2 0 JUN 2006 ADVANCED M CROELECTRONI C HEAT DI SSI PATI ON PACKAGE AND

ME- 11- HOD FOR | TS MANUFACTURE FI ELD OF THE | NVENTI ON The invention rel ates
to the general field of mcroelectronics with particul ar referencezto
packagi ng and heat dissipation. BACKGROUND OF THE | NVENTI ON As t he “\kofyN:2006
noves, towards hi gher performance comruni cati on and conputer systens,

m croel ectronic devices are running into basic barriers related to heat

di ssipation. Options under exploration include active and passi ve packagi ng

designs. The AapjhM Eif’ﬁlllll%gﬁ‘ ECEETRONRREAT PISPPATION PABKHGES | Ui ds Tor
heat extraction, o Aﬁp AP FORNFR MAMEAGTURE Pover drain, and new

failure nodes. The alternative iS to nove 1nto passive designs, such as fins
to radiate heat into the enclosure. H gh thermal conductivity materials are
desirable for heat dissipation, and current favorites include

t ungst en- copper, nol ybdenum copper, and al um num or copper. The latter

choi ces suffer from high t REEHRORXPEMNEENEEIN i ci ents which i nduce a new
failure nmechanismthrough thermal fatigue, associated with turning on
(heating up) and turning 1 2 0 JUN 2006 off (cooling down) an electronic
device. In order to sustain the desired thermal expansion

The invention relates o the general field of microelectronics with particular reference

to packaging and heat dissipation.

BACKGROWUND 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. Tﬁe altemative is to move into passive

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

High thermal conductivity materiais 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 therrnat fatigue, associated with turning on (heating up) and turning



match with silicon while maxi m zing thermal conductivity, the top materials
then tend to be 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 nmade progredd) JUN 2006
designing inproved functionality into a structure through the conbination
of two different materials using a process ternmed two-material powder

i njection nolding. This step toward functionality directly built into a

devi ce i al | LS a0 | ' C ' . i ght
b1 an?t (e ato Piopflan GBS iF delicR, f 6P i0 pigta BRI ARERIhrha Miansicl
base woul d be fabricated from. a |ow thernmal. expansi on naterial, such, as
© ungst BRSO MepR B MGG eEhal qandurviY BF oo MaeiAs ks Pl P18 « e
by the thermal conductivity of the base. Currently, tungsten-copper is
capabl Be@ayy, iaxpemnsivec aRgutxkiest irethermal mndgehwwm&ﬂy sWiryaondmirgvides & high
hal f that possible with pure copper, but, again, still fails to satisfy the
t her matheepahnenductivity adih lewethiermabexpmarsian diut its moshid prahibitbie. eve 2000 W ni K.
As will becone clear later, the present invention nakes use of two-nmateri al

powder injection nolding to inplenent a different approach to this problem
This process has been described in Application no. 09/733,527 12/11/00

pouder i nj ent he ars e HilvE madQ RSIERE in aechig herb e picheRaty g Mov
| PG S DBR Ol ol oE b St MRERl, BhEES S et
two-material powder injecticn molding. This step toward functicnality 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 purz copper, but, again, still fails to satisfy the thermal expansion

requirement. We note thai diamond can achieve 2000 WImIK.-

As will become clezr later, the present invention makes use of twe-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 laving multiple parts, each of which has different physical

properties such as magnetic characteristics or hardness. This is accomplished through

2



2 0 JUN 2006 careful control of the relative shrinkage rates of these
various parts. Additionally, care is taken to ensure that only certain

sel ected physical properties are allowed to differ between the pap{s;Nvoie
others may be altered through relatively small changes in the conposition
of the feedstocks used. A routine search of the prior art was perfornmed and
the following US Patents were found to be.of interest: 6,410,982 (Brownell
e t al.); 6,321,452 (Lin); 6,385,044 (Col bert at al); 6,370,749 (Tseng et

(it <GSR ol SR BB spilog fetes 3 X MARRRT b s Thadtpfie i o

di scovei(ed duri son

G P. Pete
" 51 eadPrandp @n%%éﬂﬁﬁan'aﬁaﬂmﬁ'ﬁéesphvwf HrpEeries arpaawes 13 ffREbetdane o
Transfer, vol. 112, August 1990, ﬁ 595-601. 2. J.P. Longtin, B. Eladran,
and F.1be mafisewhile Atf@li%mydﬁhglt@@dlt fasighi relativalynaraalbchangsas inithe commasifion: eady
State Qperation,"” Journal of Heat Transfer, vol. 116, August 1994, pp.
709- 716t the. febdytocksmsedn, "Heat Pipes,"” The CRC Handbook of Ther mal
Engi neering, F. Kreith (ed.) CRC Press, hhl i, 2000, pp. 4.419-4.429. 3 2 0
JUN 2006 .

