‘ »e3erod. *06f TPWJ ADVANCED M CRCOELECTRONI C HEAT DI SSI PATI ON PACKAGE AND
METHOD FOR | TS MANUFACTURE FI ELD OF THE | NVENTI ON The invention relate:; :n

«the genermmlmn“wumlmwnm croel ectronics with particular refere
packagi ng ssi bati on BACKGROUND OF THE | NVENTI ON AQWMWWW
noves towar dsatwoagher performance conmuni cati on and conputer sy
m croel ectronic devices are running into basic barriers rel ated t't9at
di ssi pation. Options under exploration include active and passive packagi ng
designs. The active designs require fans or punp to circulate fluids for
heat extraction, often |leading to heat generation, power drain, and new
failure nodes. The alternative is to nove into passive designs, such as
fins to radi ate haDWANGED MICEOQELECIRONIC HEANDISRIPARION BAGKAGEYi t y
_materials are desirabl cANDMHE&#HID HFORSITEMANUFAGTAREuUr rent favorites include
t ungst en- copper nol ybdenum copper, and al um num or copper. Tree latter
choi ces suffer fromhigh thermal expansion coefficients which induce a new
failure nmechani smthrough thermal fatigue, associated with turning on
(heating up) and turning 1  bBIELD@bdIHEIYVENHON an el ectronic device. In
order to sustain the desired thermal expansion match with silicon while
maxi m zing thermal conductivity, the top materials then tend to be heavy,
expensive, and nmodest in thermal conductivity. Only dianond provi des a high
t her mal conduct i iaigveptiomreldes n dheaenem@lisitefimisroelgetfonics with garticylar reference
prohibitive. In recent years, we have nade progress in designing inproved
functional i f%/P?"r'fF@"‘&a%%E%ttqﬁ;é’at"ﬁ'ﬁ-ough t he conbination of two different
materials using a process terned two-nmaterial powder injection nolding.
This step toward functionality directly built into a device has potenti al
benefit;:. in mcroelectronic packaging. The walls m ght be fabricated from
a-good gl ass-sealing alloy such as kovar, while the base woul d be
fabricated froma | ow thernmg|, ¢ i ri as tungst en-copper.
However) even these twor naﬁﬁ‘M%ﬁWEﬁéhgkﬁﬁm ted by the thernal
conductivity of the base. Currently, tungsten-copper is capably,: of
thermal conductivities in the 200 WrnlK range. This is still half that
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to formnul t7-"mat err al hows "how powder
i njection ' - vdsbo f ' | RY4i il e
parts, eac hmggbﬁ%riec ehiggs g?’?%e%sgﬁ Fcﬂ%%tg iﬂgglE %p; ?%g%%??g@ﬁé E@%ﬂ %gdlﬁgg}ﬂéﬁt C
charact eri sgRsrafibn, PRWENESM, ARl Rel $aidFCABEEd. THE ditdrR&REI o move into passive

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

High thermal conductivity materials 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 themrnal fatigue, associated with turning on (heating up) and turning



_ 2 careful control of the relative shrinkage rates of these various
parts. Additionally, care !s taken to ensure that only certain selected
- physical properties are allowed to differ between . the parts while others
may be altered through relatively snmall changes in the conposition , of the
feedst ocks used. A routine search of 1 the prior art was perfornmed and the
followng VS 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 (Tseng et al.);
6,303,191 (Henne et al.); fi, 293,333 (Ponnappan et al.); 6,230,407
(Akutsu); and 6,070,654 (Ito). Additionally, the follow ng publications
wer e di scovered during our search: 1. B.R Babin, G P Peterson, and D. Wi,
" St eady- St abff (ddohisd dowh)an@dlebesiic devicd. Irnoidbctocubiam th@dpsired tHatzb expahsibeaf
_Transfer, vol. 112, August 1990, pp. 595-601. 2. J.P. Longtin, B.
Et ~: ~dran, atchiwitt silicefiaihile MAxitng heenst codattiviia diee top materdiscthen témdtto Be pe
-During Steady state Operation," Jo~mal of Heat Transfer, vol. 116, August
1994, pp. 768awy]lexpéhsive, ¥id Swaiesthin, théfea cBnquetivity. Dinly divGohih pebividek aohigh
Thermal Engineering, F. Kreith (ed.) CRC Press, NY 2000, pp. 4.419-4.429. 3
SUMVARY OF ThdEmaiNENTEERY with hasthbreeah espansipnelodt its osttis preaibitivene enbodi nent
of the present invention to provide a heat pipe that can be ch~-cheaply
produced and readily mniaturized. Another object of at |east one
enbodi nent of the present invention has been that said heat pipe be readily
made part of a pACRHGEYeAR. werlawe Mmadeipseaiessyn dasianing imrrpyed-funadipnalify intreat
generated by a sem conductor chi ? )

structure through the combination of two different materials using a process termed

two-material powder injecticn 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 zlloy, such as kovar, while the base would be fabricated from
a low thermal expansion inaterial, such as tungsten-copper. However, even these two-
material combinations ari: limited by the thermal conductivity of the base. Currently,
tungsten-copper is capabic: of thermal conductivities in the 200 W/m/K range. This is still
half that possible with purz copper, but, again, still fails to satisfy the thermal expansion

requirement. We note tha diamond can achieve 2000 W/m/K.

As will become clezr later, the present invention makes use of two-material powder
injection molding to implernent 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 physical
properties such as magnetic characteristics or hardness This is accomplished through
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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
-obj ect of of |east one enbodi nent of the present invention has been to
provi de a process for manufacturing said chip package. These objects have
been achi eved by placing an enbedded heat pipe directly beneath the chip.
Usi ng power injection nolding, the | ower portion of the package is forned
first as an initial green part which includes one or nore cavities. The

| atter, if their dinensions exceed about 1,000 microns, are then filled
with a feedstock that is designed 4 to produce a porous material lining
after sintering) Cavities with di nensions |ess than about 1,000 m crons my
be | eft unfidrbfarconfbl sfithe talitie shihkage Ydekoftbedd varidus parts) tAIGBAIN, carees t he
_cavities and seal ed, thereby form ng one or nore heat pipes |ocated
directly belaren folensoreitiat ohfyeetsih selectes physitabstopertiestte allowisaab aifer SstwédH | ng
operation, heat generated by the chip is efficiently transferred to points
out si de t hethepahostileeothérs priayCesHtefearthrvagiufetatively small thengesb itk wompbsition
descri bed. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a plan view of the
struct ure off thééeepseskngsednventi on. FIGs. 2 and 3 are cc; ss-sections
through two different planes of the structure seen in FIG 1. FIG 4 is an
i soneinc; representation of FIGs. 1, 2, and 3. FIG. 5 is a flow than:
summari zing the principal steps of the process of the present , invention.
DESCRI PTI ON OF PHBUMTRERERRED  ENBODaN/WSF gerformed and the following US Patents were

found to be of interest:

6,410,982 (Brownell ¢t 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 (itc).

