward the substrate by
mechanical attachment to achieve close contact with the die. A
_compliént cushion is disposed between the die and-the substrate
below. This somewhat accommodates dimensional varianceé, with the.
cushion acting like a spring to press the die to the heat sink.
But the spring-like effect must necessarily be small because the
die is also constrained by electrical leads connecting the IC to

the substrate.
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2 <carrier would increase processing tinme and presents difficult problens
of tenperature control. The prior art, therefore, includes inproving
the thermal conductivity of a nechanical attachnent or contact between the
heat sink and the IC. or bet ween the heat sink and the IC and carrier

conbi nati on, mher B )nt act can be without thermal treatnent.
For exanpl e, Eﬁ@b ﬁ@@i E@g to MD. Rostoker, et al. describes a
heat si nk haV|ng Iaﬁfgbwﬂgbe ingclose proximty above an IC die, with a

silicon gel therebetween. The die is nounted on a substrate therebel ow.
One problemw th this die/heat sink attachment is that the plane of the .

die which is proxinate to the heat sink will inevitably be somewhat tilted
with respect to the flat surface of the heat sink, resulting in reduced
t hermal conductivity. patent 5,184,211 to L.R _Fox descrlbes a

heat sink nounf&dmey é’esuﬁb%‘t’? a?@mv\ﬁ-lﬁ??? heXT Qs at® BeHorKifES t RETdRD:
Th heat k abov he. di d dewn te b
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cushion is disposed between the die and the substrate

Summa of the Invention

An objective of the invention is to improve heat dissipation
for an IC die, using a heat sink having a mechanical attachment to
an element for transferring heat from the dielto the heat sink.

According to the pregent invention, the foregoing and other
objects are attained by an assembly for dissipating heat includes
a die containing an electronic circuit (a "chip”) and a heat
transfer element ("HTE") proximate to the chip and tending to be
thermally conductive. The HTE has a face opposite the chip. The
‘heat sink has a face tending to match the HTE face. The heat sink
and HTE faces are held proximate to one another.

In another aspect of the invention, the heat sink face and HTE
face entirely overlay the chip.

In a further aspect, the HTE and the heat sink faces are
substantially flat so that gaps therebetween are rédgced and heat"
transfér therebetween is improved.

Also, the assembly includes a thin layerlof a first pliable,
thermally conductive material between the HTE and heat sink faces,
and a thin layer of a second.pliable( thermally conductive material
between the die and the HTE.

In one embodiment, a substrate supports the die and is

attached to the HTE, holding the die proximate to the HTE. The
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beFow. This somewhat accommodat es di nensi onal variances, with the cushion
acting like a spring to press the die to the heat sink. But the
spring-like effect nmust necessarily be small because the die is also
constrai ned by el e¢gtri-cal—ead QQQQ cting the ICto the substrate.

3 . As may be NS 1SHERT ¢ npl es, a need exists for an inproved
net hod and apparatjus f oREROMIEDhg an}l C die. It is an object of the
present invention t'o-amefTorate one or nore di sadvantages of the prior

art. Summary of the Invention According to one aspect of the
present invention, there is provided an assenbly for dissipating heat from
Integrated circuitry conpri sing: "~ a heat sink; a heat
transfer elenment ("HTE') screwed to the hgat sink at a HTE-heat sink
interface for efficient heat transfer therebetween; a chip,

cont ai ni ngsiubstyate echac r substgntiambly the same coefficient of thermal
expansion as the HTE. | .

In the preferred method of assembling circuitry of the chip is
connected to conductoré of a wiring sﬁbstrate. A first pliable,
thermally conductive material is app_lied- to a heat transfer element
("HTE") . The chip is abutted against the first pliable, thermally
conductive material. The chip, first pl,ia'ble, thermally conductive
material, wiring substrate and HTE are heated. After the heating,
the heat sink is secured proxin}ate to the HTE.

In a further aspect of the .method, a face is .fo'rme.d on the HTE
and a face is formed on the heat sink which substantiall& matches
the face on the HTE. In applying the first pliable, thermally
conductive material to the HTE, it is applied opposite the HTE
face. 1In abutting the chip, it is abuttc—;d to the first pliable,
thermally conductive material oppositg' the HTE face.

In still a further aspect of the method, a second pliable,
thermally conductive material may also Be applied between the HTE
and heat sink after the heating. Both the fiist; and secondh
pliablé, thermally conductive material may tend to act as an
adhesive. Alternatively, one of the first and second pliable,
thermally conductive materials may tend to act as an adhesive. Or,
neither the firz;:\t nor the second pliable, thermally conductive
materials may tend to éct as an adhesive.

' It.is an advantage that the HTE, may be tightly secured in a
close fit with the heat sink, due Eo the rugged construction of the
___ﬁ_‘___*_ﬁ—\-h__\_h | .
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a substrate, sealed to the HTE by an adhesive seal and wired to | eads of
the chip by controllably collapsible chip connections; wher ei n
the chip is positioned, on the substrate, in close proximty to the HTE at
a chip-HTE interface, with a pliable thermally conductive nmaterial at the
. chi p- HTE interfaca*iggﬁmgf$r§nﬁgfzip freedom of novenent: to reduce HTE
movement transnmit} &' ﬂ%,%’é i"="ljeads t hrough the chip; - wherein
mechani cal interfhces iNEPOAEER her path fromthe chip to the heat sink -
consi sts solely of The chip-HIE interface and the HTE-heat sink interface;
and wherein the chip is the sole chip in the assenbly, and the HTE
and substrate are substantially smaller than the heat sink, to commt
more rapid, controllable heat treating of5 the chip, substrate and HTE in

an oven together.. According to another aspect of the present .
i nvent i on, HTEeprdi Beptosinled andratafodheoHTE BR¥sAbER ik heak §renhed with

e TR GG, Lo TR ISy BLF S, B Rofalo8ud! 4 AL Y.
4 (a)_ Bﬁ8¥f8588 ﬁeQEaﬁréﬂéﬁﬁr is achieved from the die to the HTE, and

from the HTE to the heat sink.

