ADVANCED M CROELECTRONI C HEAT DI SSI PATI ON PACKAGE AND METHOD FOR I TS
MANUFACTURE FI ELD OF THE | NVENTI ON The invention relates to the general
field of mcroelectronics with particular reference to packagi ng and
heat di ssipation. BACKGROUND OF THE | NVENTI ON As the world noves towards
hi gher performance conmmuni cati on and conputer systens, m croelectronic
devices are running into basic barriers related to heat dissipation.
Options under exploration include active and passi ve packagi ng desi gns.
The active AMANGED MICROELEGTRONICUNEATRDISSIPATIGNSPACKARE f or heat
extraction, often ANBAMEFHODROR ITSMANMFACTUREwer drain, and new
failure nodes. The alternative is to nove into passive designs, such as
fins to radiate heat into the enclosure. Hi gh thermal conductivity
materials are desirable for heat dissipation, and current favorites

i ncl ude tungsten-copper, ﬂén WHEQNWT ciypd al um num or copper. The

| atter choices suffer fro ermal” expansi on coefficients which
i nduce a new failure nechanismthrough thermal fatigue, associated with
turning on (heating up) and turning 1 off (cooling down) an electronic
device. In order to sustain the desired thermal expansion match with
si | i con whiThe inxgotian relatesita thegenaratfield of miargelectrenicewithpadicular seferance
tend to be

to packaging and heat dissipation.

BACKGROUND OF THE INVENTION

As the world moves towards higher performance communication and computer
_systems, microeiectronic devices are running into basic barriers related to heat dissipation.
Options under exploration include active and passive packaging designs. The active
désigns require fans or pumps to circulate fluids for heat extraction, often leading to heat
generation, power drain, ad new failure modes. THe alternative is to move into passive

designs, such as fins to radiate heat into the enclosure.

High thermal conductivity matetials are desirable for heat dissipation, and current
favorites include tungsten-copper, molybdenum-copper, and aluminum or copper. The
latter choices suffer from high thermal expansion coefficients which induce a new failure

mechanism through therrnal fatigue, associated with turning on (heating up) and turning



heavy, expensive, and nodest in thermal conductivity. Only di anond
provides a high thermal conductivity with | ow thermal expansion, but its
cost is prohibitive. In recent years, we have made progress in designing
i nproved functionality into a structure through the conbination of two
different materials using a process terned two-material powder injection
nol ding. This step toward functionality directly built into a device has
potential benefits in mcroel ectronic packaging. The walls m ght be

f abr i offi{esbling dowrg apcsidctgiris devieal inmydet tooyustainche aleskad dhernvdlidxpansien
base woul d be fabricated from a | ow thermal expansion material, such as
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limted by the thermal conductivity of the base Curren |y
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range p055|b copper

still, fail fi.sf anso. requirenme V\énotethat
di am)m? éﬁ %%%@ngﬁ%'dgwth? QFA%X f°’bb&g}$§°819'e'§rpf?'a‘[58&” t he present
i nventi on nmakes use of two-material powder injection nolding to

I npl ement a different approach to this problem Thi S process has been
described in Application no. 09/733,527 12/11/00 "Method to form

mul ti - mat elri icentyegrewathave rmdeprqgressursdepmgmagsmpm foootigralitieinto a
injection molding may be used to forma continuous body having multiple

part sgtre@ale ShrodghctheNasmiinationesr wah diferaht nidteAskt usiag %Jgaibﬁss”%ﬁﬁﬁi c
characteristics or hardness. This is acconplished through
two-material powder injecfion molding. This step toward functionality directly built into a
device has potential benefits in microelectronic packaging. The walls might be fabricated
from a good glass-sealing alloy, such as kovar, while the base would be fabricated from
a low thermal expansion material, such as tungsten-copper. However, even these two-
material combinations are limited by the thermal conductivity of the base. Currently,
tungsten-copper is capable of thermal conductivities in the 200 W/m/K range. This is still

