2 7 FEB 2006 AMI-01-001 ENCLOSURE FOR A SEM CONDUCTOR DEVI CE BACKGROUND
OF THE I NVENTION (1) Field of the Invention The invention rel até€s] g8 &6

encl osure for a sem conductor device, and nore particularly, to a

conmbi ned enclosure and heat sink formed wi.thout an adhesive |layer. The

‘present application is related to applicant's Co-pendi ng application,

Ser i aphmMwriser 09/ 733527 (AMI-00-002), filed Decenber 11, 2000, entitled’

"Method to Form Multi-Material Conponents.” (2) Description of the Prior
Art Many el ectronic devices, such as integrated circuits, solid state

power anplifiers, s, RN NASR R OSHIERC oMt R hAYT@RDUNt S of heat when
in service. The heat nust be re-distributed and, ultimately, conducted

away, or the resulting tenperature rise may result in the maxi mm
operating tenperature limt of the electronic device being exceeded.
Therefore, it is often necessary to provide a 1 2 7 FEB 2006 AMI-0 1 -00
1 heat sink structure BBCEGB@UHD @Way HEedNVENGIONne el ectronic encl osure
used to house the integrated circuit. Referring nowto Fig. 1, an
exenplary, prior art sem conductor enclosure 14 with a heat sink 18
attached

(1) Field of the Invention

The invention relates to an enclosure for a
semiconductor device, and more particularly, to a combined
enclosure and heat sink formed without an adhesive layer.
The present application is related to applicant’'s
Co-pending application, Serial Number 09/733527
(AMT-00-002), filed December 11, 2000, entitled “Method to

Form Multi-Material Components.”
(2) Description of the Prior Art

Many electronic devices, such as integrated circuits,
solid state powér amplifiers, and antennas produce
substantial amounts of heat when in service. The heat must
be re-distributed and, ultimately, conducted away, or the
resulting temperature rise may result in the maximum
operating température limit’ of the electronic device being

exceeded. Therefore, it is often necessary to provide a
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usi ng an adhesive layer 22 is illustrated. The integrated circuit device
10 i.s secured to the enclosure 14. The enclosure 14 typically c@nftBsii
a material with a low coefficient of thermal expansion to match that of
the sem conductor material of the integrated circuit 10. In addition,

t he encl osure must provide protection against noisture and ot her
atnnsgﬁ%rl% Fondltlons The encl osure may al so need to prevent
interference between internal and external signals. By conparison, the
heat sink 18 typlcally conprlses a material having a high thernma

conductl VI t nﬁ g’r& %El'r(l:egltloy Qﬁ-] ucdl nhgaylff?etatd' f&rﬁ)aél{é]g fins 24.

Fbmev%? osure ave very dissimlar
Coeff|C|ents of thermal expansion. During thernal cycling events,

wher e ReEhEORARPENSL@SALS u3Rs & hpuss etlw sext e fef | sl pguat -
substantial anmount, large thermal stresses are created in the adhesive
| ayer 22. Thernmal cracking may occur in the adhesive |ayer 22 due to
this thermal cycling. 2 Z 7 FEB 2006 AMI-01-001 Referring now to Fig. 2,

a cross segLiranali ny eWOft A PRy o, Al SNGHOBANF Yhthapeheat sink 42
attached using éﬁﬁgdhe5|ve ﬁ%@er 38 s il I%Etr%lggr Theaenclosure IS

't cor SreHoBRrENCE B S0AS e e vt tiea wdsst ayeFRBBhG, i &a

fiber 46 is connected to the chip.
using an adhesive layer 22 is illustrated. The integrated
circuit device 10 is secured to the enclosure 14. The
enclosure 14 typically comprises a material with a low
coefficient of thermal expansion to match that of the
semiconductor material of the integrated circuit 10. 1In
addition, the enclosure must provide protection against
moisture and other atmospheric conditions. The enclosure
may also need to prevent interference between internal and
external signals. By comparison, the heat sink 18 typically
comprises a material having a high thermal conductivity
and, t?pically, including heat dissipating fins 24.
However, the heat sink 18 and enclosure 14 may have very
dissimilar coefficients of thermal expansion. During
thermal cycling events, wherein the temperature of the
structure rises and falls by a substantial amount, large
thermal stresses are created in the adhesive layer 22.

Thermal cracking may occur in the adhesive layer 22 due to

this thermal cycling.
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30 through the enclosure 34. Once again, thernmal cycling can. cause

failure of the adhesive |layer 38 to heat sink 42 interface 5817Sémemﬂi

prior art inventions describe packaging enclosures and heat sinks.

Japanese Patent 7,321,261A discloses a |owcost tungsten all oy heat

sink. The conplex shaped, tungsten alloy heat sink denonstrates good

heat Aéﬁ@@@}ion and thermal conductivity. However, the heat sink nust
e

still oﬁ%ed to the electronic device to function effectively. U S.

Patent 5,878,322 and U.S. Patent 5, 886, 407 di scl ose heat sinks for

m croel ectroni cs packages__that e forned using.powder .conmpacti ng.
onever . aRCLRRRETE dTE 6 | F19 nobted TEoBBNGEEhAORAH 4Pk B0 3 ne
enclosure. U S. Patent 6,075,701 discloses an electronic structure

havi npra®re@iddddr s wrgt i€ Giaphatkepbasinknk? atitecngd usidghance the
heat di ssipating performance. However, the processing paraneters |imt

t he rangadifesi i 71 SR 20061 AMT DlsOPatedat eThal enthakurey ilze used for
the encl osure, or casing. Only low nelting point netals, such as

al umi QYma AR <O Pl el ENr L e NBbakgObab) 5B eSFhngrRisocess.
Further, additional "heat treatnent processing,. such as quenching and

291 10 T4k e oL A1 IRd 10, 2001 28, QPLATUM, oPOLT gLINGe  SYMIRY OF THE

glass layer 54. Optical fiber 46 is connected to the chip
30 through the enclosure 34. Once again, thermal cycling
can cause failure of the adhesive layer 38 to heat sink 42

interface 58.

Several prior art inventions describe packaging
enclosures and heat sinks. Japanese Patent 7,321,261A
discloses a low-cost tungsten alloy heat sink. The complex
shaped, tungsten alloy heat sink demonétrates good heat
radiation and thermal conductivity. However, the heat sink
must still be bonded to the electronic device to function
effectively. U.S. Patent 5,878,322 and U.S. Patent
5,886,407 disclése heat sinks for microelectronics packages
that are formed using powder compacting. However, an
adhesive is still needed to bond the heat sink to the
enclosure. U.S. Patent 6,075,701 discloses an electronic
structure haviﬁg an embedded pyrolytic graphite heat sink
material to enhance the heat dissipating éerformance.

However, the processing parameters limit the range of



A principal object of the present invention is to provide an effective
and very manufacturable nmethod to form an enclosure for a seni@@ﬁﬂﬁ&ﬂ r
device. A further object of the present invention is to provide a nethod
for formng an enclosure conbined with a heat sink, wthout- a adhesive

| ayer therebetween, to reduce cost and to inprove reliability. A stil
furthggfqﬁjgft of the present inventionis to provide a nmethod to forma
conbi AEI %8 osure and heat sink while mai nt ai ni ng | ow t hermal expansi on
in the enclosure and high thermal conductivity in the heat sink. 4 2 7

FEB 2006 AMT-01-001 Another further ohject of the present invention is to
provi Hégﬁrﬁé‘tlﬁo&%@% fYmBE r}lf‘rﬁﬁ n“g e‘%LGF osUreP ANt heBE SPRk™9nhere a
hol I ow, cooling channel is formed in the heat sink to further inprove

t he heatlysilpk medtialg Eenductiatials, Mothets s2 luminupnt hareobj ect of the

present invention is to provide a method to forma conbi ned encl osure

and BeapasibRewitit a thy Iy, ol i i € hanees i niep eotbescool i ng  channe
is formed by the same sintering process used to formthe conbined

: ame si sed to” for br
ot 0f S RET 0B e AR oAl X e S Tt U2t TR Sngt GRRES At the

objects of this invention, a thod to forma conbined encl osure and
hegt gpﬁchgp@C@@geagingf musgn%e perfgrmed to ac ieve optimum

performance.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method to form

an enclosure for a semiconductor device.

A further object of the present invention 1is to
provide a method for forming an enclosure combined with a
heat sink, without a adhesive layer therebetween, to reduce

cost and to improve reliability.

A still further obiect of the present invention is to
provide a method to form a combined enclosure and heat sink
while maintaining low thermal expansion in the enclosure

and high thermal conductivity in the heat sink.



for a sem conductor device is achieved. A first feedstock coqg&&&&gmﬁa
i S

first mxture of powdered netal materials, lubricants, and b
prepared. A second feedstock conprising a second m xture of powdered
nmetal materials, lubricants, and binders is prepared such that the

di fference between the sintering shrinkage of each of the first and
secong %§§$§E0Cks is less than 1% The first and second feedstocks are
press YT rma first green part 5 2 1 FEB 2006 AMI-0 1 -00 1 . having an
encl osure shape and a second green part having a heat sink shape. The
lubricants_ and. the binders fr.om.the | LS e Feen.: pakt,s are

r enoved toAf‘8g}?1e§ s erpoq}ﬁije%cetd Qs§<e 1%3% oéf% g gg@%ﬁgiggmgrr& skel et on.
The first and second powdered skel etons are sintered to copplete the
conbiﬁé@véﬁélés@ﬁéNQquﬂuﬁoﬁﬂrﬁ<?ﬂWQkﬁ%ﬁe¢HQi%5?F?s§nQnHeagg§&H powder ed
skeletons are in intimte contact during the sintering. Optionaliy, at

| east whaeehal howleeg! icwg Lictaratelnnsl f s nfdrnadt he tbabhaatssinkt ure by
burning away a fugitive plastic structure during the sintering process.

Al so B geeerdanaepMdve e diactsiwk therpsEseshducpyentiyon, a conbi ned
encl osure and heat sink structure for a sem conductor device is achieved.
The structure conprises an enclosure conprising a first material and a

heat sink conprising a second nmaterial. The enclosure and the heat sink

are coupl ed together by a sinterin ,groce%s. : .
Another still further object of the present invention

is to provide a method to form a combined enclosure and
heat sink with a hollow, cooling channel where the cooling

channel is formed by the same sintering process used to

form the combined structure.

Bnother object of the present invention is to provide

an improved enclosure and heat sink structure.