A routine search of thz2 prior art was performed 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.);, 6,303,191 (Henne et al.); 6,293,333 (Ponnappan et al.); 6,230,407
(Akutsu); and 6,070,654 (lto).

Additionally, the following 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. Gemer, “A One-Dimensional Model of a Micro
Heat Pipe During Steady tate Operation,” Joumnal of Heal 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, NY, 2000, pp. 4.419-4.428.



SUMVARY OF THE I NVENTION 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 mniaturized. Another object of at |east one enbodinentz%flhgﬁ%
present invention has been that said heat pipe be readily nmade part d4
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
pi pe. A further object of at |east one enbodi ment of the present invention
has been to provide a process for manufacturing said chip package. These

obj ects 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 formed first as an initial green part which includes one or nore
cavities. The latter, if their dinensions exceed about 1,000 mcrons, are
then filled with a feedstoch t hat is_desjqgned 4 ﬁ 0 JUN 2006 to produce a
porous material |ining af SIMARY O W&.E NiTE3Nwi t h di mensi ons | ess t han
about 1,000 microns may be left unfilled. After sintering, a working fluid
is introduced into the cavities and seal ed, thereby form ng one or nore
heat pipes located directly below the <chip. The latter is sealed inside an

encl osure. Phakheenrer shjecuf dt krist gre emsoelimbyt ¢fithe phégent invention to provide

a heat pipe that can be chiaply produced and readily miniaturized.

Another object of at lzast one emboediment of the present invention 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.

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

to provide a process for manufacturing said heat pipe.

A further object of at 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 molding, the lower portion of the package is
formed first as an initial gresn part which includes one or more cavities. The latter, if their

dimensions exceed about 1,000 microns, are then filled with a feedstock that is designed

4



is efficiently transferred to points outside the enclosure. A process for
manuf acturing the structure is described. BRI EF ' DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a plan view of the structure of the present invention.
FIGs. 2 and 3 are cross-sections through two different planes of tHe) JUN 2006
structure seen in FIG 1. FIG 4 is an isonetric; representation of FIGs. 1,
2, and 3. FIG 5 is a flowchart: summari zing the principal steps of the
process of the present invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5

2 0 JUN 2006 The present .invention discloses novel fung¢tional design that
i s mat & PERAUSSsB PBAUS Tateal %ngmiservemei‘@a'eaWﬁlasq'msasméd%% Nn a

m cr oel ectroni ¢ package. These are placed directly in the mcroelectronic
packageboutdtP0@ micknsiran badefbuntilidy ARersimering.thworking fuigds imteeduced into

di ssi pation. The purpose of the selective porosity is to enable w cking of
the cihedeandtes awd keaigdthersby formngaaneabrmbrd heat pipeeiocafedodireatly tletbw thg on
back to a hot region. The |liquid phase evaporates fromthe hot region,

t her ebyhig0THe At is Bealeatinale un EieMsure DilrPdlopePaticty ARAE §énatBtediatheaRR now
m grates through a channel to a cold region where it redeposits the

ent hal RyaiMkAty; RAASEHRH S Points StHEO e hcibsurte! A pkRUW B85 mipRfadtliffy the
structure is described.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a plan view of the structure of the present invention.

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

in FIG. 1.
FIG. 4 is an isometric representation of FIGs. 1, 2, and 3.
FIG. Sis a flow chart summarizing the principal steps of the process of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
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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 poroquQQWﬂmﬁ
or wi ck. Heat pipes can deliver from 50,000 to 200,000 Wni K in equival ent
thermal conductivity. Structures of the type: described above are relatively
expensi ve and not well suited for incorporation in a mcroelectronic
packagi ng schene. The present invention teaches how two-material injection

nol di ng technol ogy can be applied to the fabrication of high heat

di ssi pation_pi croel ectronic:, . packages. IS ]S hi,eved by first, .injection
ol di g t he TARGTSTRTS erdoa sl 4 Sl Buretinal e et B prateial baded dreans
for achieving this goal would be to use a sacrificial material insert in

t he noselectig porosity eathesidedad desired lasatiors in 2 microgiecysnisipaskage. Possecare

i njection nolding technol ogy already known to AMI. In this latter case, hard
t ool i nplacedairestly orihetrhieradedctronic patkagenunder thg sendcondisttor chip do afford thet he
second stage of injection nolding, a | ow packing density powler feedstock 6
2 0 JUhreitt Heat ditisRytibANTI® pUAsbsiedfahé BeleRfivd porbsRy is ftrerntdié witkisg bptat ed