It is anothe; advantage of the present invention that heat may
dissipate in a direct line from the chip. to the HTE and the heat
sink, and also outwardly therefrom.

Additional objects, advantages, and novel features are set
forth in the following description, or will be apparent to those-
skilled in the art or those practicimg the invention. Other
embodiments are within the spirit and scope of the invention{
These objects and embodiments may be achieved by the combinations
pointed out in the appended ciaims. The invention is intended to

be limited only as defined in the claims.

Brief Description of the Drawings
FIG. 1 illustrates the prefe:red embodiment of the invention
fbr a wire bond package. _ )
FiG. 2 illustrates the preferred embodiment of the inﬁention

for a flip chip package.

Detailed Description

To clearly point out novel features of the present invention,
the following discussion omits or only briefiy describes
conventional features of chip packaging, such as wire bond and £lip

\’K
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(b) iscremﬁng a heat transfer elenent ("HTE') to the heat sink for

ef ficient heat transfer therebetween; (c) provi ding a chip,
containing integrated circuitry; (d) ‘Wiring a substrate to | eads of the
chip by controllably collapsible chip connecti ons; (e)

positioning the chip, on the substrate, in close proximty to the HTE at a
chip-HTE interface with a pliable, thermally conductive material at the
chi p-HTE interface, allowi ng the chip freedom of novenent to reduce HTE
movenent . transmtted to the chip | eads through the chip; (f) heat
treating of the chip, .substrate and HTE in an oven together which

I ncl udes sealing the substrate to the HTE by an adhesive seal, wherein
mechani cal interfaces in one thermal pathefromthe chip to the heat sink
consists solely of the chip-HTE interface and the HTE heat sink interface,
and wher ei ghimepatkpoingt hehip| to carprier tatamdwentl y suAl eReMAYE18gdude

substrate are substantially smal)]er thap,the heat sink, to permt nore
rapid, prepargbifn ofPxp| 2dBREHVS r%ﬁ???‘@a%‘font h%néh?’ﬁat u g??%{?eé“%fndaﬁﬁlE

in an OVGQmachining,téﬁgﬂ:ggrto achiéve closely fitting, flat faces on metal
parts, which are apparent to those skilled in the art. '

Referring to FIG. 1, one preferred embodiment of the invention

for a wire bond package is illustrated. A die 102 containing

integrated circuitry is supported on a heat transfer element 104,

held by an adhesive 166. A close fit and low thermal resistance

between the die 102 and h'eatl transfer element ("HTE") 104 is

typically achieved, at least in part, by heat treating of the die,

HTE and adhesive in an oven. Because the HTE is substantially
smaller than the heat sink, this heat treating may be performed
more quickly, controllably and reliably than would be required if
the heat sink were included.

The heat transfer element 104 is preferably also of copper,
whiqh can be machined to obtain a substantially flat surface, such
as within a deviation not exceeding 20 microns. Thué, face 108 of
the heat transfer element 104, to which the die 102 is attached,"
and thé face 110 of the HTE 104, which is held against heat sink
112, may be flat to within this tolerance.

Likewise{ heat sink 112 is preferably of copper. Thus, heat
sink 112 face 114, which'is heid against HTE 104 face 110, may be
flat to within this tolerance, so that the heat sink 112 and heat
transfer element 104 may "be in substantially wuniform contact

throughout the entire area of the faces 110 and 114 to improve heat
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5 - Brief Description of the Draw ngs FIG 1
illustrates the preferred enbodi nent of the invention for a wire bond
package. FIG 2 illustrates the preferred enbodi nent of the invention
for a flip chip package. Det ai | ed Description To clearly point out
novel features of the present invention, the followng discussion omts
or only briefly describes conventional features of chip packagi ng, such
as wire bond and flip

7
transfer across the interface therebetween. Also, because the
materials are the same, the coefficients of expansion for the HTE
and the heat sink are the same. This further promotes the uniform
contact despite heating by operation of the circuitry on the die.

Because the heat transfer element 104 and heat sink 112 are
relatively sturdy, they may be tightly drawn together by screws
116a through 116e, which are inserted thrpugh the heat sink 112 and
" threaded into the heat transfer element. This'further improves the
uniformity of contact between the faces 110 and 114, théreby
improving the‘ thermal conduction of heat from the heat transfer
element 104, 'across the interféce, and into the heat sink 112.
Also, it does not put any substantial stress on the wire bond
connections 118 from the die 102 to metal conductors (not shown),
preferably of copper, embedded in wirihg laminate 120 connecting
the'circuitry to pins 124.