In accordance with the objects of this invention, a
method to form a combined enclosure and heat sink structure
for a semiconductor device is achieved. A first feedstock
comprising a fifst mixture of powdered metal materials,
lubricants, and binders is prepared. A second feedstock
comprising a second mixture of powdered metal materials,
lubricants, and binders is prepared such that the
difference between the sintering shrinkage of each of the
first and second feedstocks is less than i%. The first and

second feedstocks are pressed to form a first green part



optionally, the conbined enclosure and heat sink structure contai% at
| east one, hollow, cooling channel. 6 2 7 FEB 2006 AMI-0 1 -0d1 FBR
DESCRI PTI ON OF THE DRAW NGS I n the acconpanyi ng drawi ngs formng a

material part of this description, there is shown: Fig. | illustrates an
exenpl ary, prior art sem conductor enclosure with a heat sink attached
usi nggft.gi@ghesi ve layer. Fig. 2 illustrates a cross sectional view of a

prior art enclosure with a heat sink attached using an adhesive |ayer.
The enclosure is attached to a printed circuit board (PCB). Figs. 3

th iJ Lust | d di h : t
| nvontronn g, A h S R g [P = e e SR BEnh: Beat cRalsEa & and hea

sink structyre. Figs. 7 and 8 il]Justrate second preferred epbodi nent of
The pPEaEnE Ik Shater, St TP G2RES soRihol 87 RRSLR| SESMGERRT ough 13

illustrate a third preferred enbodiment of the present invention,
showi fig ratnernidogesfond qrogry patios | ave reodbved thahash anfihétheat sink.
7 2 7 FEB 2006 AMI-0 1 -00 1 Fig. 14 illustrates a fourth preferred
enbodpgRdlereld skeleton and a second powdered skeleton. The first
and second powdered skeletons are sintered to complete the
combined enclosure and heat sink structure. The first and
second powdered skeletons are in intimate contact during
the sintering. Optionally, at least one hollow cooling

channel is formed in the combine structure by burning away

a fugitive plastic structure during the sintering process.

Also in accordance with the objects of the present
invention, a combined enclosure and heat sink structure for
a semiconductor device is achieved. The structure comprises
an enclosure comprising a first material and a heat sink
comprising a second material. The enciosure and the heat
sink are coupled together by a sintering process.
Optionally, the.combined enclosure and heat sink structure

contains at least cone, hollow, cocoling channel.



the present invention where a second feedstock is injected irnthF.%qmg
containing a first green part. Fig. 15 illustrates a fifth pref %
enbodi ment of the present invention where a first and a second green
part are nolded separately and then fixtured together during binder

removal . Fig. 16 illustrates a sixth preferred enbodi nent of the present
invenhhgﬁ?mﬁﬁre a first and a second skeleton part are formed separately
and then fixtured together during sintering. Fig. 17 illustrates a

seventh preferred enbodi nent of the present invention where a second

feedstock is inject [ i | irst green part. Fig.
18 illustrates an eggﬁFﬁb@ﬁﬂ@%ﬁm %ﬁ}gﬂﬁ#éé present invention
wherein a heat sink rod is press fit into the enclosure and then
co-sintered into place. 8 z 7 FEB Zoos AMI-01-001 DESCRI PTI ON OF THE
PREFERRED EMBCDI MENTS The preferred enbodi nents di scl ose a novel conbi ned
encl osure dmd teatacstorkpdoyiag senaedndactorndeyi aematetrial paesent
invention. A method of form ng a conbi ned encl osure and heat sink

St r uChyr @ WGYRId s b £ Won "Bt gLt al 85 LBopghi eved. The two materials are
formed and adjoined using a novel sintering process wthout use of an

adhesi ve |ayer. An enbodi nent of the nethod and structure includes a

Fig. 1 illustrates an exemplary, prior art
semiconductor enclosure with a heat sink attached using an

adhesive layer.

Fig. 2 illustrates a cross sectional view of a prior
art enclosure with a heat sink attached using an adhesive
layer. The enclosure is attached to a printed circuit

board {(PCB).

Figs. 3 through 6 illustrate a first preferred
embodiment of the present invention, showing the method of

forming the combined enclosure and heat sink structure.

Figs. 7 and 8 illustrate a second preferred embodiment

of the present invention, showing a recessed heat sink.

Figs. 9 through 13 illustrate a third preferred
embodiment of the present invention, showing a method of

forming a hollow, cooling channel in the heat sink.



means of creating hollow, cooling channels in the heat sink to Q?WEQQU%
i nprove performance. It should be clear to those experienced in"the art
that the present invention can be applied and extended w thout deviating
fromthe scope of the present invention. Referring nowto Fig. 3, a
first preferred enbodi nent of the present invention, show ng the nethod
of fonmimg.dope conbined enclosure and heat sink structure, is
illustrated. The nethod is a formof the art known as powder netall urgy.
In powder netallurgy, a powdered formof a netal is nolded and,
typically, pressed to forma structure. The part is 9 Z |1 FEB 2006 AMI-0
1 -00 1then typically sintered to augnent the bondi ng between particles
and to str t hen t, owder netal conpact. Referring again to Fig. 3, a
first powddrdd nek PR st  to FEBAPEALF A SHcprBOg 1M ANS O8N
powdered netal feedstock is prepared in step 104. As is well known to

t hose t&ki Pregdent tinerention eherese seepndnfpedpheaki 68 injersepr ovi de
the required material in powdered form This powder, typically a netal
powdetinteay belebtaimetiding a nfibet gfewaysawel! established in the art.

For exanple, a reduction process can convert refined oar, mll| scale, or
prepared oxides into a powdered netal, such as in the case of sponge
iron. Powdered netal material may al so be created by nmechanical mlling

and gr'nd'Qngff%r¥ff%§%¥§%es a fifth preferred embodiment of
the present invention where a first and a second green part

are molded separately and then fixtured together during

binder removal.

Fig. 16 illustrates a sixth preferred embodiment of
the present invention where a first and a second skeleton
part are formed separately and then fixtured together

during sintering.

Fig. 17 illustrates a seventh preferred embodiment of

the present invention where a second feedstock is injected

into a die set containing a first green part.

Fig. 18 illustrates an eight preferred embodiment of
the present invention wherein a heat sink rod is press fit

into the enclosure and then co-sintered into place.



stock. In the present invention, the first mxture of powdered nat?ﬂiﬁh?
w Il be subsequently forned into an enclosure.structure for an
integrated circuit. The first mxture of powdered materials is therefore
selected to display a first set of properties, and nore particularly, a
t her mal coeff|0|ent of thermal expansion that is substantially simlar
to thah ofidohe i ntegrated circuit device. Preferably, the first mxture
of po ered iO Z 7 FEB 20Q¥i AMI-01-001 naterials exhibits a coefficient
of thermal expansion of between about 0.5 minC and about 25 minC in the
final structure. In addition, it is inmportant that the final structure
exhi bits excellent strength, protection from atnospheric intrusion, such

as water, and electrical isolation. To achieve these properties, the
first mxture of powdered materials preferably conprises one or nore
materials selected fromthe group consisting of: nickel, <cobalt, iron,

nol ybdenum st ailil 33361 BT Eeil OTU%@EtEREFERBEQSE@BOD@MEEES nnlybdenum

mol ybdenum copper, alunlnun1 alum numnitride, alum na, and Kovar. Kovar
is a trademark of Carpenter, Inc., and has a chem cal conposition of
about 30% ni ckel , about 1596cobalt and the balance iron. This first

m xture of 1%%"“1% e%x{‘?écﬁrérﬁ%édixﬁeﬁ{?gbaﬁgglo\é‘etﬁ hUlLh C Bk 132d bi nders to

formthe fi'r

enclosure and heat sink for a semiconductor device of the
present invention. A method of forming a combined
enclosure and heat sink structure comprising two materials
is achieved. The two materials are formed and adjoined
using a novel sintering process without use of an adhesive
layer. An embodiment of the method and structure includes a
means of creating hollow, cocoling channels in the heat sink
to further improve performance. It should be clear toc those
experienced.in the art that the present invention can be
applied and extended without deviating from the scope of

the present invention.

Referring ﬁow to Fig. 3, a first preferred embodiment
of the present invention, showing the method of forming the
compined enclosure and heat sink structure, is illustrated.
The method is a form of the art known as powder metallurgy.
In powder metallurgy, a powdered form of a metal is molded

and, typically, pressed to form a structure. The part 1is
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step 100. Essentially any organic material, which-will deconpose ag
el evated tenperatures without leaving a residue that wll be dk?fk ﬁﬁal
to the properties of the netal articles, can be used. Preferred naterials
are various organic polyners, such as stearic acids, mcropul var wax,
paraffin wax, and polyethylene. Stearic acid particularly serves as a
lubricant while all the other materials may be used as binders. It
inporﬁﬁﬂﬁ”ﬂwlnote that 11 2 7 FEB 2006 AMI-01-001 t he anount and nature of
the binder and lubricant that is added to the powder will determ ne the
viscosity of the  feedstock and the anount of shrinkage that wll occur

dur i n§PERe WYRISEIUSNtS BIREST nl® stegReRh ERe PPBELRE PRI¥SETon, the second
m xture of powdered materials, prepared in step 104, wll be
subseqaemmqﬁdananﬁiﬁqnstzemg%meeihkeprWdhe merBinedmpasdl-osure and heat
sink structure. The second m xture of powlered materials is therefore
selected to display a second set of properties, and nore particularly, a
high thermal conductivity to pull heat generated in the integrated

circult awge dOmdde e ofiqht §f ehaphyst BBuasecenthaiagl ure of

powdered materi ts a coéfficient her mal conduct|V|ty of
tructure.

et o) S50 WU e goout 450, K 4 Lhe €l AL 0
feedstock is prepared in step 104. As is well known to
those skilled in the art, the first step in preparation is
to provide the required material in powdered form. This
powder, typically a metal powder, may be obtained in a
number of ways well established in the art. For example, a
reduction process can convert refined ocar, mill scale, or
prepared oxides into a powdered metal, such as in the case
of sponge iron. Powdered metal material may also be

created by mechanical milling and grinding of a pure metal

stock.

In the present invention, the first mixture of
powdered materiels will be subsequently formed into an
enclosure structure for an integrated circuit. The first
mixture of powdered materials is therefore selected to
display a first set of properties, and more particularly, a
thermal coefficient of thermal expansion that is
substantially similar to that of the inteérated circuit

device. Preferably, the first mixture of powdered

10



strength. To acHieve these properties, the second m xture Qew@
materials preferably conprises one or nore materials selected m t he
group consisting of: alumnum copper, tungsten-copper,

nol ybdenum copper, alum num nitride (ceramc), beryllium nagnesium
silicon, tungsten, nolybdenum tin, zinc, gold, and silver. This second
m xture é owdered materials is then conbined with the 12 |7 FEB 2006
AMT- 0 Nﬂb orenentioned lubricants and binders to formthe second
feedstock in step 104. In addition, naterials such as pyrolytic graphite
‘coul d use ver, the co f|C|e t her conductivity for
Chese TEEE: Hhia 25865 b et Tt of oERREBRT aREPRBAG e Othat for m ng
a successful bond bet ween the enclosure and the heat sink during the

Si nt ebierty e@rocdss: dependsn fredyidnd abdwn Faqtofe’C Eir sthe fiimemshri nkage
of the enclosure and the heat sink, during sintering, must be closely

mat cheg. JH18,,_NC| 05 W&a AndoA e + heat lﬁpaktéﬁe pKagethanzehdiffer, one
from anot her, by nDre than a crltlca anount . Preferably, fhe ampunt

that _the feedsto shrlnk a ter| diff Qne fromthe other,
by Ie§§ AT Sahot ou e%%%% gmﬁe?eg Ra?e? 598 u§§8“ko formthe

first and second feedstocks in steps 100 and 104 _nust share simlar
char a@t@sehesl G udht ragipar t Pefl dRapetetextiflecl8/§rdc2d distribution.

isolation. To achieve these properties, the first mixture
of powdered materials preferably comprises one or more
materials selected from the group consisting of: nickei,
cobalt, iron, molybdenum, stainless steel, tungsten,
tungsten-copper, molybdenum, molybdenum-~-copper, aluminum,
aluminum nitride, alumina, and Kovar. Kovar is a trademark
of Carpenter, Inc., and has a chemical composition of about

30% nickel, about 15% cobalt, and the balance iron.