in the overall package. Controlled porosity and pore size are possible by

sel ect ] : I ' pﬂﬁ% r i

Addi ti gﬁg?aisgﬁp?%ﬂ an l%'erﬁ %@F}?%@égﬁ@ﬁ :v{]ag rlhgrlg%ngg sagtrgﬁfq%kgﬁ% tbcg?%#lgp'es I n
the feegdstock, The latter. .route praovides. preci se control oyer the pore size
and | poPBaRLY pliate sThadiatt o e totBBisk, -2ty SRR LinCifE et BERAhRRL: o0
and size of .the sacr,ifigi_i al particles are independently controll ed when

bat chi ﬁ@nt@ﬁg of exaReatipn. The vagor now migrates through a channelto a cold region where

it redeposits the enthalpy 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 condensation of a working fluid in a porous pipe or wick. Heat pipes can

deliver from 50,000 to 200,000 W/m/K in equivaltent 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 melding the
housing with cavities locatad 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 to use.

the two-color metal powder injection moiding technology already known te AMT.

In this latter case. hard tooling inserts form the cooling pattem during the first
molding. In the second stege of injection molding, a low packing density powder feedstock
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After the second step in injection nolding, the conponent is subjected to
normal debinding and sintering cycles. After sintering, the secoggﬂnﬁgz@'al
regions will be inconpletely sintered, |eaving behind the desire p&

and pores for the eventual creation of high thermal conductivity heat

pi pes. A wrking fluid is then dosed into the pores and the pore channel::;
seal ed by sol der, plugging, or other nechanical or standard neans. Since
heat pi pes dissipate 100 times nore heat than dianond, the resulting

m croel ectronic p an f r exceed mh t.can b t.tgined w rrent
oot oris. MRROR R TRaKER BRRT RO ik HRAL PIRFRGARS 4 tRcoeiel PaSRSS | on
of nore conplicated patterns, including curved and conformal cooling
passadesntrolied porosty agd poresize arspessibiabyselastion of iespraper metalipoades sizef

| i ght wei ght devices fromalum numor other |owdensity materials for

por t abared gewtleetn pelymiar aaticc eAdditiomaltcehtrphecareise ackielag bgpnclasiopwf eaesrifichél wi | |
describe the present invention in ternms of a process for its manufacture. 7

20 JUNZpeRs Thittfe flRYefddR! TAB otdr! ro@iesfﬂotiaég IpPEcise eahi‘ruz Vg tisd bHFé $iz8 2 t he

present | nvent ion. Referring nowto FIG 1, shown themis a plan view of
t he st § c ere
are ca | t | e 'E‘ géhén@éﬂfwﬁﬁe@ggégw t ngﬁlﬁag@b%éggw éﬂ%élﬁhﬂd\g}é&g {h@

mat er i a Led portions

oF 1 hesacrivial PaditleS 2t nepahe il daatBa Wich batthirig thereddito

After the second step in injection molding, the component is subjected to narmal
debinding and sintering cvcles. 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 fiuid is then dosed into the
pores and the pore channels sealed by solder, plugging, or other mechanical or standard
means. Since heat pipes dissipate 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 fabncation of more
complicated pattems, inclucling curved and conformal cooling passages. Additionally, the
present invention aliows 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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The manufacturing process starts with the preparation of a feedstock nmade up
of particles of the material fromwhich solid body 11 is to be cgﬁshﬁgﬁted,
as well as a suitable binder (and possibly, for some naterials, £

agent). Suitable materials for these particles include, but are not |limted
to, copper, alum num tungsten, tungsten-copper, kovar, stainless steel, or
nicl':el alloys. The particles are carefully chosen for their ability to
sinter densify to near 100%of the materials theoretical density. Generally,

this requ S%Scrﬁstloﬂ%l? a‘i’&f hﬁrﬁ‘le‘? GHari§ tlllé’§§'uﬁt}&"f‘@ of the prd¥dnt uflembﬁr If8dferring

dependent’. For "exa tung- sten-based naterials generally require a“nea

par L hSy e R AR B SR AR,

These blnders are nelted and the particles ar$ unlforniy dlsgersid within
them hggdy ddiwithin which fhareisce cavitiemsyisa asolb 5 These eayitiss have begraned withre of
feedst ock while the binder conposes the rest. Prior to injection of the

f eedst pokqusi matenial 1 whiniide csaterated withl al wotking diuidiv @ hehunfilled postiorns ohthe
cavities 12 that are to be forned and are placed in the appropriate