half that possible with pure copper, but, again, still fails to satisfy the thermal expansion

requirement. We note that diamond can achieve 2000 Wim/K,

As will become clear later, the present invention makes use of two-material powder
injection molding to implement a different approach to this problem. This process has
been described in Application no. 09/733,527 12/11/00 “Method to form multi-material
components”. Briefly, this process shows how powder injection molding may be used to
form a continuous body having multiple parts, each of which has different physicél

properties such as magnetic characteristics or hardness. This is accomplished through
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careful control of the relative shrinkage rates of these various parts.
Additionally, care is taken to ensure that only certain sel ected

physi cal properties are allowed to differ between the parts while others
may be altered through relatively snmall changes in the conposition of

t he feedstocks used. A routine search of the prior art was perforned and
the following US Patents were found to be of interest: 6,410,982
(Brownell et al.); 6,321,452 (Lin); 6,385,044 (Col bert at al); 6,370,749
( Tsangcamefuhtontrolafioes ralative shrimkags ratés pf these 3asives parsn fdditionadly, care)is

6, 230,407 (Akutsu); and 6,070,654 (lIto). Additionally, the follow ng

publ i qake®Rsenlre th etesin Gele ot l\gzisi@pmﬂértiés ai dowkrboriffér Bdtween
Pet erson, and D. Wi, "Steady-State eling and Testing of a Mcro Heat

3 b e DA UG SR mAl B Breg ¥Rouql MlanpuTil TERge BT IS RrPosen
M | ' Steady S ion," J | of He
cro %Eﬁg&%&sqﬁi%ﬁ%% t eady State Operation ournal o at

Tr ansf ust 1994, pp. 709-715. 3. L.W Swanson, "Heat
Pi pes,” The CRC Handbook of Thermal Engineering, F. Kreith (ed.) CRC
Press, NY, 2000, pp. 4.419-4.429." 3 SUWARY OF THE | NVENTI ON

A routine search of th2 prior art was performed and the foliowing US Patents were
found to be of interest:

6,410,982 (Brownell ot al.); 6,321,452 (Lin); 6,385,044 (Colbert at al); 6,370,749
(Tseng et al.); 6,303,19' (Henne et al.); 6,293,333 {(Ponnappan et al.); 6,230,407
(Akutsu); and 6,070,654 (Itw).

Additionally, the foliowing publications were discovered during our search:

1. B.R. Babin, G.P. Peterson, and D. Wu, "Steady-State Modeling and Testing of
a Micro Heat Pipe,” Journal of Heat Transfer, vol. 112, August 1990, pp. 595-601.

2. J.P. Longtin, B. Badran, and F.M. Germer, “A One-Dimensicnal Model of a Micro
Heat Pipe During Steady State Operation,” Journal of Heat Transfer, vol. 118, August
1994, pp. 709-715.

3. L.W. Swanson, "Heat Pipes,” The CRC Handbook of Thermal Engineering, F.

Kreith (ed.) CRC Press, NY, 2000, pp. 4.419-4.429.



It has been an object of at |east one enbodi nent of the present invention
to provide a heat pipe that can be cheaply produced and readily

m ni aturi zed. Another object- of at | east one enbodi nent of the present
invention has been that said heat pipe be readily nade part of a package
suitable for housing, and rapidly renoving, heat generated by a

sem conductor chip. Still another object of at |east one enbodi nent of
the present invention has been to provide a process for manufacturing
said heat pipe. A further object of at |east one enbodi ment of the
present invention has been to provide a process for manufacturing said
chi p package. These objects have been achi eved by placing an enbedded
heat pipe directly beneath the chip. Using powder injection nolding, the
| ower portion of the package is fornmed first as an initial green part

whi ch includes one or nore cavities. The latter, if their dinensions
exceed about 1,000 m cr @IfAVMAIRY DFETH IN\ENWOI‘W a feedstock that is
designed 4 to produce a porous material lining after sintering. Cavities
wi th dinensions |ess than about 1,000 microns may be left unfill ed.