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,” Journsi of Heat Transfer, vol. 112, August 1990, pp. 585-601.

2. J.P. Longtin, B. tlidran, and F.M. Gemer, “A One-Dimensional Mode! of a Micro
Heat Pipe -During Steady 5tate Operation,” Joumnal of Heat Transfer, vol. 118, August
1994, pp. 708-715.

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

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



The present invention discloses a nova!l functional design that is materi al
based cn sel ective porosity enbedded at desired locations in a

-m croel ectroni c package. These are placed directly in the mcroelectronic
package under the sem conductor chip to afford the greatest heat

di ssi pati on. The purpose of the selective porosity is to enable w cking of
t he condensed working fluid, such-as al cohol or water, froma cold region
back to a hat region The |iquid phase evaporates fromthe hot region,

t hereby consum ng the enthal py (heat content) of evaporation. The vapor now
m grates through a channel to a cold region where it redeposits the

ent hal py via condensation. Such behavior is well known as heat pipe

t echnol ogy, such heat pipes being used as structures for the transport of
—heat via evaporation and condensation of a working fluid in a porous pipe
or wi ck. Heat pipes can deliver from50,D00 to 2DC, ~: ~00 Wm K in

equi val ent thermal conductivity. Structures of the type described above are
rel atively expensive and not well suited for incorporation in a

m croel ectroni ¢ packagi ng schene. The present invention teaches how

two-mat erial injection nol diShiMARY GF thily INENTONappl i ed to the fabrication
of high heat dissipation mcroelectronic packages. This is achi eved by
first injection nolding the housing with cavities |ocated in appropriate

pl aces. One neans for achieving this goal would be to use a sacrificial
materi al i nsert 'tihas been apeiec: piiat leaspensr enbadiment ahtbe preseat invsation taeravids- col or
met al powder injection nolding technol ogy already known to AMI. fn this
fatter case® ERAt@inedbatceg berrberply Prosiuped ard readilyimigiabsieedr n during the first
nol ding. In the second stage of injection nolding, a | ow packing density
powder feedstock fi is injection nolded into the pattern of the heat pipe
| ocated in the g%erall re; sjize are

. . Co | 1 ed i d po
possi bl e by sel P?hﬁhol?lggc gﬂg?ﬂﬁé‘?‘*ﬁ&’ﬂ&eﬁga{fggngsﬁgtn'%‘fﬁ%g%b\ﬁ%?e%hﬁbl ymer
ti Addi ti. |, control b i d by incl.usi f i fici,
bar t 1l e 197 Biat BB0 Heotseairinace HEu 7 pabiess: SithRe o PRutiEe HEPEY over

the pore size and gorositg i.ndependent of .the nmetal powder size, since the
concent r at | 'SHCXHE: 1§34 @Sl ’ieﬂé”éac?m'ﬁ“ il ﬂ'é?‘ti cl es are independently
control |l ed when botching the feedstock. After the second step in injection
nol di ng, the conponent is subjected to normal debinding and sintering

cycles After sinLgL] 18, S6 i al. LQQS . Wi be i.nc letely
sintered, |eavi %‘ﬁSé#ﬁ%‘a‘gt{}%é%g%@?%égﬁégf“g {jlp{fﬁgﬁgn%8@8&*&"&%"%@8%%%%%aI
creation of,_hi gh.t LY ipes. A working fluid is then
dosed into tf’%é&{;doer%g{oggéas @ﬁ@qggégﬁhééﬁgngﬁ%ﬁ'séal ed by sol der, plugging, or
ot her nechani cal or standard neans. Since heat pipes dissipate 100 tines
nore heat than dianond, the resulting mcroel ectroni c packages can far

exceed what can Abgrfbl i@ dr W 1bhst GHE efibodffM BNBe pré&‘énﬁH@érﬁiaﬁHaéﬁ 1ot aken

by the present invention allows the fabrication of nore conplicate

patterns, 'ﬁ}ﬁbiﬂgb%&%Y&%é}mﬁbcﬁﬁmp%ﬁ%ip%‘ékégw passages. Additionally,

the present invention allows '.he Tabrication of |ightweight devices from
alum numor other ' r lowdensity materials for ;portable devices, such as =
cel lular tel ephones and |aptop conputers. W will describe the present ’
invention in termkes®obrcdl e Leeh Uchieléd B?'ﬂléfcﬁhgtdﬁ émbedded Helab pi8irebtit | ON

will also further clarify the structure of the present invention. Referring
now to Fl G péneathéncHipi&lsing Sovidep lifjéctioh eioidihg, 1the Iower poftiah &f the fadkbgd &l pal
parts are a solid body 11 wthin which there are cavities such as 12. These
cavi ti es hafefméefirst a9 dieiditisl grbonpsanovicHinéieddsadine bbmohd &fvities. Thd lattalt Aehed th a
working fluid. The unfilled portions of the cavities are open vapor channel
The manuf acdiitiensigns @ceedalsout tt MO0 snisvod) atehtrem fikzplavithi d faedstbekathétie desigdd made

up of
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particles of the material fromwhich solid body 11 is to be constructed, as
wel|l as a suitable binder (and possibly, for sonme materials, a fluxing
-agent). Suitable materials for these particles include, but are not limted
to, copper, alum num tungsten, tungsten-copper, kovar, stainless steel, or
ni ckel alloys. The particles are carefully chosen for their ability to
sinter density to near 100r. of the materials theoretical density.
Generally, this requires a nean particle size less than 30 gym but is