| ocat i oandities Afe bpen vapagehandeiscavities will al ways have at | east one open
end al though nore 8 2 0 JUN 2006 conplicated designs may require two or nore
open ends per cavity. Typically, a sinple straight cavity as exenplified by
12 in the figures would be between about 2 and 8 nm w de, 2 and 5 nm deep, -

and betweenyi,2 A0d, ARy H3esd Rearls WK e PRPaPSHIPEFa *edsiock made up of

particles of the material frorn which solid body 11 is to be constructed, as well as a suitable
binder (and possibly, for stme materials, a fluxing agent). Suitable materials for these
particles include, but are not limited to, copper, aluminum, tungsten, tungsten-copper,
kovar, stainless steel, or niclcel 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 genzrally 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 meited and the particles are uniformly dispersed
within them. Typically, the particles compose 50-65 percent of the total volume of

feedstock while the binder tomposes the rest.

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

At this stage, the cavitizs will always have at least one open end although more
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sacrificial materials such as organic polyners, including polyethylene,

pol ypropyl ene, and polystyrene, so that the cavity is forned when they are
renoved t hrough |iquefaction, vaporization, or chem cal action, or they nmay
be nmade out of materials, such as bronze, steel, or alumina, whiZdhJi 200
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 be renobved w thout changing the cavity's shape. Wth

the feedstpck heated and the.insert i | di. rop re

{ akes GrRRESStpa SRR AG RSB Rriare Gpo R8s T oAy 0 TR ES ST oo
w th di nensions greater than abgouf 1000 min t reen body a now

part i 3TN cavly 3% ﬁnerap&@%ha ?%@Hé‘ﬁd?ﬂ%"% m‘l‘ﬂf\@g H??‘@@?B {gr%'ﬁ’ag &M rom
particles having a nean dianeter between about 40 and 200 gm uniformy

di sperwige, & amd & mmsdeepand betwesn 12 andiélbmm lange Tihel insets mayrks maderafi cl es

I ncl ude, but are not |limted to copper, alum num tungsten,

t ungst saerificiap Atatetialy auch st airgdisie polineet, includimgciaiyethllenes polybropylerge mndsi ze
of the particles here ensures that the material that will be obtained after

si nt er polgsiidde. RLHAANAE AP i9d6inké® RHend@@y SfrelenVed) Hirgagle BRLERLIGRY be
achi eved by adding to the second feedstock particles of a sacrificial

mat er i S F A o N ' | i ng,
rat o | Soclons PRSP ol I AT 68 e oft SURITRILEASSTBREL! 19,
garzgl ﬁ%ﬁébﬁ@ﬁﬁ‘rﬁin@ Which gﬂéwﬁg tl‘?e% S rl]:te r%%otv%% i}'lf)atcﬂ‘orvlglel#rrreeugé. h%elaitgre ysbteOCk'
of insert is to be preferred, {or 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 inseri(s) in place, molding under pressure takes place, resuiting in the

formation of the initial green 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 enzures 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 matenal 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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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 w thin
the cavities 12 that are to be |left open. They may be made out ofzgh%N%aﬁe
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)

I n 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 paot Frga iE']jeedt'igfnfglf:ﬂﬁQse I REBERRR, Q%\é’c&ﬁﬁ‘%&?%ﬁsﬁé Brd QHElétcﬂgo fyoval

of all binding ri romthe I nal green body resulting In

formation of el eto [y he. | ' A i s t he
final B P T6RsH rare 3 3Ehp% B b Gror shaineiS RT3 ez it 6L g
time and in an atnosphere that depends on_.the conpaqsi.tjon of_ the body, For
xanpl B9 left BB CThOIBRY HEIngHR Ll SR Sarme bipgs AR Eiel SlenSabB TaBBIs G
1070C for between 5 and 120 mnutes in an atnosphere of hydrogen. Note that
an i npas thanfirst eat ofripserts. Wih the second feetsiogk heatedoend thefinitiabgnees dody with
invention) is the control of the nature and concentration of the various

bi nder ihsesi¢s) it pldoer anseond ensidingairtles prexsurotakes yiacd, esultmy inuthe donnatiors e
portions of the structure shrink by the same anount during sintering.

