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MANUFACTURI NG PARTI CLES AND ARTI CLES - HAVI NG ENG NEERED
PROPERTI ES 5 Background of the Invention Thi s

i nvention relates to engineering intrinsic properties of particles.  of
articl es manufwotsw4ss4 by consol i dation of particles, and SF/{USHYPHgs
formed from particles, and nore particularly concerns the nanufacture 10
of articles and coatings engineered to have presel ect ed t her nmal
conductivities and coefficients of thermal T = expansion that match those of
materials to which the articles and coatings are attached.
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10 of articles and coatings engineered to have preselected
thermal conductivities and coefficients of thermal
expansion that match those of materials to which the
articles and coatings are attached.
According to the Lacce “Rule of Mixtures," the
15 intrinsic physical properties (e.g., thermal
conductivity, coefficient of thermal expansion) of a
heterogeneous article composed of at least two thoroughly
mixed materials tend to vary approximately linearly with
respect to the ratio of the volume of one of the '
20 materials to the volume of another of the materials. For
example, a heterogeneous article composed of a 50-50
volumetric mixture of one material that has a low
coefficient of thermal expansion and another material
that has a high coefficient of thermal expansion can be
25 expected to have a coefficient of thermal expansion that
is the average of the coefficients of thermal expansion
of the two materials. '
In a known method of manufacturing heterogeneous
articles, a mixture of two metal powders which have
30 different thermal conductivities and coefficients of
thermal expansion, is compacted and sintered to produce
the article. The article has an engineered coefficient

: of thermal expansion that approximately matches the
coefficient of thermal expansion of an object to which
. 35 the article is designed to be attached, and an engineered

thermal conductivity.



In a known nethod of manufacturing heterogeneous articles, a mxture of
two netal powders which have 30 different thermal conductivities and

coefficients of t hermal expansion, is conpacted and sintered to produce
the article. The article has an engi neered coefficient of thernma
expansi on t hat weyss¢ss# mat el y nmat ches t he coefficient of tRIIFEP09572
expansi on of an object to which 35 the article is designed to be attached,
and an engi neered t hermal conductivity. WO 97/ 04884

PCT/ US95/ 09572 -2 - -2

Summary of the Invention I n one aspect, the invention features
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selected intrinsic property that is a function of
10 intrinsic properties of the first and second materials.
The first material is, for example, tungsten, molybdenum,
graphite, silicon carbide, or diamond. The second
material is, for example, copper.
Through this process a coated particle is
15 manufactured that has one or more engineered intrinsic
properties (such as thermal conductivity or coefficient
of thermal expansion) that are different from the
intrinsic properties of the first and second materials.
In another aspect, the invention features
20 manufacturing an article from the coated particles. A
plurality of the coated particles (possibly mixed with
other particles) are consolidated to cause all of the
particles to be joined to each other to form an article.
The article as a whole has a selected volume fraction
25 according to the volumes of the second material in the
coated particles relative to the volumes of the first
material in the coated particles.
Preferred embodiments include the following
features. The first material, the second material, and
30 the volume fraction are selected to engineer the article
to exhibit a selected intrinsic property that is a
function of intrinsic properties of the first and second
materials. In particular, the engineered intrinsic
properties of the coated particles are exhibited with a
35 high degree of uniformity and isotropy throughout the



properties (such as thermal conductivity or coefficient of thermal
expansion) that are different fromthe intrinsic properties of the first
and second materi al s. I n anot her aspect, the invention features
20 manufacturing an article fromthe coated particles. A plurality of
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different 'Taterégéfhggééarkéjﬂ%v%rﬁiﬁgsired thermal conductivity. The
10 coated particles are consolidated by compaction and
solid-state or liguid-phase sintering. Sintering causes
the second material to form bonds between adjacent
particles.
In another aspect the invention features
15 manufacturing an article from a plurality of particles
that include a first material, and from a matrix material
that includes a second material that is reactive with the
first material. A pre-coat is formed on the surfaces of
the particles. The particles and the matrix material are
20 consolidated, to cause the particles and the matrix |
material to be joined to each other in an article. The
pre-coat on the surfaces of the particles impedes the
first and second materials from reacting with each other.
In another aspect, the invention features plating
25 of an object with a layer of coated particles. The
coated particles are placed in a liquid, and the object
is plated with a coating that includes the plurality of
particles that were placed in the liquid. The coating
has a selected volume fraction according to the volume of’
30 the second material in each coated particle relative to
the volume of the first material.
In another aspect the invention features plating
of an object with particles, which include a first
. material, while plating the object with a second material
35 as well. The particles are placed in the liquid, and the



5 I n one enbodinent, the article is engineered to have a

coefficient of thermal expansion that substantially matches that of an
obj ect to which the article is to be attached. The article is also

engi neered to have a desired thermal conductivity. The 10 coat ed artlcl es
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In another aspect, the invention features

15 manufacture of an article by compacting coated particles
to a selected density and to a selected shape. The
compacted particles are joined to each cother to form an
article, without increasing the density of the compacted
particles and without substantially changing the selected

20 shape of the article. That is, the particles are
compacted to approximately "full density" (a density at
which the compacted particles have a porosity that does
not provide interconnected passages passing from one side
of the article to another). Then, the compacted article

25 is sintered. Because the article is fully dense,
sintering does not increase the density of the article or
change its shape. The density of the article, and thus
the final dimensions of the article, can be carefully
controlled during compaction.

30 In another aspect, the invention features
manufacture of an article from particles in a manner
controlled to cause the:article to have a selected
density. The particles, at least some of which include a
first material and have surfaces on which a coating that

35 includes a second material is formed, are consolidated to
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-4- object is plated with a coating that includes the particles and
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In another aspect, the invention features

15 manufacture of an article from particles, the article
having two or more portions which have different
intrinsic properties. A first plurality of particles
includes at least one material, and a second plurality of
particles includes at least one other material. The

20 first plurality of particles and the second plurality of
particles are consolidated to join the first plurality of
particles to each other to form a first portion (e.g., a
layer) of an article, and the second plurality of
particles are joined together to form a second portion of

25 the article; the particles disposed near the interface
between the first and second portions of the article are
joined together. The first and second portions of the
article exhibit different selected intrinsic properties
according to the compositions (and volume fractions) of

30 the particles.

For example, the first and second portions may
have different coefficients of thermal expansion, and the
article may be connected directly between two objects
having different coefficients of thermal expansion that

35 match the coefficients of thermal expansion of the two
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the first plfUEﬂ ity OfNumerous other features, objects, and advantages
of the invention will become apparent from the following
detailed description and from the claims. '
Detailed Description
We first briefly describe the drawings-.
15 Fig. 1 shows a cross-section of a coated particle

in accordance with the invention.

Fig. 2 illustrates consolidating coated particles
of Fig. 1 by compaction.

Fig. 3 shows a layer of coated particles of Fig. 1

20 plated onto a surface of an article.

Fig. 4 illustrates electronic packaging that
includes a combination structural, thermal, and ground
plane manufactured from coated particles of Fig. 1, and
lead frames manufactured from coated particles of Fig. 1.

25 Fig. 5 is a graph illustrating expansion of an
article as a function of temperature at densities of 90%,
95%, and 100%.

Fig. 6 illustrates consolidating two distinct
layers of coated particles of Fig. 1 by compaction.

30 Fig. 7 depicts a hybrid electronics package, used
for enclosing integrated circuitry, which is manufactured
from coated particles of Fig. 1.

Fig. 8 shows an electronics package having a low-
temperature ceramic substrate that is fired while

35 supported by a pre-sintered combination structural,



particles to each other to forma first portion (e.g., a | ayer) of an
article, and the second plurality of particles are joined together to
forma second portion of 25 the article; the particles disposed near the
i nterface between the first and second portions of the article are

j oi ned toget hewo dfwesski r st and second portions of the ar t iRITAISASORSTR t
different selected intrinsic properties according to the conpositions
(and vol une fractions) of 30 the particles. For exanple, the
first and second portions rray have di fférent coefficients of thernal
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f eat ures, obj ectin amcorddncetweifds the invention, the particle having a
thin interfacial pre-coat.
10 Fig. 11 shows the coated particles of Fig. 10
being electrolytically co-deposited onto an article in
conjunction with matrix material.
Fig. 12 shows pre-coated particles being
electrolytically co-deposited onto an article-in
15 conjunction with matrix material.
Manufacture and Structure |
With reference to the drawings, and more
particularly Fig. 1 thereof, particle 12, which may be as
small as a few microns in diameter, and which includes an
20 elemental metal, a metal alloy, or a non-metal, is
covered with a coating 14 of an elemental metal, metal
alloy, or non-metal to form coated particle 10. Coated
particle 10 exhibits engineered intrinsic physical
properties (e.g., thermal conductivity or coefficient of
25 thermal expansion) and/or intrinsic mechanical properties
(e.g., tensile strength). The intrinsic physical
properties (but not the intrinsic mechanical properties)
of coated particle 10 tend to behave in accordance with
the Lacce Rule of Mixtures, according to which the
30 intrinsic physical properties vary approximately linearly
with raspect to the ratio of the volume of coating 14 to
the volume of particle 12. Mechanical properties may
vary non-linearly with the ratio of volume of coating 14
to the volume of particle 12.
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description and fromthe clains. Detail ed Description
W first briefly describe the drawi ngs. 15 Fig. 1 shows a
cross-section of a coated particle i n accordance with the invention.

Fig. 2 illustrwbasnssnsol idating coated particles of Fi g. PCTAIS95/09572
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20 plated onto a surface of an article. Fig. 4 illustrates

el ectroni ¢ paekagi ng that i ncl udes a cori-nati on structural, thermnal
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Particle 12 includes, for example, elemental

10 tungsten, coating 14 includes elemental copper, and the
volume fraction of copper to tungsten is 27%-to-73%.
Copper has a high thermal conductivity of approximately
391 w/m deg.k. (watts per meter-degree kelvin) and a
relatively high coefficient of thermal expansion of

15 approximately 17.5 ppm/deg.c. (parts per million per
degree centigrade) through the temperature range of 25°C
to 400°C, whereas tungsten has a relatively low thermal
conductivity of approximately 164 w/m deg.k. and a
relatively low coefficient of thermal expansion of

20 approximately 4.5 ppm/deg.c through the range of 25°C to
400°C. Copper-coated tungsten particle 10 has a thermal
conductivity of approximately 226 w/m deg.k at 25°C.
(intermediate between the high thermal conductivity of
copper and the lower thermal conductivity of tungsten)

25 and an engineered coefficient of thermal expansion of
approximately 8.2 ppm/deg.c. (intermediate between the
low coefficient of thermal expansion of tungsten and the
higher coefficient of thermal expansion of copper)
through the range of 25°C to 400°C.

30 With reference to Fig. 2, there is shown a die-
press device 16, including punch 18 and mold 20, which is
used to consolidate coated particles 10 into an article
22 by compaction (coated particles 10 having engineered
properties as described in connection with Fig. 1). '

35 Compacted article 22 is solid-state sintered (sintered at



thermal, and ground pl ane manufactured from coat ed particles of Fig. 1.
Fig. 9 shows a hi gh-power sem conduct or conpressi on nodul e that includes
a sem conductor device 5 that is conpression interfaced with a heat spreader
f or med fromcoated particles of Fig. 1. Fig. 10 shows a
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properties (e.g., tensile strength) that match those of
coated particles 10 from which the article is-

15 manufactured. The engineered intrinsic properties of
coated particles 10 are exhibited with a high degree of
uniformity and isotropy throughout article 22, because
each particle 10 is uniformly coated and because there is
no inherent randomness of distribution of the differing

20 materials or segregation between the differing materials
within article 22. Thus, the intrinsic properties of
article 22 are engineered at the Y"particle level" rather
than at the "article level." Article 22 is, for example,
a thermal and structural plane for electronic packaging,

25 the thermal and structural plane being engineered to have
a coefficient of thermal expansion that matches that of
an object to which it is attached and engineered to have
high thermal conductivity, as described in connection
with Fig. 4 below.