mat eri al dependent. For exanple, tungsten-based materials generally require
a nmean particle size less 5 gym Suitable binder materials include

conbi nati on of waxes, organic polyners, and surface active agents, such as

stearic acig %Egaﬁé@a RloRSiRI Rate¥if IRl Aer Qiﬂt@_rfh?.e CRRMibS GHR HirAdrRionsi S thhey
~di spersed wthin them Typically, the particles conpose 50-65 percent of

the fatal vgbdifig 0pb riiGBAS kARG k= WK Urdiidd) AHer SHRFing AVRARAS fIliB R ineSduceinter to
injection of the feedstock, inserts are added to the nold. These have the
shape of thgeGavitiéd 8% dediddBrerab@Feming e o AiofeheAA Piped deatet Aredly ibaloWtre
appropriate locations. At this stage, the cavities will always have at

| east one opgp. EnulatértihsaEl inpiecarBenclosapDuirjoperation, hgatgenmsatdddiyahe Ep t WO
or nore open ends per cavity. Typically, a sinple straight cavity as

exenpl i fi edistefficightly tratdiendd tgyonts outsitelthecenbiesuvee A mrbeass f&r mardif&tturingthele, 2
and 5 mm deep, and between 12 and 80 mmlong. The inserts nay be nmade of
sacrifici al stnettweiisaiescebedh a: organi ¢ pol ynmers, including polyethyl ene,

pol ypropyl ene, and pol ystyrene, so that the cavity is formed when they are
renoved t hrough |iquefaction, vaporization, or chem cal action or they may
be made out of materials, such as bronze, steel, or alumna, which allows
themto be renoved 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 bRBRIEFNPREGRIATIONQAF THEBRAWING® cavity's shape. Wth
the feedstock heated and the inserts) in place, nolding under pressure
takes place, resulting in the formation of the initial green body. Cavities
wi th di nensions greater than about 1000,umin the green body are now
partially fill ed'qﬁ'r { i 3 PiaB vishoofitestaictrr ofihie PresgabinyRdioNousl vy prepared from
particles having a nean di aneter between about 40 and 200 ~cm uniformy

di spersed within a suitable binder. Suitable material: for these particles

i ncl ude, but ar ot_limted to copper, alumn upgst e

t ungst en- copper ?H%S\Fa?r,‘ﬁ 2% %ﬁ’%é?cg'{)r@émr?”g}mﬁi%{gé?ntt Bgﬂﬁilgﬂhq'ﬁ%“q“ﬁfe §8F" si ze
of the particies here ensuren that the material that will be obtained after
sintering mﬂ1'ebé'porous. An additional degree of pore size control may be
achi eved by adding to the second feedstock particles of a sacrificial

mat erial such as graphite, which evacuates the structure during sintering
eavi ng behind vaids. .Typically, the | u action of the non-sacrificial
particles in thgh%'f}‘ %’P%mﬂﬂﬂ@%ﬁﬂ\{&{?f‘r?&éi’gt%‘Ia"\qgﬁ'urre of the feedstook.
9 Prior to injection of the second feedstock, a second set of inserts are
added to the green body. These have the: shape of the vapor channels wthin
the cavities 12 : e, ; : f sane
types of sacri fi@?;gF 'sgér ﬁ?&egr%%bﬁdﬁ rr%ﬂzg‘gﬁ%grma&@gk%%éf#?&%gg?sg%?m% sr%r%é.
Wth the second.feedstock heated and the initial green body with inserts)
in place, a second nol di ng under pressure takes place, resulting in the
formation of the final green body. Cavities with dinensions |ess than about
1000 ~m can be left unfilled. The process now continues with routine
renmoval of all binding materials fromthe final green body resulting it the
formation of a skeleton structure. The latter is then sintered to formthe
final body. The slep BESBRIAHINGF THEPRESERRED EMERSIMENTS t enper at ure and
time_and m an atnosphere that depends on the conposition of the body. For
exanpl e, a copper body is sintered at a tenperature between about 900 and
1070C for between 5 and 120 mnutes in an atnosphere: of hydrogen. Note
that an inportant feature of the process (though not part of the present
invention) is the control of the nature and concentration of the various

bi nders used to formthe feedstocks so as to ensure that porous and dense
portions of the structure shrink by the sane anmount during sintering.
Details about this aspect of the invention can be found in the

aforenenti oned Application no. 09?33,52? filed 12111 100. The next step is
the introduction of a working fluid into the cavity so that it may function
as a wick. The working fluid nmust have a triple point below its operational
10



tenperature and a critical paint above its operational tenperature.
Typically, the working fluid will have a triple poirt bel ow 20C and a
-critical point above 100C. Exanples of liquids suitable far use as ~,
~NOrking fluid include, but are not limted to, water, ammonia, acetone,
and al cohol. The ~warking fluid occupi es enough of the cavity volunme to
saturate the wick. This is acconplis~nc:d by first evacuating the cavity
under vacuum charging the cavity with the fluid, then ; ~E:aling al! open
ends with plugs 13, thereby form ng the heat pipe. Possible ways to seat t;
ne cavities include, but are not Iimted to, epoxying, welding, crinping,
sol dering, and prE~~s frtting. Enclosure 14 is then formed on the upper

surface of body Thb.prddeinBinbéntiBg alscioia hdveHfufztioRal\akigh tHis® isamafeRSiTased &h ON
taken through 2-2 it FIG 1. Enclosure 14 is placed directly over one or

nore of thesd)edive Py erfbétied ab8dsired lo2afiont a h&r&él@ﬁ%ﬁicipacﬂgﬁ TrResetré h
al so shows the direction of heat flow Starting at hot spot 31 (generally

t he under si glgcf directyine MRAdolddirohit pASKaRE LRderttiie S@MRoRWICE Rhiphs atera thel i d
body 11 to the porous wick 32 where it causes the working fluid to

Evapor at e ag@atspeaat dgsipatibnt Te: papese of fiecseldctiveibdresity iiiosendBik wicking/afiige t he
heat wwth it. O ic:~e the hot vapor passes outside the sphere of influence
of hot spot cébehsedondridag aaid, dabas aicohol lor watet] fromsa coldiegion back toa Ht fegith. 34.