Det ai | gf a0 ihal Gicen BSPECadfied With diiHsicis 1688 thaig 2baund0d0 Jrh@an be left

af orenenti oned plication no. 091733,527 filed 12111/00. The next step is
t he inhﬁ tion of a working fluid into the cavity so that it may function
as a Wwck. The working fluid nust have a triple point belowits operational

The process now continues with routine removal of all binding materials from the
final green body resuiting ir the formation of a skeleton structure. The latter is then sintered
to form the final body. The slep of sintering consists of heating at a temperature and time
and in an atmosphere that ijzpends 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 ¢ formn 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 tie 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 working fluid must have a triple point below its operational
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10 2 0 JUN 2006 tenperature and a critical point above its operational

tenperature. Typically, the working fluid wll have a triple point Qf!“mv 05
20C and a critical point above 100C. Exanples of liquids suitable fzo @

as a working fluid include, but are not limted to, water, anmoni a,

acetone, and al cohol. The working fluid occupies enough of the cavity vol une
to saturate the wick. This is acconplished by first evacuating the cavity
under vacuum charging the cavity with the fluid, then stealing all open

ends w v LA ; ] t Qgﬁﬁ ' ' al

1: he \é\faem%{sm‘? r?(}:I uad%{&%r)u? Mlgl;t%rb%tgqﬁsi%re tacl),t %Eg&a}ﬁ%amﬁ%%éé VL@F?‘ I ng,
sol derj nqg, d press _fittipg., Encleosure 14 4.s then, forne t he r
surfac u'gfwﬂgﬁ\%ﬁ%?{‘ﬁ B°'r'£g8ié’§f Eb e@ r"i’qdn% c'gl'péal W'%?@éﬁ gogzkt‘f‘r E&HE%%% fon
taken through 2-2 in FIG 1. Enclgsure 14 is placed directly  over one or
mor e ofdUuigeSwikahle foriese agdoyatking tuigringude it are net dtpitgdita, watsT, amman® al so
shows the direction of heat flow Starting at hot spot 31 (generally the
under sackdoné, znd alcphol. Taetworkingrfuid becupies epougm diithe cavity voburgé te satuwtateody
11 to the porous wick 32 where it causes the working fluid to evaporate and

expandthel wiel. Thie iy agesmplsised by fisdtreaicuativg thd cavitgrunden ¥atbemheRargig thel t .
Once the hot vapor passes outside the sphere of influence of hot spot 31 it

condensasitdRftk th lij‘li[ﬁcﬂ%én s@alifty ﬁhéﬂgeﬁfﬁ'\&ywﬁﬁ% 3. tré?eBWPorHirﬁiir% heat

concentra-" tion | ds up therwe, p ary fo draw It ‘back rough the

POT OUS i ClooSinfeWaYStd Rlal 178 Rhvitids 1Hilide, ' afd bfihitla 1S Libxgi, Welding,

crimping, soldering, and pre:ss ﬁfting.

Enclosure 14 is then 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 conduction through solid body 11 to the porous wick 32 where it
causes the working fiuid 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 {0 liquid, as symbolized by arrows 34. As the liguid concentra-
tion builds up there, capilliaiy forces draw it back through the porous wick 32 toward hot

spot 31 where the cycle can begin again.

The process conclud2s with the step of mounting the chip on the upper surface of

body 11, using a high therrnal conductivity medium, such as silver-filled epoxy, followed by

11



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 20 JUN 2006 sealing of enclosure 12
(with the chip inside it). Optionally, a high conductivity materiall 0 $iNHGs
hel i um may be seal ed inside 14 together with the chip. Fig. 4 is an

I sonetric view of the structure showng 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
ext end sealipg fof @ncidseire HiZp(with ther ehipanside dt) sOptionally, achighannductielyamaterial

99. 85% pure copper powder with a nmean particle size of 15 trnis mxed with

an or gachasheldar mayheosealed ingide 38 togethewitnther ciipl Figr 4usan iswrhyichwewne,
and stearic acid to forma first feedstock. Said 15 m copper powder

conpri gf3heGtrRhHBRHRAVIRE Bl 41NA piasd Ii"ns]!deVS %ﬁclbgﬁ@ﬂ@%t dhodh P3%gPY'he

copper powder with a nean particle size o mis mxed with the sane

bi nd L :} Gl d 5 _
conpr 1 SSNEA babfdrthed e SRRk A IRy e e 1} 15ORHEE il fEs

| ded _into t h f | i ical, h ' ' 18 I d
T2. 5 micReGEd B ares soarfkins LAt el SFHEERh FBraite 1° rimegadSle e 1
mmlong and 5 mfmin dianeter. A 16 mmlong and 3 mMmin dianeter insert
consi staNgPsepol yet hyl ene and 20%