30 Copper-coated tungsten particles, for example,
having a volume fraction of copper to tungsten of 27%-to-
73%, are compacted in press 16 at 200 tons per sguare
inch of surface area to achieve full density (above

. approximately 90% density) and the compacted coated

35 particles are solid-state sintered in a hydrogen
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Coating 14 is adherently applied to particle 12 by, e.g., electroless

deposition (a techni que discussed below). The intrinsic properties of
coated particle 10 are engi neered by controlling the volume fraction of
5 coating 14 rwebatmessst t 0 particle 12, which can be acconpPCTHSH/A9572t wo
ways: 1) by controlling the size of particle 12, or 2) by controlling

t he thickness of coating 14. Particle 12 includes, for
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t he vol ume fraction of copper to tungsten is 27%to-73% Copper has a
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conductivity of Copted@ahiale 18 RAMLAGeRIineengd. prppertieg; nt er nedi at e
bet ween t he hi gboatingeds canglatied bytofa surtgmeofaadnekall ometal her nal

Ceparc o o ' "S5 Pt A LRSS S St AT
| ow coef fi cilht®B 1?%%r?1%lmaé5<[5’éﬁ§ir6ﬁtéf’e YinBRt3h atfdclpethat is itself
formed from coated particles by any of the techniques
discussed herein. During plating, coated particiles,
e.g., copper-coated tungsten particles having a volume
fraction of copper to tungsten of 27%-to-73%, "are placed
15 in a liquid and the coating is formed on an article of,
e.g., beryllia by means of one of the plating techniques
discussed in detail below. Thus, it possible to create a
coating directly on an article without the need to apply
a bond between the coating and the article.
20 Coating 28 has engineered intrinsic physical
properties (e.g., thermal conductivity, coefficient of
- thermal expansion) and/or intrinsic mechanical properties
(e.g., tensile strength) that match those of the coated
particles from which the coating is manufactured. The
25 engineered intrinsic properties of the coated particles
are exhibited with a high degree of uniformity and
isotropy throughout coating 28, because each particle is
uniformly coated and because there is no inherent
randomness of distribution of the differing materials or -
30 segregation between the differing materials within
coating 28. Thus, the intrinsic properties of coating 28
are engineered at the "particle level" rather than at the
"coating level." Note, however, that the plating
technique described above can also be implemented where
35 coating 28 does not include coated particles but instead



hi gher coefficient of thermal expansion of copper) t hrough the range of

25[err]C to 400[err]C 30 - Wth reference to Fig. 2, there is shown
a die- press device 16, including punch 18 and nold 20, which is used
to consolidate coated particles 10 into an article 22 by conpaction

(coated parti chwaso7idasgaavi ng engi neered properties as descrPCRgSsMAIST2
connection with Fig. 1). 35 Conpacted article 22 is solid-state sintered
(sintered at WO 97/ 04884

PCT/ US95/ 09572 - 11 - -9- a tenperature bel ow
the nelting point of the particles and the nelting, point of the coatings
of the particl eonsisgs 2t ar pixtuee of differeatppacticles Sadectedntered at
a t enper at ur eexda0twrot A fferentionPerialaf inhancapbiopsidtid volumeow t he
mel ting point (ﬁfg4g%ﬂﬁqticles). The sintering causes bonds to form

between the particles to provide a het er ogeneous article. The coating of
the particles thus SBith referenceytpi Rigat 4r itHhere dsngheWnal that hol ds

the . particbeslezdzionde, phekaging t3E thdt dnelludéd semicondidtiord € 22 has
engi neer ed LNt M4y)16olM43! fiBlintod PORPE durkt-bRe03s, | RdBIad HRIGH Vi LY
and/ or coefficient of 't hernmar expansmglgr intrinsic nmechani cal
properties (e.g.tulieheing supeagted bhnA athgB esHructuradat ed particles
10 from whi ch t RshexdailGl andsgtbundnpiac Bedorhed £AG NewdtEl i Ntrinsic
properties of L 0Q364ANAr kb ESndlc@S fIRL 84 Y & 41 9 dparee of
10 power solid-state switch devices (such as may be included
in the circuitry of an electric motor wvehicle), and
produce substantial guantities of heat during operation.
Substrate 35, to which semiconductor devices 34 are
attached by means of an adhesive bond, a diffision bond,
15 hard or soft solder, or brazing, is formed from a
material selected to have a .coefficient of thermal
expansion approximately matching that of semiconductor
devices 34, as is known in the art, in order to
facilitate the attachment of semiconductor devices 34 to
20 substrate 35. Structural plane 36 is manufactured in
accordance with the present invention from coated
particles. The particle material, the coating material,
and the volume fraction of the coating material relative
to the particle material are selected so that structural
25 plane 36 has high thermal conductivity (to enable it to
function as a heat spreader and thermal plane), and yet
has a coefficient of thermal expansion substantially
matching the coefficient of thermal expansion of
substrate 35. Botna the thermal conductivity and the
30 coefficient of thermal expansion are highly uniform and
isotropic throughout structural plane 36.
Substrate 35 is formed, e.g., of aluminum nitride
having a coefficient of thermal expansion of
approximately 4.4 ppm/deg.c through the range of 25°C to
35 400°C. Structural plane 36 is made from copper-coated



uniformty and isotropy throughout article 22, because each particle 10

Is uniformy coated and because there is no i nherent randommess of
distribution of the differing 20 nmaterials or segregati on between the
differing materials wWithin article 22. Thus, the intrinsic properties of
article 22 arewengiossered at the "particle | evel" rather tACATUSAS/095 T2
"article level." Article 22 is, for exanple, a thermal and structural

pl ane for electronic packaging, 25 the thermal and structural plane being
engi neered to-have a coefficient of thaenmal expansion that matches that
of an object to which it is attached and engi neered to have hi gh

t hermal conductgxaphitespagddcipsehayving onrieiuimen frachion ¢F coppdreitow. 30
Copper - coat ed tgwipsHitie B3 Lagles-769] onMP vdlume BRNEEU0R phdwided Raction

f f 27%t0x 3% 16 200
?ongoggrerstqaaﬁ gﬁ%sé?ea c(r)‘f" U %&?’&E& gge ?Iggxéfh%%g@ C%ggl ‘I"E%PI %S '('al?g\t%

appr oxi mat el y gowaerfifdiaigntand thervahrnansicsacédapprpuinatelss 4de

solid-state s ngmipalkd.t.2 (28dE086N400°C), which\@184e8¢884tches that of
PCT/ US95/ 09572 sphere at

1,950 degr eos FAHPHATER Pit5ids BRkStrate 15 TheeSRRPFT BATELY Not
only can coat edngkgxriall @rovides bighoteniilel strength fanaintxinsics
described abovemeéggnﬂéy; %Qabggtyﬁ pﬁfé{fddﬁhfaqnpghﬁg Hg.pl ated onto
objects as a ngiéégkatively, structural plane 36 is made from copper-

10 coated diamond particles having a volume fraction of
copper to diamond of 20%-to-80%. This volume fraction
provides a thermal conductivity of approximately 781 w/m
deg.k., and a coefficient of thermal expansion of
approximately 4.8 ppm/deg.c (25°C to 400°C). ~

15 Alternatively, substrate 35 is formed of beryllium
oxide (BeO) having a coefficient of thermal expansion of
approximately 7.6 ppm/deg.c (25°C to 400°C). Structural
plane 36 is made from copper-coated graphite particles
having a volume fraction of copper to graphite of 42%-to-

20 58%. This volume provides a thermal conductivity of
approximately 380 w/m deg.k. and a coefficient of thermal
expansion of approximately 7.6 ppm/deg.c. (25°C to
400°C), which closely matches that of beryllium oxide
substrate 35. Alternatively, structural plane 36 is made

25 from copper-coated diamond particles having a volume

- fraction of copper to diamond of 37%-to-63%. This volume
fraction provides a thermal conductivity of approximately
698 w/m deg.k. and a coefficient of thermal expansion of
approximately 7.6 ppm/deg.c (25°C to 400°C).

30 Alternatively, structural ground plane 36 is made from
copper-coated tungsten particles having a volume fraction
of copper to2 tungsten of approximately 27%~to-73%. This
volume fraction provides a thermal conductivity of
approximately 226 w/m deg.k. and a coefficient of thermal

35 expansion of approximately 8.2 ppm/deg.c. (25°C to 400°C)



Wth reference to Fig. 3, there is shown a coating 28 of coat ed
particles 10 havi ng engi neered properties. Coating 28 is plated onto a
surface of a nmetal, netal all oy, or non-netal article 30 through plating
mask 29. 10 Article 30 may alternatively be an article that is itself
formed from cowoadogsssticl es by any of the techni ques di s®PETRISHE/098T2ei n.

During plating, coated particles, e.g., copper-coated tungsten particles
havi ng a vol une fraction of copper to tungsten of 27%to-73% are placed
15 in aliquid and the coating is forned-od3an article of, e.g.,

beryllia by nmeans of one of the plating_techni di scussed I n_detail
bel ow. Thus, it possi bl EE¥3ctyrak plane 3th?|%f}%qe€cmsﬂhs’éﬁaﬁ?t?%llé‘
wi t hout the neecthe fadllowing mahner. bei vilein tllageroaf i cgated] gartiaidescl e. 20

coating 28 has efigdiges te@ot-pbgbe&&a péwsér@llowerpéﬁpfiééeéf (RifstraltBer mal

conductivity, coefficient o

er an i nt.rinsic
mechani cal propet? 3% showp i Fi?enira}e“ q%&’fgﬁﬂf tﬁh{'j{‘ M EENIEESe of the
coat ed par 5i deserited Welok.t hthenstirwptiwalaplénet 36 edvhikiie i35

engi neered intr 'ém;ra&réao%hbﬁsaefiﬁ h&&mrpaa&bﬁégéa abd¥e® wikhl bi ted
with a high degree of uniform,ty and péiﬁﬁﬁﬁﬁ‘g hout coati ngBZB
e

because each parfgigrence to E’ﬁrgfo??ﬂ?ufcd}ﬂteé' is@laced
i nher ent r anceontset ofitth thei plated sfrfidoe off Sabstratmiis. al'rheor 30

segregation bet V@@fh&éﬂfed ilef %ﬁbﬂggfﬁé&é@'& ‘@ahg'b”svébsff’@%é g Thus, the

intrinsic propertles coatin engl neer partlcle
| evel " rat he®% BhFugtunad Planeoéflﬁ% yrpike togrbper iRtR\ASinglg the
pl ati ng t echntmeteecr i Adtezhatvively), atamctaralppbametisl ishdoadad

coating 28 does golpididd'upse2hed PEbyY Brazig, hBPASEF soft
soldering, diffusion, or adhesive bonding.
Lead frames 38, to which semiconductor- devices 34

15 are attached by means of wire bonds 40 that carry power,
ground, input, and output signals to and from
semiconductor devices 34, are also manufactured from
coated particles in accordance with the present invention
to have a coefficient of thermal expansion substantially

20 matching the coefficient of thermal expansion of
substrate 35. Substrate 35 is formed, e.g., of beryllium
oxide (Be0) having a coefficient of thermal expansion of
approximately 7.6 ppm/deg.c. (25°C to 400°C), and lead
frames 38 are manufactured from copper-coated nickel 42

25 particles (nickel 42 being a nickel-iron alloy) having a
volume fraction of copper to nickel 42 of 20%-to-80%, a
thermal conductivity of approximately 86.78 w/m deg.k.,
and a coefficient of thermal expansion of approximately
8.1 ppm/deg.c (25°C to 400°C). Note that the copper-

30 coated nickel 42 need not have as high a thermal
conductivity as the copper-coated graphite used in
structural plane 36 because lead frames 38 are not
designed to perform a heat spreading function.
Alternatively, however, lead frames 38 may be

35 manufactured from the same types of coated particles from
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consists of a mxture of different particles sel ected fromtwo different
materials in an appropriate vol unme fraction. Wth reference to
Fig. 4, there is shown 5 el ectronic packaging 32 that includes .

sem conduct or wo®im¥ssaes 34 nounted on a substrate 35, subst rRERAUSIS09SH2

turn being supported by a conbination structural, thermal , and ground
pl ane 36 formed from coat ed particles. Sem conductor devices 34 are,
e.g., high- 106 power solid-state switch cewtéces (such as may be included

in the circuitry of an electric notor vehjicle), and pr oduce substantlal
quantities of heich StEYCEBERLPiAne 36 g mankfactured, \fpad, frames
sem conduct or dod eee plated, thedugitleplatimganaskf direxiisiortcodhe, a

di f f usi on bond, .,gfi,e@agqrescao& é.%éisfaté)rsgor%' aecofaaéeéfﬁtﬂrom a

materi al sel ect

have a coe nt of expans
approxi mat el y FUEfa eﬁ‘f’”s’é?f?c%ﬂﬂfc 16'1' °°nn8‘éﬁ‘8’és g&‘ %?g i +kndfin in
the art, in osdemet (ambodﬁ.uenti lead firmmes (38 larensinteredi towmhiseortheevi ces