It should be understood that the heat sink 112 and heat
transfer element 104  may also be attached and drawn together
tightly by screws inserted through both the HTE 104 and heat sink )
112 anci held by nuts, or inserted through the HTE 104 and threaded
into the heat sink 112, or by still 6ther attachment means, such as
clips, clamps etc.

The uniformity of contact between the faces 110 and 114 in the
preferred embodiment may also be enhanced by a layer of compliant,
thermally conductive material 122, such as mineral oil or thermal

paste, therebetween.
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6 *chfp packagi.ng; chip to carrier attachment, such as may incl ude _
preparation for adhesive application and heat treatnent; and rmachining,
such as to achieve closely fitting, flat faces on netal parts, which are

apparent to those skilled in the art. Referring to FIG 1, one
preferred enbodi nent of the invention for a wire bond package is
I 11 ustrated. A die 102 containing integrated circuitry is supported on a

heat transfer elenment 104, held by an adhesive 106. A close fit -and | ow
thermal resistance .between the die 102 and heat transfer elenment ("HTE")
104 is typically achieved, at least in part, by heat treating of the die,
HTE and adhesi-ve in an oven. Because the HTE is substantially smaller
than the heat sink, this heat treating ne8 be perforned nore quickly,
controllably and reliably than would be required_if )
The wiring laminate 120 is preferably of a material, such as
a composite structure, which has a coefficient of exbansion close
to that of the copper HTE, and tends to be electrically
nonconducting . and thermallf conducting. A typical pin 124,
includes a pad for conneétion to conductors (not shown) embedded in
the wiring laminate 120 such as by brazing. The pins 124 are
preferably of copper or a gold plated nickel allow, which is a good
electrical conductor and also has a coefficient of expansion
similar to the wiring laminate, embedded conductors énd HTE, to
reduce thermal stresses on the connections between the die and the
wiring laminate, and between the pins and the wiring laminate.
FIG.1 provides only'an orthographic view in a single plane
(hereinafter referred to as the vertical plane). As can be only
partially seen in the FIG. 1, in the horizontal plane the heat sink
112 face 114 entirely oveilays heat transfer element 104 face 110,
and heat transfer element 104 face 108 entirely overlays die 102.
That is, as viewed froq.a horizontal plane above the heat sink 112,
- heat transfer element 104 and die 102, the perimeter of the heat
trénsfér element face llO:exteﬂds”béyond Ehe perimeter of the die
102. (Of course, it may not be required in all instances for the
HTE to completely overlay the die, or the heat sink to completely
overlay the HTE. It is within the spirit of the invention for

these elements to merely overlay one another to a substantial

degree.)
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t he heat sink were included. The heat transfer elenent 104 is
preferably al so of copper, which can be machined to obtain a substantially
flat surface, such as within a deviation not exceeding 20 m crons. Thus,
face 108 of the heat transfer element 104, to which the die 102 is
attached, and the face 110 of the HTE 104, which is held agai nst heat sink
112, may be flat to within this tol erance. Li kewi se, heat sink 112 is
preferably of copper. Thus, heat sink 112 face 114, which is held agai nst
HTE 104 face 110, may be flat to within this tolerance, so that the heat
sink 112 and heat transfer elenent 104 nmay be in substantially uniform
contact throughout the entire area of the faces 110 and 114 to i nprove
heat - 9 7.

Thus, heat from die 102 is more efficiently conducted from the
die 102 to heat transfer element 104 to heat sink 112, since ;he
heat may dissipate through the conductive materials of the heat
transfer element and heat sink straight upward from the die, and
also tangentially outward in all directions from the path straight'
upward. N

Referring now to FIG. 2, a preferred embodiment of the
invention is illustrated for a £flip chip package. "In this
embodiment, die 102 containing integrated circuitry is supported on
a substrate 126. Conductors (not shown) are embedded or on the
surface of the substrate 126.to connect the cirbuitry of the die
102 to the pins 104. The substrate.126 is preferably an alumina
ceramic material, which tends to be electrically nonconducting, and
a good thermal conductor. The die 102 is attached to the substrate
126 by controllably collapsible chip connections 128 bonded to pads
(not shown) on the substrate, as is known in the art. The
substrate is attached to HTE 104, such as by solder 130, which may
provide a hermetic seal. The HTE 104 is preferéb;y of copper"
tunqstén, which may also be machined to obtain a substantially flat
suréace, such as to within a deviation of no greater than 20
microns. Thus, faces 108 and 110 of the HTE 104 may be flat to
within this tolerance. |

Due to the selection of materials as set forth above, the
coefficient of expansion of the HTE and substrate are substantially

similar to reduce stress on the seal 130 caused by heating from



transfer across the interface therebetween. Al so, because the materials
.are the sane, the coefficients of expansion for the HTE and the heat sink
are the same. This further pronotes the uniform contact despite heating by
operation of the circuitry on the die. Because the heat transfer

el enent 104 and heat sink 112 are relatively sturdy, they may be tightly
drawn together by screws 116a through 116e, which are inserted through the
heat sink 112 and threaded into the heat transfer elenment. This further

i nproves the wuniformty of contact between the faces 110 and 114, thereby
I mproving the thermal conduction of heat fromthe héat transfer el enent
104, across the interface, and into the heat sink 112. Al so, it does not
put any substantial stress on the wire bg@pd connections 118 fromthe die
102 to netal conductors (not shown), preferably of copper, enbedded in
wiring | andbpetatidt) oforvhectiimguithe onrtche tdig.t o pi ns 124. It should
be understood that the heat sink 112 and heat  .transfer elenment 104 may

al so be attachdipthdhatain tifedHdp CP%@rﬂ“]b?dB?‘e%Er é‘o’c?:? pHEERfR PR H'-lh@uéhe
both the 104 a

he. HTE. 10K7AndPPRRSLAc 608 (TFSaHE HERD oFRR SEDReBrigsf soPfl i i B
attachment ;gRans t SUCTE &% close proximity to the face 108 of the HTE 104,
with a thermally conducti%re paste 132, such as a silicon gel,
‘therebetween. |