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 form a first feedstock. Said 15 um copper powder comprises 50 volume percent of the
said first feedstock. A 99.8£% 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 ..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
moided into the open porticn of the cavity. The green body is freed of all organic binder by

heating in a controlied furmace over a period of 25 hours at 600°C in a hydrogen

12



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 formace ovdrJU 2008
period of 25 hours at 600C in a hydrogen 12 20 JUN 2006 at nosphere. 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/cnB, which
is close to jts eoyetical ensit n POrous | a ~olt hin the housing
with a@ H§Ptﬂ?feo#n§l§?§f’“§g%ﬁ '?ﬁ'&@¥%qg’cg?€0 gﬂﬁa B%tﬁo‘*%-’q @IHBE&'\W.@O%%Q ween
the porous |ayer and housing surface. This housing can then be charged with
vat er atmosehersd After sinternd 2bA0a8 G fordwo hpyrs, mrfu?@wml@wgdp qOPbﬁE

sem conductor chip, placed in an enclosure on one end of the cylindrical

st r uct nesultsTreadidusing withes sleokity lof aboat B gfam®, pevieh isiclosefatitsothegastical
confirmed by calculations that show that, at a nom nal operating

t enper densiy, dnd'd porduaapackingia the hotaipgbiith afdensip oP abbLnGORVaTthdOtidaiof
wast e heat away fromthe chip. A flow chart for the above process in

presented in Fig. 5. 13 20 JUN 2006 5 10

Good bonding is observed 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 effectiveness of this design for power dissipation was confirmed
by calculations that show that, at a2 nominal operating temperature of 40°C, the package
is capable of transporting over 100 W of waste heat away from the chip. A fiow chart for

the above process in presznted in Fig. 5.

13
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15 20 What is clained is: 1. A process to nmanufacture a heat pipe,
conprising: providing a first feedstock, having a first volune, that further
conprises first particles, having a nmean dianeter |ess than about_ 30
mcrons, unifornmy dispersed within a first binder, said first paf {8006
occug& ngs bet ween about 50 and 65% of said first volume; providing a second
f eedsSVERMES CRIMAYIS a second vol ume, that further conprises second particles,
havi ng a nean di aneter between about 40 and 200 nmicrons, uniformy

di SHEI‘ sedq within,a serg‘g_ng bi ng}e?rt sai d_second particles occupying between
abodt 307:RPCesDdR FrRANMAGUIRA DAt PG SEMANSING ng said first feedstock around
a first insert to forma gtreen body; then renoving said first insert from
the greeRr®Gding: Aetitshfepdstaraghaying: & dirgt velumeyoihat further icopmprisestirsbne

cl osed end and one open end; adding a second insert to said cavity; filling
sai padicles, havingha pEan dianetet |essthenatiaut S8micrens, ainifobmilydispersed svithin s fr om
said green body and from said second feedstock inside said cavity, thereby

f or Bifitst Windér, Shidsfrst PArER YidcBuBYiMG betivédh oG RGO BhEESHTAid firgt volufmenor €
porous than said first skeleton; Sintering said first and second skel et ons,
thereby TooRulg & 3R ReAd-R2having a second volume, that further comprises
second particles, having a mean diameter between about 40 and 200 microns, uniformly
dispersed within a second hinder, said second particles occupying between about 30 and
40% of said second volums;
molding said first feedstock around a first insert to form a green body;
then removing said first insert from the green body thereby forming, in the green
body, a cavity having one closed end and one open end;
adding a second insert to said cavity;
filling said cavity with said second feedstock;
rermoving all binding rmaterials 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 skeleton,;
sintering said first and second skeletons, thereby forming a dense body that
includes an interior wick; |
introducing a working fluid into said wick; and

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

2. The process described in claim 1 wherein said first particles are selected from the

14
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10

15

I ncludes an interior wck; introducing a working fluid into said w ck; and
then sealing said open end, thereby formng said heat pipe. The process
described in claim1 wherein said first particles are selected fron} ghgNbgs2
0 JUN 2006 group consisting of copper, alum num 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
copper, alum num tungsten, tungsten-copper, kovar, stainless 5 steel, and
ni clgedumcbosisting é copperk siurdisyor, itbegsten, ttngstenicopper diovas sstaindessosigel,
particles are renoved fromw thin said cavity during this step of sintering
t he sgyehiekelndlloys, The process described in claim1 wherein the step of
renoving said first insert fromthe green body further conprises destruction
of said first insert. 10 6. The process described in claiml wherein said
first insert is selected fromthe group consisting of bronze, steel, and

al umg na. oy ol ' i ' : | | I y be
Feuskd a1 PRISESEIReCRTC] I\l 1 SR Sl SEEGhA pRRiclec aicicelBBErlEY |

wherein.sai d r ki ng sel.ect

cl alt[-Tn]elg.;r‘::u,r.) consis?’ang o%'\gc-pper, Iull#i'ngrﬁ,s’cungéten, u%gg{eonmcégger, kovar, stainless

steel, and nickel alloys.

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

within said cavity during thi step of sintering the skeletons.

5. The process descrited in claim 1 wherein the étep of removing said first insert from

the green body further comarises destruction of said first insert.