34 to 20 substrqt&@%raﬁggu%u;_.g&clplgr&ﬁq.édsdgagg{:gctur ed in accor dance
with the present | nventlon from C%F ﬂggp gartlcl es.. The particle material,
u r

the coating material, EVeh&iven QY Leye LS EREEBRAG nut eri al
rel ative t o tdemsidiiescl andabperainaj efwuembedssbhatlaarst ructural 25

pl ane 36 has hi g&}ﬂ&%@ g Hztﬁé%t on(éxo eqwksni cnnéwzﬁté Onﬁﬁa a
kR

heat spreader a therma coe ?I cl ent er mal

expansi on suBSt dftg darge a iq ﬂé‘"’tﬁ)é‘f“f H??“Bﬁfaﬁ‘f‘r?hgﬁﬁal expanS| on of
substrate 35. B(ndnsdqaewtéynaj{ptmmmtomury dardnghep@fatimi fofi ent of

thermal expansi %ﬁrc%nh%ﬂ%i‘ H&gi@ééﬂ :fﬁd crgd]&o%ﬁpagléif? {RHONHY a3l uct ur al
pl ane 36. 5 1S Um num nitri de
not likely to occur at the Junctlons between substrate 35

and lead frames 38 and between substrate 35 ard

15 structural plane 36 because of the substantial matching
of the coefficients of thermal expansion across the
junctions and because of the uniformity and isotropy with
which the thermal conductivity and coefficients of
thermal expansion are exhibited throughout structural

20 plane 36 and throughout lead frames 38. The overall
packaging structure 32 consequently has a long life.

Not only are the engineered intrinsic properties
of articles manufactured in accordance with the
techniques described above a function of the materials

25 selected for the particles and the coatings of the
particles and a function of the volume fraction of
coating material relative to the material out of which
the particles themselves are formed, but additionally,
the behavior of the intrinsic properties of such articles

30 as a function of temperature (e.g., the degree of
linearity of the coefficient of thermal expansion as a
function of temperature) are affected by the densities of
the articles. Thus, by controlling the density of such
an article, the behavior of the coefficient of thermal

35 expansion of the article as a function of temperature can



having a coefficient of thermal expansion of approxi mately 4.4 ppnideg.c
t hrough the range of 25C to 35 400[err]C Structural plane 36 is nade from
copper - coat ed WO 97/ 04884

PCT/ US95/ 09572 - 12 - aphite

particl es haviwigemassal une fraction of copper to gr aphi te TONSIBE 76%
This volune fraction provides a thermal conductivity of approxi mately
325 w m deg. k., and a coefficient of thermal expansion of approxinmately

4.3 5 ppmdeg.c. (25[err]C to 400[err] O, Which closely matches that of

al un num ni 1 de, Sl B¢ SpdBen LR R oAl Clone, OB B! OV des I oh

tensile streng an 1ntr ropert In's ructural pl ane
36. Al t er natexpansion ofcaurerapiantiyeh ehayest ReATEERASTLY Withoat ed

di anmond parti C|16§sﬂéﬁ$ﬂ o Zewpbratuiéporithiricritieappprodesgli anond of
20% t'0- 80% Hg %ﬁ%%ggrfrgghkgg provi des a thermal conductivity of

approxi matel y and a coefficient of thermal expansjon of
approxi mat el ¥ 4.8 ppm WG S (Hustzptesoproieeted ghermal expansion, in
Al ternatively, ﬁ#ﬁwxem&huanfasr@dmﬁcmmldﬂ usmperwwke (ﬁ&O) havi ng a

(ng{falr?i (ént oozcﬂﬁﬁﬁ]ae ?%?rgﬁl: g?xg{copp ane rtﬁl‘ﬁa‘czi om co er-coat ed
graphite parti dpassing %él\ﬂlﬁgeafVBFw quaaqmrofwcsmt% G
42%to- 20 58%73@i @ 50Icoppep’ tui 85% turdeterplbycoedgnt) vat yie:isn:ies
approxi mat elyy, 380 WP AqGate1§ o8t ORI tA¥a10kehDEPP) 953, ana
90%, and for two ceramic materials (BeO and Al,03) with
which the expansion behavior of the article can be
approximately matched within critical process temperature
ranges by selecting the appropriate density. -Note that

15 the extent to which the article expands (i.e., the value
of the coefficient of thermal expansion) decreases with
decreasing density. The behavior of the coefficient of
thermal expansion (or the behavior of other properties
such as thermal conductivity) as a function of

20 temperature can thus be selected, and in general physical
properties can thus be further refined, by selecting the
density at which the article is manufactured. Note that
properties of articles manufactured from non-coated
particles can also be controlled by selecting the

25 densities at which the articles are manufactured.

COa;ing Methods .

~ We first address methods of coating the particles
themselves. Then we address methods of plating articles
with coatings of coated particles.

30 _ Referring to Fig. 1, coating 14 is plated onto
particle 12 through the use of any suitable electroless
(autocatalytic) plating process. The particles to be
coated are placed in an electroless bath that includes an
agueous solution of metal ions, one or more chemical

35 reducing agents, a catalyst, one or more complexing



expansion of approximately 7.6 ppm deg.c. (25[err]Cto 400[ err] C), which
cl osely matches that of beryllium oxide substrate 35. Alternatively,
structural plane 36 is nade 25 from copper-coated di anond particl es having
a vol une fraction of copper to dianond of 37%to0-63% This volune

fracti on proviwes/esser mal conductivity of approxi mately PEUYSOMdeg. k.
and a coefficient of thernmal expansion of approximately 7.6 ppnideg.c
(25[err]Cto 400[err]C). 30 Alternatively, structural ground plane 36 is
made from  topper-coated tungsten partl &% g having a volume fraction

of copper to tungst.en Qqf r oX| Y, % 1,9~ £ 3% S V, fraction
provi des a ther?\%&tgsdn%l?éf%&et ;érg?&glz %%%}% oéﬁgn%ié%flg% W%ﬁd)%%gi.ioé%d a

coefficient of areranfocatalytifsldy or chamisaliat seguced pprmefai &Y (25C to

400[ err] Q) the redddin04%%ht or agents, the reducing agent or
PCT/ US95/ 09572 ' Str.uct ur al

. - 13.s R
pl ane 36 is at t%%?fé%s t%‘:téi’t?stalsaf! éeggr?rﬁ domﬁuse af"(%)’l it(l)I\?\A' ﬁﬁtﬁ%nﬁ%‘?s. A thin
| ayer of coatSedagking @seelectironf pegeptersicpMWie catadyshcacenkeratias ace of
substrate 35ts Sluvtdless Geadtibf. A0MHY GHMGAeWihg A§ERE| 6ilafgents

dosor L Ded bel Otk d il G S PLAS i Por W L g GRRRE lpfeish
sintered, is plthednount afofxee"wnetal hons aved lableate thesubstrate 35.
The Struct urgoiweidif) 9h @tasilPzéfs Sturkitivn akecabadpdid0 structural
plane 36 tC)fgnigh{£¥¥%g§ﬂ£a Q%%a%dsbgggﬁiial spontaneous decomposition
of the bath. 1In one embodiment, for example, the
particles to be plated are graphite, diamond, or silicon
carbide particles, copper ions are provided by aqueous
copper sulfate, the reducing agent is formaldéhyde, the
15 catalyst is palladium, the complexing agent is one or
more of: rochelle salt, EDTA, ammonium hydroxide,
pyridium-3-sulfonic acid, and/or potassium tartrate, and
the stabilizer is one or more of: thiodiglycolic acid,
MBT, thiourea, sodium cyanide, and/or vanadium oxide.
20 Electroless plating creates either a mechanical
bond or a chemical bond between coating 14 and particle
12. The bond will typically (but not always) be
mechanical if either coating 14 or particle 12 is non-
metal and will typically be chemical if both coating 14
25 and particle 12 are metal.
Alternative methods of coating particles include
electrolytic plating, sputtering, and spraying.
With reference to Fig. 10, in some embodiments, in
which coating 14 would form only a mechanical bond with
30 particle 12 if coating 14 were electroless-plated
directly onto particle 12, particle 12 is pre-coated with
an extremely thin strike 68 (thickness exaggerated in the
Figures) of a pre-coating material and then plated with
coating 14. Pre-coat (an interfacial coating) €8 bonds
35 strongly with particle 12 and coating 14, creating a



structure. Alternatively, structural plane 36 is bonded

to plated

substrate 35 by brazing, hard or soft sol dering, diffusion, or adhesive

bondi ng. Lead frames 38, to which sem conduct or

are attached by neans of wire bonds 40 that carry power,

devi ces 34 15
ground, input,

and out put si gma sr/e4gsdand from sem conduct or devi ces 34, REGHOHPST2
manuf actured from coated particles in accordance with the present

i nvention to have a coefficient of thermal expansion substantially 20
mat chi ng the coefficient of thermal expamstibn of substrate 35. Substrate

35 is forned, e. of ber

., 1P um .
t her mal expansiﬁﬂrB?g' hard, t5 ibFeak, y chegl
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thermal exparsi 34 wereplakedratigiertly entoppne dpRhitesper Alguond. _
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a thermal conductjvity ‘as the _copper-coated graphite. us
structural pIan§°§B£B§E%géﬁ§?QuﬁilPWanggvgﬁga?e ness;ay;
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gﬂﬁdr?{‘ﬂi)é?ff orma
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- 14 - 10 with particle 12 at the.interfacé) etween pre~coat 68 and
particle 12. Then coating 14 is plated onto chromium or
cobalt-tungsten pre-coat 68, pre-coat 68 forming a
metallurgical bond with coating 14. The pre-coat does
not substantially affect the thermal conductivity or the

15 coefficient of thermal expansion of coated particle 10
because the pre-coat is extremely thin. In one
embodiment a small, controlled amount of a palladium or
boron catalyst is co-deposited with cobalt-tungsten pre-
coat material, the catalyst serving to accelerate the

20 electroless reaction by which a copper coating 14 is

plated onto cobalt-tungsten pre~coat 68.

A pre-coat is also used where coating 14 is
reactive with, corrosive of, or otherwise destructive of
particle 12, or vice versa. For example, if particle 12

25 is graphite or diamond and coating 14 is aluminum, the
highly reactive aluminum would dissolve the graphite or
diamond if coating 14 were plated directly onto particle
12. Instead, a thin strike 68 of a metal such as
chromium or cobalt-tungsten is first plated onto particle

30 12, and then coating 14 is deposited onto pre~coat 68 to
form coated particle 10. Pre-coat 68 forms a cohesive
bond with graphite or diamond particle 12, thereby
protecting particle 12 from the aluminum matrix material.
Thus, pre-coat 68 makes it possible to fabricate articles



whi ch structural plane 36 is manufactured. Lead franes 38 are pl ated,

through a plating mask, directly onto the upper surface of substrate 35,
i n accordance with t echni ques descri bed above in connection with Fig. 3.
In 5 one enbodiment |ead frames 38 are sintered to cause the | ead frames
to reach a deswoedodsnsity. Even gi ven the hi gh poRET/USeSAFE,

t her mal densities, and operating frequencies that are characteristic
of new power el ectronics technol ogies, and 10 the | arge and rapi d changes
in tenperature that consequent |y typi eal8y-occur during operation of
sem conductor devices 34, cracks and del am nations are not likely to

occur at the jufremofigated partigies whereithe parkicles) andakheizs and

- bet Wﬁ_en subst ][abﬁaaingfsdwa&mtdméfwi&le keadetdbréae g dleache ottt ant i al
matcmg of the coe Cl S § | r e
j.unctions and because cgtljet r?(;%gr&msﬁo?{rlng yﬁ%\efe?&%gg’?’gggb%gtﬁgsm{%hi ch the

t hermal conduct Particing eerted Widh @& Fhin strikewf Shmpseoroate (BWhi bit ed

throulglhout stsll:w‘i_uhahtZGostmf: ]':;:ﬁ dintot @r ﬁugbeutain@d,l fwrﬁsf&sl _ ]3:38. The
overa pac | u r t | ¥ . on ife,