As the liquid concentration builds up there, capill~aiy forces draw it back
t hr ough t heTpe figuid phasske\dipotatasirain thet hot pegior thendéisyr onksineing\the enthalpy (Heabegi n
again. The process concludes with the step of nounting the chip on the
upper surt acenterft) dfesigparationu - garor hoy migrates throggh zcaadoed to  toly regitiwhere such
as silver filled epoxy, followed by 11 sealing of enclosure 12 (with the
chi p i nsi deitiredepogis therenthajpy via hongensatisgu Guch ibehavier ie mell knewr s Asatrmipe um
may be seal E:d inside 14 together with the chip. Fig. 4 is an isonetric

vi ew of t heteshpeleg\irstich heat mipes heing gsat as strgetutes fon dhedtrarsportosfuneat Ma  Not
shown in Fig. 4 are contact pads, fornmed ins ~de enclosure 14 to recerve
chip 41, togw@rreEtionand censgasatiopohaweiking fluls in mdorus pipes widk, Heat pioesicarext end
away fromthe chip to term nate outside the enclosure. Exanple A 99.85%
pure copl ~cdelivenisom &P.0R0 e 280, HRAW/AS inaguivalenttheryial condustivity. ni xed with an
organi ¢ bi nder conposed crt paraffin wax, mcropul verwax, polyethylene, and
steanc acid to forma first feedstock. S:~~~~1 15 um copper powder

conpri ses 50 vol une Qercent of the said first feedstock. A 99.tii:/0o pure
copper powder widifclirgsRfine tii¢ pegcabeq ghovg aredglativaly xnensiueiany 1o weisul

brnde r conposition.to. . forma second feedstock. Sq%d 50 um copper powder

conpri ses 397 {GPrroEtigh in %E‘icé‘a'i‘fl_ﬁd%_&,coq?&kﬁ%@ﬁﬁh%‘ﬁ: RETTSeALPVataRiRasERs i s
15 5 mm BT aRena iottoR T teSirdloay Bttt hrllet ite Bt oy St nadtbel ng 16
| d.. i n_di ter. A 16 ~~C~ njn. di ter. | t
Conststi o SEeBRIGorPIRR s Pt iy B Aotisyer v Tish MkiB v it v ¢

of the gree ond fee into the open, port

RN T TR R SRR N )
0200 oLkl v RGBS pRRLSS, PlefORT bR RO 12
hydr 09en = BRSNSy ko34 BEKHShohe KRS il IR Bl o5

glcm, which is close to its theoretical density, and a porous | ayer
~~uithin the housing with a density of about 60/0 of theoretical. Good
bonding is oir. gr t n L - i's
housi ng can ther{ﬁggﬁgﬁtgér?geegsgv&ﬁtr q?/\ﬂ@g?h%n q’é@f@%@ﬁ*@%@%&ﬁ“‘ %h&grge ggﬂeat

pi pe for 1 empinydifhateddnBde SPnRAHAHIBNG o ofliAckify GGRAY bwddr geur e
on one end of t"{r%% cylindri ca?’ strnjt;éctur e. Tﬁea EPI'?%?Z'@%I ve%{egs %? et%ﬁgljso desi gn
for power dissipation was confirmed by cglculations that show |,h~ at, at a
nom nal operating tenperature of 40C) the package is capabl e of
transporting c~~ier 100 Wof waste heat away fromthe chip. A flow chart
for the above process in presented in Fig. 5. 13



What is clainmed rs: 1. A process to manuf; ~caure a heat pipe, conprising:
providing a first fec~~:Istock, having a first volunme, that further
.conprises first particles, having a nean di,~r peter |ess than about 30
m crons, uniformy dispersed within . a first binder, said first

parti~~:1ca occupyi ng between about 50 and 65/0 of said first volunme; 5
provi ding a second i ~~~edstock, having a second volune, that further
conpri ses second particles, having a ~7iean di aneter between about 40 and
200 microns, uniformy dispersed within a second |;ider, said second

particles occupying between about 30 and 40/0 of said second vol unme nol di ng
said first fe~~dstock around a first insert to forma green body; 10 then
removi ng sadnjbbiiont moldearihtof tr@rpates ef BRNhdx ipe! ldestedYin ity Blag) patkdgee
~green body, a cavity having one ;: osed end and one open end; adding a
second i n: ; Gontfollé@psrasy dhd\poke) dize dre bbisitde Bypéelbctian bfithie ioberf méai ghwaisesng
feedstock; renoving all binding rnaterials fromsaid green body and from
sai d secondafdanshder @lpokbndriati d Adafiofal ¢antrd] ¥an bdasHdved baintlupbnaf Eadriitial
skel eton within which is a second skeleton that is nore porous than said
tir~~t skel girfidlés inithid feedsigeks A dliatten Bite prabides prettkesdontraitavesthe ooy styaddr m ng

a dense body that includes an interior wck; introducing a workG ~: I fluid
i nto sai d warksityaimdegéndehtof tse alatal posdedsize; siace tenchncehteatieb \antl Gized afdhes ai d
heat pipe. 2. The process descri~~~d in claim1 wherein said first

particl es aserifiglgartettsiare inde:hendbttly caontmilgd whersbatthingytheffeedspgmir . al um num
tungsten) tungsten-copper, kovar, stainless steel, and nickel alloys. 3.
The process describ e~~ in claim1 wherein said second particles are

sel ected fromthe group consisting of ccF oer, alum num tungsten,

t ungst en- copper Aftepthe second ieldrs Hjestion meidinga e ¢AMpICBENtS Sljectedito majmal
process describ~e~~~ in claim1l wherein said second particles are renoved
from wi t hi ndefinding 268 tSintamng nrFles-Aftes tsiering, dheseeandgmetesiak regionsowld bes. The
process descrike~d in claim1l wherein the step of renoving said first

i nsert fronnEerEPigEseaineaRe, leayinshkehind the| desired pgrogitis and gpres fotheseyentual r st

i nsert.
creation of high thermal canductivity heat pipes. A working fluid is then dosed into the

pores and the pore channel: 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 tak:" by the present invention allows the fabrication of more
complicated patterns, inclucling curved and conformal cooling passages. Additionally, the
present invention allows ‘he fabrication of lightweight devices from aluminum or other
low-density materials for portable devices, such as cellular telephones and laptop

computers.