6. The process described 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 describiad in claim 1 wherein said working fluid is selected from the

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

15



15 group consisting of water, ammoni a, acetone, and alcohol. 15 2 0 JUN 2006
9. A process to nenufacture a heat pipe, conprising: providing a fqp@gg@gmﬁ
having a volune, that further conprises particles, having a nean dianeter

| ess than about 30 microns, uniformy dispersed within a binder, said
particles occupying betmeen about 50 and 65% of said volunme; 5 nDIding sai d
feedstock around an insert to forma green body; then renoving said insert
fromthe green body thereby formng, in the green body, a cavity having one

cIo de and one ope d nensi ons. Iesthan about 1,000 mcrons;
mgqur"ctﬁsﬁgiaﬁﬁgwgft’éﬁrﬁlasnh %(ﬂ':?%’aﬁo body, thereby forming a

skel eton 10 within which is a mcro- ch’g t-fl capabl e, of funﬁt loning as a

wi ck; si rreviding 8 deedsinek.d1aying ackyefthshiumnes campsises ayticenthaving ades

said wick; introducing a working fluid into said w ck; and t hen seal ing

sai dneaardlamxertllessethgnfajnoutrﬁj) gHcrensecanifoimy. dlsplarseqiwﬂtl'mea bimdesnsdidct ure a

package contai ning a heat pipe, conprising: 15 providing a first feedstock,

'haVimtiéleEidc&hf)yablbmweth@boﬁ@ﬁﬂmﬁ B8Mwtisakbvdlurmy, particles, having a

5

10

15

mean di ameter |ess than about 30 microns, uniformy dispersed Wlthl n a
first bi nf%rdm@aeia folobistackHrbLIRY AR IRSSTHRY iohh P GFIEBodypouUt 50 and 65% of

said first volune,
then removing said insert from the green body thereby forming, in the green body,
a cavity having one closed eid and one open end and dimensions less than about 1,000
microns;
removing all binding materials from said green body, thereby forming a skeleton
within which is a micrp—dha rinel capable of functioning as a wick;
sintering said skeleton thereby forming 2 de.nse body that includes said wick;

introducing a working 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:
providing a first fesdstock, having a first volume, that further comprises first

particles, having a mean diameter less than about 30 microns, uniformly dispersed within

a first binder, said first particles occupying between about 50 and 85% 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 binder, said secend particles occupying between about 30 and

40% of said second volume;
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15

20

provi ding a second feedstock, having a second volune, that further conprises
second particles, having a nean di aneter between about 40 and 200 fhgmﬂqms
uniformy 20 dispersed within a second binder, said second partic

occupyi ng between about 30 and 40% of said second volune:; 16 2 0 JUN 2006
5 10 15 nolding said first feedstock around a first insert to forma green
body; then renoving said first insert fromthe green body thereby formng,
in the green body, a cavity having one closed end and one open end; adding

Feadst ocKTORHNd s e} feoiicicbrobhy o fif FRe T b b LR 0200 om
w thi n wrER O s St eaRGPmIAE orven bk e Omte: il Rty © "
skel eton; sintering said first and second ske| etons, thereby form ng a dense
bodybadia@ cavity|haylg ane tased &id and pneiapendiski ng a working fluid into said
ek adding a second insert to said cavity;
- filling said cavity with said second feedstock;
removing all binding n-aterials from said green body and from said second feedstock
inside said cavity, thereby farming 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 workirng fluid into said wick;
then sealing said open end, thereby forming said heat pipe;
on a surface of said package, forming an open enclosure that is overlapped by said
heat pipe;
then mounting an integrated circuit chip inside said enclosure on said surface

using a high thermal conductivity medium; and

then sealing said enclosure.

11.  The process descriked in claim 10 wherein said first particles are selected from the
group consisting of copper, aluminum, tungsten, tungsten-copper, kovar, stainless steel,

and nickel alloys.

17



then sealing said open end, thereby form ng said heat pipe; on a surface of
sai d package, form ng an open enclosure that is overl apped by said heat

pi pe; then mounting an integrated circuit chip inside said encl osurf jok20§&i d
surface wusing a high thermal conductivity nmedium and then sealing said
encl osure. 11. The process described in claim 10 wherein said first
particles are selected fromthe group consisting of copper, alum num
tungsten, tungsten-copper, kovar, stainless steel, 20 and nickel alloys. 17
2 0 JUN 2006 12, The process described in claim210 wherein said second
particles are selected from the group consisting of copper, alum num

tungsten, tungsten-copper, kovar, stainless steel, and nickel alloys. 13.
The pr@cesJhegrocesedeseribakinmlaim Whwher#in saidossensedirticles aoe seleated framoved
from5 within said cavity during the step of sintering the skeletons. 14.
The pties gesuplesnsistind ofrcop pernalleninbey, ¢ungster, tirestaf-coppeary kogars astainfessst
insert fromthe green body further conprises destruction of said first

i nser kteeloand ARKRI Q&S described in claim 10 wherein said first insert is
selected fromthe group consisting of bronze, steel, and al um na.