Not .only are t hggﬁggﬁ%ér%&a‘iﬁﬁ ?anlé'l%gs g’?gigf%&gwlsaeoftefgt itg I 5§aCt
manuf act ured i nwitboedehcethern tHer exampdfni grephike marmydglesogeated

function of theywiRheai €hsn2StEtte@rd tobalBotngsten eirertdathareoat i ngs of

t he particle functq ol r ' of I.ng
material relati \%ﬁ?g ?ﬂeg'qrra%ie%a I?Ottftq‘ic# wﬂrgﬂé &%%egﬁ?ar?tfi & ggg\gﬁ%ﬁsel ves
are fornmed, bt anddtheoadley containdngekhei Barbicles isddensastpeBperti es
of such articl eex8@uasdaihtinCd i mut-ahapedp bt Héesr (fett-shaped) dagt£616]

e o PGB LhCURD! el AR L-CURESA s Mo WABORARRE'
control | i ng t hepefyrtyfer elegtronins {etgelca heat mnTeAder andt he
coefficient of therwal BPaREpansiHy ctbalketihbsté® pre-tdatTgbiras &f
temperature f?ncohesive bond with the graphite particles and forms a
metallurgical bond with the aluminum alloy. The volume
fraction of particles to the alloy material (the
particles constituting up to about 50% by volume) is
selected to cause the resulting article to have
20 engineered physical properties such as thermal
conductivity or coefficient of thermal expansion.
Alternatively, the pre-coated particles are added to the
alloy to mechanically strengthen the resulting article or
to affect its weight.
25 "We now discuss methods of plating articles with
coatings of coated particles. With reference again to
Fig. 3, an article 30 is plated with a coating 28 of
coated particles 10 (article 30 being, e.g., a substrate
upon which coating 28 forms, e.g., a lead frame). If
30 article 30 is a metal or metél alloy, coating 28 is
electrolytically plated directly onto article 30 by means
of a technique described below. If article 30 is non-
conductive (e.g., ceramic), however, article 30 is first
plated with a thin coating of conductive material, such
35 as the matrix material with which coated particles 10 are
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- 15 - be made to approximate the coefficient of thernal expansi on
of a ceram c (which behaves non-linearly with respect to tenperature)
wWithin critical process tenperature ranges. 5 Fig. S5illustrates
proj ect ed t herwalo7®agsensi on, in parts per mllion as a fuRET/USPHNGFT2
tenperature, for articles fornmed from copper-coated tungsten particles
having a vol une fraction of copper to tungsten of 27%to- 73% (15%
copper to 85%tungsten by weight) at densilid es 10 of approximately 100%
(theoretical densit%% 95% and 90% and for two ceramc materials (BeO
and A1203) wit heoategi cthndughe Ebansrenodemkasigiolesst Kaukpeatalyis be

appr oxi mat el y nplabhsy Wd RidthpigieCabs@r DS&S acDahatbhfiect idRnNgich by

sel ecting the SBBLONKE AP BRI Ls)  NObfe | DRCABIHE BALEN LAY Gl he

article expands e coeffrcren
expansi on) decré@B@%“ﬁMQQiutiqae6P§§§Fﬂgn@é¥ﬁﬁ§%/1°Fﬁe PBRa9F OROER t he
coefficient of cheﬁtﬁn&}emdimsaqante; & heattslly®ti, obnef opt ieFfe properti es

such as ther nal &géfél af%e)n 8% Qn&“Qﬁ&'c?P &Jré%a%ﬂ”ﬁ%&ﬁ%ﬂfeﬁ{” ad'us be

selected, and in eral” p ertres can
refined, by selée%¢n§P%¢u§b°VEdenghﬁymata jons e aPFPEPEaixt¥EﬁﬁﬂﬂaGﬂUred.
Note t hat Pr eRéhicLFl Yirethuded By €HEUFedicH R ab@ﬁm 8Pnagert£s which

particles can a% ? % éﬁguﬂé¥a1¢Qob¥e33k§§%éégh J%% QrQiQiétﬁﬁs at which the

articles are ma ured
10 Alternatively, partlcles (either non-coated, pre-coated,

or coated) are placed in the aqueous solution, and the
particles are coated with the metal as the metal-coated
particles are simultaneously plated onto article 30.
Because electroless plating is slower than eléctrolytic
15 . plating, coated particles 10 are electrolytically plated
onto the thin conductive layer (by means of the technigue
described below) as soon as the thin conductive layer is
formed, thereby forming coating 28.
With reference to Fig. 11, coating 28 is plated
20 onto conductive article 30 (or a non-conductive article
metallized with a thin conductive layer as described
above} through the use of electrolytic co-deposition of
coated particles 10 and matrix material (the material out
of which coatings 14 of coated particles 10 are formed)
25 onto article 30. As coated particles 10 (e.g., graphite
particles 12 coated with a thin interfacial pre-coat 68
of chromium or cobalt-tungsten upon which copper coating
14 is deposited) are plated onto article 30, matrix
material is simultaneously plated around the coated
30 particles to fill the gaps between the coated particles,
thereby forming coating 28.

With reference to Fig. 12, in an alternative
electrolytic plating method, matrix material and
particles 12 (which are coated with a pre-coat 68 as

35 described above but which are not yet coated with the




W first address nethods of coating the particles t hensel ves. Then we

address nethods of plating articles Wi th coatings of coated particles.
30 Referring to Fig. 1, coating 14 is plated onto particle 12

t hrough the use of any suitable el ectrol ess (autocatalytig% Ig%k
process. The W@974B8%s t o be coated are placed in an elec 8&3 %gth
that includes an aqueous solution of netal ions, one or nore chemcal 35
reduci ng agents, a catalyst, one or nore caonpl exing WO 97/ 04884
PCT/ US95/ 09572 - 20 = _ 16 - agents, and one or
nore bath stabil.i S h u t I or
chemcally r edJ¥ %cf%tx "'ﬁéﬁ?r"”@ aretﬁ;' —deep ?(’:Iﬁ.'r?% gggﬁ Q:Hi{;if%nid’ Te

reduci ng agent marticleged2sanet phated Qﬂ?&xﬁﬁﬁ#casnépstbﬂdP§¥E§?ﬁﬂ%ﬂaerns 5
acting as el eCtéﬂth'l? plated aritly Hhetnerékanaterial o eforad r ol ess

reaction. The cQ agen t used t ig,gPH of
the solution an%f’r%kd&vgo%%r f'o;- g%aﬂgfg %artfﬁﬁ%s 17 a£8a§9 l‘Ellc's% avlﬁ able to
t he sol ut Sormatmiec Sitaélﬁrllﬂi-eifi cOPReY orAng the EFW Featomatarint ds & o
retard potenti ahetd0 RN QS cHENIWMOSOT | cobalt<dluntysetehath. I n one

enbodi ment, for exanplﬁlt£{§% 1véi tlggggnéozgelg|fﬁéﬂééﬂa% QE%RE&%GBO

di anond,. or silicon t|c i ons are provi

aqueous coppeY SpHEtardng: oF FEH%Z%H% %&Rﬁﬂ |E§rF3FﬁﬁFd%ﬂy9EF°t?ﬂF 15
catal yst is palagglicna. t lovatingl 28 g tyeamtsirtered,oafter which

10 coating 28 exhibits its selected intrinsic property or
properties.
Other bodiments

Other embodiments are within the scope of the
claims. For example, there are numerous materials out of

15 which particle 12 and coating 14 (Fig. 1) may be formed.
Particles 12 may consist of, e.g., tungsten, molybdenum,
graphite, silicon carbide, diamond, nickel 42, KOVAR, or
a ceramic, and coating 14 may consist of, e.g., copper or
aluminum.

20 The coating may even be a non-metal (e.g., a
glass, oxide, ceramic, resin, polymer, or other organic
such as silicone), provided that the coating material is
capable of fusing to form bonds between the particles and
provided that neither the coating material nor the

25 material out of which the particles are formed melts at a
temperature lower than that at which the coated particles
are fired to cause the non-metal coatings to fuse
together. Particles may be coated with such a non-metal
coating by placing the particles in a slurry of the non-

30 metal material and then removing the particles from the
slurry, the particles being sized such that when the
coated particles are removed from the slurry the coated
particles have a selected volume fraction of coating to
particle material. The coated particles are then



nore of: rochelle salt, EDTA, ammoni um hydr oxi de, pyridi um 3-sul fonic

acid, and/or potassiumtartrate, and the stabilizer is one or nore of:

t hi odi gl ycolic acid, MBT, thiourea, sodium cyanide, and/or vanadi um

oxi de. 20 El ectrol ess plating creates either a nechanical ond
or a chem cal wonUo488 ween coating 14 and particle 12. ThEC'HUF?é’"?W?I
typically (but not always) be mechani cal if either coating 14 or
particle 12 is non- nmetal and will typically be chemcal if both coating
14 t2_5 ?nd parilcigl e 12 ?re met al . = 21 Alternative methods of coating
particles include R rolyjic falatd n terd SpLayi ng.

Wth reference *Ss?}ésaﬁéa %ﬁ}s &1 tdddlgﬁg%pg& ﬁ]é r&a\xﬁ?‘gﬁ g(E)’a%/i ng 14

woul d form onl wikrdgyherni use epgetlierh 30 particle 12 if coating 14 were
el ectrol ess-plated  chdfiide) afift @ifaénd e Ghodpaaterliald 2frem pieichoat ed

with* an extrenely thi ' ' !
Figures) of a pﬁ”g‘% ¢ P %gt%§%%ﬁa$%§%g¥t %ﬁeg?‘é&g‘ggf’i ?&lg’gatb?%gm.
Pre-coat (an5i mamutasturedonushflaws ado¥s csIELFEeRt PivtheIPatticle 12 and

coating 14, crQajangion and a high Whe¥#aQ4884ductivity, because these
PCT/ US95/ 09572

break, chem ca|“}“}e|§&ﬁ&8df‘°%‘o‘é ]é% lbi;lavr i% Ilgw COES?%%%%n%xoafnp%?‘g’ig? | B:; '? i E:Ioe
12 is graphit e expamsiopndas dentungshem@nd mpdvedenen) Rua@alse Paveodl d
forma nec had1eli veayd high hthémglr apnduetivity a(malilkd tumgsiteg and

10 molybdenum). Consequently these materials have the
advantage that they do not have the adverse side-effect
of reducing thermal conductivity of the coated particles
and articles and coatings formed from the coated
particles. -

15 Where the article or coating being manufactured
must have a coefficient of thermal expansion matching
that of a silicon semiconductor or integrated circuit
device to which the article or coating is directly
attached (silicon having a coefficient of thermal

20 expansion of approximately 4.2 ppm/deg.c.), the article
or coating includes, e.g., copper-coated diamond
particles having a volume fraction of copper to diamond
of approximately 20%3-to-80% or copper-coated graphite
particles having a volume fraction of copper to graphite

25 of approximately 24%-to-76%. '

It is possible to engineer many intrinsic
prdperties other than thermal conductivity or coefficient
thermal expansion. For example, the electrical
conductivity of an article may be engineered in

30 combination with the engineering of other intrinsic
properties. Thus, in one embodiment, the choice between
using graphite particles (which are electrically
conductive) and diamond particles (which are electrical
insulators) is based on the desired electrical

35 conductivity of the article. .