After sintering, a working fluid is introduced into the cavities and

seal ed, then by formn ne or npre heat ipes | ocated directly below the
chip. The K Bes Beenansbieds! ahlsratonmwhodbasiior the presgnbipueaianie Pravide

generated by the chlg is efficiently transferred to points outside the
encl oz heat me¢hatm e cheaplyipradiuced apdraadily miniaturized. .

Another object of at [east one embodiment of the present invéhtion has been that
said heat pipe be readily made part of a package suitable for housing, and rapidly

removing, heat generated by a semiconductor chip.

Still another object of at least one embodiment of the present invention has been

to provide a process for mahufacturing said heat pipe.

A further object of atl least one embodiment of the present invention has been to

provide a process for marufacturing said chip package.

| These objects have been achieved by placing an embedded heat pipe directly
beneath the chip. Using powder injection mokding, the lower portion of the package is
formed first as an initial graen part which includes one or more cavities. The latter, if their
dimensions exceed about 1,000 microns, are then filied with a feedstock that is designed

4



structure is described. BRI EF 'DESCRI PTION OF THE DRAWNGS FIG 1 is a
pl an view of the structure of the present invention. FIG. 2 and 3 are
cross-sections through two different planes of the structure seen in FIG
1. FIG 4 is an isonetric; representation of FIG. 1, 2, and 3, FIG 5 is
a flow chart summarizing the principal steps of the process of the
present invention. DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS 5 The present
i nvention discloses a novel functional design that is material based on
sel ecto pduceas poyoestiredeldal lmingl after sittéronpt Canitieswith dimemsibrs (essnthan
package. These are placed directly in the mcroel ectronic package under

the sgihéRongos hitrohs infay Be M @rifilctih Afed SRACMTY, 2 \RSrkirY it R intiducdd Shto
purpose of the selective porosity is to enabl'e wicking of the condensed

Ki i d 1 . , -

Foqi o colebiaritithial ey tonfing WPedmb/etied st lob AR Yiechr BoloR e
i, h t hal heat t ent f. tion., Th .

i o SFUE THE G S CeAler BT o4 n BREBFIe DEfind SRREten; foatamiprPRBY R chi

ent hal py_'via condensation, Such behavior is well known as heat pipe

t echn§&Shgientiyuisansfeded te peintpeiisida theenglositre & prassss & masulactuingdhe of

heat vi

= ;/tln?cture is described.

BRIEF TIESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of the structure of the present invention.

FIGs. 2 and 3 are cross-sections through twe different planes of the structure seen

in FIG. 1.

FIG. 4 is an isometric representation of FIGs. 1, 2, and 3.

FIG. 5 is a flow chart summarizing the principal steps of the process of the present

invention,

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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evaporati on and condensation of a working fluid in a porous pipe or w ck.
Heat pipes can deliver from 50,000 to 200,000 Wm K i n equival ent
thermal conductivity. Structures of the type described above are
relatively expensive and not well suited for incorporation in a

m croel ectroni c packagi ng schene. The present invention teaches how
two-material injection nolding technology can be applied to the
fabrication of high heat dissipation mcroelectronic: packages. This is

achi eved byhé prsdent iveation diseitses achdvetfundtional tizsign that BY histeial baséd ban
appropriate places. One neans for achieving this goal would be to use a

ho. tiecaiye SBTogh) finbcaes ot Uit eroERcts N e iR PO P RaS s o
AMT. | n_thi | att 2 h 1 | ' formt || .t

S e b e A B0 BT o R S, e "
ot B N bl o iapeof sl SphE B gk e
porosity and pore size are possible by selection of the proper netal

powd econdlensed avatking\ikid, stiohs aleahol cawater, fnomia celd aegicobrck to adot tagion.
achi eved by inclusion of sacrificial particles in the feedstock. The

| at t eThe diquii phase gesparatsi emohettiotiregival theheby oorsirhitg thaentivilpp Shéat,
i ndependent of the: netal powder size, since the concentration and size

of th W bl SharatioRr The ' %@E&qﬂ Ha Q&Y idnaisdtend

the fg%'ggtﬁgck.&%?gp&?he ue;‘ggg%@icg;{,gp In | ir-;;f]n‘yctz’i"on rrrtli)él?(lg‘% ﬁg?m{]ﬁg'agorrponent