This first mixture of powdered materials is combined
with lubricants and binders to form the first feedstock in
step 100. Essentially any organic material, which will
decompose under.eievated temperatures without leaving a
residue that will be detrimental to the properties of the
metal articles, cen be used. Preferred materials are
various organic polymers, such as stearic acids,
micropulvar wax, paraffin an, and polyethylene. Stearic
acid particularly serves as a lubricant wﬁile all the other

materials may be used as binders. It important to note that

11



Preferably, the tap sizes of the two powders should not differ Z¥Fggqmm
t han about 30% while the nean particle size for both powders shébul'd be
in the range of between about | mcron and 40 mcrons. 13 2 7 FEB 2006
AMI-O 1 -001 Referring again to Fig. 3, the first and second feedstocks
are co-injected into a nold to forma green, conbined enclosure and heat
si nk SINHEL de in step 108. Referring nowto Fig. 4, the green, conbined

A ! X ) )
encl osure an heat sink structure is shown in cross section. The

encl osure part 150 of the structure conprises the first feedstock nol ded
and pressed into the enclosure shape. The hea i nk part 154 of the
structute ¥¥prt s%’%gt %ggééoﬂg tp‘gegéf‘&?l{ ﬁ&ﬁdé&‘igﬁﬁaﬂ%% iMo the
heat sink shape. As an inportant feature, the enclosure 150 and heat

si nk Bsifedrio | pthe nPovdes vohl adetarmhnenshanatiseosdltong ft Hdeboundary
shown by 158. The pre-sintering structure is said to be green since it
still fomndist ok tded bthdeasoand bbsheanksgeTh@agakdi lNascaid ficient
mechani cal strength to maintain its shape during handling. At this

S_tage,qdﬂ%ét%@té‘ﬁ@sééuéH@SEi‘HEEi"ihé slt%bger than it wll be after
sintering as shown by the dinensions, DI and D2. Referring again to Fig.

3, the binder and lubricant are renoved to forma skeleton part in step
112. The

In the present invention, the second mixture of
powdered materials, prepared in step 104, will be
subsequent;y formed into a heat sink for the combined
enclosure and heat sink structure. The second mixture of
powdered materials is therefore selected to display a
second set of properties, and more particularly, a high
thermal conductivity to pull heat generated in the
integrated circuit away from the IC device. Preferably, the
second mixture of powdered materials exhibits a coefficient
of thermal conductivity of between about 50 W/mK and about
450 W/mK in the final structure. In addition, it is
important that the final heat sink exhibit excellent
strength. To achieve these properties, the second mixture
of powdered materials preferably comprises one or more
materials selected from the group consisting of: aluminum,
copper, tungsten-copper, molybdenum-copper, aluminum
nitride (ceramic), beryllium, magnesium, silicon, tungsten,
molybdenum, tin, zinc¢, gold, and silver. fhis second

mixture of powdered materials is then combined with the



bi nder may be renoved by heating or through the use of a SO|NE¥3 Bé@@
resulting skeleton part is then placed in a 14 2 7 FEB 2006 Al E
sintering furnace. The structure is then sintered in step 116. The
sintering step causes the first and second feedstocks to bond at the
interface and greatly increases the mechanical strength of the powdered
net al @?F&{&ﬁ's The sintering step i's preferably performed at a
tenper ure of between about 1000 'C and 1600 'C for between about 30
m nutes and 180 m nutes. The exact tenperatures and times depend upon

the materials be| tered., Mre rabI t he nterin step i's
perfo §|W$%§% éﬁ)%ﬁéﬁ%p%?tshﬁﬁgoé eﬁ?d¥8g£ﬁfﬁl? Fd& STk or in
a vacuum Referring now to Fig. 5, the resultlng structure is

i |1 ustieRdsd OCHhel Kt FRRR uk @4 conr%ﬂa. 3dditippgt MatREiaAs| 68Ghe aS170

conprising the first material having the first set of properties.
Secongyndig/ thieatg s piki U9 4ccohppribsessetie sBowrderpatéeeri abelfdiicignithe
second set of properties. The enclosure 170 and the heat sink 174 are

i nti mtfelohecaiecdeediorfe1oy tbe enabinpdrerck0suie apdvizealysy nk
structure. No materials are present at the boundary 178 between the

firsty erial and the second material. The sintering process causes
substantial shrinkage in the structure as shown by D3 and D4. D3 is
smal ler than DI of Fig. 4. D4 is smaller than D2 of Fig. 4. It is because

It is important to note that forming a successful bond
between the enclosure and the heat sink during the
sintering process depends heavily on two factors. First,
the shrinkage of the enclosure and the heat sink, during
sintering, must be closely matched. The enclosure and the
heat sink shrinkage cannot differ, one from another, by
more than a critical amount. Preferably, the amount that
the feedstocks shrink after sintering differs, one from the
other, by less than about 1%. Second, the powdered
materials used to form the first and second feedstocks in
steps 100 and 104 must share similar characteristics such
as particle shaﬁe, texture, and size distribution.
Preferably, the tap sizes of the two powders should not
differ by more than about 30% while the mean particle size
for both powders should be in the range of between about i

micron and 40 microns.
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15 2 7 FEB 2006 -AMI-01- 001 of this substantial shrinkage that the
shrinkage differential between the first and second feedstocks s@ be
so closely controlled. Referring again to Fig. 5, the heat silAkt e pQOn
174 of the first preferred enbodi nent structure conprises a fin design
that extends the width of the structure. Referring nowto Fig. 6, an
isone&&}ﬁoﬂ&ﬁm/of the conpleted structure is shown. The enclosure 170
conprises  a structural box with an opening into which the integrated
circuit can be placed and bonded. A seal ant and/or encapsul ating cover
‘can then b aced over_fhe opening,in_ the.enclosure if needed. The heat
sink 174 i?%%ﬁﬁﬁﬁﬂgu?%ﬁl%o%%egl?o ?hetgﬁcfégﬁgeaTgosﬁﬁop e novel

process. Referring nowto Fig. 7, a second_preferred enbodi nent of the
st ructf@eE SO e 1P THR seehdddi AbAt & PRéIhEAt fosMNR F8#eNs recessed
into the enclosure 180 material. This structure is formed using the sane
met hod-ca itrtesl fansltoswrdonhdeneabusinkt Btaudifiter ént stelpd 106nf i gur ati on
Further, the heat sink fins of the first enbodi ment may be replaced with

cyl i ndeiferk9%hg Referdd Mo ovyg f ot ikdgr8end cbfbiABYY eaW10fsuldde asly uct ure
is showmn. The heat sink 1nsert 184 conprises an array of cylinders 196.

Many @fher <1612 & FEB 2096is shown in cross section. The

enclosure part 150 of the structure comprises the first
feedstock molded and pressed into the enclosure shape. The
heat sink part 154 of the structure comprises the second
feedstock molded and pressed into the heat sink shape. As
an important feature, the enclosure 150 and heat sink 154

are in intimate contact with one another along the boundary

shown by 158.

The pre-sintering structure is said to be green since
it still contains the binders and lubricants. The part has
sufficient mechanical strength to maintain its shape during
handling. At this stage, the structure is substantially
larger than it Qill be after sintering as shown by the

dimensions, D1 and DZ2.

Referring again to Fig. 3, the binder and lubricant
are removed to form a skeleton part in step 112. The
binder may be removed by heating or through the use of a

solvent. The resulting skeleton part is then placed in a

14



AMT-01-00 1 configurations and designs of the conbined enclosure and heat
sink structure of the present invention are possible using the; ngggl((t
met hod. Figs. 9 through 13 illustrate a third preferred enbodinent of the
present invention, show ng a nethod of formng a hollow, cooling channel
in the conbi ned enclosure and heat sink. Referring particularly nowto
Fig. 9, thls met hod is shown. The first and second feedstocks are
prepaﬁ@ﬂ PO @Teps 250 and 254. The preparation steps for the first and
second feedstocks are substantially the same as in the first enbodi nent.
Once again, the first feedstock will be subsequently formnmed |nto t he

encl osUrEES T 1M | BRFRACE ecohBef BEASCEMECWLE| THETY SAmtE Lot dTt K& Heat  si nk.
As an inportant addition to the above described nethod, the third

pr ef erkrles. erfiveli semter hogudespacaogels timet Had stomndorsmaagdat | east one
hol I ow, cooling channel wthin either or both of the enclosure and the

heat sidddstdci®otsd nlgoﬁaaaaetnw hhtaklfaWea ahldUigtea3UGh idg r@idsed 0 flow
through t he heat sink or enclosure to thereby provide an additional neans

2 7 Feary ol i oA obEEERET R CHst Ry B MR on Ut 1 20
The sintering step is preferably performed at a temperature
of between about 1000 °C and 1600 °C for between about 30
minutes and 180 minutes. The exact temperatures and times
depend upon the materials being sintered. More preferably,

the sintering step is performed in an atmosphere of

hydrogen, hydrogen/nitride mixture, or in a vacuum.

Referring now to Fig. 5, the resulting structure is
illustrated. The structure comprises, first, the enclosure
170 comprising the first material having the first set of
properties. Second, the heat sink 174 comprises the second
material having the second set of properties. The enclosure
170 and the heat sink 174 are intimately connected to form
the combined enelosure and heat sink structure. No
materials are present at the boundary 178 between the first

material and the second material.