5 14 were plated directly onto the graphite or dianond. I nstead, a

pre-coat 68 of a netal such as chromumor a cobal t-tungsten all oy,
having a thickness in the range of about 200 to several thousand
angstrons, is first plated onto particle 12, pre-coat 68 form ng a
cohesi ve compoW@P7Me884i t h particle 12 at the interface bet wedFWBBAR 68
and particle 12. Then coating 14 is plated onto chrom um or

cobal t-tungsten pre-coat 68, pre-coat 68 formng a met al | urgi cal bond
Wi th coating 14. The pre-coat does not- 2@bstantially affect the thernal

conductivity or the 15 cgefficient of thermal_expansi gn of coated garticl e
10 because the pre- SR iReTEFEREReFY FH¥n. 21 FARRECLIeSABoRreR RO% smal |,
control | ed anbumtonsfis patizdlymnehHrcoatdasbpartiglesystalematioedyi,ted with

The 20 ol oot r of daxture of "BbafES Hambicidk coAbANKA vl Gelth:! DabEICIEET P,
I I I .

cobal t -t ungst en (ﬁ-g_-cogppgg?-xog\@eg mu“%t%ﬁpéﬁgicﬁgga?% tt%&?‘&ﬁé‘ﬁg

coating 14 iss5 withacoppervwpahticlesjowak bef thoroughty mbediesid thenve of

particle 12, or ogufactelSeo FBFm AR HYSicld 2B2khiEh ﬂ@tl?ﬁméj]% graphite or

di anond and coating 14.,is alumnum the . highl ﬁhreact I ve al um_num woul d
di ssol ve the gr tips thatammp iﬁ“’l’ﬁﬁl"t"‘ngfl feYelupe frpcahions: P onto
particle 12. adllstofadheambhenisls e Wt afixiure| abdrisicle 22 chrom um or

cobal t -t ungst en dy it 3hgPt Ak e Hn P R drdpe t38s L 2softbbidifiiycoat ing 14 is
deposited ontg pr.e-coa 88 to formcpatéd .particle 10. Pre-cqat 68 forns
o Donesi ve  10pOHFSRRAATELEN; Fhe SORNSHRRT SIRLPPCRES 101hinad B Eh
protecting part indterialsr thathexkibit mne mat moxendhtringic profextiepr e- coat
68 makes it posgyifildth@pfiahiifal Saddind 8 article in turn to exhibit
one or more intrinsic properties anisotropically. For
example, the coated particles are mixed with érystalline

15 materials that have properties that differ in different
directions, the crystalline materials being mixed with
the coated particles in a manner such that the
crystalline mate:- .2ls tend to be oriented in a common
direction. 1In another example, the coated particles are

20 mixed with carbon fibers, the carbon fibers tending to be
oriented in a common direction. The carbon fibers
provide tensile strength that varies with respect to
direction. .

Alternative technigques for manufacture of articles -

25 from coated particles include metal injection molding,
hot isostatic pressing ("hipping"), cold isostatic
pressing ("cipping"), hot or cold isostatic forging, hot
or cold roll compacting (which "densifies" consolidated
coated particles), and die casting.

30 If coated particles 22 are compacted to a density
approximating "full density" (the density at which the
compacted coated particles have "level 2" or "level 3" or
"non-interconnected" porosity, a porosity that does not
provide interconnected passages passing from one side of

35 the article to another), the sintering process does not
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- 18 - fromcoated particles wher e t he particles and their coati ngs
woul d ot herwi se tend to react with each other. Pre-coat 68 al so
makes it possible to mXx particles coated with a thin strike of the
pre-coat (but Wowrmdseait coating 14) into a nolten alloy, whePETURHA 9573
particles and the alloy would otherwi se tend to react wi th each other.
For exanple, graphite particles coated with a thin strike of a

cobal t-tungsten pre-coat are added to &% alumnumalloy in the pr esence

of a vacuum 10 and the allao nt ai n| t he particles_Ls.die

extruded into aipEfeage i sﬂ&&rq’le‘f é% #‘F 8* thevﬁﬁcﬁr? | n one

embodi nent i s urike mxaﬁmmnthenanageh%ntand t@“éd&bﬁ £ tpad| dinensiions

(e.g., a heat SBE%G’% rardidie, Al BBl ctenary Bmt&amméa AUPDSG en pr e- coat
v

forns” a 15 cohesi

d W th the ra hl par.t|
net al | ur gi cal bB?FEPW‘E{'P"c'he%I dfi R W f‘? tg'cg c&?é | oh of
particles to & heukl | dsnsitewhere( the parbmleelwl@éﬁssﬁmﬂmgiw to about
50% by vol M) jSea1s SMGE R raphltss boGamissle.igng aaiapsi-ecéaémve 20

engi neered physical propert.i.e uch n? t her mal 0 t

coefficient of ?ﬁ%ﬂﬁ'ﬁ s"’(ﬁ‘? t‘éﬂ’%ﬂ‘f‘ifdl Ve ?ﬂg‘iplriéﬁ%%t & 2
particles are addrativelielow mdelssyreoome@%e#ﬁ &0 |t§on§t pPergsuware hinch.
resulting artiChpepd thetﬁhﬁ"fifcﬂgs ake $BHA&d -frim a metalV\Brnﬂé\téil scuss

met hods of pI atln articl ngs_of cqat.ed rgi Wth
reference agh? g°Y Wﬁtheor é’ﬁ RFF%&Fieﬁoaﬁ% cpﬂaaeéidw\*n mg‘%gaﬁ ng 28 of
coated particl eaoﬂxec(:attedbj prGsuriesgof capproxinatiedyr 80cto 20PokPNhi ch

coating 28 for MherCsguard ikaf erarﬁ?fbchilfOréqdiz@det&chﬁpaceBtwé or netal
al l oy, coating i ated directly onto article 30 by

ticall
neans of a té’éﬁﬁ?’ﬁﬁ%sd%%cé‘?ﬁe eﬁ‘?l’ﬁ% If article 30 is non-

With reference to Fig. 6, there is shown a die-

15 press device 16, including punch 18 and mold 20, which is
used to consolidate two distinct layers 24 and 26 of
particles by compaction to provide an article 25 having
intrinsic properties that vary from layer to layer.
Layers 24 and 26 consist of particles composed of

20 differing materials or having differing volume fractions
of the materials from which the particles are formed.
The particles are not necessarily coated particles. The
particles are introduced into mold 20 in layers 24 and
26, compacted to a selected density chosen to yvield

25 temperature-dependent intrinsic properties (e.g., thermal
conductivity and coefficient of thermal expansion) as
discussed in connection with Fig. 5, and sintered in a
hydrogen atmosphere for about one-half hour. The
sintering causes the particles of layers 24 and 26 to

30 bond at the interface between the two layers, to yield a
single, layered article.

For example, layer 24 includes copper-coated
tungsten particles having a volume fraction of copper to
tungsten of 27%-to-73% and layer 26 includes elemental

35 copper particles. Layer 24, after compaction, has a



conductive (e.g., ceramc), however, article 30 is first plated with a
thin coating of conductive material, such 35 as the matrix material wth

whi ch coated particles 10 are WO 97/ 04884

PCT/ US95/ 09572 - 19 - coat ed, through

the use of el awdpodsemis (aut ocatal ytic) pl ati ng (a techni qRETHESOPIBed

above in connection with coating of particles). The electroless bath
~includes an aqueous sol ution containing nmetal ions, one or nore 5

cheni cal reducing agents, a catalyst, ore &% Tore conpl eti ng agents, and

one or nore bath stabjlizers, .as escri bed gbqve he_netal .ions are
autocatalyticalT’?efﬂ'atH °?ﬂ#§ﬁ9im1Fy PgdﬁB%EPfﬁP{E? Yréagc?ﬁg" BRI gt agent s,
which  causesandiea moefificient @fpbberual @xprnwioncP§ approgimately
Alternatively, pasaigpkfadfid.nerapes- 667t £fked 'ROmpactidn, nadlacoated) are

pl aced in the agueous. sol uji nd _the article re,cogted wth the
metal as the nePRPXiyhi P “"%B‘Xrit%ﬂcPésaﬁ?%°’§’r%’i°t&3n§8§sf"§“p 3?58' o?ﬂ%

article 30. 5 8&%@@@%& of] &berppit expansion efcarprgkinately 018404 15
plating, coat edppa{)aégl@.s J:ny@i@deheetiwéyﬁs cid |donpleated airestpythe thin

Che thi n conducPeteEsen e dbiccte haiiny WEeeordnt et telgnfiiobs S0°" o

Wth reference tbhefingl expansisn thagsmatch|the crfiinientsndficthexmakticle

30 (or a non-coggyshs¥én dt I1Gyers 2@thAdl 2620 rér lexamphe) tapericid vis | ayer

as descrltmxao attached to a beryllia ceramic and layer 26 is diffusion
bonded to a copper heat sink.

Alternatively, layer 24 includes copper-coated
diamond having a volume fraction of copper to diamond of
20%-to-80%, and layer 26 consists of copper-coated

15 graphite having a volume fraction of copper to graphite
of 24%-to-76%. After compaction, a silicon die is
attached to a side of article 25 that corresponds to’

layer 26, and an aluminum nitride substrate is attached

to the other side of article 25, which corresponds to

20 layer 24. Layer 24 has a thermal conductivity of
approximately 78 w/m deg.k., and a coefficient of thermal
expansion of approximately 4.8 ppm/deg.c. (25°C-400°C),
which substantially matches the coefficient of thermal
expansion of the aluminum nitride substrate. Layer 26

25 has a thermal conductivity of approximately 379 w/m
deg.k., and a coefficient of thermal expansion of |
approximately 4.3 ppm/deg.c. (25°C-400°C), which
substantially matches the coefficient of thermal
expansion of the silicon die. Layer 24 is alternatively

30 designed to be attached to a beryllium oxide substrate,
layer 24 having a volume fraction of copper to diamond of
37%-to-63%, a thermal conductivity of approximately 698
w/m deg.k., and a coefficient of thermal expansion of
approximately 7.6 ppm/deg.c. (25°C-400°C), which



above) through the use of electrolytic co-deposition of coated particles
10 and matrix material (the material out of which coatings 14 of coated
particles 10 are forned) 25 onto article 30. As coated particles 10 (e. g ,
graphite particles 12 coated with a thin interfacial pre-coat 68
chrom um or cowalovw48ahgst en upon whi ch copper coating 14 F§Tﬂﬁﬁﬂ?ﬁped)
are plated onto article 30, matrix material is simultaneously plated
around the coated 30 particles to fill the gaps bet ween the coated
particles, -thereby forning coating 28 2 25 Wth reference to Fig.

12, in an alter %?%%%gagggfﬁéégk¥%'éhéﬂégéf¥¥§qgggogf gﬁlﬂaterlal and

partlcles 12 (W% crlbed above but
whi ch are not yefpPansmkasy of phetherylllum oxifig sppghpate.

PCT/U893/09572 4 Thus, layered article 25 is 2ébnnectedrd@irestbpt eri al )
are co-deposit | RAY nto
article 30 theeb &{%e ?é}oa(ra(l?%eégs ﬁQYJf %eo ftqe(ije%% éggilffcﬁéﬁé%fo
materjal to %rﬁhem@ozﬁmséen-Fo?h%x‘éﬁ’ﬁﬂ"@rypéﬁeﬂ’&?@sdiﬁf%‘?%mgraphl te t he
S matrix mat erl@d:efﬁamm&r pfataﬁeﬂﬂsl pepariadionoicenrs! within laymtl‘eal such
as chrom um or gagle ! Ber than at onﬂ o Bk Shier FOAd HortlelS

ut e es onto

formed on article O% rrng o prayl ng coat e artic
t he articl e. s\okagefy ofg the apticle rﬂ’!ﬁ &f—he&T gevigRSch MereQ¥a%.ng 28
exhibits its setkstedis inlyndne poan@sifry (@ocated between the two

10 layers inside layered, discrete article 25) at which
there is mismatch of coefficients of thermal expansion,
rather than a series of such boundaries located between
consecutive layers of dissimilar articles. Because the
copper bonds between the particles are compliant and

15 malleable, the copper bonds tend to absorb the stress of
thermal expansion, and consequently there is no cracking
or delamination at the junction between the two layers.
Moreover, because the bonds are compliant and because all
of the bonds are formed of the same material (all copper-

20 to-copper bonds), the bonds tend to absorb stress
equally, and the article conseguently does not tend to
bow or ripple with large changes in temperature. 1In an
alternative embodiment there are more than two layers
within article 25 and consequently there is more than one

25 internal boundary at which there is a mismatch of
coefficients of thermal expansion. The mismatch at each
boundary is less than the mismatch that occurs when there
is a single boundary within layered article 25.