'S suplEGLE8kits B RbIpy via condensation. Such behavior is well known as heat pipe
technology, such heat pipes being used as structures for the transport of heat via
evaporation and candensation of a working fluid in a porous pipe or wick. Heat pipes can

deliver from 50,000 to 200,000 W/m/K in equivalent thermal conductivity.

Structures of the type described above are relatively expensive and not well suited
for incorporation in a microelectronic packaging scheme. The present invention teaches
how two-material injection molding technology can be applied to the fabrication of high heat
dissipation microelectronic packages. This is achieved by first injection molding the
housing with cavities located in appropriate places. One means for achieving this goal
would be to use a sacrificial material insert in the mold, but a preferred means is fo use.

the two-color metal powdér injection molding technology already known to AMT.

In this latter case. hard tooling inserts form the cooling pattern during the first
molding. In the second stuge of injection moiding, a low packing density powder feedstock
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debi nding and sintering cycles. After sintering, the second materi al
regions will be inconpletely sintered, |eaving behind the desired
porosity and pores for the eventual creation of high thernal
conductivity heat pipes. Awrking fluid is then dosed into the pores
and the pore channel s seal ed by sol der, plugging, or other nechanical or
standard neans. Since heat pipes dissipate 100 tines nore heat than

di anond, the resulting mcroelectronic packages can far exceed what can
be attained with current designs. The approach taken by the present

| nvensi igfectibhovwslddieirte it ecpdttern off thepheat pipeplocatsd dh [teé tovensll pabkagsli ng
curved and confornmal cooling passages. Additionally, the present

| nve%bmowfﬂéi oo sty'ﬁncg gafé Gizé ?@‘p&gslﬁlé gp%&gﬂcﬂaﬁ ofithe fiépe Fm%fa|<’fa|owabp (el

ot her ria or porta evl ces, suc as cel l'ul ar

t el ephones nd | ant SCI resent |nv

el oDl alPi P8 AL e Mot o 5 ST B RS g A"
further clarify the structure of the present inventigon. Referring nowto
FI G Rartig ﬁgmthmf@reésm al bE iaitey remieqroyides pracise epiroliqver fhe Reieysire pad: s
are a solid body 11 within which there are cavities such as 12. These
cavi tparesitpiodependentrafdtairnetal powdes sizat sincalthe Sonbentnation and sizet afthei t h
a working fluid. The unfilled portions of the <cavities are open vapor
channgdgtificie partivles and independenthesontrilledtwhen batchitg thedgedstotiken of a

f eedst ock made up of
After the second step in injection molding, the compenent is .s_?\_:bje\_r;ted to normal
debinding and sintering c¢vcles. After sintering, the second material regions will be
incompletely sintered, leaving behind the desired porosity and pores for the eventual
creation of high thermal conductivity heat pipes. A working fluid is then dosed into the
pores and the pore channels sealed by solder, plugging, or other mechanical or standard
means. Since heat pipes clissipate 100 times more heat than diamond, the resulting

microelectronic packages can far exceed what can be attained with current designs.

The approach taken by the present invention allows the fabrication of more
complicated patterns, inclticing curved and conformal cooling passages. Additionally, the
present invention allows the fabrication of lightweight devices from aluminum or other
low-density materials for portable devices, such as cellular telephones and laptop

computers.