Again, as in the embodiment of FIG. 1 for the wire bond
package, heat sink 112 is preferably of copper. Thus, heat sink 112
face 114, which is held against HTE 104 face 110, may be flat to
within the previously mentioned tqlerance, so that the heat sink
112 and_HTE 104 may be in substantially uniform contact throughout
the entire area of the faces 110 and 114 to improve heat transfer
across the interface therebetween. -

Because the HTE 104 and heat sink 112 are relatively sturdy,
they may be tightly drawn together by screws 1l6a and 116b, which,
as shown in FIG. 2, are inserted through both heat sink 112 ahd.HTE
104 and held by threaded collars, i.e., nuts, 134 the collars and
screws being preferably of aluminmﬁ. lThis furthef improves the"
uniforﬁity of contact between the faces 110 and 114, thereby
improving the thermal conductioh of heat from the HTE 104y across
the interface, and into the heat sink 112.

Note that in this package, it is preferred thét the screws 116
pass through Both the heat sink and the HTE and aré held by nuts.
134, rather than engaging'threads.within the HTE or heat sink.

Furthermore, it is preferable that the apertures in the HTE and
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clips, clanps etc. The uniformty of contact between the faces 110
and 114 in the preferred enbodi nent nay al so be enhanced by a | ayer of
conpliant, thermally conductive material 122, such as mineral oil or
thermal paste, therebetween. ' ,

8 The wiring lamnate 120 is preferably of a material, such as a
conposite structure, which has a coefficient of expansion close to that of
t he copper HTE, and tends to be electrically nonconducting and thernally
conducti ng. A typical pin 124, includes a pad for connection to
conductors (not shown) enbedded in the wiring | am nate 120 such as by

br azi ng. The pins 124 are preferably of copper or a gold plated nickel
all ow, which is a good 11

heat sink, through which the screws are inserted, have a somewhat
larger diameter than the screws so that there is some freedom of
lateral movement between the heat sink face 114 and HTE face 110 to
accommodate differential expansion of the heat sink 112 and HTE
104. The uniformity of contact between the faces 110 énd 114 in the
preferred embodiment may also be enhanced by a layer of compliant,
thermally conductive.material 122, such as mineral oil of thermal
paste, therebetween. The lateral moﬁement is further enabled by
including the mineral oil or thin thermal paste 122.

It should be recognized that because the lateral freedom, as
described above, accommodates the differential thermal expansion of
the heat transfer element with respect to the heat sink, so that
although differential heating and expansion of the heat sink 112
and HTE 104 may occur, stress is substéntially reduced on the
connections (not shown) from the die 102 to metal COnductoré (not
shown) embedded in, or on the surface of, substrate 126 connecting
the circuitry to ping 122. On the other hand, it should be
undérstood that this freedom of lateral movement is somewhat
limiteé by the faces 114 and 110 being pressed tightly together
held by the screws 116 and nuts 134. The screws and nuts must be
properly tightened to achieve a balance between the objectives of
1) holding the faces 114 and 110 tightly together, and 2) aliowing
a certain amount of latéral_movément as permitted by the diameter

of the apertures relative to'sérews 11e.



el ectrical conductor and also has a coefficient of expansion simlar to
the wring | am nate, enbedded conductors and HTE, to reduce thernal
stresses on the connections between the die and the wring |am nate, and
bet ween the pins and the wiring | am nate. FIL.G 1 provides only an
orthographic viewin a single plane (hereinafter referred to as the
vertical plane). As can be only partially seen in the FIG 1, in the
hori zontal plane the heat sink 112 face 114 entirely overlays heat
‘transfer elenent 104 face 110, and heat transfer elenent 104 face 108
entirely overlays dire 102. That is, as viewed froma horizontal plane
above the heat sink 112, heat transfer elenent 104 and die 102, the
perimeter of the heat transfer elenent f&ce 110 extends beyond the

i met f the di 102. Lt t b i ' L,
P et er ol e B GEoGRHRSE s 15 apBsbRPlbat ol o
conpl et el y g3 OV L4 1 e rHtboa that $h¥ h@ag dik $RbTdda T Iﬂ‘.@4'rﬁ%é§'§l's@bteor

these el ements to nerely overlay one another to a substantial gree.) .
attached and drawn together tightly by screws inserted through the