We will describe ttie: present invention in tarms of a process for its manufacture.
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10 6. The process descrit~e~~ in claiml1 wherein said first insert is
sel ected fromthe group consisting of bronze, steel ~3nd alumna. 7. The
-process descril~E:~d in claim1 wherein said first insert my be reused

after the termnation of said proces~~~ ~r 8. The process described in
claiml wherein said working fluid is selected fromthe 15 group consi sting
of water, ~~nmorna, acetone, and al cohol. ~ 15 9. A process to manuf,i;:;

ture a heat pipe, conprising: providing a feedstoc; k:, having a vol une,
that further conprises particles, having a nean di aneter |ess than a~~out
30 microns, uniformy dispersed within a binder, said particles occupying
bet wee~r; about 50 and 65/0 of said volune; 5 nolding said feedst~; ~::k
around an i Mbisrdestriptioomwill alsgfiather bladfy the stescture oh thermgesamit thvientionerRefémriogn t he
-green body thereby formng, in the green body, a cavity having one cl osed
~ei i d and onewdpEG.ehdhawml theirensresplom viewef the $tauctuss olts principadpartscare assolid
renmoving all bindinll materials fromsaid green body, thereby formng a
skel et on 10bedyt hi withihwbichitbera ané cavitiesisucmaz 1 2.c ipesel cavitiés havedicendinedwils a
wi ck; sintering said skeleie i thereby form ng a dense body that includes
said wi ck; Pertousduaienia) 18 whdshkis satirrated withl a werking Aluid. wihekunfiledipaertiens ofdhe i ng
said vF~e;n end, thereby form ng said heat pipe, 10 A process to

manuf at ~ur eCaviiRsAR gee vaRoAChINglsa heat pi pe, conprising: 15 providing a
first fe~~jstock, having a first volunme, that further conprises first
particles, having a nean dianeter |ess than about 30 microns, uniformy
di spersed within_a first binder, said first particles occupying between

about 50 and 859 hsmanyfactyrindsprogess stasts with the preparation of a feedsfock made up of

particles of the material frotn which solid body 11 is to be constructed, as well as a suitable
binder (and possibly, for same materials, a fluxing agent). Suitable materials for these
particles include, but are not limited to, copper, aluminum, tungsten, tungsten-copper,
kovar, stainless steel, or nizliel alioys. The particles are carefully chosen for their ability to
sinter densify to near 100%, of the materiais theoretical density. Generally, this requires a
mean particle size less tnan 30 wm, but is material dependent. For example, tung-
sten-based materials gen:zrally require a mean particle size less 5 um. Suitable binder
matenals include combinztions of waxes, organic polymers, and surface active agents,
such as stearic acid. Thesz binders are melted and the particies are uniformiy dispersed

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

i

feedstock while the bindeI tomposes the rest.

Prior to injection ot tne feedstock, inserts are added to the mold. These have the
shape of the cavities 12 thz are to be formed and are placed in the appropriate locations.
At this stage, the cavitiz: will always have at least one open end aithough more

8



provi ding a second teedstock, having a second volune, that further

conpri ses second particles, having a n~~ean di aneter between about 40 and
. 200 mcrons, uniformy 20 dispersed within a second cinder, said second

particles occupying between about 30 and 40l of said second volun-~e;; 16

nol ding said first fe~:~Istock around a first insert to forma green body;

then renoving said first insert fromthe green body thereby formng, rn the

green - body, a cavity having one c:lc~sed end and one open end; adding a

second ins~e;rt to said cavity; 5 filling said cavity wita said second

f eedstock; renmoving all binding ~~aterials fromsaid green body and from

sai d second feedstock inside said cavity, thereby fc:~rmng a first

skel et on Wi LBl fedighsdmaEeflie fleCorahere dpBAlenis palaRinD TyBiksI Bainsai d
_fir;:~t skeleton; sintering said first arid second skel et ons, thereby

farmng a depsighteaiiy b ekerBlifka el 4des tiRMiguRsatduld bévbetiech AbEGALISAIY mitn

workir~c | flurd into said w ck; then sealing said open end, thereby

form ng sai didecatand Pm @sepaasdibéieen a2 and 60 mm ohgk TGLinséty My Pe atadeREN

encl osure that rs overl apped by said heat pipe; 15 then nounting said

i Nt egr at ed eadrifidial mgtBiidls s dtairgariicipalymeérs Snclwding poiyetityiene; polgrropyensg aad hi gh

thermal condru:3ivity nmedium and then sealing said er~c:losure. 11. The

process desepbiystyrenedsas that it onitQ isvfoemed wheaitoleyf anesempeed theouwgd Iimuefastidnect ed

fromthe group consisting of copper, ,alum num tungsten, tungsten-copper,

kovar, stai nhpwizatdreer cheficalrrdtiom ok tey ahdydyesmade outbf materdis, Simh ax brorzes

describe~j in claim 10 wherein said second particles are selected fromthe

group consi steehgr alumine-whésh, allavs thermuin bet remgsecintact fon tpdereauseopbe tattekiypar ,

stainl ess steel, and nickel alloys.

of insert is 1o be preferred, far economic reasons, uniess 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 seconc zedstock 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 particies here ensures that the material that will be obtained after sintering will
be porous. An additional de:gree 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 eaving behind voids. Typically, the volume fraction of the
non-sactrificial particles in :he mix is 30-40 percent of the total volume of the feedstock.

!