With reference to Fig. 7, there is shown a hybrid-

30 electronics package 72, having sides 48, base 46, and 1id
50, which is used for housing semiconductor integrated
circuits and other electronic devices. Hybrid
electronics packages are generally fabricated from a
nickel-iron alloy known as KOVAR, which has a coefficient

35 of thermal expansion that is approximately equal to that




properties. O her Enbodi nents O her enbodi nents are within

the scope of the clainms. For exanple, there are nunmerous nmaterials out
of 15 which particle 12 and coating 14 (Fig. 1) may be forned. Particl es
12 may consist of, e.g., tungsten, nolybdenum graphite, silicon

car bi de, di anDW@970#88kel 42, KOVAR, or a ceramic, and coatfiGTSI0%E,
consi st of, e.g., copper or al um num 20 The coating may even be
a non-netal (e.g., a gl ass, oxide, cer resin, polyner, or other
organic sueh as silicone), provided tﬁaggt'he coating material is

capabl e of fusipgg tRef ?iﬂé’oimll&@o‘ﬁ@eﬂsaaetaaiﬁé&laec% Ha¥ice Provided that

nei t her the coatlna erl al nor 25 t [ out of which the articles
are formed nel t §egfthroughs 44 trom EhPoﬁBPd?ﬁ%hv? RAVAR PRfrkafge: heT®at ed
particles ar epplication cefidhe Haveotiont bd thmmanpfactukesef hybnoixt her.

Particl es ey bgacRayedyi id) duiRhaRnROUpER! dhother Qi1 indh 21 8ge | e

particles in IurrZ ff the non- 30, nme g material and then renDV|ng t he
particles fro?n gpeulatian s psed, ko ipsplate LReGHPRuabs 44cAr:¥aeth#Rn the
coat ed parti cl eanaatteemoivixnk finmulaitdonl isrysede coat ed particles have

a sel ected vol une fractffoeoat,eﬁe%ﬁ?g Afass iRk EbR (BlEddy tnbe ehaat ed
particles are then
PCT/ US95/ 09572 objective is to manufacture a hybrgg_package having a

coefficient of thermal expansion substantially matching

10 that of KOVAR but having a thermal conductivity higher
than that of KOVAR. For example, the hybrid package may
be manufactured from iron-coated graphite particles
having a volume fraction of iron to graphite of 26%-to-
74%, a coefficient of thermal expansion of approximately

15 3.2 ppm/deg.c. (25°C-400°C) substantially matching that
of KOVAR, and a thermal conductivity of approximately 295
w/m deg.k., which is much higher than the thermal
conductivity of KOVAR (approximately 11 w/m deg.k.).

If a low~temperature glass ceramic is substituted

20 for glass as insulation for feedthroughs 44, then hybrid
package 72 is manufactured from, e.g., copper-coated
graphite particles having a volume fraction of copper to
graphite of 39%-to-61%. This volume fraction provides a
high thermal conductivity of approximately 379 w/m

25 deg.k., and a coefficient of thermal expansion of
approximately 6.9 ppm/deg.c. (25°C-400°C), which is
engineered to match substantially the coefficient of
thermal expansion of the glass ceramic material used to
insulate feedthroughs 72.

30 The coefficient of thermal expansion is highly
uniform throughout hybrid electronics package 72.
Because base 46 and sides 48 of hybrid electronics
package 72 can be net-shaped fabricated together as a
single piece (whereas with a KOVAR package, base'46 and

35 sides 48 are typically separately machined from solid



consolidated and/or fired, causing the coatings to vitrify or fuse

t oget her. G aphite and di anond are good materials from which

to formparticles 12 where the article or coating being 5 manufactured mnust
have a | ow coefficient of thernal expansion and a hi gh thernal
conductivity, Weoams8dthese - materials not only have a | ow CEBEPYEFENt of
t her mal expansion (as do tungsten and nol ybdenum) but al so have a
relatively high thermal conductivity (unlike tungsten and 10 nol ybdenun.
Consequently these materials have the - a#fl/ant age t hat they do not have

t he adverse side:-effect uc th on Y f t he coated

particles an@h HPF?C‘P%st%(}(Q:@% rﬁﬁﬂeé’?‘%ﬁﬁ ﬁé particles.
15 Wher mahhfaatored elmhmrtatthngcmtngf mﬂﬂhiat;it!w QH bram have a

coefficient of LRGEMRE &Nd KA mtt@;a@aaer, ileriouth aid boCgAst be

ont ot ol r cettpeRdd tE e Aol p BREKLGT AFLAL GIL WRBEREEAS O
expansi on of Spplvsuibrelhas lkeppm]@@gdclrsmﬁet% tRagkage. or coating
includes, e.g., copper yieat eefei.—aﬂaedto FiYV tg,Clegrbays nghewry drine fraction

of copper to dia r oxi 209&t 0% coated
graphi te parFHgFg§°ﬂbﬁ§ ék gﬁ%%?¥38?|%n '$ g%éb %?ggﬁraphlte 25 of
approxi mat el y 24%tui¥8954 mounted on at1py-pggg¢xﬁtpqq)ggqunggramgﬁy
intrinsic pr %ﬁ%&%k&ﬁeosa%uﬂm el cenpinetion tetractaealfi ci ent

t hermal expan exagpl e e.el ectrica el ¥g0fgaNn
article may Bé 3%& Eérean %RPQé; %g §¥$P?¢§¥%, &hhéer¥ngiof ot her
intrinsic pmepstapegredhﬂeom|qpnneyﬂ§PB§Gﬂn@¥ﬂEht#ﬁa gdepechaking
using graphite RaklhGh8SELAEtLon s dﬂp@e&—r keagtaphite Gdiogt-tvepirend

LA pr ! o B EUFLAA sovigen, bTRILE Blibna® cRRRGL: 2054}
of approximately 379 w/m deg k., high tensile strength,

15 and a coefficient of thermal expansion of approximately
6.9 ppm/deg.c. (25°C-400°C), which substantially matches
the coefficient of thermal expansion of ceramic substrate
56. The coefficient of thermal expansion is highly
uniform and isotropic throughout structural plane 58.

20 The copper-coated graphite particles from which
structural plane 58 is manufactured are compacted to a
density selected to cause the expansion behavior of
structural plane 58 to match substantially the nonlinear
expansion behavior of ceramic substrate 56. Then the

25 coated particles are sintered. A "green form" ceramic
substrate 56 (a ceramic substrate that has not yet been
fired) is then layered onto structural plane 58, after
which "green form" ceramic substrate 56 is fired.
Ceramic substrate 56 has a firing temperature below the

30 temperature at which structural plane 58 is solid-state
sintered. Consequently, when ceramic substrate 56 is
fired while mounted on structural plane 58, the coatings
of the particles in the structural plane do not melt.
Pre-sintered structural plane 58 provides high

35 manufacturing yields by providing a structural platform
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- 22 - Wth reference to Fig. 2, particles 10 need not

consist entirely of coated particles. Alternatively, a m xture of coated
particles conbined with other particles (e.g., copper-coated tungsten
particles can weswdssi ned 5 with copper particles) may be th(?FESG’ﬁPﬁ"\?’SWi xed
and t hen conpacted to forman article 22 having intrinsic properties
that are a function of the volune fractions of all of the materials in
the mxture, article 22 exhibiting the d&trinsic properties

material s that eRhykigh dir han Ehipy r FRRIEIS yETs @ ceramicAn
causing the artgrheslthﬁwgndxn ehki prbcessime aycleormd thouti hseakme)-pert i es

ani sotropical ly. For ﬁreﬁ&e ﬁ.peiti@d gar %h&i-ésléréhdﬁri(@h
crystalline 15 materlars that have ro ert L n,di rent

s 't hat
directions, thePeV§EtsgaRiGRAIRGEOT &PE‘P %?ﬁ%‘"i‘n%]\ﬁ R %Laf:hénﬁ Y-va:ie
particles i n 5 sRDiesn ssakiddmauctor devicgsé2) |esp ,mat edilibcent swittely be

oriented in & CQUIB mahiy bk oR 81 RELE AN orl B1003! e 14 i €5

are 20 m xed w bers he carbon fibers tendi
oriented in a céhfohavwingd |‘Eﬂ?ff1iﬁée&§r BhntherRalk e"pa&sd'??'dggt ensile
strength that vappeéximateryespeact Semiconduetsér alevice 62 is  Alternative

techniques for pgy %@&éi‘é&‘ e dlidaceteac2ap Bf&ﬂﬁél?é d%%rot thﬂ&s'Gfé}&'de

metal injection no |sostat|c ]gI'ESSI

i sostatic 1%rés§Fﬂ§SQrﬁﬂ$ﬁﬁrﬁfjﬁ° &FOR oF PR %ﬁﬁe hot or
cold roll conpaphrﬁgciuﬁltﬁldahnrﬁahces%zthnthklxhﬂentlon.

Semiconductor device 62 has a molybdenum back surface,
having a low coefficient of thermal expansion, that backs

i sotropically. 10 Alternativel the coated, particles are conbi ne%)m
&%ﬁ' dtkcal Iy,

to an aluminum heatspreader 66 (which is not manufactured

15 from particles). Heatspreader 64, having a volume
fraction of copper to graphite of 24%-to-76%, is
engineered to have a high thermal conductivity of 379 w/m
deg.k. and a coefficient of thermal expansion of 4.3
ppm/deg.c. (25°C-400°C), which substantially matches the

20 coefficient of thermal expansion of semiconductor device
62, the coefficient of thermal expansion being highly
uniform throughout heatspreader 64. The engineering of
the coefficient of thermal expansion of heatspreader 64
prolongs the life of semiconductor device 62 by

25 preventing scoring of semiconductor device 62 by
compression interfaced heatspreader 64, which can create
a short circuit.

There have been described novel and improved

apparatus and techniques for engineering of intrinsic

30 properties of articles manufactured by consolidation of
particles. It is evident that those skilled in the art
may now make numerous uses and modifications of and
departures from the specific embodiments described herein
without departing from the inventive concept. For

35 example, the principles of the invention can be applied



coated particles), and die casting. 30 | f coated particles 22 are

conpacted to a density approximating "full density" (the density at

whi ch t he conpacted coated particles have "level 2" or "level 3" or
"non-interconnected" porosity, a porosity that does not provi de

i Nt er connect ecdv@ap®sges passing from one side of 35 the ar t | By HUp/09572
another), the sintering process does not WO 97/ 04884

PCT/ US95/ 09572 - 23 - i ncrease the
density or change the shape of the artict&®92 = The density of the article,
and thus the final dinensions of the article, can be carefull

control | ed duri®e othen finidsonsurh ag £ixparmy apd,WEaPPRLY, (P & to 5
full density whenst ttiee paadingscofi shellls aed ticjectiles have athe sSame as

graphi te, DECaUsELs s fhont UiP thistfiEl Clxpandf P/ €HRADRLELES £k Do
conpacted to fu ensi t

. at a, relatively low.pressute of 60 to 80 tons
per square inch‘.’hlch\/vkﬁ)é ke fﬂ&'ﬂii'c?’gic%r%%f RGrdd oﬁf'ghnﬁ?%mo netal 10
al | oy, (Wwhet heg hfitepidali clconsegmentayedthe t invantionois tonbe-constxed

pressur es of appg O RLel g Yhdr? 2BB06VERY novdlEeututeeahiCHodsr (YD cal Iy
required to conpact the, particles to Tull d_ensrtys W th

reference to Figombinakion of featyxes Bresent if ar Possesaedcbyths uding
punch 18 and nphgpaPatidi &4 itechniguedhtveinndiddldsted and Yimitedt |ayers

24 and 26 of  _partlclesefy SRS LhANsEGRE" S e AppRhlka! £12BndaVi NG




intrinsic properties that Vary‘rlunlldyEI to Layer Layers 24 and 26

consi st of particles conposed of, 2 r| erials or having differing
vol une fractions of the nater he particles are forned.
The particles are not necessarlly Ies The particles are

i ntroduced i ntwoBDM4ESL0 in | ayers conpact ed t o PGUURISHT
density chosen to yield 25 tenperature dependent intrinsic properties
(e.qg., thermal conductivity and coefficient of thermal expansion) as
di scussed in connection with Fig. 5, and SPnfered in a hydr ogen

at nosphere for about one-half hour. The gi ntering causes the particles
of layers 24 and 26 to 30 bond at the |ﬁ%§rpace between the two | ayers, to
yield a singl e, |ayer k method gomprising the shens®fpl e, | ayer 24

i ncl udes copper - coat edprovxditmg%t parpacilectesphivinig amalsurmatemipn of

copper to t ungst en$g%g7%?% %04%%%”%5%*‘%#‘2 d ryédﬁqlgsmgltagggj”

copper particles. Laye 4884
PCT/ US95/ 09552 a surface of said particle until a yatio of thp ypjume of

conductivity Ofs@wrdvsﬂiﬁigehélaeﬁa&dv/méie@ﬂume ofaédm paeticisE dat  of

E:gﬁ]r:)gg!t I g?(]paﬂz.lso chal}%g.e:: ?T.g| Egﬁgéluc I VI #{‘HH Pr oxi I'TB.E?? %%8’ vf‘fm

and 5 a coefficient of5§h€¢¥kngeﬁai§h§ﬁ6ﬁ Pnép§?€99¢nﬂﬁ¥€flfé50énd Sai
ppni deg. c. Layeysrum tfr@lctidn if &Onawnéresubl aéhialtysaid coated

10 particle exhibits a selected intrinsic property that is a
function of intrinsic properties of both said first and
second materials.