HTE and threaded into the heat sink 112, screws which are inserted
through the heat sink 112 and threaded into the HTE 104, or by
still other attachment means,_such as clips, clamps etc. However,
some of these alternative .methods of attachment may present
difficulties. For example, copper tungsten is not well suited for
threading. Also, some modest lateral expansion due to heating
should be accommodated by whate;er fastening means is used.
Overlay among the die, HTEiand heat sink is substantially as
in the embodiment of FIG. 1. Again, the extent of 6verlay can be
only partially seen in FIG. 2, because FIG. 2 provides only an
orthographic view in the vertical pl;ne. It should be understood
that for the embodiment illustrated in FIG. 2, the heat sink 112
. face 114 entirely overlays HTE 104 face 110 in the horizontal

plane, and HTE 104 face 108 entirely overlays die 102 in.the
horizontal plane. That is, as viewed from a horizontal plane above
the heét sink 112, HTE 104 and die 102, the perimeter of the HTE
face 110 extends beyond the perimeter of the dié 102. Thus, heat
from die 102 is more efficiently conducted from the die 102 to HTE
104 to heat sink 112, since the heat may dissipate through the
conductive materials of the HTE and heat sink straight upward from
the die, and also tangentially outward in all directions from the

path straight upward. In general terms, calculations indicate that
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9 - Thus, heat fromdie 102 is nore efficiently conducted fromthe die
102 to heat transfer elenent 104 to heat sink 112, since the heat may

di ssi pate through the conductive materials of the heat transfer el enment
and heat sink straight upward fromthe die, and also tangentially outward

in all directions fromthe path straight upward. Referring now to
FIG 2, a preferred enbodinment of the inventionis illustrated for a flip
chi p package. In this enbodinent, die 102 containing integrated

circuitry is supported on a substrate 126. Conductors (not shown) are
enbedded or on the surface of the substrate 126 to connect the circuitry
of the die 102 to the pins 104. The substrate 126 is preferably an al um na
ceramic material, which tends to be electBically nonconducting, and a good
thermal conductor. The die 102 is attached to the substrate 126 by

cont r ol | abtle madkass PECFER| ? wahhcresumodets dofbyats phdR operating at

a temperature rise of_about 50 degrees'centigrade.
Although the present invention and its advantages have been
~described in detail, it should be understood that various changes,
substitutions and alterations can be made without departing from
the spirit and scope of the invention as defined by the following
claims. For example, as mentioned previously, it may not be
required in all instances-for the HTE to completely overlay the
die, or the hea; sink to completely overlay the HTE. It is within
the spirit of the invention for these elements to merely overlay
one another to a substantial degree. ‘Also, for example, the
'materials described herein may be altered, provided that they are
similarly well matched in properties such as degree of thermal

expansion, thermal conductivity and electrical conductivity.
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* .
(not_shown) on the substrate, as is known in the art.- The substrate is
_attached to rﬂETIﬁﬁ—~such'as by solder 130, which may provide a hernetic

seal . preferably of copper tungsten, which nay al so be
rrachl ﬁHm ubst anti , 26 such as to wthin a
devi at1*onc o L na r t han 2PTHIS SHBEE HASTBEEY, | f aces 108 and 110 of the
HTE 104 may be flat to wthin thIS RBﬂUﬁG&Dce Due to the selection
of materials as set forth above—ttre——coeffitiem of expansion of the HTE
and substrate are substantially simlar to reduce stress on the seal 130
caused by heating from ' ' 10
operation of the circuitry on the die. Note that in thIS flip chip
enbodi nent, the surface of the die 14

CLAIMS

What is claimed is:

1. An assembly for dissipating heat, comprising:

a;die containing an electronic circﬁit (a "chip"):;

a heat Eransfer element ("HTE") proximate to the chip -and
tending to be thermally conductive;

a heat sink; .

wherein the HTE has a face opposite the chip; the heat sink
has a face tending to match the HTE face, and the heat sink and HTE

faces are held proximate to one another.

2. The assembly of claim 1, comprising attachment means, for
securing the heat sink and the HTE such that the heat sink face is

held proximate to the HTE face.

3. The assembly of claim 2, wherein the heat sink face and
HTE face entirely overlay the chip so that heat may dissipate in a
direct line from the chip to the HTE and the heat sink, and also

outwardly therefrom.

4. The assembly of claim 3, wherein the HTE and the heat
sink faces are substantially flat so that gaps therebetween are

reduced and heat transfer therebetween'is improved.

This Sheet Has Been Re laced
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102 opp05|te the surface with the connections 128 is held by substrate 126
in clo ace 108 of the HTE 104, wth a thermally

conduct i h as a silicon gel, therebetween. Agai n, as
in the e H my Irimﬂ 1 for the—w-re bcnd~ paekage, heat sink 112 is
preferab heat | JiHi& SHEET HP@CEE"EI\M, which is hel d agai nst

HTE 104 face 110, may be flat to wi t hREPUAGEDpr evi pusl y ment i oned

tol erance, so that the heat sink™tt2—anmd—HTE I0Z tmy be in substantially
uni form contact throughout the entire area of the faces 110 and 114 to

| nprove heat transfer across the interface therebetween. - Because the
HTE 104 and heat sink 112 are relatively sturdy, they may be tightly drawn
t oget her by screws 116a and 116b, which, 1;s shown in FIG 2, are inserted
t hrough both heat sink 112 and HTE 104 and held by threaded collars, i.e.,
nuts, 134 the cal.l ar Thandssenhknsob et eginprief ehalbkynothel hednusink Tamd HTE
further inproves the wuniformty of contact between the faces 110 and 114,
thereby i mxeowedd theether ey aonabexi 6f 8FT®at from the HTE 104, across
the interface, and into the heat sink 112. : Note that in this package,
it is preferred that the screws 116

6. The assembly of claim 4, comprising a thin layer of a-

first pliable, thermally conductive material between the HTE and
heat sink faces, and a thin layer of a second pliable, thermally

conductive material between the die and the HTE.