We will describe the present invention in terms of a process for its manufacture.
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particles of the material fromwhich solid body 11 is to be constructed,
as well as a suitable binder (and possibly, for sanme materials, a
fluxing agent). Suitable materials for these particles include, but are
not limted to, copper, alum num tungsten, tungsten-copper, Kkovar,
stainless steel, or nickel alloys. The particles are carefully chosen for
their ability to sinter density to near 100% of the nmaterials
theoretical density. Generally, this requires a nmean particle size |less
t han 3bisudesdriptionswithetlen fuilhetepanifydhe stiecture cdithe presant drvestion- Refeding
materials generally require a nmean particle size less 5 ,um Suitable

bi ndefhowRt BIG.21 sshowl thidee (o atplaalieansf the structgre. Qtsgmrirﬁpmcﬁmma solil
surface active agents, such as stearic acid. These binders are nelted

and t rat & I f . Pl trt B [ I

part | EPAE HMERIEER e e RS IRRRO12) Thepd colEs havghesn ediiifh
t he binder conposes.the.rest. Prior .to injection, ot the dst ock

| nser POTSHS TATRER T WRD oraturaind bt yBrERb Rl o TR RE5es et the
that are ,to be fornmed and are placed in the appropriate |ocations. At
this §BYEES are OPERVAPPEENAINeISal ways have at | east one open end al t hough
nore 8 conplicated designs nmay require two or nore open ends per cavity.

Typically, a sinple straight cavity as exenplified by 12 in the figures
woul d be between about 2 and 8 nm wi de, 2 and 5 nm deep, and between 12

and 60 mm Mhromahbfacturity boocery skatywite tié preyrtation of alfes@iteck Aaesys bf as

organi ¢ polyners, including polyethylene, polypropylene, and
particles of the material fromn which solid body 11 is to be constructed, agwe_![ as a suitable
binder (and possibly, for sume materials, a fluxing agent). Suitableamaterials for these
particles include, but are not timited to, copper, aluminum, tungsten, tungsten-copper,
kovar, stainless steel, or nickel alioys. The particles are carefully chosen for their ability to
sinter densify to near 100% of the materials theoretical density. Generally, this requires a
mean particle size less than 30 um, but is material dependent. For example, tung-
sten-based materials genarally require a mean particle size less 5 um. Suitable binder
materials include combinations of waxes, organic polymers, and surface active agents,
such as stearic acid. Thesz binders are melted and the particles are uniformly dispersed

within them. Typically, the particles compose 50-65 percent of the total volume of

feedstock while the binder composes the rest.

Prior to injection of the feedstock, inserts are added to the mold. These have the
shape of the cavities 12 thzat are to be formed and are placed in the appropriate locations.

At this stage, the cavities will always have at least one open end although more
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pol ystyrene, so that the cavity is forned when they are renoved through

| i qguefaction, vaporization, or chem cal action, or they nay be made out
of materials, such as bronze, steel, or alum na, which allows themto be
removed intact for later reuse. The latter type of insert is to be
preferred, for econom c reasons, unless the shape of the cavity is such
that the insert cannot be renoved w thout changing the cavity's shape.

- Wth the feedstock heated and the insert(s) in place, nolding under

Pr es goniplici€s debi@e. mag sedlihdivd Br itte dpehn@idwoperéavitye Typichilyla SihfRe

body. Cavities with dinensions greater than about 1000 min the green

body ) : e : I :
previ oustﬂ@{%vét Zérste??%rb%lhﬁféga*fiqgmgﬁﬁgglang guﬁquﬂsgl arrerrglr)&@e%vaégns an%ut
40 and 20 niformy di rsed W thip~a suitab .binder. Suitalhle
Tt onPidPo S § RrbieRe! and BEWERD, {4 BaimaHehior e inkeManay BeghRde of
al um num_ tungsten, tungsten-g¢opper, kqvar, stainless steel, or nickel
al | oys@criigal mateyials sugh s grganiePelymers |ikduging pobiethylene  priveropylens: apd al
that will be obtained after sintering will be porous. An additional
degr gwlystyrenee seoi that thecavity iraformedawhea tbey aye semiovgdttbraugh liquefaction,
feedstock particles of a sacrificial material such as graphite, which