2. A method in accordance with claim 1, wherein
said second material comprises a metal or a metal alloy.

15 3. A method in accordance with claim 1, wherein
said second material comprises a non-metal.

4. A method in accordance with claim 2, wherein
said second material comprises copper.

5. A method in accordance with claim 2, wherein
20 said second material comprises aluminum.

6. A method in accordance with claim 1, wherein .
said first material comprises tungsten.

7. A method in accordance with claim 1, wherein
said first material comprises molybdenum.

25 8. A method in accordance with claim 1, wherein
said first material comprises graphite.

THIS SHEET HAS BEEN
REPLACED

e

T



bet ween two obj ects having different COETTICI ents of t hermal expansi on
that match the coefficients of th

cet Has ign of layers 24 and 26.
For exanple, layer 24 is 10 attach a ceram c and Iayer 26 is
di ffusion bonded to a copper he I ml l‘ Al ternativel | ayer
24 incl udes coppeTAR48dMt ed di anon ume fracti oRCHPS! r to
di anond of 20% t 0-80% and | ayer 26 consists of copper-coated 15
graphite having a volume fraction of copper to graphite of 24%to-76%
After conpaction, a si Iicon dieis att3thed to a side of article 25 that

corresponds to | aygy m@ggoam L LD Tt g_ﬁ éyggﬁrft &ﬂ%ﬁhached

to the other side of artlc corres s to Iay ayer 24
has a ther mal @Gﬁ-éugﬁ?"ﬂ'-t?aﬁ?rlal W}Fﬁﬁt EFgW‘B’W% and a
coefficient of thernal expansi on of approxi rrately 4.8 pprrl deg. c.

(25[err] G- 400[err] Q), why s f

t-her mal expansi on ot h ﬁ?ﬁ%%u%ﬁﬁ‘%@&% su 9)tar at eygtayer %z%rsﬁ’has a
t her mal conductSadgt ?16Fta’ﬂﬁ;%§'<3r#9at"éﬂ“?r3-?95mﬁh?m°n g. k., and a coefficient
of thermal expansion of approximately 4.3 ppn deg. c.

(25[err]C-40glerr] ), hichy metﬁggsilgnéé&tﬂ'déﬂ&t ﬁﬁﬁﬁ &F%i&off fd)f%r%rigaoo‘c

t her mal expansi on of theé I'T con ernative

desi gned to be S&tlf’aghﬁﬁttEaﬁe%’eﬁflquqm’-ﬁﬁﬁdélﬁm%tf?ate | ayer 24 havi ng
a volume fraction of copper to di anond of 37%t0-63% a ther mal
conductivity of appro t

t hermal expansi on of Xiim %r)gf?gng?efn%g%%%r#&feé&EH ?&gf]lg err] 0,
whi ch salqofgy;sg4%gerial compr:.ses

PCT/ US95/ 09572
13. A method in accordance with claim 1, wherein
10 said first material comprises a ceramic. -

14. A method of manufacturing an article,
comprising the steps of

providing a plurality of particles comprising a
first material,

15 forming a coating comprising a second material on
surfaces of said particles, until a selected ratio of the
volume of said coating relative to the volume of said
particles is achieved,

consolidating a plurality of particles including

20 said coated particles to cause said particles to be
joined to each other to form said article, said article
having a selected volume fraction representing the wvolume
of said second material in said article relative to the
volume of said first material in said article,

25 " selecting said first material, said second
material, and said volume fraction in a manner such that
said article exhibits a selected intrinsic property that
is a function of intrinsic properties of both said first
and second materials, and

THIS SHEET HAS BEEN
REPLACED
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- 25 - substantially matches the coefficient of thernal expansi on of
the beryllium oxide substrate. — ’” Thus | ayered article 25 is
connected directly bet ween t t%lh 115 HaaReplacedi f f erent coefficients of
5 thermal expansion. The boundary coefficients of
ther mal expans™Wmom84rs within | i§ W‘\m Wee 25, rat her PEHEPSASHne
or nore interfaces between surf e article and other devices.
Mor eover , there is only one boundary (located between the two 10 | ayers
i nsi de | ayered, discrete article 25) at whid@h= there is msmatch of
coefficients of thermal e si on, t her _t naserle of ,such .,
boundari es | ocated bet et %ﬁ?éeuf:?gém%fl 'It}ée 6f°ldﬁm§sP ?'Sa???"c’r’&
Because the asdadrivieotds thet vietume Fof Eadd plaes.lail.escxmmhmtsaadd 15
mal | eabl e, the coRRehaRASshedlsdfodtitpVolie Frhtfon] — thermal
expansi on, and consequently there 1s no cracking or delam nation at the
junction between the two | ayers. Mor eover, because the bonds are
conpliant and because al%. A ofethiod hondecerdaice eithoiclalia 3apefurethessr al

(all copper- 20 AR d t F aelaly 1N t t
equal ly, and tgheécgntlc %r;cg%g &e ‘Ff do S rg}%ﬁi‘&?.gﬂ&r@?é?é ba%v?/Ir %'r%irelcp?pe)f,e

with |arge chanf¥hsity 8?3 éPﬁﬁ?‘P%ﬁ"e‘?ﬁRﬂﬁ Tt there -

are nore than two | ayers W|th|n artlcle 25 and consequently there is
more than one 25 inter nfé b%w&»aaanwabebrwﬁé& w&zﬁam&aish Gﬁerem
coefficients of thermnal ansion. _The m smatch, at bouhd ary I's |ess

than the mi smatch that r"ée‘Wr?én further °°¥'Er’as%§ eesﬁ'ﬁﬁﬁd%fy wi thin
| ayered arti cI e gl ecting the bebdvior aikr&am?e inkringic 7propearty ias ahown a

hybrid 30 el ﬂﬂLousﬂqﬁgfgg%mé g@/én des 48, base 46, and lid 50,

which is use uctor |nte rat ed .. circuits and ot her
el ectronic deV| ces. HybF#tA SteReI°§cFP&ﬁFﬁénﬁaﬁ@a‘b&%‘é‘%éﬁe?ﬁ???med
fabricated fromim a mannekeksuchothat | syidknmty iasikChhdperty tdxiitsits

coefficient said selected behavior as a function of temperature.

17. A method in accordance with claim 14, wherein
15 said step of consolidating said particles comprises
compacting said particles to a selected density
and to a selected shape, and
causing said particles to be joined to each other
without increasing said density of said compacted
20 particles and without substantially changing said
selected shape of said article.

18. A method in accordance with claim 17, wherein
said selected density to which said particles are
compacted is at or above full density.

25 19. A method in accordance with claim 17, wherein
said density is selected in a manner such that said
article is engineered to exhibit said selected intrinsic
property.

THIS SHEET HAS BEEN
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35 of thermal expansion that is appreximately—equal to that WO
97/ 04884 : PCT/ US95/ 09572

- 26 - of the glass insulators Tih eed devi ce f eedt hr oughs
44 fromthe conductive KOVAR package cation of the invention
to the manuf actvoresoss8s hybri d pack ndent upon PRREISPEAIST2

conventional glass 5 insulation is used to I nsul at e feedthroughs 44 or

whet her an alternative insulation is used. | f conventi onal
gl ass insulati-ron is used, then the objésti~ve is to manufacture a hybrid
package having a coefficient of thernmal expansion substantially natching

10 that of KOVAR but h3%ingt Bethadd aGRAHERNGT (WAt fHedm 14y nuhexein of
KOVAR. For examngdin sdledvedr idtpinkhcecpraperty lis aameéhativall from

i ron-coat ed gra}plt%‘; tﬁprtlcles having a volune fraction of iron to
graphlte of 26%t 74% a coefficient of thermal expansion of
approximately 15 3.2 ppnideg.c. (25C-400[err]C) substantially matching that
of KOVAR, and a thernma2icondlusdthad inoacappdancearitly 295m 14w whebegik. |

whi ch is nuck NonerediUtdaSntehERE r:s' 4l biyoi é%% rty.
(appr oxi mat e:}’y 1 vv/sm eg.ek. ) n pro %’errpe?at repgﬁ ags
ceramc is substituted 20 for glass as |nsul atlon for feedthroughs 44, then

hybri d package 72 ig2manufmethodedn aceprdance wipeladmaked whepehphite
particles havi o VAlIEJ 1CLhGAndle EPNIP AR o ofERPRLIEOIoF0% (0 61%

This volume fraction provid rmal  conducti vi t%/
appr oxi mat el y Jtherxpal expansion substantially matching a coefficient of

thermal expansion of an object to which said article is
10 to be attached.

23.. A method in accordance with claim 22, wherein
said article is also engineered to have a selected
thermal conductivity.

24. A method in accordance with claim 22, wherein
15 said article comprises a structural plane
configured for supporting a substrate on which at least
one circuit is mounted,
said coefficient of thermal expansion is selected
to match substantially a coefficient of thermal expansion
20 of said substrate,
said article is engineered to have a high thermal
conductivity, and
and said method further comprises attaching said
substrate to said article and mounting said circuit on
25 said substrate. '

25. 2 method in accordance with claim 24, wherein
said substrate comprises beryllium oxide.

26. A method in accordance with claim 24, wherein
said substrate comprises aluminum nitride.

BEEN
THIS SHEET HAS
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25 deg. k., and a coefficient of thermal expansion of approximately 6.9
ppm deg.c. (25[err]C400[err]C), which is engi neered to match
substantially the coefficient of tRermml sexiapsi.en of the glass ceramc
material used to i nsul ate feedthr The coefficient of
t hermal expanswomrassshi ghly uni foﬂlﬂ ﬁlﬂﬁmw uhybri d el e@CTEISHI9572
package 72. Because base 46 and s gl . rid electronics

package 72 can be net-shaped fabricated together as a singl e piece
(whereas with-a KOVAR package, base 46 and 3d5=-si des 48 are typically
separately machined fromsolid .. WD 97/ 04884, .

PCT/ US95/ 09572 27. A method in accordancewith cladm,qis whergin
KOVAR nat eri al ) ,squat kapstiAateapohpr isesrsanldmeiotair ed wi t hout t he cost of
machi ni ng or brazing base 46 and sides 48 together, although Iid 50 nust
be attached to sides 48 b brazin% after the integrated 5 circuitry has
been pl aced inside the %%cka%é‘.‘eth°d n acogripnce it Al @Ay further, o

i s shown an atagricings thac kigp 62 fiwinyg saisesubbtrategatter said
circuits 54 e | F k¢ substrate 56
supported byng’u%%%t%onh@g ?’Egguégﬁ%lé%&t‘ﬂozr%r?a%, a?ri cé?bund pl ane 58.
Structural plane 58 is manuf actured from copper-coated graphite
particles having a ve$ uneA fiettiodrinofaccopdanceé awinrndlaian @B, 3Rhetei®n 1%

Thi's volume fracliod QAR BoRpPlsddS Blrapiiiductivity

30. A method in accordance with claim 22, wherein

said article comprises a package designed for
10 enveloping integrated circuitry,
said coefficient of thermal expansion is selected
to match substantially a coefficient of thermal expansion
of a material used to seal feedthroughs located in said
package, and
15 said article is engineered to have a high thermal
conductivity.

31. A method in accordance with claim 22, wherein
said article comprises a heat spreader configured
to be compression interfaced with a semiconductor device,
20 said coefficient of thermal expansion is selected
to match substantially a coefficient of thermal expansion
of said semiconductor device,
said article is engineered to have a high thermal
conductivity, and
25 said method further comprises the step of
compreésion interfacing said heat spreader and said
semiconductor device.

32. A method in accordance with claim 14, wherein
said second material comprises a metal or metal alloy.

EN
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of approxinmately 379 wmdeg.k., high tensile strength, 15 and a
coefficient of thermal expansi on of approxi mately 6.9 ppnf deg. c.