13. The process describe~~ in claim 10 wherein said second particles ane
renmoved from5 within said cavity during th~;: step of sintering the

. skel etons. 14. The process described in claim 10 wherein the step of
removing said first insert fromthe green body further conrl:rises
destruction of said first insert. 15. The process descri;~c~d in claim 10
wherein said first insert is selected fromthe group consisting of bronze,

,teal, and alumna. 10 16. The process descrit~e:~ in claim 10 wherein said
first insert my be reused after the term nation of said proces;~. 17. The
process descril,iE:d in claim1l0 wherein said working fluid is selected

fromthe ~ group consisting of water, ~arnnonia, acetone, and al cohol. 18.
A process to narRrior trinjectionaof fmcieagrd fesdstadkn asgeandrsehiof ipsqnts are edgad toithey: 15
_providing a feedsto~;;~., having a volume, that further conprises second

particles, ¢m@enbbdwiThgsehavedm: shapaef the vBporchernelsiithin theGalies 120thatre tons)
uni formy dispersed within a second binder, said second particles occupying
bet ween abobe le8®pandrhegnpydfe ry2decput ottba game pee of sasnficialpr seysgbipimaterials
fe~:astock around a first insert to forma green body; 5 then renoving said
forst i nser 85 WEGHRteRoTdreedn Witie sheaneiigedeistihegled and ivadnial gen bady it
cavity having one ~: :lc~sed end and one open end; addi%gﬁa second in:~, e~rt

to said cavinB§FsKinPlacRqR secopd KOIAING HNAET Rressuretakes pIACE, fesbiting idke formation ng
Il bindi t | f id. .bod d f id d f t ock
20 1 nel de ool iR e aen bRgy- 0y e Wi R S e e sPaLCIOR AT can BRISh 1 s a

second skeletgn that is nore porous than said f~r:~t skeleton; sintering
said first Y¥f89second skel etons, thereby form ng a dense body t hat
includes an Interior wick; introducing a workiru; fluid into said w ck; 15
then sealing said ol ~c:~n end, thereby form ng said heat pipe; on a surface

P L e R Ay e e
sai d surtacg, .| qleeH Bbi\PreBui i e t6iiTtbn 64 Skeictdr SubNind AL KMEr €88 sintered
to form the final body. The slep of sintering consists of heating at a temperature and time
and in an atmosphere that iizpends 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 "¢ form the feedstocks so as to ensure that porous and dense
portions of the structure shsink by the same amount during sintering. Details about this
aspect of the invention can be found in the aforementioned Application no. 09/733,527 filed

12/11/00.

The next step is the introduction of a working fluid into the cavity so that it may

function as a wick. The vorking fluid must have a triple point below its operational

- 10



" 2D then seal | ng said ei~!:losure. 19 19. The process descrit~e:d in claim
10 wherein said high ther mal conductivity nmediumis helium 20 The process

. describ~~9 in claim10 further conprising formng, within said enclosure,
contact pads and | eads, ~;~:mected to said contact pads, that termnate
outside said 5 enclosure. 21. The process descriti~::d in claim10 wherein
a high thermal conductivity material is sealed inside said enclosun::
together with said chip. 22 A heat pipe, for use Irrith integrated
circuits, conprising: a solid body wherein is |ocated a fully encl osed
cavity whose di aneter exceeds 10 1,000 microns, said cavity using |ined
with a porous material; and a working fluid in s~ i~ cavity. 23. The heat
pi pe descr itémperatune ahdha eritkal pariet abiove #3 pperatidniatitenperatire. Typicaty dbe votkingt he