7. The assembly of c¢laim 6, comprising:
a substrate supporting the die, and attached to the HTE so

that the die is held proximate to the HTE.

8. A method for diséipating heat from a die containing an
electronic circuit (a "chip"), comprising the steps of:

a) connecting circuitry of a chip to conductors of a wiring
substrate;

b) applying a first pliable, thermally conductive material
to a heat transfer element ("HTE"); . m

ci abutting the chip to the first pliable, athermally
conductive material;

d) heating the chip, first pliable, thermally conductive

— material, wiring_substrate and HTE; .
e) securing, after step d), a heat sink proximate to the

HTE.

\
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pass through both the heat sink and_the HIE and are held by nuts 134,

rat her tham engaging—threads w t-ﬁ.'“g SHEETHIAS BEENI at sink. Furthernore, it
is pre aperturgs 86 ATE heat si nk,
througkﬂm}lﬂ“ﬂgﬂﬂtiﬂ are i- qprfn what | arger dianeter

t han the screms there is some freedon1of | at eral novenent between
the heat sink face 114 and HTE face 110 to accommodate differenti al
expansion of the heat sink 112 and HTE 104. The uniformty. of contact
between the faces 110 and 114 in the preferred enbodi nent may al so be
enhanced by a layer of conpliant, thernally conductive material 122, such-
as mineral oil or thermal paste, therebetween. The lateral novenent is
further enabled by including the mneralyil or thin thermal paste 122.

9. The method of claim 8, comprising the step of:
£) applying, before step e) a'second pliable, thermally

conductive matérial between the HTE and heat sink.

10. The method of claim.9, wherein both the first and second

pliable, thermally conductive material tend to act as an adhesive.

11. The method of claim 10, wherein one of the first and
second pliable, thermally conductive materials tends to act as an

adhesive.

12. The method of claim 11, wherein neither the first and
second pliable, thermally conductive materials tend to act as an

adhesive.

13. The method of claim 9, comprising the steps of:

g) forming a face on the HTE; and

h) forming a face on the heat sink which substantlally matches
the face on the HTE;

wherein, in c¢) the first pliable, thermally conductive
material is applied opposite the HTE face and, in 4) the chip is
‘abutted to the first pliable,_ thermally conductive material

opposite the HTE face.

—_—
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1t- shoul d be recogni zed that because the |lateral freedom .as described
above, accommobdates the differential..thermal expansion of the heat
transfer element with respect to the heat sink, so that although
differential heating and expansion of the heat sink 112 and HTE 104 may
occur, stress-is substantially reduced on the connections (not shown) from
the die 102 to netal conductors (not shgwn) enbedded in, or on the surface
of, substrate 126 connecting the circuitry to pins 122. On the ot her
hand, it should be undMETHOD ANBtAPPARAMUSCSHOR HEATSSIdNKal novenent is
somewhat limted by the faces 114 and 110 being pressed tightly together
hel d by t hABSIRAET116 and nuts 134. The screws and nuts nust be properly
ti ghtened to achi eve a bal ance bet ween the objectives of, 1) holding the

faces 114 and 1701 8S5ebIY,fOF ifsipAtg heat duckydes ) die(10) cantainingamclasioumie of
lateral movenent, A% el RndliCoidhal®ich ¢ HTE sribSnt to % G5 by ve O
~ tending to be thermally conductive. The HTE has a face (110) opposite the chip. The
heat sink (112) has a face tending to match the HTE face (110). The heat sink (112) and
HTE faces (110) are held proximate to one another. The heat sihk face (112) and HTE
face (110) entirely overlay the chip so that heat may dissipate in a direct line from the
chip to the HTE (104) and the heat sink (112), and also outwardly therefrom.
Fig. 1



12 Al t hough the enbodi nent shown is the preferred enbodi nent, it
shoul d be understood that the heat sink 112 and HTE 104 may al so 'be
attached and drawn together tightly by screws inserted through the HTE and
threaded into the heat sink 112, screws which are inserted through the
heat sink 112 and threaded into the HTE 104, or by still other attachnent
means, such as clips, clanps etc. However, sone of these alternative

met hods of attachment nay present difficulties. For exanple, copper
tungsten is not well suited for threadiﬁgk Al so, sone nodest | ateral
expansion due to heating should be acco dat ed by whatever fastening
nmeans i s used. Overl ay anong the die, HTE and heat sink is
substantially as in the.enbodinent of FIG 1. Again, the extent of overlay
can be only partially seen in FIG 2, because FIG 2 provides only an

ort hographic view in the verti cal pHIEe It should b Eﬂfrstood t hat for
the enbodi nent illustrated in FIG FACE he heat sink % ace 114 entirely
overlays HTE 104 face 110 in the horil@ont al pl ane, an BLTE 104 face 108
entirely overlays die | e

HEAT SINK
112
MINERALOILORTHIN .~ __—~ HEAT TRANSFER
THERMAL PASTE 122 } ELEMENT 104
HEAT SINK FACE ——_ | J  WRING
114 ~~ LAMINATE
120
\ PIN
124
THERMAL FAGE  scmew
PAST 110 116
HEAT SINK
112
MINERAL OIL OR THIN \/fL —) T - I\HEATTRANSFER
THERMAL PASTE 122 AT T T — \ ELEMENT 104
HEAT SINK FAGE ATE \ P|N \. coLLAR
FACE ERERE TV
SEAL SUBSTRATE |
130 108 126
CONNECTION
128