evac ugipesizitien, artchemhicakaction, oy theytnayibeomalde it o nivsteriald, y@ditas bronze,
Typically, the volune fraction of the non-sacrificial particles in the

mx i haewhi I i ) Nk

I nj ecstcileglgbg? h{?ﬁe sg@:)drg]gawggsdgﬂ.‘ii‘k 53 rglgf@gﬁg Iitgf& %’??‘%@ gﬂ%g Zp g Iéagéd'etgs?o

the of insert is to be preferred, for economic reasons, unless the shape of the.cavity is such
that the insert cannot be removed without changing the cavity’s shape. With the feedstock
heated and the insert(s) in place, molding under pressure takes place, resulting in the

formation of the initial greer body,

Cavities with dimensions greater than about 1000 »m in the green body are now
partially filled with a second fizedstock which was previously prepared from particles having
a mean diameter betweer about 40 and 200 um, uniformly dispersed within a suitable
binder. Suitable materials for these particles include, but are not limited to copper,
aluminum, tungsten, tungsten-copper, kovar, stainless steel, or nickel alloys. The larger
size of the particles here ensures that the material that will be obtained after sintering will
be porous. An additional degree of pore size control may be achieved by adding to the
second feedstock particles «f a sacrificial material such as graphite, which evacuates the
structure during sintering, leaving behind voids. Typically, the volume fraction of the

non-sacrificial particles in the mix is 30-40 percent of the total volume of the feedstock.
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green body. These have the shape of the vapor channels within the
cavities 12 that are to be |eft open. They may be inade out of the sane
types of sacrificial or reusable materials as the first set of inserts.
Wth the second feedstock heated and the initial green body with
insert(s) in place, a second nolding under pressure takes place,
resulting in the formation of the final green body. Cavities with

di mensi ons | ess than about 1000 umcan be left wunfilled. The process now
continues with routine renoval of all bhinding materials fromthe  final
green bodyPiudainiestipn eiiheRecepd fRRISIPEoR seoore) Sat of iInserisargraddegyig the
|atter is then sintered to formthe final body. The step of sintering
consigesn bbodipcBhéseghane thetshaperafitbe vaporchanmels within ithe cavibes92 thairarettdat
depends on the conposition of the body. For exanple, a copper body is
si nt afeckftadpen, TREP Mhidy bé en it vatesf ted sainetPPesiotisddiifielal op relible aatérigisd

120 mnutes in an atnosphere of hydrogen. Note that an inportant feature

of g MEGHSEset of ifdene W thBdlekoRd fédtdiGREtbd l'glﬂ%igg% islﬁllEJQSI ghé%% B?%f‘ﬁﬁ' r ol

of the nature and concentration of the vari ous he

e A SR PR e NG .
P e 0 SR LSS R e AT AR e 80
working fluid into the cavity so that it may function as a wi ck. The
wor kiuilledui d nust have a triple point belowits operational

At ~

The process now cortinues with routine removai of all binding; materials from the
final green body resuiting ir {he formation of a skeleton structure. The latter is then sintered
to form the final body. The step of sintering consists of heating at a temperature and time
and in an atmosphere that Jzpends on the composition of the body. For example, a copper
body is sintered at a temperature between about 900 and 1070°C for between 5 and 120
minutes in an atmosphere of hydrogen. Note that an important feature of the process
{though not part of the present invention) is the control of the nature and concentration of
the various binders used to form the feedstocks so as to ensure that porous and dense
portions of the structure shrink by the same amount during sintering. Details about this
aspect of the invention can bie found in the aforementioned Application no. 09/733,527 filed

12111/Q0.