- group consisting of copper, alum num tungsten, tungsten-copper, kovar,
stai nl ess dtugtwill kave aniriplecpoirt| Hetgws 207C amd a4riticeh pointalovsi 198°GelSxamples-efd i n
claim 22 wherein said porous material is selected fromthe group consisting
of cc~E: perliquids suitablmfor tsmast everking fiuid inclyde.dpib are, nat imiied tos walen| amyponizeel
and ni ckel alloys. 20 25. The heat pipe describ~:d in claim22 wherein
sai d wor ki regefongi 2hd aicabel. dbe wrmgo‘tmmurges)wl@b@étf@tqan@ \siurpg:tacgaturate
~~~~nnoni a, acetone, and al cohol. 26. A package for an inie~arated circuit
chi p) conprth%l"’f?b This ﬁﬁq°9mékﬁﬂf‘6§¥(ﬂr%avawam%?HPYFYel-'"éB'I YaFUHBdShaging g an
upper surtace; sal d_cavi t bei n % in~ ~1 wt g)or ous material and
cont ai ni ng cé"mb}”ﬁl e ﬁ"l"i’utﬂe tfna"E& H°B?ib€'ﬁdss‘ﬁ¢rf 83“957 dherEbyfarainadye sasty
cavity) an enclosure wt @/n i nt eﬂrat ed circuit ChI,R has | ~c~en
seal ed:; andJ'%eaFBS?r'HFé\@V%Pei?a ﬁFﬁa‘(m%ﬁ 'Hﬂ“%l‘? t &g nohlimitadfo SRAXYING WaldiRg:
t hr ough a hlla}% ther con%uctJ medium 10 27. The package descri, ~ed
in claim26' EréﬁgdaB B?"Fﬁ{"gé‘l ected fromthe group consisting of
copper, alumr; um tungsten, tungsten-copper, kovar, stainless steel, and
ni ckel all oys.

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 also
shows the direction of heat flow. Starting at hot spot 31 (generally the underside of a chip)
heat is transferred by concuction 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 tu liquid, as symbolized by arrows 34. As the liquid concentra-
tion builds up there, capillary forces draw it back through the porous wick 32 toward hot

spot 31 where the cycle cari begin again.

The process conclud-2s with the step of mounting the chip on the upper surface of

bedy 11, using a high thenn.al conductivity medium, such as silver-filled epoxy, foliowed by

11



28. The package descril;r:;d in claim26 wherein said porous material is
sel ected fromthe group consisting of co~oher, alum num tungsten,

. tungst en-copper, kovar, stainless 15 steel, and nickel alloys. .. 29. The
package descri,~f:d in claim26 wherein said cavity is between about 2 and
8 mMm wi de, between about 2 ;and 5 nm deep, and between about 12 and 60 nm
long. - 21 30. The package desciif:~ed in claim26 further conprising
contact pads, within said enclosure, and | eads) conru::cted to said pads,
that term nate outside said enclosure. 31 The package descri;~E~d in claim
26 wherein a high thermal conductivity material is sealed inside said
encl osun: ~ together with sai d chip. 22 .AFe. A h,?.A6,?. AR AY@Q . Al S. Ak@ . A h

,'el" Al[:z’tjp@?a\%h@%]o ngﬁ caj c ﬁ"ep"]hc,':'ar]ét ?'t?a]cg% }]@Fé]hca c e&rca ca) ca] cay

cajcalcalc agl,._&ﬂ Lfi-](; ;TJ‘{ ]j‘?n-g Cr. 4‘%& hét with % p. Fig. 4 is an ispmetric view

iwW 2F*~ytoj e al ca ca] cal ca] ca ca] ca] ca ca] ca] caJ cal] cal ca] ca] ca]c

2l izl/f%z}v*&%?i%ﬁm FRIR 6P A3 1P AUDE RERE ehbiosure 14, Notshown in Fig, 4are

ca] ca] cal ca&&ﬁ& @ ‘falrféa] ﬁ@ln@edrfé@]s@@lﬂm& Gadeal emp oAl asiRRrCaitc dd4us! 2wA4'
5566: 0: FAFFGYGGHY

KK$KNLM xs nwimZheiH }&akgawﬂdo@ h@@&nﬁﬁéﬂ@id@} dyftornineahipab eerhiadie alisiak ¢md cal ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! M\/] Na NNNO6 PWPPAQ

RRBSSETTTU &ANGMM/VI WWAKNXXXFY} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FYYYHZZZZ
AN S T abb%c#dwddd$eneeef f g/ gThvh| h} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calca]ca]ca]calca]cal|h

hi , j $kkI | QvExamiple

A 98.85% pure copper powder with @ mean particle size of 15 um is mixed with an
organic binder composed of paraffin wax, micropulver wax, polyethylene, and stearic acid
to form a first feedstock. Sia'3d 15 um copper powder comprises 50 volume percent of the
said first feedstock. A 89.8{% 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 um copper
powder comprises 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 addec to the cavity of the green housing and the second feedstock is
molded into the open port cn of the cavity. The green body is freed of all organic binder by
heating in a controlled iurmace over a period of 25 hours at 600°C in a hydrogen

12



ooop<qgDgqqG ~rr/ gThvh| h} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] c] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] ca]ca] ca]ca]ca]caU aB ~10%&' () -&
109%&' ()-'d, 109%& ()-$10%& ()-: Fs10%ZZ& ()-VY:10%& ()- MZdE, % 10%&' ()-, @
109 ()-,9! 109%& ()- F 10%& ()- @10% ()-10%& ()-Z@JE@ 10%& ()- @

10%' ()-@ 10%&' ()-0 f, MLOY%&' ()-m (10%&' ()-,' 10%& ()-CEFGH ({Y:

510%& ()-!* 10%& ()- !'!'109%& ()-'!,, #10%& ()- 10 10 105MLO%& () -
T|~_@0YB& ()- 109B& ()-109B& ()-! E)109BB& ()-,!109B& ()- 10 10

10[ FKz[ <~ _ @ 09109B&' () -, &10%& ()-!, & 109BB& ()-!, & 109BB& ()- Y'109B& ()-!
109BB&' () - K} 7bCl0% h&' ()-1 “10% h& ()-, 10% h& () -

atmosphere. The debound tiody is heated to 1050°C at a rate of 350°C/hr in a hydrogen
atmosphere. After sintering at 1050°C for two hours, the fumace is allowed to cool. This

results in a housing with 21 density of about 8.6 g/cm?®, which is close to its theoretical

density, and a porous layer within the housing with a density of about 60% of theoretical.

Good bonding is ohserved between the porous layer 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 on one end of the
cylindrical structure. The eifectiveness of this design for power dissipation 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 presznted in Fig. 5.
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10B 10B 10BL5t 1098& () - 1F1098& ()-7 _dEbC (MLO% h& ()-L$@0% h& () -1
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. 510%Mh& ()-3 10% h& ()-1 10% h& ()-/ 10% h& ()- -L10% h& ()-*10%
h& ()-z{| 2F*aBC 10hh 109%& ()-L109%& ()- S109& ()-!#10%& ()-!Y@10%]& ()-
10hh™ 10hh! ] a?1C 10pp! 310%pé& ()-, .109%& ()-!++10%cCé& () -
3(MLOYE () - $10%&' ()- | "MLOY& () - }ASH=10pp 10 U 10 U 10 UL6t 10%

What is claimed Is:

1. A process to manufacture a heat pipe, comprising:
providing a first feixdistock, having a first volume, that further comprises first
particles, having a2 mean diirneter less than about 30 microns, uniformly dispersed within
a first binder, said first parti=les occupying between about 50 and 65% of said first volume;
5 providing a second fzedstock, having a second volume, that further comprises
second particles, having a mean diameter between about 40 and 200 microns, uniformly
dispersed within a second lynder, said second particles occupying between about 30 and
40% of said second volums
molding said first fezdstock around a first insert to form a green body:;
10 then removing said first insert from the green body thereby forming, in the green
body, a cavity having one = ssed end and one open end;
adding a second insert to said cavity;
filling said cavity will said second feedstock;
removing all binding rnaterials from said green body and from said second feedstock
15 inside said cavity, thereby forming a first skeleton within which is a second skeleton that
is more porous than said tirst skeleton;
sintering said first and second skeletons, thereby forming a dense body that
includes an interior wick;
introducing a worki fluid into said wick; and

20 then sealing said oben end, thereby forming said heat pipe.

2. The process descrinzd in claim 1 wherein said first particies are selected from the

14
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15

group consisting of copper aluminum, tungsten, tungsten-copper, kovar, stainless steel,

and nickel alloys.

3. The process described in claim 1 wherein said second particles are selected from
the group consisting of ccpoer, aluminum, tungsten, tungsten-copper, kovar, stainless

steel, and nickel alloys.

4. The process described in claim 1 wherein said second particles are removed from

within said cavity during th= step of sintering the skeletons.

5, The process descrite'd in claim 1 wherein the step of removing said first insert from

the green body further comirises destruction of said first insert.

6. The process descriked in claim 1 wherein said first insert is selected from the group

consisting of bronze, steel and alumina.