The sintering process.causes substantial shrinkage in
the structure as shown by D3 and D4. D3 is smaller than D1

of Fig. 4. D4 is smaller than D2 of Fig. 4. It is because

15



fugitive plastic structure to achieve the hollow, cooling chanzg¢£Pﬂn%s
fugitive plastic structure is prepared in step 258. Referring

Fig. 10, an exanple of a fugitive plastic structure is shown as 20B. This
structure conprises a material that can first be inpregnated into the
feedstock in a predictable spatial arrangenent. The fugitive plastic
struct ? then needs to nmaintain its shape during the nolding and
pressﬁﬁﬁ Finally, the fugitive plastic structure nmust be capable
of being vaporized or bur ned amay, during the sintering step wthout

1 eaving, a residue. e burned t he hollow, = cooling channel remains

wher e The- 11 ?V}?/%t%PEé?FCSh&PﬁéE&r &hR&d thee SNTER kAR eve t hese

objectives, the fugitive plastic structure preferably conprises a

pl ast ichi £ frrent bi L sebbeeed thenmfile tgrodp semosids tfiemgisdfocks herswset ti ng
pol ymers, thernoplastic polynmers, cellulose, wax, gelatin, and glycol.
Ref er dengs@gal disé Dy Fegnt Bolllbe. f meifleirva npgl asfdie sta uttqur & myhde
prepared in step 256 wusing any of the nmethods well known in the art to

form wdastd tnpastsryibachudi pg, tﬁ@r f%%%pr?%ef@ﬁ%td G BGidgn Mol di ng.
18 Z 7 FEB 2006 AMI-01-001 If the first e di nent process Is used, the

first gns n dsto c and t he fu tlve as structure are
co-injec ecdtsl n ogo}lﬁ?)f‘ae £o° 5%%& gc’rlgen ’% dtesn% sd”f]ec}tuh of

the structure.

Referring now to Fig. 6, an isometric view of the
completed structure is shown. The enclosure 170 comprises
a structural box with an opening into which the integrated
circuit can be placed and bonded. A sealant and/or
encapsulating cover can then be placed over the opening in
the enclosure if needed. The heat sink 174 is permanently

bonded to the enclosure 170 by the novel process.

Referring now to Fig. 7, a second preferred embodiment
of the structure is shown. In this embodiment, the heat
sink 184 is reéessed into the enclosure 180 material. This
structure is formed using the same method as the first
embodiment but with a different mold configuration.
Further, the heat sink fins of the first embodiment may be
replaced with cylinders 192. Referring now to Fig. 8, a
bottom view of the structure is shown. Tﬁe heat sink

insert 184 comprises an array of cylinders 196. Many other



and heat sink structure in step 262. Alternatively, any of the Oﬁ??tﬂlmﬁ
nmet hods herein disclosed will work as long as the plastic can be
encapsul ated in the enclosure, in the heat sink, or in both, prior to
the sintering step. Referring again to Fig. 10, a top view of the green,
conbi ned enclosure and heat sink structure is shown as 200, 204, and

212. The top view shows the green, enclosure section 200. A fugitive
plastﬁﬁiélﬁﬁéture 208 is inpregnated into the heat sink and shown in

hi dden view as 204. The fugitive plastic structure 204 crosses the
-conblned encl osure and heat, sink structure. Preferably, two endpoints of
the fFegfioveasiansg and rdriiges 204 bhe expbiegdaenehesuxeerndr surface
of the heat sink shape as shown by detail 212. Alternatively, a fugitive
pl ast heast suctkurse 204 utmaw hogt herubt € péet eddpenhisnoara possibdepl ex
shape, could be used. Referring nowto Fig. 11, a cross sectional view of

the gneeng edmdimesdengdassge and heat sink structure of the third
enbodi ment” is illustrated. The fugitive plastic structure 204 extends

t hrough the heat sink 210 to each edge 216 of the structure. The
fugitive plastic structure 19 2 7 FEB 200b AMI-01-001 204 is spaced away
fromthe interface 214 between the first feedstock enclosure 200 and the

second feedd@Sck hddt*WidHk 1219t Le@FERFENG aaarﬂ PESERYFed, the binder

and | ubri cant
embodiment of the present invention, showing a method of

forming a hollow, cooling channel in the combined enclosure
and heat sink. Referring particularly now to Fig. 9, this
method is shown. The first and second feedstocks are
prepared in steps 250 and 254. The preparation steps for
the first and second feedstocks are substantially the same
as in the first embodiment. Once again, the first
feedstock will be subsequently formed into the enclosure,
while the second feedstock will be formed into the heat

sink.

As an important addition to the abkove described
method, the thi&d preferred embodiment includes a novel
method for forming at least one hollow, cooling channel
within either or both of the enclosure and the heat sink.
A cooling channel will allow a fluid, such as oil, to flow
through the heat sink or enclosure to thereby provide an
additional means of removing heat from thé device during

high power dissipation events.
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are renoved to form-a& skeleton part in step 266. The binder may be
renoved by heating or through the use of a solvent. The resultin

skel eton part is then placed in a sintering furnace. The structdﬁkFE&ﬂmm
then sintered in step 270. The sintering step causes the first and
second feedstocks to bond at the interface and greatly increases the
nechagﬁﬁg strength of the powdered netal materials. In addition, the
fugit r®dtic structure is vaporized at the sintering tenperature.
Therefore, the hollow, cooling channel is formed in the heat sink. The
‘sintering step is preferably perforned at a tenperature of between about
1000 C and 1600 C for between about 30 m nutes and 180 m nutes. Once
again, the exact tenperatures and tines will depend wupon the materials
‘bei ng si nt dted.ndwrke meefiedabf ythehpresenteinngnstiep iug iddres ed in an
at nosphere of hydrogen, hydrogen/nitride, or in a vacuum Referring now

to Fi Gudidive Pyt 2w Qtrutaeufésabt hBEisVEUEhUr BollS o, | Wddlatmed. The
S|nter|ng step has again 20 Z 7 FEB 2006 AMI-01-001 caused substanti al

Shr'”@ﬂ%%qﬁ}tt“% igefgéhﬁb@esﬁéggtgéestgﬁgﬁﬁggn1%y®&@?é?ga gpre 220.

Li kew'se e coo I'ng annél or e y the no nsumed plastic is
hannditE2E it | RAARE £ ROPhEOC BB Nl oABl S6AFE End* Feat sink. In
t hi s exanpl e, the channel 228 is in the heat
fugltlve plastic structure is shown as 208. This structure
comprises a material that can first be impregnated into the
feedstock in a predictable spatial arrangement. The
fugitive plastic structure then needs to maintain its shape
during the molding and pressing step. Finally, the
fugitive plastic structure must be capable of being
vaporized, or burned away, during the sintering step
without leaving a residue. Once burned away, the hollow,
cooling channel remains where the fugitive plastic
structure had been. To achieve these objectives, the
fugitive plastic structure preferably comprises a plastic
material seleéted from the group censisting of:
thermosetting éolymers, thermoplastic polymers, cellulose,
wax, gelatin, and glycol. Referring again to Fig. 9, the
fugitive plastic structure may be prepared in step 258
using any of the methods well known in the art to form’

plastic parts, including, for example, plastic injection

molding.
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sink 224. The cooling channel 228 has openings 232 at the edges of the
conbi ned structure for inlet and outlet of cooling Iiquid. ReszWEBQIROW
to Fig. 13, a cross section of the resulting structure is illu g

The conbi ned encl osure and heat sink structure conprises an encl osure 220
conprising a first material and a heat sink 224 conprising a second

mat eri al . The encl osure 220 and the heat sink 224 are coupl ed together by
a si ntAfT b %Tocess The conbi ned enclosure and heat sink structure
contains at |east one, hollow cooling channel 228. The hol |l ow, cooling
-channel 228 _extends to the edges 232 of the heat sink 224 to éﬁﬂ?VIde
inlet and ot |etepbiAes FBPO#F%PBtfPéwceﬁéféﬁrﬁﬁﬁdnoﬁhﬁb t1BRda fourth

preferred enbodinment of the present invention is shown. In thls case, a
seconccdeuudt bekdssorckpesnddinpt fugifmiveé Edatsdii e AEB 2006
AMT-01-001 first green part. A first feedstock conprising a first mxture
of povsieratheeted DAter hamsldl ubr ifeant 3, gareén,bidritrihdd e etk i n step
300. A second feedstock conprising a second m xture of powdered netal

mat er i g $ hed D51 SRNGS ruabd BRI AL elpS 2re5rzepa1ﬁq%ﬁa%tﬁ%1 4.an!

di fference between the sintering shrln age of first an second eedstock
s Iesg%tha@hl@b T@ﬁ?d%rﬁgrgﬁgdéag%&osed lnj%pu%%grgé)f%gdrgt W%éd'

Ther eaf1% fgas
plastic can be encapsulated in the enclosure, in the heat
sink, or in both, prior to the sintering step. Referring
again to Fig. 10, a top view of the green, combined
enclosure and heat sink structure is shown as 200, 204, and
212. The top view shows the green, enclosure section 200.
A fugitive plastic structure 208 is impregnated into the
heat sink and shown in hidden view as 204. The fugitive
plastic structure 204 crosses the combined enclosure and
heat sink structure. Preferably, two endpoints of the
fugitive plastic structure 204 are exposed at the exterior
surface of the heat sink shape as shown by detail 212.

Alternatively, a fugitive plastic structure 204, having

multiple endpoints or a more complex shape, could be used.

Referring now to Fig. 11, a cross sectional view of
the green, combined enclosure and heat sink structure of
the third embodiment is illustrated. The fugitive plastic
structure 204 extends through the heat siﬁk 210 to each

edge 216 of the structure. The fugitive plastic structure
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feedstock is pressed to forma first green part having an enclosure shape
in"step 308. The first green part is placed into a second nold gggq[mthe
second feedstock is injected into the second nold. The second 1é tg k
is pressed to formthe first and second green parts wherein the first and
second green parts now conprise a conbined green part in step 312. The
|Ubri9$Pﬁ¢Lﬁﬂd the binders are renmoved from the first and second green
parts’to forma powdered skeleton in step 316. Finally, the powdered
skeleton is sintered to conplete the conbi ned encl osure and heat sink
structyr.e .in ste 20. Referri now, to _Fig. ,.afifth preferred

enbodi 4nﬁs(ﬁp§¢%§nﬁ¥%%n%r?%v€ﬁ?i6Ht?§f§ﬁgmﬁiﬁlHeFHF§“c§5§,f&rﬁﬁrst and
a second green part are nol ded separately and then fixtured together

dur i nFesidsdachk eanvkesupre 2068t andetibeoskcordAlFedsL00k RertFERNX006
conprising a first mxture of powdered netal materials, |lubricants, and
bi nder220.s prepared in step 330. A second feedstock conprising a second
m xture of powdered netal materials, lubricants, and binders is prepared
in step 334. The difference between the sintering shrinkage of first and
second feedstock is less than 1% The first feedstock is injected into a

first nold. Thereafter, the fifpst eedstock i,s pressed. tq forma first
green part T ST o50r BLShape Fﬁes§é8d§§8§nﬁth§536ﬁ@tfeedstock i's

are removed to form a skeleton part in step 266. The
binder may be removed by heating or through the use of a
solvent. The resulting skeleton part is then placed in a
sintering furnace. The structure is then sintered in step
270. The sintering step causes the first and second
feedstocks to bond at the interface and greatly increases
the mechanical strength of the powdered metal materials. In
addition, the fugitive plastic structure is vaporized at
the sintering temperature. Therefore, the hollow, cooling
channel is formed in the heat sink. The sintering step is

preferably performed at a temperature of between about 1000
°C and 1600 °C for between about 30 minutes and 180 minutes.