The next step is the introduction of a working fluid into the cavity so that it may
function as a wick. The working fluid must have a triple point below its operational
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10 tenperature and a critical paint above its operational tenperature.
Typically, the working fluid will have a triple point below 20C and a
critical point above 100C. Exanples of Iliquids suitable for use as a
working fluid include, but are not limted to, water, ammonia, acetone,
and al cohol. The working fluid occupies enough of the cavity volune to
saturate the wick. This is acconplished by first evacuating the cavity
under vacuum charging the cavity with the fluid, then Sealing all open
ends tempiraiueand 3 critinal pwnt above nﬁgopw@hnaa&tenmqsatur@otwlmlb ey wotking eal
the cavities include, but are not Iimted to, epoxying, welding,

cri mfiung wil blaslera triple pathtelow 20°C and a Enticabpoint abbves1 00IEN Exampids of
t he upper surface of body 11. This is best seenin FIG 2 whichis a

Cr OS¢y ‘Pﬁ%téd&%bié‘i&‘? usb@s%'%r@n@ ﬂ'uiqﬁbfﬁdel buERfd ReinSiteddftd, Sv 7 nonia,

di rect over one or nore o eat pl pes Cross-section

e 5 U W B AT R R

by conduct.i throu 0 bo 11 to,th orous wi.ck 32 where it
onus B ek ki 4 rmpished %@%B?\é&féla&ﬁﬁaéﬁaﬁ WRUBIVATUIT, EhaFaIBg o2 | n
directions 33, carrying the heat wwth it. Once the hot vapor passes

out sicawity iithsthecieid o einnNa]l@loﬁ!l opemends yith plags 13, thereby Jomming dhe theat
liquid, as synbolized by arrows 34. As the liquid concentra- tion builds

up t hpipe, Pessibié wayy t6 seacthedranitiestinbladis, bt aregiot tidtepdtbpepoxying, wadirgpar d
hot spot 31 where the cycle can begin again.

crimping, soldering, and press fitting.

Enclosure 14 is ther formed on the upper surface of body 11. This is best seen in
FIG. 2 which is a cross-section taken through 2-2 in FIG. 1. Enclosure 14 is placed directly
over one or more of the heat pipes. Cross-section 3-3 can be viewed in FIG. 3 which alsa
shows the direction of heat flow. Starting at hot spot 31 (generally the underside of a chip)
heat is transferred by conduction through solid body 11 to the porous wick 32 where it
causes the working fluid to evaporate and expand along the vapor space in directions 33,
carrying the heat with it. Once the hot vapor passes outside the sphere of influence of hot
spot 31 it condenses back i liquid, as symbolized by arrows 34. As the liquid concentra-
tion builds up there, capillary forces draw it hack through the porous wick 32 toward hot

spot 31 where the cycle can begin again.

The process concludizs with the step of mounting the chip on the upper surface of

body 11, using a high thernal conductivity medium, such as silver-filled epoxy, followed by
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The process concludes with the step of nounting the chip on the upper
surface of body 11, using a high thermal conductivity nedium such as
silver-filled epoxy, followed by 11 sealing of enclosure 12 (with the
chip inside it). Optionally, a high conductivity material such as helium
may be sea led inside 14 together with the chip. Fig. 4 is an isonetric
view of the structure showing a chip 41 in place inside enclosure 14.

Not shown in Fig. 4 are contact pads, forned inside enclosure 14 to
receive chip 41, together with | eads, connected to these contact pads

that exbhmgl ofenlosumM 2hwithlthe irtwide RptOpsHayda Higie coﬁﬂﬁétﬁ&? Raterial
Exanpl e A 99. 85% pure copper powder with a nean particle size of 15 mis

m xed sWish Bs HeliuRi 9aP e é@?anﬂfrnsmﬁwg@éu@r v BT .gﬁgm 'ﬁsfaélewé{@é vﬁ%

pol yethyl ene, and stearic acid to forma first teedstoc

' ‘ [ ' f, tock. A
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Example

A 99.85% pure copper powder with a mean particle size of 15 um is mixed with an
organic binder composed of paraffin wax, micropulver wax, polyethylene, and stearic acid
to farm a first feedstock. Said 15 um copper powder comprises 50 volume percent of the
said first feedstock. A 99.88% pure copper powder with a mean particle size of 50 um is
mixed with the same binder composition to form a second feedstock. Said 50 »m copper
powder corhprises 35 vol.% of the said second feedstock. The first feedstock is molded

into the shape of a cylindrical housing measuring 18 mm long and 12.5 mm in diameter.