FIG. 2



horizontal plane. WMCF@FM};@WFE d froma horizontal plane abovfi\:—}Q'L{;g9 ?
heat sink 112, HTE 104 and:die 10p,}the perineter of the HTE face 110 fpprisy
ext ends beyond the peQTFES 1999 the] die 102. Thus, heat fromdie 102 is
nore efficiently gopducted fromthej die 102 to HTE 104 to heat sink 112,
since the heat may ugh the 3 conductive materials of the HTE
and heat sink strpight upward fromf the die, and also tangentially outward

inall directi onsmphy gided FronP el Slahitid nta RISt fob B BENETA mb@bdEnd
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cal cul ations indicate that 13
t he packag Wil l gmodate a 100 watt chip operating at a
terrperatur:apﬁ%rggdsg?réagyﬁ%a%gﬁgggrees centi grade. Al t hough the present
i nvention and its ‘adyantages have been descrjbed in detail, it should be
under st ood t hatlt {520 ozg&ct # gEsgent invention to ameliorate one or more disadvantages of the

prior art.

According to one aspect of the present invention, there is provided an assembly for
dissipating heat from integrated circuitry comprising:

a heat sink;

~ a heat transfer element (“HTE") screwed to the heat sink at a HTE-heat sink

interface for efficient heat transfer therebetween; |

a chip, containing integrated circuitry; and

a substrate, sealed to the HTE by an adhesive seal and wired to leads of the chip by
controllably collapsible chip cdnﬁections;

wherein the chip is positioned, on the substrate, in close proximity to the HT= at a
chip-HTE interface, with a pliable thermally conducuve m#terial at the chip-HTE interface
allowing the chip freedom of movement to reduce HTE movement transmitted to the chip
Jeads through the chip; |

wherein mechanical interfaces in one thermal path from the chip to the heat sink
consists solely of the chip-HTE interface and the HTE-heat sink interface; and

wherein the chip is the sole chip in the assembly, and the HTE and substrate are
substantially smaller than the heaf sink, to commit more rapid. cOntrollgble 'ncai trcating of
the chip, substrate and HTE inan oven to gethér. |

According to another aspect of the present invention, llﬁere is provided'a method for
dissipating heat from integrated circuitry comprising the steps of: a _method for dissipating

heat from integrated circuitry comprising the steps of:



substltutlons and alterations can be nmade wt -departing from the
spirit and scope of the invention as defined yhi: etk

For exanple, as mentioned previously, it mayf ndt—be-..
i nstances for the HTE to corrpletely overlay tfh (?Ie or i hdat sink to
conpl etely overlay the HTE. thin th tFEB@@eln ention for
these elenents to nerely overl ay ne anot he subst ant i
Al so, for exanple, the materials describ her ei n
provi ded t@ht tme‘ﬁldiélgéheﬂm arly wel | matchédr uch as degree
of thermal expansion, thermal conductivity and el ectrica ductivity.

14 (b) screwing a.heat transfer element (“HTE“) to GleAlebfSink/foatfficiencheatned i s:

An assenbly for dissipating heat fromintegrated circuitry conprising:

a heat sink; transfer thefeb@fddent r ansfer el ement ("HTE") screwed to the heat
sink at a HTE- heat si nk

(c) providing a chip, containing mtegrated circuitry;

(d)  wiring a substrate to leads of the chip by controllably collapsible chip

connections;

(¢)  positioning the chip, oﬁ the substrate, in close proximity to the HTE ata
chip-HTE interface with a ‘pliable, thermally conductive material at the
chip-HTE interface, allowing the chip freedom of movement to reduce HTE
movement transmitted to the chip leads through the chip;

§3)] heat treating of the chip, substrate and HTE in an oven together which
includes sealing the substrate to the HTE by an adhesive seal, wherein
mechanical interfaces in one thermal path from-the chip to the heat sink
con§ists solely of the chip-HTE interface and the HTE heat sink interface,
and wherein the chip is the sole chip in the assembly and the HTE and
substrate are substantially smaller_ than the heat sink, to permit more }apid.
controllable heat u'éating of <he chip, sﬁbstrate and HTE in an oven

together.



interface for efficient heat transfer therebetween; a chip,

containing integrated circuitry; and a substrate seal ed to the
HTE by an adhesive seal and wired to |leads of the chip by controll ably
col | apsi bl e chi p connecti ons; wherein the chip is positioned, on

the substrate, in close proximty to the HTE at a chip-HTE interface,
with a pliable thermally conductive natersial at the chip-HTE interface
allowing the chip freedom of novenent to reduce HTE novenent transmitted to
the chip | eads t hrough the chip; wher ei n nmechani cal interfaces
in one thermal path fromthe chip to the heat sink consi sts solely of
the chip-HTE interface-and the HT BLHA ace; and

wherein the chip is the sole chip |n é dggﬁhﬁHfEr d the HTE and

substrate are substantially s lfer than at] sink, to commit nore
rapid, controllable heat treating joff O5tfeERGBhd. [S bstrate and HTE in an
oven together. 2. The assenfjl y of ctal , §h¢ heat sink having a

heat sink face facing and HTE fac
wherein the heat sink face and HT

s{nk- HTE i nterface,
e entirely ovgerlay the chip so

that heat may dissipate in a direct line ip to the HTE and the
heat sink, and al so outwardly therefrom 3. The assenhly of claim
2, wherein the heat sink face and HTE face entirely overlay the chip so
that heat nmay dissipate in a direct line fromthe chip to the HTE and the"
heat sink and al so outwardly therefrom

Brief Description of the Drawinags

FIG. 1 illustxrates zhe pﬁeferred erbcdiment of the invention
for a wire bhond package.