Once again, the exact temperatures and times will depend
upon the materials being sintered. More preferably, the
sintering step is performed in an atmosphere of hydrogen,

hydrogen/nitride, or in a vacuum.

Referring now to Fig. 12, a top view of the resulting

structure is illustrated. The sintering step has again
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injected into a second nold. The second feedstock is pressed to zerggqmﬁ
second green part having a heat sink shape in step 342. The firs g
second green parts are fixtured together to forma conbined green part
in step 346. Then, the lubricants and the binders are renoved from the
conbi ned green part to forma conbi ned powdered skeleton in step 350.

Fi nal | ypitheogpowder ed skeleton is sintered to conplete the conbined

encl osure ang heat sink structure in step 354. Referring nowto Fig. 16
a sixth preferred enbodinent of the present invention is shown where a

first §§ﬁgﬂ% re f p Iy
flxture% t oget her urlng s errH% gpf?égf Z§d§F Ee 5%9 |s?%g a first

m xt ure of pomdeﬁed net al naterlal 23 AMI-01-001 Z 7 FEB 2006
[ ubri c&ft $NOMY By dde enel %ﬁ%ﬁ%r%%ornLéFeﬁlé%O theseeshdngf eedst ock

conprising a second m xture of powdered nmetal materials, |ubricants, and
bi nder shiagingrle g2fe £ dumest dpy 3876 ndnecdn$ivednpiabtivedn Bmeléemterrng
shrinkage of first and second feedstock is |less than 1% The first

f eedst atlen $£hd rjrecfiethl Mwg bt fve splavt e Fbeneahter, Thhecbblihg
feedstock is pressed to forma first green part having an enclosure

shape ichashen 368 ihersecand,{eedst gk tsmbiRbgCtRE1bBLRAapgcONd nol d.
The second feedstock is pressed to forma second green part having a
heat Skt sink. In this example, the channel 228 is in the heat

sink 224. The cooling channel 228 has openings 232 at the

edges of the combined structure for inlet and outlet of

cooling liquid.

Referring now to Fig. 13, a cross section of the
resulting structure is illustrated. The combined enclosure
and heat sink structure comprises an enclosure 220
comprising a first material and a heat sink 224 comprising
a second material. The enclosure 220 and the heat sink 224
are coupled together by a sintering process. The combined
enclosure and heat sink structure contains at least one,
hollow, coolinj channel 228. The hollow, cooling channel
228 extends to the edges 232 of the heat sink 224 to

provide inlet and outlet points for fluid flow.

Referring now to Fig. 14, a fourth preferred
embodiment of the present invention is shown. In this case,

a second feedstock is injected into a mold containing a
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shape in step 372. Then, the lubricants and the binders are renz;g%B¥W®m
the first green part to forma first powlered skeleton in step .

| ubricants and the binders are renoved fromthe second green part to form
a second powdered skeleton in step 380. The first powdered skeleton is
sintered to forma first part in step 384. The second powdered skel eton
i's sizﬁﬁ%ﬁgoép forma second part in step 388. Finally, the first and
second parts are fixtured together and then sintered together to conplete
the conbi ned encl osure and heat sink structure in step 392. Fig. 17

‘i1 ust e pref et [ : sent_J.,nvention where
a seco%%%e@?%%kgégtf njgegg'égq ?%g@,g%&’k; csféwp%lgﬁlﬁ% ﬁf'grglrzfj' irst green
part. A first 2€ AMTI- 01- 001 2 FEB 2006 feedstock conprisjng a first

mi xt uret B UFDwWaer RAVAEFSF MRhAer MRS I gy (j-é‘jﬁrsl,caé‘rﬁfbi rs is prepared
in step 400. A second feedstock conprising a second m xture of powdered
met al penderal &S pupppEadt $n afecbidfder & iseqenshdiemfigtpckst ep 404. The

di fference between the sintering shrinkage of first and second feedstock
i s | essonipabs 18y dheetondt mikeedst odk posvdanjeer trect d Intratae fialsd, nol d.
Thereafter, the first feedstock is pressed to forma first green part

havi ngy @b £A£hOSUT 8n8hBRABdERsSHBP p48ParERe ifd rsterReN. PAd 1S placed
into a second nol d. Then, the second feedstock s injected into the

SeCandfpkgreJ@g ESEQanf%ﬁgsggﬁkéfing shrinkage of first and

second feedstock is less than 1%. The first feedstock is
injected into a first mold. Thereafter, the first
feedstock is pressed to form a first green part having an
enclosure shape in step 308. The first green part is placed
into a second mold. Then, the second feedstock is injected
into the second mold. The second feedstock is pressed to
form the first and second green parts wherein the first and
second green parts now comprise a combined green part in
step 312. The lubricants and the binders are removed from
the first and second green parts to form a powdered
skeleton in step 316. Finally, the powdered skeleton is
sintered to coﬁplete the combined enclosure and heat sink

structure in step 320.

Referring now to Fig. 15, a fifth preferred embodiment
of the present invention 18 shown. In this case, a first
and a second green part are molded separately and then

fixtured together during binder removal. A first feedstock
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pressed to formthe first and second green parts wherein the first and
second gA¥PIfts now conprise a conbined green part in step 413 Fhens
| ubricants and the binders are renoved fromthe first and second Jreen
parts to forma powdered skeleton in step 416. Finally, the powdered

skel et onciompgiimigred tHi cohphieseutbeofopbwdedednmkoalr @aard idlegt sink
structure in step 420. Referring nowto Fig. 18, an eight preferred

enbodi Menibefi dahit P eSeNthiRIERs | 08 YRepgBaa; eat ofi Ak oA ded-dilpss fit
into the enclosure and then co-sintered into place is illustrated. This

enbodi ne f .t R ent_.invention i.s formed using the sixth enbodi nent
net hod. ?%e§§tﬁ¥3Wé§ﬁ?fﬁﬁ}ﬁg7aF%%F%666m%ﬁéu§FxP @%ﬁSGFﬁQnﬂeﬁéﬁhod, as
shown in Fig. .16, the enclosure and the heat sink are forned separately.
Then, tﬁ‘ét%\ﬁéaﬁa?ft sLURBl G35k fir ctin€ Ogerfersahd poepamedr éd istest §34.392.
Referring again to Fig. 18, the conbined enclosure and heat sink

st r uct ur 8heoddfifeseraae eretwsem etbenpintengng bheiaxagel ef avar ahd | ow
t hermal expansion alloy. The heat sink conprises a tungsten-copper rod.

The pr essatondy el dit qitlovi dlefe 88 ehfgCiiveraadsyery f%ﬂ%ftg%ku&%b' e
nethod to nethod to forman enclosure for a sem conductor device. The

et hod 1 9hTR AR Y LA RETA M ! el PEGE: 81Tkl IR} an adhesive

| feedstock is pressed to form a first green part having an
enclosure shape in step 338. The second feedstock is
injected into a second mold. The second feedstock is
pressed to form a second green part having a heat sink
shape in step 342. The first and second green parts are
fixtured together to form a combined green part in step
346. Then, the lubricants and the binders are removed from
the combined green part to form a combined powdered

) skeleton in step 350. Finally, the powdered skeleton is
sintered to complete the combined enclosure and heat sink

structure in step 354.

Referring now to Fig. 16 a sixth preferred embodiment
of the present invention is shown where a first and a
second skeletoh part are formed separately and then
fixtured together during sintering. A firét feedstock

comprising a first mixture of powdered metal materials,
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. S The c .
therebetween, to reduce cost and to inprove reliability. gﬁ!@%gﬁ
encl osur eAdiidiioent sink maintains |ow thermal expansion in the? élo E e
and high thermal conductivity in the heat sink. In addition, a nethod to
forma conmbi ned enclosure and heat sink where a hollow, cooling channel

i s fornetubRitARtS! M Uekuba R AUrtdes, d & f he bisat o1 nk L her mal

conductiv??? i's prOEided. ThEE%Oﬁ|in o anﬁ§¥ ;Shgigfgﬁﬁhsougﬁgtﬁgﬁgse of
interin u f.ormthe copbined structu

o e S R aR T L ST

i mproved _enclosure and heat sink structure is provided. 26 AMI-01-001

7 PEB 2008 #&* Lhbin -HPERESHEST e ANl Rrfist seim raprcedveh seepl B6UT e

and heat sink nethods and structures disclosed herein provide an

ef f ecti verk@ddhbhnraocer Melteeaint ehratsiive exting hehpiriiigarés Wi-ke 1he

i nvention has been particularly shown and described wth reference to

the pref eseechénbeddsentk ikhereef thiah wid.| Mme understgod by, Lpos
skiIPed in the art that various changes in form and d§§a1$% nay %e made

without deppecteg them hneisgir io1and s¢QRe . dhe hvention. What is
claimed is: 27 2 7 FEB 2006

feedstock is pressed to form a first green part having an
enclosure shape in step 368. The second feedstock is
injected into a second mold. The second feedstock is
pressed to form a second green part having a heat sink
shape in step 372. Then, the lubricants and the binders are
removed from the first green part to form a first powdered
skeleton in step 376. The lubricants and the binders are
removed from the second green part to form a second
powdered skeleton in step 380. The first powdered skeleton
is sintered to form a first part in step 384. The second
powdered skeleton is sintered to form a second part in step
388. Finally, the first and second parts are fixtured

together and then sintered together to complete the

combined enclosure and heat sink structure in step 392.

Fig. 17 illustrates a seventh preferred embodiment of
the present invention where a second feedstock is injected

into a die set containing a first green part. A first
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1. Anethod to forma conbi ned encl osure and heat sink structur r
senmi condutM01@8Yi ce conprising: preparing a first feedstock c&ﬁﬂ&ﬁsmﬂb a
first mxture of powdered netal materials, lubricants, and binders;
preparing a second feedstock conprising a second m xture of powdered
metal matEFedssockubempaitdngard fimte msi sucke tdBtpowder & fhet gnce
between the sintering shrinkage of each said first and second feedstock

isless nhﬁmeﬁﬂélﬁheiﬁbﬁgc§ﬁkg{Hdﬁﬁ Jesl eﬁ%?qﬂg;%%%%%%%%k%?égaégggbg.

first green part having an encl osure shape and

havi ng a | Ak - renoving said |lubricapts, and said binders from
sai d firg?gﬁgﬁé @egggggnggngggP HOF G MG oW el RRefered and
a second omfered skeleton; and sintering said first and second powdered
skel et oné“%o%a CBRbPELBlEai dUPSRERRES efsIcORmsienrl I airapakedt Tnct ur e
wherein said first and second powdered skeletons are in intinmate contact
during s@%PRi R eriAge diffheemcehbe taceor difg Sinwdwing s 6k de Saf d
step of pressing conprises: injecting said first feedstock and said

second f eeidsttocknd i 8&0oAdCoaBHBABIERN i@'l%;ssa%éﬁ‘%r%e.af'fﬁ_ﬂ S§sing said

first feedstock and said second feedstock to form sai irTst  and second

green pardceddesek N ssal LESt e green, parts conprise a
conbi ned green par%? 3.9%ﬁgéﬁe%ﬁgg %cgg% anmﬁgwﬂz#qﬁ%ﬁ e it d

step of first feedstock is pressed to form a first green part

having an enclosure shape in step 408. The first green part
is placed iﬁto & second mold. Then, the second feedstock
is injected into the second mold. The second feedstock is
pressed to form the first and second green parts wherein
the first and second green parts now comprise a combined
green part in step 412. The lubricants and the binders are
removed from the first and second green parts to form a
powdered skeleton in step 416. Finally, the powdered

skeleton is sintered to complete the combined enclosure and

heat sink structure in step 420.