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

5 within said cavity during the step of sintering the skeletons.

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

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

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

group consisting of bronze, steel, and alumina.

10 16,  The process described in claim 10 wherein said first insert may be reused after the

termination of said process.

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 feedstocl;, having a volume, that further comprises particles,

18



10 16. The process described in claim10 wherein said first insert may be
reused after the termnation of said process. 17. The process described in
claim 10 wherein said working fluid is selected fromthe group con%gftﬁg% of
wat er, ammoni a, acetone, and al cohol. 18. A process to nmanufacture
containing a heat pipe, conprising: 15 providing a feedstock, having a

vol unme, that further conprises particles, 18 2 0 JUN 2006 havi ng a nean

di aneter | ess than about 30 mcrons, uniformy dispersed within a binder,
said particles occupying between about 50 and 65% qf said vol ; ol di ng
sai d ARG BEveal G@Hbetﬁhlﬁsﬁéﬁ?’ﬁ apgut 3¢ m'am@ﬁeew?%ﬁy 's?eﬁ’Féﬁ L{EEWDQH ng said

| nser ty; rﬁdé?”éz% B?#ﬁ&&@o@&? @S&ﬁpé/eﬁ 856@1‘(@ %hcﬁ‘ 6‘5%0\9%8%@%}’ a cavity

havi ng one d end an open end a i mensions | ess than about 1,000
m crons; renoving all binding naterlals fromsaid green body, thereby
formng a skeleton wthin which is a mcro-channel capable of functioning
as a wck; 10 sintering said skeleton thereby formng a dense body that

i ncl udes saindidih@ Kaidi febE SSER laPSURd ¥R ikdeiBtd fownth brded B&dyd Wi ck;

5
then removing said insert from the green body thereby forming, in the green

body, a cavity having one closed end and one open end and dimensions less than about

1,000 microns;

removing all binding materials from said green body, thereby forming a skeleton

y within which is a micro-channel capable of functioning as a wick;
0

sintering said skeleton thereby forming a dense body that includes said 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 overlapped by said
heat pipe;
| then mounting an integrated circuit chip inside said enclosure on said surface
using a high thermal conductivity medium; and

20 then sealing said enclosure,
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15 then sealing said open end, thereby form ng said heat pipe; on a surface
of sai d package, form ng an open enclosure that is overl apped by said heat
pi pe; then nounting an integrated circuit chip inside said enclosur@ jofyNsAaigd
surface wusing a high thermal conductivity nedium and 20 then sealing said
enclosure. 19 2 0 JUN 2006 19. The process described in claim10 wherein
said high thermal conductivity mediumis helium 20. The process descri bed
in claim10 further conprising formng, within said enclosure, contact pads

and | eads, nnected to said.contact pads, that term nate outsjde sajd 5
oncl oo fe. T8 Prress desstbed 45 SR A WRETRINS Al UG HEraIah CaraH Y Fastim
conductivity material is sealed inside said enclosure together with said
chi p. &hellmeat pipe, for use with integrated circuits, conprising: a solid
body wherein is located a fully encl osed cavity whose di aneter exceeds 10
1,000 mcrons, said cavity being lined with a porous material; and a working
fluid in said cavity. 23. The heat pipe described in claim22 wherein said
solid bedy ThegrbesdstibdckiBaY ih§aim 10 further comprising forming, within said enclosure,
contact pads and leads, nonnected to said contact pads, that terminate outside said

- 5 enclosure,

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

sealed inside said enclosure together with said chip.

22. A heat pipe, for use with integrated circuits, comprising;
a solid body wherein 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 szic 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 copper, aluminum, tungsten, tungsten-copper, kovar, stainless

steel, and nickel alloys.
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group consi sting of copper-, alum num tungsten, tungsten-copper, lgchv]ﬂ 0
stainless steel, and nickel alloys. 15 24. The heat pipe described N:% gq m
22 wherein said porous material is selected from the group consisting of
copper, alum num tungsten, tungsten-copper, kovar, stainless steel, and
ni ckel alloys. 20 2 0 JUN 2006 25. The heat pipe described in claim22
wherein said working fluid is selected fromthe group consisting of water,
arnnoni a, acetone, and al cohol. 21

25.  The heat pipe described in claim 22 wherein said working fluid is selected from the

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

21