A cylindrical steel insert forms a cavity measuring 16 mm long and 5 mm in
diameter. A 16 mm long and 3 mm in diameter insert consisting of polyethylene and 20%
paraffin wax is then added to the cavity of the green housing and the second feedstock is
molded into the open porticn of the cavity. The green body is freed of all organic binder by

heating in a controlled furnace over a period of 25 hours at 600°C in a hydrogen
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paraffin wax is then added to the cavity of the green housing and the
second feedstock is nolded into the open portion of the cavity. The
green body is freed of all organic binder by heating in a controlled
furnace over a period of 25 hours at 600C in a hydrogen 12 atnosphere.
The debound body is heated to 1050C at a rate of 350C/ hr in a hydrogen
at nosphere. After sintering at 1050C for two hours, the furnace is
allowed to cool. This results in a housing with a density of about 8.6
g/ cmatmispheies Theodehdund bady iscwated tafl 0500 at ayateaofd3%0°Gdnwinsa hydregen
within the housing with a density of about 60% of theoretical. Good
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housi ng can then be charged with water and seal ed for operation as a heat
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of transporting over 100 Wof waste heat away fromthe chip. A flow chart
for the above process in presented in Fig. 5. 13 Wat is clained is: 1.

A package for an integrated circuit chip, conprising: a fully encl osed
cavity wi t Gondabangingl iholigetvedi bejwaen dhe poreus fayee;and housing surface, This

housing can then be charged with water and sealed for operation as a heat pipe for
removing heat from a serniconductor chip, placed in an enclosure.‘q_n one end of the
cylindrical structure. The effizctiveness of this design for power dissipétion was confirmed
by calculations that show that, at a nominal operating temperature of 40°C, the package
is capable of transporting over 100 W of waste heat away from the chip. A flow chart for

the above process in presented in Fig. 5.
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said cavity being lined with a porous material and containing a working
fluid; on said upper surface, overlapped by said cavity, an enclosure
within which said integrated circuit chip has been seal ed; and said

i ntegrated chip being nounted on said upper surface through a high
thermal conductivity medium 2. The package described in claim1 wherein

sai (ja&%(i%ldnﬁedsgl ected fromthe group consisting of copper, alum num

tungsten-copper, kovar, stainless steel, and nickel alloys. 3. The

packagﬁegéigﬁgg? dnqm% t%éﬁ]c}r Mmﬁ‘@ c%m%ﬁ por ous material is selected

fromt con5|s nun1 t ungst en,

t ungst en- copper, kovar, stalnless steel and nickel alloys. 4. The
packag%ﬁﬂiyesmﬂdsbd}daviityvdth&'rimolidwmy hdmgsmiulbperasui'fage;i s between about 2 and
8mm wi de, between about 2 and 5nm deep, and between about 12 and 60mm
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term nate outside said enclosure. 6. The package described in claiml
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said integrated chip being mounted on said upper surface through a high thermal conductivity

medium.

2. The package described in claim 1 wherein said body is selected from the group consisting of

copper, aluminum, tungsten-copper, kovar, stainless steel, and nickel alloys.

3. The package described in claim 1 wherein said porous material is selected from the group

consisting of copper, aluminum, tungsten, tungsten-copper, kovar, stainless steel, and nickel alloys.

4, The package described in claim 1 wherein said cavity i1s between about 2 and 8mm wide,

between about 2 and 5Smm deep, and between about 12 and 60mm long.

5. The package described in claim 1 further comprising contact pads, within said enclosure, and

leads, connected to said pads, that terminate outside said enclosure.

6. The package described in claim 1 wherein a high thermal conductivity material is sealed inside

said enclosure together with said chip.
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