Referring now to Fig. 18, an eight preferred
embodiment of the present invention wherein a heat sink rod
is press fit into the encldsure and then co-sintered into
place is illustrated. This embodiment of-the present

invention is formed using the sixth embodiment method. In
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ing conprises: injecting said first feedstock into a first nold; 28
Fz)r(;SIiIEBQZ@GgBﬂﬁ%’r eaftelr presgi ng said first feedstock to form 4 71 lEBs2008
green part having an enclosure shape; injecting said second feedstock
into a second nold; and thereafter pressing said second feedstock to from
a secondtkg eebxphr embhadiimgna meathosi,nka s spem 4n Ty et odeigecor ding to
claim 1l wherein said step of pressing conprises: injecting said first

f eedst ockeri i ®s@réi 65H FBLAhebhe8afil sxrreorm&g 55&%&’:{{%1?& .Of :ﬁgezx‘égﬁg to

forma first green part; placing sard first green par

mol d; th f inpectin ai d second feedstock intp sai d sepond nol d;
and therggﬁ?e¢$%r%§£?%ga§§i%lggggﬁg Fé@ﬁ%ﬁ%ﬁﬁ<§Q9fQﬂrﬁ%ﬂﬂ%Fe¢|¥%ts%%ﬂ
second gr parts wherein said first and second green parts conprise a
conbinedzéigen Ret errEngTREaABt hed FaGeorldi ngheo aimtiimdd wirer kosusai d
first and second green parts conprise a conbined green part. 6. The

met hod ac¥td dieryt t 9iskashrtctherecompaiideld 81 el o SAEONEbrOMeT g, met al
skel et ons conprise a conbi ned powdered netal skeleton. 7. The nethod

accor di ngfdn etanpld, wkevainogaihd 1bir $heFmsiUiedp s i e, mtged al s
conprises one or nore materials sel ected

heat sink comprises a tungsten-copper rod.
}

The present invention provides an effective and very
manufacturable method to method to form an enclosure for a
semiconductor device. The method forms an enclosure
combined with a heat sink, without an adhesive layer
therebetween, to reduce cost and to improve reliability.
The combined enclosure and heat sink maintains low thermal
expansion in the enclosure and high thermal conductivity in
the heat sink. In addition, a method to form a combined
enclosure and heat sink where a hollow, cooling channel is
formed in the sfructure to further improve the heat sink
thermal conductivity is provided. The cooling channel is
formed by the same sintering process used to form the
combined structure through the use of a fugitive plastic
structure thatlis vaporized during sintering. An improved

enclosure and heat sink structure is provided.
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fromthe group consisting of: nickel, cobalt, iron, nolybdenum stalngess
steel, tukgEOLEAC! t ungst en- copper, nolybdenun1 nolybdenun}copﬁérF

alumi num alum numnitride, alumna, and Kovar. 29 7 7 FEB 2006 8. The
met hod according to claim 1l wherein said second m xture of powdered

mat eri al s conph$sekoeneior ther predeericeal erdelddatesd s, f ridm trivevegl oup
consisting of: alum num copper, tungsten copper, nolybdenum copper,

al um numendéIdgeré Ceranhert 9ehet mek@oWs! iaH8 JTANASIME $idd Lkd
tungsten, nolybdenum tin, zinc, pyrolytic graphlte and silver. 9. The

met hod a im1 rei.n _sai t [ rises
heati ng gf@féjjfﬁg%%?‘é é?eg}(}f etg\%gé%eagggjt %a%%@tur rhl 0%9? n%ejt\'/\%en
about 30 nln tes apd 180 mnutes. 10. The method according to claim1
wherein a9 ug?¢iRe1PFadfFc structure is encapsul ated by at |east one of
said first and second powdered skel etons and wherein said fugitive
plastic structure is burned away during said step of sintering to
thereby format |east one, hollow, cooling channel in said conbined

encl osure and Wiehlesthk shreattbe. hhb bEee RRiMCEECHANd b0 £hai m 10
wherein said fugitive plastic structure conprises a plastic materi al

sel ected ddomitbe GLOHP @@B%b teng Ofth g:et’ 'Wﬁﬂ%{
t her nopl asti c lpolyners * ﬁose “Wax, l'atin, col."12. A
met hod tc&ﬁ&%g@@.cogb nfg EQC|O %E%t%n %akﬂ%gé skilled in the art

that various changes in form and details may be made
without departing from the spirit and scope of the

invention.

What is claimed is:
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structure for a sem conductor device conprising: preparing a first
feedstock conprising a first mxture of powdered netal naterieﬂfFEﬁzmﬁ

| ubricants, and binders; preparing a second feedstock conprising a second
m xture of powdered netal materials, l|ubricants, and binders such that

t he différ enhaethedweenteite ssicotrbined sinlioakageand heachsgnkd first and

second ng%F%é%¥é Egrlgsgéﬁi %da%%°£rﬁéﬂﬁ%ﬁnggﬁﬁgﬂ?LEESt f eedst ock and sai d
nol a;

second feedstock "I'nto a conbrnafion B 2006 thereafter
pressing said first feedstock and said second feedstock to forma

conbi ned greepr@padimae Hgran HBReIs@sUkecondidpRénand fiFgAamikkake sddpe;
renovi ng said IubrLgﬁnts and said binders fro conbi ned green part

sai d
to form BOEEHEHEG poOWIRT T 2dRel ‘t‘%’hl,caé]rlf&'s?ﬂ‘gnet?‘i’}‘?&@éi d powdered skel eton

to conplete said comnbined enclosure and heat sink structure. 13. The
met hod accor dpRgh4:0i e @l Bkddndh&IRIsR SR é’oniﬂrri%tin?”axéétfcﬁqdoiniﬂ@wr ed

materials conpri'ses 6ne or nore materials “selecfed fromthe group
consi st i pf rAvdegiedkBptak otpdlarial gonlubhislhpbdennd indenp esuch ttdalt,

tungst enyy, - ens bdenum; p h UM num
aIuninun%rét€¥§§§,@ngﬁgﬁggxfeéggbgngar.1f%?g¥ﬁg8%§¥%gg g%éor%ﬁ#ﬁ? to claim
12 wher efhrshaiadidsseondd feedafoekots poxsdetbdnnbteri al s conpri ses one or
nore materials selected fromthe group consisting of: alum num copper,

pressing said first and second feedstocks to form a first
green part having an enclosure shape and a second green part

having a heat sink shape;

removing said lubricants and said binders from said first
and second green parts to form a first powdered skeleton and a

second powdered skeleton; and

sintering said first and second powdered skeletons to
complete said combined enclosure and heat sink structure
wherein said first and second powdered skeletons are in

intimate contact during said sintering.

2. The method according to claim 1 wherein said step of

pressing comprises:

injecting said first feedstock and said second feedstock

into a combination mold; and

thereafter pressing said first feedstock and said second
feedstock to form said first and second green parts wherein
said first and second green parts comprise a combined green

part.

3. The method according to claim 1 wherein said step of

pressing comprises:

injecting said first feedstock into a first mold;
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t ungst en- copper, nol ybdenum copper, alumnumnitride (ceramc), gold,
beryl lium magnesium silicon, tungsten, nolybdenum tin, zincl7 FEB 2008
pyrol ytic graphite, and silver. 15. The nethod according to claim 12
wherein said step of sintering conprises heating at a tenperature of
bet ween about the Ok thaypeess 01g saard 41 600s Uetpsizt o€k forfdmt weénrasbout 30

m nut es 89%?%3%1? ggyfﬁ% egl'?'en-gqgsﬂ?é h%rcia according to claim 12 wherein a

fugitive ructure is encaps ateéd by said conbi ned powdered
skel eton and wherein said fugitive plastic structure is burned away

during said stifpe®firgj Rachi Bt tHeeEebyck OiMbcah bedshd myld; BAdl ow,
cooling channel in said conbined enclosure and heat sink structure. 17.
The net hod according to claim 16 wherein said fugitive plastic structure
. conprises a prhstexfvrn Preapine|sddegerenin FrdzteckER 2BH Bhe group

consi sti pg-gid JRehmBset tiNg ROLYARLS s{tieLARpl astic  pol yners,
cel | ul ose,cwax,gtrlél'el g?i n, and ng%loycol } 1581. A me?‘lﬁod to forma conbi ned
encl osure and heat sink structure for a sem conductor device conprising:

preparin ir e . rLsl a fi }xtr f _cpowdered net al
mat eri al g,’ a?%%r“%tggfﬁtﬁsgééﬁfdhﬁ%gggrg?é%?elpﬁf%éi%n%%(%ﬁge?egast ock

conpri si pgessseroourmisésir e of powdered nmetal materials, lubricants, and
bi nders such that the difference between the sintering shrinkage of each

said first and.second feedstock js |ess than 1%,
injecting sa?g ?Erst éeedstock into a %1rst mold;

thereafter pressing said first feedstock to form a first

green part;
placing said first green part into a second mold;

thereafter injecting said second feedstock into said

second meld; and

thereafter pressing said second feedstock to form said
first and second green parts wherein said first and second

green parts comprise a combined green part.

5. The method according to claim 1 wherein said first and

second green parts comprise a combined green part.

6. The method according to claim 1 wherein said first and
second powdered metal skeletons comprise a combined powdered

metal skeleton.