FIG. 2 illustrates the praierred smbodiment of zhe invention

for a £lip chip package.

Detailed Description
To clearly point out novel featurss ¢ the present ;hven:‘cn,
the <focllowing discussion omits ~or conly briefly describes

conventionzl features of chip packaging, such as wire Hond and £lip



-.\_151 4. The assenbly of claim3, conprising a thin layer . Qf a pliable,
t;hernm—l—y—?fﬁﬁdﬁﬁ’lve—_—j—‘ materi al.. between the HTE afdRE®CERER LTS
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eat transter el eten HTE") to the heat 18ink for effi
transfer therebetween; (c) providing a chip, Lnin
integrated circuitry; C(d) W rcparssubstrate jto | eads o chip

by controllably collapsible chip connect™ :

posi ti oni ng t“m% ' ..t he substrate, in close proxinity to the HTE at a
chi p-HTE inter ég(;ﬂl@mmteﬁ?s. pliable, thermally conductive material at the

chi p-HTE interface, all the chip freedom of nmpvenent to, yeduce HTE
novement transm tgé\o‘sieé‘a?\?n}‘l igsipaneg, t%rﬁmgggraquiecqgmtﬁy;compnsmg: (f)  heat

treating of the chip, substrate and HTE i-n an oven together which
i ncl udes sealing aheatsistrate to the HTE by an adhesive seal, wherein

a heat transfer element (“HTE™) screwed to the heat sink at a HTE-heat sink

interface for efficient heat transfer therebetween;
a chip, containing integrated circuitry; and
a substrate, sealed to the HTE by an adhesive seal and wired to leads of the chip by
_f:ontrollably collapsible chip connections;
wherein the chip is posiﬁoned, on the substrate, in close proximity to the HTE ai a
chip-HTE interface, with a pliable thermally conductive material at the chip-HTE interface
allowing the chip freedom of movement to reduce HTE movement transmirted to the chip
leads through the chip;
wherein mechanical interfaces in one thermal path from the chip to the heat sink
consists solely of the chip-HTE interface and the HTE~heat sink interface; and |
wherein the chip is the sole chip in the assembly, and the HTE and substrate are
subsﬁnﬂdly smaller than the heat sink, to commut more rapid, controllable heat treating of _
the chip, substrate and HTE in an oven'togethcr.
2. The assembly of claim 1, the heat sink having a heat sink face faéing and HTE face
at the heat sink-HTE interface, wherein the heat sirik face and H’I'E.face entirely overlay
the chip so that heat may dissipate ina direct line from the ch ip o the HTE and the heat
sink, and also outwardly therefrom. |
3. The assembly of claim 2, wherein the heat sink face and HTE face‘entirely overlay
the léhip so that heat may diSSipate in a direct line from the chip to the HTE and the heat

sink and also outwardly therefrom.



rre‘ehani—ca-l-—'r-m—eff—aees—kn—ene t hermal path fromthﬁ | .El?e t sink
consi st Chl p- HTE i nterface and tHe - | pt er f ace,
and vvhe mjw" he sole chip in the asde and t he HfE}and
substrat Iy smal | er than the hedt 3&5 FEB 929 mit {nore
rapid, control | abl e heat treatirgjof the chip, $ubstrate
and HTE i n an oven t ogat her. q. The net hod of claimb5s,
conprising the step of: (9) appl yi ng i | |y
conducti VE mat'ﬁ]e a.sseml?; SI% t eco'ﬁrll;%sﬁg a tgn?ayer of a pliable, thermally conc{vfxcuve

material between the HTE and heat sink faces.

5. A method for dissipating heat from integrated circuitry comprising the steps of:

(a) providing a heat sink;

(b)  screwing a heat transfer element (“HTE") to the heat sink for efficient hear
tr'ansfa_- therebetween;

(¢)  providing a chip, containing integrated circuitry;

(d)  wiring a substrate to leads of the chip by controllably collapsible chip
connections;

(¢) positioning the chip, on the substrate, in close proximity to the HTE at a
chip-HTE interface with a pliable, thermally conductive material at the
chip-HTE interface, allowing the chip freedom of movement to reduce HTE
movement transmitted to the chip leads through the chip;

63) heat treating of fhe chip, substrate and HTE in an oven together which
includes sealing the sr;bstrﬁte to the HTE by an adhesive seal, wherein
mechanical interfaces in one thermal path from the chip to the heat sink
consists solely of the chip-HTE interface and the HTE heat sink interface,
and wherein the chip is the sole chip in the assembly and the HTE and
substrate are substantially smaller than the heat sink, to permit more rapid,
controllable heat treating of the chip, substrate and HTE in an oven
together. |

6. The method of claim 3, comprising the step of: |
(@  applying a pliable, mer_xrially conductive matérigl between the HTE ‘and heat .

sink.