7. The process described in claim 1 wherein said first insert may be reused after the

termination of said process

8. The process describad in claim 1 wherein said working fluid is selected from the

group consisting of water, ammonia, acetone, and aicohol.



10 U 10 U 10 UL510% U& ()- 3:10% U& ()-0310% U& ()-. 10%
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109&' ()-!, #109%& ()- 10%&' ()-e,,-f-h-i-j-k-0rdv4=1!, (10% ()- @ 10zz 10zz
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8. A process to manufiazture a heat pipe, comprising:
providing a feedstock, having a volume, that further comprises particles, having a
mean diameter less than zibout 30 microns, uniformly dispersed within a binder, said
particles occupying betweer about 50 and 65% of said volume;
5 molding said feedstack around an insert to form a green body;
then removing said insert from the green body thereby forming, in the green bady,
a cavity having one closed 2nd and one open end and dimensions less than about 1,000
microns;
removing all bindiny materials from said green body, thereby forming a skeleton
10 within which is a micro-chznnel capable of functioning as a wick;
sintering said skelelc 2 thereby forming a dense body that includes said wick;
introducing a workirig fluid into said wick; and

then sealing said open end, thereby forming said heat pipe.

10 A process to manufacture a package containing a heat pipe, comprising:
15 providing a first feadstock, having a first volume, that further comprises first
particles, having 2 mean diameter less than about 30 microns, uniformly dispersed within
a first binder, said first particles occupying between about 50 and 65% of said first volume;
providing a second feedstock, having a second volume, that further comprises
second particles, having a niean diameter between about 40 and 200 microns, uniformly
20 dispersed within a second Jinder, said second particles occupying between about 30 and
40% of said second volurre:;

16
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molding said first feizdstock around a first insert to form a green body;
then removing said first insert from the green body thereby forming, in the green
- bady, a cavity having one «losed end and one open end;
adding a second insert to said cavity:,
5 filling said cavity wit said second feedstock;
removing all binding 71 aterials from said green body and from said second feedstock
inside said cavity, thereby forming a first skeleton within which is a second skeleton that
is more porous than said first skeieton;
sintering said first and second skeletons, thereby forming a dense bedy that
10 includes an interior wick:
introducing a workir.g fiuid into said wick;
then sealing said open end, thereby forming said heat pipe;
on a surface of said backage, forming an open enclosure that is overiapped by said
heat pipe;
15 then mounting said integrated circuit chip inside said enclosure on said surface
using a high thermal condu:tivity medium; and

then sealing said erclosure.

11.  The process descritie:d in claim 10 wherein said first particles are selected from the
group consisting of copper, aluminum, tungsten, tungsten-copper, kovar, stainless steel,
20 and nickel alloys.
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12.  The process described in claim 10 wherein said second particies are selected from

the group consisting of ccpoer, aluminum, tungsten, tungsten-copper, kovar, stainless

steel, and nickel alloys.

13. The process described in claim 10 wherein said second particles are removed from

5 within said cavity during th:2 step of sintering the skeletons.

14.  The process describzd in claim 10 wherein the step of removing said first insert from

the green body further conip:rises destruction of said first insert.

15.  The process descrined in claim 10 wherein said first insert is selected from the

group consisting of bronze, steel, and alumina.

10 16.  The process descrited in claim 10 wherein said first insert may be reused after the

termination of said process:i.

17.  The process described in claim 10 wherein said working fluid is selected from the

group consisting of water, ammonia, acetone, and alcohol.

18. A process to manufacture a package containing a heat pipe, comprising:

15 providing a feedsto::, having a volume, that further comprises second particles,

18
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having a mean diameter b2tween about 40 and 200 microns, uniformly dispersed within
a second binder, said seccnd particles occupying between about 30 and 40% of said
second volume;
molding said first fe 2:dstock around a first insert to form a green body;
5 then removing said st insert from the green body thereby forming, in the green
body, a cavity having one closed end and one open end,
adding a second ins.ert to said cavity,
filling said cavity witn said second feedstock;
removing all binding matenals from said green body and from said second fesdstock
10 inside said cavity, thereby forming a first skeleton within which is a second skeleton that
is more porous than said first skeleton;
sintering said first and second skeletons, thereby forming a dense body that
includes an interior wick;
introducing a working fluid into said wick;
15 then sealing said open end, thereby forming said heat pipe;
on a surface of said package, forming an open enclosure that is overiapped by said
heat pipe;
then mounting saic integrated circuit chip inside said enclosure on said surface
using a high thermal condctivity medium; and

20 then sealing said enclosure.
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18.  The process descrited in claim 10 wherein said high thermal conductivity medium

is helium.

20 The process describzd in claim 10 further comprising forming, within said enclosure,
contact pads and leads, :onnected to said contact pads, that terminate outside said

5 enclosure.

21.  The process descrihed in claim 10 wherein a high thermal conductivity material is

sealed inside said enclosure together with said chip.

22 A heat pipe, for use viith integrated circuits, comprising:
a solid body whereiri is located a fully enclosed cavity whose diameter exceeds
10 1,000 microns, said cavity being lined with a porous material; and

a working fluid in szicl cavity.

23.  The heat pipe described in claim 22 wherein said solid body is selected from the
group consisting of copper, aluminum, tungsten, tungsten-copper, kovar, stainless steel,

and nickel alloys.

15 24. The heat pipe descril:ed in claim 22 wherein said porous material is selected from
the group consisting of cupper, aluminum, tungsten, tungsten-copper, kovar, stainiess

steel, and nickel alloys.
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25. The heat pipe descrit2d in claim 22 wherein said working fluid is selected from the

group consisting of water, ii'nmonia, acetone, and alcohol.

26. A package for an inte jrated circuit chip, comprising:
a fully enciosed cav:t, within a solid body having an upper surface;
5 said cavity being lined with a porous material and containing a working fluid;
on said upper surfa:s, overlapped by said cavity, an enclosure within which said
integrated circuit chip has heen sealed; and
said integrated chip being mounted on said upper surface through a high thermal

conductivity medium.

10 27.  The package descrined in claim 26 wherein said body is selected from the group
consisting of copper, alumirum, fungsten, tungsten-copper, kovar, stainless steel, and

nickel alloys.

28. The package descrihad in claim 26 wherein said porous material is selected from
the group consisting of coaper, aluminum, tungsten, tungsten-copper, kovar, stainless

15 steel, and nickel alloys.

29. The package descrided in claim 26 wherein said cavity 1s between about 2 and 8

mm wide, between about Z sind 5 mm deep, and between about 12 and 60 mm long.
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31 The package descrided in claim 26 wherein a high thermal conductivity material is

sealed inside said enclosurs together with said chip.