7. The method according to claim 1 wherein said first mixture
of powdered materials comprises one or more materials selected
from the group consisting of: nickel, cobalt, iron,
molybdenum, stainless steel, tungsten, tungsten-copper,
molybdenum, molybdenum-copper, aluminum, aluminum nitride,

alumina, and Kovar.
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injecting said first feedstock into a first nold; thereafter igzgﬂzg{m
said first feedstock to forma first green part having an enc

shape; injecting said second feedstock into a second nold; thereafter
pressing said second feedstock to forma second green part having a heat
si nk shape; THe xrtelmbdgatogxeﬁhg teattafm ristwhandis egaintl sgread rpfb{ttlﬂ’et o form

a conbi ne r art; reafter . renoving said lu rlca

b nders BT oRr Tl BEHEH AT GPUBH: RS (oM OF ol AN LAGH ROMRRAE

skel et onfromnthes igibapi a@z@ﬁuingowermnﬁlﬁah}et edsp;tegr Cftmbﬁt@nsal d

conbi ned encl osurgé{s d heat sink siructure The net, hfd according to

cl ai m 18°ART%i M CPTP STOPHT xt BT ’d’fu”bé’\%ﬂﬁ?%% amig WUfbri ses one

or nore Bafﬂ]ilains maghesi @l fsiQacbhe WirRspeaONGdBiHdGuAS  tDhckel , cobal t,
i ron, bdenum. stainless steel, tungsten, tungsten-copper,

nol ybdenﬁh‘%cmﬂyfl? dehdi SRETE  aPBfi FAKETal uni num nitride, 32 2 7 FEB
2006 alum na, and Kovar. 20. The nethod according to claim18 wherein

sai d second_ m xture of powdered naterials conprises one or nore
mat eri al - T8 NAtEFIf peFREHE Y FBUBLRBhS sberginfsaid §weRuRf copper,

t ungst eng ¢RRNBIMg '&Bﬁ}ﬁ?ﬂ@éﬁirﬁe%(%&ﬁ@rataé WEPUEh Pt d | S1€ bet GBERAM Kt 90! d,
beryllium magnesium silicon, tungsten, ~nolybdenum tin, zinc,

pyrol yti é989: |ﬂn@elsgﬁdcsﬁqn”9etween about 30 minutes and 180
minutes.

10. The method according to claim 1 wherein a fugitive plastic
structure is encapsulated by at least one of said first and
second powdered skeletons and wherein said fugitive plastic
structure is burned away during said step of sintering to
thereby form at least cone, hollow, cooling channel in said

combined enclosure and heat sink structure.

11. The method according to claim 10 wherein said fugitive
plastic structure comprises a plastic material selected from
the group consisting of: thermosetting polymers, thermoplastic

polymers, cellulose, wax, gelatin, and glycol.

12. A method to form a combined enclosure and heat sink

structure for a semiconductor device comprising:

preparing a first feedstock comprising a first mixture of

powdered metal materials, lubricants, and binders;

preparing a second feedstock comprising a second mixture
of powdered metal materials, lubricants, and binders such that
the difference between the sintering shrinkage of each said

first and second feedstock is less than 1%;

injecting said first feedstock and said second feedstock

into a combination mold;
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21. The nmethod according to claim 18 wherein said step of gtfg%@u
conpri ses heating at a tenperature of between about 1000C an or
bet ween about 30 minutes and 180 mnutes. 22. The nethod according to
claim18 wherein a fugitive plastic structure is encapsul ated by said
conbi ned powdehereaflesl erensanagl sstiecr &iinst af apdetgicki srd padst isecend uct ure

s_bur nedec NaY,AGT pOral kAL oSN SLLOONLD LD ekelx format | east

one, hollow, cooling channel™In sal |ned encl-osur e an eat si nk
st ruct ur ehaps.arifhe heahosidc cdrgeng to cI aim 22 wherein said fugitive
plastic structure conprises a pI astic material selected from the gr oup

consi sting of; t her noset, t | ners, .t her stic ol
cel lul ose, waXSMgEing sgid ﬂgbgﬁ%tﬂ abg s %Hgﬂr?oﬁf%? o corrbl ned

encl osur eoralmﬂuethe@treehnﬂsaﬁrt rdcifoiR & Ofordbisedl fORERED ckEE 8t 6€; GHIEPr | Si Ng:
preparing a first feedstock conprising a first mxture of powdered netal
materials, lubricants, and binders; preparing a second feedstock
conprising a SeReRIing ﬁﬁaﬂepovﬂemgﬁeﬁt%tt@l cempeeialarid ybricants, and

bi nders suqbs 4 egf’ltenct.lggu?é fagpdt' fRGE Qﬁ?]g\esel}utcggrél ntering shrinkage of each
ee

said first second ock is l'ess than about 1% injecting said
first feedstock into a first nold; 33 2 7 FEB 2096 thereafter pressing

sald Tirst TRe026Kq! Qed AP tb' $121@"19CMnRALIn said first

mixture of powdered materials comprises one or more materials
selected from the group consisting of: nickel, cobalt, iron,
molybdenum, stainless steel, tungsten, tungsten-copper,
molybdenum, molybdenum-copper, aluminum, aluminum nitride,

alumina, and Kovar.

14. The method according to claim 12 wherein said second
mixture of powdered materials comprises one or more materials
selected from the group consisting of: aluminum, copper,
tungsten-copper, molybdenum-copper, aluminum nitride
(ceramic), gold, beryllium, magnesium, silicon, tungsten,

molybdenum, tin, zinc, pyrolytic graphite, and silver.

15. The method according to claim 12 wherein said step of
sintering comprises heating at a temperature of between about
1000.degree. C. and 1600.degree. C. for between about 30

minutes and 180 minutes.

16. The method according to claim 12 wherein a fugitive
plastic structure is encapsulated by said combined powdered
skeleton and wherein said fugitive plastic structure is burned
away during said step of sintering to thereby form at least
one, hollow, cooling channel in said combined enclosure and

heat sink structure.

17. The method according to claim 16 wherein said fugitive

plastic structure comprises a plastic material selected from
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placing said first green part into a second nold; thereafter injecting
sai d second feedstock into said second nold; t her eaf t er pr es<i hBERs 2006
second feedstock to formsaid first and second green parts wherein said
first and second green parts conprise a conbined green part; renoving
sai d | ubthe agrsipardnsastinyg nder Shérmnss:audgfpasbgtmexand theconel sgitden parts
to forma owdrered Ell(eieton and siaqﬁlerl ng4 a-JrPf( owdered skeleton to
conpl ete Sa¥m§ e "8&ur 85 et H s Tucture. 25. The nethod
according to cl al m 24 wherein said first mxture of powdered materials

conpri ses_one or re terials . sel cte fromth r consi sting of:
ool - BBt mecnpinto B o SHHRE T A esuTe A FepengLtion

t ungst ensepppRire fopl ¥ belawilotndoet §H 0B FeC OPRISK i s idlgum num aI um num
nitride, alum na, and Kovar. 26. The nethod according to claim?24

wherein said second mxture of powdered materials conprises one or nore
materials sePEeREH N omfihet gfandstesksramniging: a af irBthrtesppel |

tungst ens GORARTS mEPLY BEANUINT-GAPP el r Al AHFigNU &"%{ridé?cs .(ceramc), gold,

beryl i um magnesi um silicon, tungsten, enum 'tin, zinc,
pyrolytic graphite, and silver. 27. The net hod accordi ng to claim 24
wherei n sai d stermoing si aeesnd f cearppek esonpediiing atsecdreinpexabts e of

bet ween about tween about nut es_.a 80
o oo BobuaetRAORRERS netERaALE! | BEIRRRCS ] e RarTeRt ! Sinf st
the difference between the sintering shrinkage of each said

first and second feedstock is less than 1%;
injecting said first feedstock into a first mold;

thereafter pressing said first feedstock to form a first

green part having an enclosure shape;
injecting said second feedstock into a second mold;

thereafter pressing said second feedstock to form a

second green part having a heat sink shape;

fixturing together said first and second green parts to

form a combined green part;

thereafter removing said lubricants and said binders from
said combined green part to form a combined powdered skeleton;

and

gsintering said powdered skeleton to complete said

combined enclosure and heat sink structure.

19. The method according to claim 18 wherein said first
mixture of powdered materials comprises one or more materials
selected from the group consisting of: nickel, cobalt, iron,
molybdenum, stainless steel, tungsten, tungsten-copper,

molybdenum, molybdenum-copper, aluminum, aluminum nitride,
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34 2 7 FEB 2006 plastic structure is encapsul ated by said conb't ?ﬁ
powdered skeleton and wherein said fugitive plastic structure-f %szurqed
away during said step of sintering to thereby format |east one, holl ow,
cooling channel in said conbined enclosure and heat sink structure. 29.
The net hadurideor éndgKevax] ai m 28 wherein said fugitive plastic structure
conprises a plastic material selected from the group consisting of:

t hernosetting polyners, thernoplastic polyners, cellul ose, wax, gelatin,
and gl ycaf. Be mathethaccewliingr hractbaitbildedhencirosiwid gaadom@at sink
structure. a _sem tor _deyice rLiLsi ng. Li fi.rst

f eedst ocﬁlic%#per iozi %%gggﬁsr\%tﬁgg%{%gecoo%%ngxdé&fg%cf&r rre?r{%gfe ﬁ’%‘f%‘rllaa Els,

| ubri cantelecedt Brndetse greepacbngistisgrofd &badistuwck copppri sing a second
mxture of nowdered netal, rsg%t erials Iubr';canrtls Aand.binders such that
the differehice berween’ the st er n%pps%r'i A 3‘6% %'? €ach“Said first and
second f ¢eesdmnick ,i goll@sshdhdn ialhouhadiés iumj, esiliprsaitdnfstat, f eedst ock
into a fi rf& | d; %herea.fter E/reisinﬂ saig.gi rst feedstock to forma
first gr BRI hfBet ¥ s BYACSEeth §*RBALES o WY R VE¥ second ol d;

thereafter pressing said second feedstock to froma second green part

havi ng a_heat. sink shape; renoving said _|ubyricants and said binders from
said firét: %"@EEBHdQ@?%“@aFPSCH}W &tsnf’ée??’rr’stsaﬂgvﬁé?%do kel et on and
a sintering comprises heating at a temperature of between about

1000°C and 1600°C for between about 30 minutes and 180

minutes.

22. The method according to claim 18 wherein a fugitive
plastic structure is encapsulated by said combined powdered
skeleton and wherein said fugitive plastic structure is burned
away during said step of sintering to thereby form at least
one, hollow, cocling channel in said combined enclosure and

heat sink structure.

23. The method according to claim 22 wherein said fugitive
plastic structure comprises a plastic material selected from
the group consisting of: thermosetting polymers, thermoplastic

polymers, cellulose, wax, gelatin, and glycol.

24, A method to form a combined enclosure and heat sink

structure for a semiconductor device comprising:

preparing a first feedstock comprising a first mixture of

powdered metal materials, lubricants, and binders;

preparing a second feedstock comprising a second mixture
of powdered metal materials, lubricants, and binders such that
the difference between the sintering shrinkage of each said

first and second feedstock is less than about 1%;

injecting said first feedstock into a first mold;
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second powdered skel eton; and sintering said first powdered skeleton to
forman enclosure; 35 2 7 FEB 2096 sintering said second powdered 7 FEB 2005
skeleton to forma heat sink; fixturing together said enclosure and said
heat sink; and thereafter co-sintering said enclosure and said heat sink
to conpl et e saheredfidermedesachaie dndshebdedsitbkksts ubxinn @ £3#st The

met hod according to claim30 wherein said first mxture of powdered
naterialgr%fﬁnﬁ% és one or nore materials selected fromthe group

consi sting of: nickel, cobalt, iron, nolybdenum stainless steel,

tungsten, tungsieins RRar firgphg&%@%nsaktnmwgeaa%ﬁ@mrd; al um num
alum numnitride, alumna, and Kovar. 32. The nethod according to claim

30 wherein said second mxture of powdered materials conprises one or
mor e mat er i al shesed fdetred nfi ponindhesagdoapcemh desdishgclof intad waiidum copper,
tungstenggopper. . npl ybdenum copper, alumnumnitride (ceramc), gold,
beryl I'i um nagneésium silicon, tungsten, nolybdenum tin, zinc,
pyrolytic raphite, and silver. 33. The method according to claim 30

wher ei n sai d shepPedfiterSipRbesimy AMPELESSd RRidsRgcR t@ fampenagur e of
bet ween ?bout 0000C and 16000C f or, between, about 30 m nutes_and 180
m nut es. T39St FEFRBY RS 8PRES t HPIediPnPadd whisrdi #7d PEEPR9 ve

green parts comprise a combined green part;

removing said lubricants and said binders from said first

and second green parts to form a powdered skeleton; and

sintering said powdered skeleton to complete said

combined enclosure and heat sink structure.

25. The method according to claim 24 wherein said first
mixture of powdered materials comprises one or more materials
gselected from the group consisting of: nickel, cobalt, iron,
molybdenum, stainless steel, tungsten, tungsten-copper,
molybdenum, molybkdenum-copper, aluminum, aluminum nitride,

alumina, and Kovar.

26. The method according to claim 24 wherein said second
mixture of powdered materials comprises one or more materials
selected from the group consisting of: aluminum, copper,
tungsten-copper, molybdenum-copper, aluminum nitride
{ceramic}, gold, beryllium, magnesium, silicon, tungsten,

molybdenum, tin, zinc, pyrolytic graphite, and silver.

27. The method according to claim 24 wherein said step of
gsintering comprises heating at a temperature of between about
1000°C and 1600°C for between about 30 minutes and 180

minutes.

28. The method according to claim 24 wherein a fugitive
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plastic structure is encapsul ated by at | east one of said first and
second powder ed skel etons and wherein said fugitive plastic stru@ff(it8 308
burned away during said step of sintering to thereby format |east one,
hol | ow, cooling channel in said conbined enclosure and heat sink

struct urplagsic Brgurbthodisacecrdpnirtesl dyapai 4camrdnednpeederddigi tive

pl astic §£é%§éa‘f—{ %naom%f 65 A0l 88 n%i@i\;@h%g!s@l S&Jﬁ%&%@efié’rﬂuéﬁéﬁ group

consi sting hernDset I'ng poly ernDp astic polyners, cellul ose,
wax, gel avay,duricggbytdl st6 of FiRFES AQGN@036heMley rferrhodt abeaatdi ng to

cl ai m 30 whereln sai dobi xiang, {ogether, comprises. gippess Jid of said

heat sink" |hto sal'd ~8nc I'ned enclosure an eat sink
structurheibnnamsenruonmn£10r devi ce conprising: an enclosure conprising a
first material; and a heat sink conprising a second nmaterial wherein said
encl osure and said heat sink are coupled together by a sintering process
conpri si pg: THeepRthog acécbﬂ‘dslh‘lgf eedslaink 2Borhersimgaadf fugitiveture of
powder ed taJ mat er | ubr.i cants,. and bi nders;. prepa a _second

P eodst ocRIEBIASH FETHG LT € UMY SHER: Briat Hbpc BRCEF A} TELBPERALEAm o

| ubri cantBe @tshpbicaeet st tuiflvft:haherhdsettiinbepeneehat whePnbbkassiint eri ng
shrinkage of each said first and @gcond feedstock is less than 1%

pressi ngPehYTEES r SELARUCYRC OREF  f BBIRE bk &0t BT a first

30. A method to form a combined enclosure and heat sink

structure for a semiconductor device comprising:

preparing a first feedstock comprising a first mixture of

powdered metal materials, lubricants, and binders;

preparing a second feedstock comprising a second mixture
of powdered metal materials, lubricants, and binders such that
the difference between the sgintering shrinkage of each said

first and second feedstock is less than about 1%;
injecting said first feedstock into a first mold;

thereafter pressing said first feedstock to form a first

green part;
injecting said second feedstock intec a second mold;

thereafter pressing said second feedstock to from a

second green part having a heat sink shape;

removing said lubricantg and said binders from said first
and second green parts to form a first powdered skeleton and a

gsecond powdered skeleton; and

sintering saild first powdered skeleton to form an

enclosure;
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green part having an enclosure shape and a second green part h3vifFeg 206
heat sink shape; renoving said |lubricants and said binders fronlsald
first and second green parts to forma first powdered skeleton and a
second powdered skel eton; and sintering said first and second powdered
skel et ons to storptiete ssdldseorns] peddened ciugletandthextrmsiankest r uct ur e
wher ei n .0 first and second powdered skeletons are in intinmate contact
during sald sintering. 38. The structure according to claim 37 wherein
said first material conprises one or nore materials selected fromthe

group consi st Engrwfingnicelget he £akald entbl ®urdnibdendnmeat aiinkessnet eel ,
tungsten, tungsten-copper, nolybdenum 37 2 7 FEB 2006 nol ybdenum copper,
al umi num alum numnitride, alumna, and Kovar. 39. The structure
according to EreFsafIErWeereinterding saédmenclesueei and corigt heas ek or nore

mter i al go Selfaked LLoM ddidinBEOUR: ffiteS bhAM Ol 'nmeyu”&t per,

t ungst en- copper, nol ybdenum copper, alum numnitri (ceramc gol d,
beryllium magnesium silicon, tungsten, nolybdenun1 tin, 2|nc

pyr ol ¥t i 6, OraphikenoAng SblateE: «4001The 181 [HELMES Aggoedipg to cl ai m 37

wherei n sal I ne enc re an feat sin ructure contains at
| east onwixtyns b@mpoudmwaduyathamﬂé¢.camprlAasamﬁbmnedmeacmatnnxahand heat

si nk Strggfégé%dfggoﬁ the group consisting of: nickel, cobalt, iron,
molybdenum, stainless steel, tungsten, tungsten-copper,
molybdenum, molybdenum-copper, aluminum, aluminum nitride,

alumina, and Kovar.

32. The method according to claim 30 wherein said second
mixture of powdered materials comprises one or more materials
selected from the group consisting of: aluminum, copper,
tungsten-copper, molybdenum-copper, aluminum nitride
(ceramic), gold, beryllium, magnesium, silicon, tungsten,

molybdenum, tin, zinc, pyrolytic raphite, and silver.

33. The method according to claim 30 wherein said step of
sintering compriges heating at a temperature of between about
1000°C and 1600°C for between about 30 minutes and 180

minutes.

34. The method according to claim 30 wherein a fugitive
plastic structure is encapsulated by at least one of said
firat and second powdered skeletons and wherein said fugitive
plastic structure is burned away during said step of sintering
to thereby form at least one, hollow, cooling channel in said

combined enclosure and heat sink structure.

35. The method according to c¢laim 34 wherein said fugitive
plastic structure comprises a plastic material selected from
the group consisting of: thermosetting polymers, thermoplastic

polymers, cellulose, wax, gelatin, and glycol.
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sem conduct or device conprising: an enclosure conprising a first

material; and a heat sink conprising a second material wherein s3&dFEB 2006
encl osure and said heat sink are coupled together by a sintering process
and wherein said conbi ned encl osure and heat sink structure contains at

| east one, hoIIow cool i ng channel 42. The structure according to claim

{rom thet* oy Dl TELRGR SETY BFS FOCRE:™ cBoANe e T} OR- OBty atettn

st ai nl essogdtarir, conpgbéen,a piagst £he cppaid n&&gdyiamumhto said

nmol ybdenum ¢ er, alumnum alumnumnitride, alumna, and Kovar. 43.

The stru%??ﬁ?§Q%?cording to claim4l wherein said second materi al

conprises one or nore materials selected fromthe group consisting of:

aluninun§ co pe .tungst en- copper, nolybdenum copper, alum numnitride
c

(cer ani mbipged eRGlRRUTRRgRe ISR S4PKi STHCHISgSPEN? ol ybdenum
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an enclosure comprising a first material; and

a heat sink comprising a second material wherein said
enclosure and said heat sink are coupled together by a

sintering process comprising:

preparing a first feedstock comprising a first mixture of

powdered metal materials, lubricants, and binders;

preparing a second feedstock comprising a second mixture
of powdered metal materials, lubricants, and binders such that
the difference between the sintering shrinkage of each said

first and second feedstock is less than 1%;

pressing said first and second feedstocks to form a first
green part having an enclosure shape and a second green part

having a heat sink shape;

removing said lubricants and said binders from said first
and second green parts to form a first powdered skeleton and a

second powdered skeleton; and

gintering said first and second powdered skeletons to
complete said combined enclosure and heat sink structure
wherein said first and second powdered skeletons are in

intimate contact during said sintering.

38. The structure according to claim 37 wherein said first
material comprises one or more materials selected from the
group consisting of: nickel, ccbalt, iron, molybdenum,

stainless steel, tungsten, tungsten-copper, molybdenum,
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molybdenum-copper, aluminum, aluminum nitride, alumina, and

Kovar.

39. The structure according to claim 37 wherein said second
material comprises one or more materials selected from the
group consisting of: aluminum, copper, tungsten-copper,
molybdenum-copper, aluminum nitride (ceramic}, gold,
beryllium, magnesium, silicon, tungsten, molybdenum, tin,

zinc, pyrolytic graphite, and silver.

40. The structure according to claim 37 wherein said combined
enclosure and heat sink structure contains at least one,

hollow, cooling channel.

41, An combined enclosure and heat sink structure for a

semiconductor device comprising:
an enclosure comprising a first material; and

a heat sink comprising a second material wherein said
enclosure and said heat sink are coupled together by a
sintering process and wherein said combined enclosure and heat

sink structure contains at least one, hollow, cooling channel.

42. The structure according to claim 41 wherein said first
material comprises one or more materials selected from the
group consisting of: nickel, cobalt, iron, molybdenum,
stainless steel, tungsten, tungsten-copper, molybdenum,
molybdenum-copper, aluminum, aluminum nitride, alumina, and

Kovar.

43. The structure according to claim 41 wherein said second
material comprises one or more materials selected from the
group consisting of: aluminum, copper, tungsten-copper,
melybdenum-copper, aluminum nitride (ceramic)}, gold,
beryllium, magnesium, silicon, tungsten, molybdenum, tin,

zinc, pyrolytic graphite, and silver.
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