(25[err] C-400[err]C), which substamﬁsahd {asﬁt:tmﬂ@ aced t he coefficient of
thermal expansion of ceramc substra coeffrcr ent of thermnal
expansi on i s hwolshg4ss4 uni f or m and | “IN ghout st r u®CEUSPSAIFBNne
58. 20 The copper-coated graphite par rom whi ch structural plane
58 is manufactured are conpacted to a den5| ty selected to cause the
expansi on behavi or of structural plarme -t o match substantially the
nonl i near expansi on behavr or of ceram c substrate 56. Then the 25, coated
particles are sintered33A "{reehedAn acepxfppee with Glaim: 14 Mhereing ¢
substrate that mmrpargdmldseane cohsokijated thye wompaetddn camid sdXidet ur al

pl ane 58, afterg é("‘%] ”sB%”Loff&-aé%a& ‘Qiﬁttﬁi"%ﬂgS aﬁéiﬁde

Ceram ¢ substrate as a 1"'i ng terrperatur e ow t rature at
whi ch structur a?e‘fﬂ’%é“af?@riélsﬁﬂ forp bends WRSE & Ja%ﬂgeﬁﬁﬁ%’tq];?s ‘when
ceram c substrate 56 is fired while m)unted on structural plane 58, the
coati ngs f the pagpicl me
Pre-sintered sgt ruct ur all"h,pl aﬁzm%&ﬁ?v’ﬁ? %‘Hgﬁte?&rranu clt&ﬁrll“ﬁgbyl gf'Jdg by
provi ding a st r&Ridreariickes,axe consolid yog,g)ggction molding.

PCT/ US95/ 09572 - 28 - on which to handl e

thin, fragile |ayers ohscer gy G b/ \H accoPhande! PiaH W WS RHEEESS! NY
cycle wrthout break age
said particles are consolidated by isostatic pressing.

36. A method in accordance with claim 14, wherein
10 said particles are consolidated by roll compacting.

37. A method in accordance with claim 14, further
comprising the step of forming an interfacial coating on
surfaces of said particles, and wherein said coating
comprising said second material is formed on said

15 interfacial coating.

38. A method in accordance with claim 37, wherein
said interfacial coating comprises a catalyst that
accelerates a reaction through which said coating
comprising said second material is formed on said

20 interfacial coating.

39. A method in accordance with claim 37, wherein
said interfacial coating forms a chemical bond with said
first material.

40. A method in accordance with claim 37, wherein
25 said interfacial coating forms a chemical bond with said
- second material.
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Wth reference to Fig. 9, there isshowr—ahrgh-——power sem conductor
conpression nodule 60 that includes 5.silicon sem conductor device 62,

e.g., asilicon switch appr oxi mat heey Has Be ced half dollar or silver
dol I ar and having a coefficient of n si on of approxi mately
4.3. Sem conduwb®r/ossyi ce 62 is co rfaced at FREIQISSSO%¥E el v
5000 pounds with 10 a heatspreader 64 forned from copper-coated graphite

particles in accordance with the invention. Sem conduct or devi ce 62 has
a nol ybdenum back surface, having a low&oefficient of thernal
expansi on,- that backs to_an al um num heat spreader 66 (which is not

manuf act ured 15 from p&iti cPeBFthed 2% fanf X10g 30 RFELSAR ume .
fracti on of coppemprisimqpthe esteps246¥to-76% is engi neered to have a

hi gh thermal conducti vVit¥he9hiad® %m lﬁ?g&. peia1806tdib £¥ingPty t her nal
expansi on of 4. g p deg. % 3(3 errﬁ C- 400[ erpra] Cf', whi c‘i %J%s}t gl‘)ltal ally
mat ches the 20 t&EFE BIE®XIaX/ t her nal expansi on of sem conductor device

62, the coeffscient of formingl acppercoadn deiswgrfacgsl 9f saidigartidllesqughout

heat spreader 64. The eRgnBeeihREiRt said HraqehbhChRa!a dat Bl HlcefRINSI ON
of heat spreader 64 grol ongs the life oi éaean%cpnduct r,_ devi,ce 62, by 25

preventing scor PATPELS %?n%cﬁgﬁﬁ%’go?“a&&ﬁe Yau re&f%ﬁ?’@sg?"éﬁ $3idrfaced
heat spreader 64fiwatchatemiakcdice causg shddtpartigies and said matifipere have

been described pa¥glrigNded MY Cjihed taPREER!&En&NGiAd AHhBrEYRIef Okaia
engi neering of intri ns#c?é%? .rdopertles of artltﬁl es .manuf agtur
t

by__.,
consol.i dat i oh® oP¥e~cpq isurifaces; gEnsaiq Hax S R‘f"PFggng B3t art
may now nmake nuférstsandesecordl matefiiadsi fnemofeariing widpaetchesthemwm t he

- specific enbodi nents described herein wi t hout departing fromthe
I nventive concept. For 35 exanple, .the principles gf the jnvention can be
appl i ed 42. A method in accordance with claim 41 wherein

said article has a selected volume fraction representing
the volume of said second material in said article

15 relative to the volume of said first material in said
article, and further comprising the step of selecting
said first material, said second material, and said
volume fraction in a manner such that said article
exhibits a selected intrinsic property that is a function

20 of intrinsic properties of both said first and second
nmaterials. '

43. A method in accordance with claim 41, wherein
said pre-coat forms a chemical bond with said first

material.

25 44. A method in accordance with claim 41, wherein
said pre—-coat forms a chemical bond with said second
material.

45. A method of plating an object, comprising the
steps of
30 placing a plurality of particles, at least some of
said particles comprising a first material and at least
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- 29 - to other fields, such as—ft+rearms and weaponry, to ensure t hat
the casings of shells and projectiles ﬁ@u ad PEBed coefficient of

t hermal expansion as the barrels fr are fired, which may be
lined with cerq@angssaaterial. Cons “&ﬁ‘m l;‘ anvent | ONn IPCTIUS9$/e9572
const rued as enbraci ng each and ev I re and nove

conbi nati on of features present in or possessed by the apparatus and

techni que herein disclosed and limted -splely by the spirit and scope of
t he appended cl ai ns. ' 30 - W

claim 1. A nsthedodfsainhpartigles comprisicw tsh@econdematérizl, va we of

an intrinsic propghid, aswid h@t&&sl&obaﬁﬂf fn ald 19qaRal iR8da T &RARE
desired value of Said jntrinsic pro erty hat ff%rs.f&omfa{d first
val ue, conpri siﬁﬁt:f‘?le" t% val_ume of said second material reiative to

the volume of said first material,

5 plating said object with a coating comprising said
plurality of particles in said liquid, said coating
having a selected volume fraction representing the volume
of said second material in said coating relative to the
volume of said first material in said coating, and

10 selecting said ratio of the volume of said second
material in said liquid relative to the volume of said
first material in said ligquid to cause said coating to
have said selected volume fraction and to exhibit an

intrinsic property that is a function of said volume
15 fraction and that is a function of intrinsic properties
of both said first and second materials.

46. A method in accordance with claim 45, wherein

at least some of said particles comprise said
first material and are coated with a coating comprising

20 said second material, and

said method further comprises the steps of
providing said particles comprising said first material,
and forming said second material on surfaces of said
particles.

25 47. A method in accordance with claim 45, wherein
said second material comprises a metal or metal alloy.

48. A method in accordance with claim 45, wherein
said object comprises a substrate designed for
supporting at least one circuit, and
30 said selected intrinsic property of said coating
is a coefficient of thermal expansion selected to match
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providing said particles in a state in which said particles are unattached
to each other; providing material for said coating, said material

having a second val ue of said intringlcyDkfRHLyrdphaadd differs from said
first value such that when said nateri ' I as said coating on said
particles the weoaypagsh said intrinsic u&“lﬂ%ﬂﬂfmte coat ed pravusestose wi | |
be a function of said first val ue and | ue according to a

vol une of said coating relative to a volune of said particles;

determ ning the volume of said coating relagive to the volune of each of
said particles that will nake said value of said intrinsic property of each
of said coated pubstantiaklya qaetficdentspfcthermalk expansion of8aidi ng
sai d coati ng onsangbratesaid particles in approxinately the determ ned

vol une, said particles being unattached to each other while said coating is
at least initially applied. 2. A nethod in accordance with claim1,
wherein said second nat4d-i aR BekpPdsiR acqaudance, witheehpin| 48y whereiny

met hod i In accor gaidecvating| fornsl a Weadetpana dort esnittl stiistiratle, conpr i sgs a
non-netal. 4 i o ' | rei ai.d secon

mat eri al corrp?i é’é%‘ggéggg‘r’.&’g.gﬂﬁ?é%%&ﬁ’ﬂ“%?%%%%gﬁ ﬁqgﬁgﬁ‘%z,
wherein said second material conprises alumnum 6. A nethod in

accordance with clai m Bo.whey fedhédi infadcdrdaicd wakhCOMRih SES, tuHFIN.
7. A method in_ggqoLdR0ELaUl tdbnpAldls! netPR] Bl SRH4L.S! 1 St

51. A method in accordance with claim 48, wherein
said substrate comprises aluminum nitride.

10 52. A method in accordance with claim 48, wherein
said substrate comprises alumina.

53. A method in accordance with claim 45, further
comprising the steps of
consolidating particles comprising said materials
15 in said selected volume fraction, to form an article,
placing said article in contact with said coating,
and
causing particles in said coating and said article
to form a bond along an interface between sald coating
20 and said article.

54. A method of plating an object, comprising the
steps of

placing a plurality of particles, at least some of
said particles comprising a first material, in a liquid,

25 plating said object with a coating comprising said

plurality of particles in said ligquid and comprising a
second material, said coating having a selected volume
fraction representing the volume of said second material
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mat erial conprises nolybdenum 8. A nethod in accordance with claiml,
wherein said first material conprises graphite.
- 31 - 9. A nmethod i n accor dancgisWhidHssBRénReplacedher ei n sai d first

mat erial conprises silicon carbide. i n accordance with claim
1, wherein saigifdr/osdss Mat eri al corrprL ﬁmﬂ 11 A et raXises9572
accordance with claim1l, wherein sai conpri ses nickel 42.
12. A nethod in accordance with claim1, wherein sald first materi al
conprises KOVAR 13. A nethod in accordarm@e-wth claiml, wherein said
first material conprises a ceramc. 14. A nethod in accordance with claim
1, wherei n eachinfsaid cqnatimgc redativie ke thy vodlumec 84t saidef sl before

said step of apmphyérihBain sadd cogtdngsaas particles, and said uncoated
material has said firsg Yalygn@Tesfd Gilvak! hQ%ESiQi?pseé{a’ ‘second
material, and said volume fraction in a manner such that
5 said coating exhibits a selected physical property that
is a function of physical propertieé of both said first
and second materials.

55. A method in accordance with claim 54, wherein
said coating is engineered to have a selected coefficient
10 of thermal expansion.

56. A method in accordance_with'claim 55, wherein
said coating is also engineered to have a selected
thermal conductivity. '

57. A method of manufacturing an articile,
15 comprising the steps of
providing a plurality of particles at least some
of which comprise a first material and have surfaces on
which a coating comprising a second material is formeq,
compacting said particles to a selected density
20 and to a selected shape, and
joining said particles together to form an article
without increasing said density of said compacted
particles and without substantially changing said
selected shape of said article.

25 58. A method in accordance with claim 57, wherein
said selected density to which said particles are
compacted is at or above full density.

59. A method in accordance with claim 57, wherein
said density is selected in a manner such that said
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15. A nethod of coating an object with a coating conprising a plurality of
particles and inparting to said coating a desired value of an intrinsic

property, conprising the steps Of: ThisSheep#3BedhiRepladi d plurality of
particles in a state in which said pa attached to each ot her,
sai d particl eswbersgsconpri sed of a fmuﬂ and havi n@PCI/USP3/89672v al ue
of said intrinsic property, and provi second material to be applied
to an outer surface of each of said particles, said second material having
a second value of said intrinsic property 4l ffering fromsaid first val ue;
determ ning the vo]J unme of sai,d second material to he | ied o said outer
surface of eactPoFiGLE &spmigpggegeFat?%{qﬁ: tan§e3'8F§E§ SREELRIADE said
particles that pwopertypart to each of said particles a value of said
intrinsic property that is approximtely the same for each particle and
that will result in said coating havi a value of said intrinsic propert
equal to said desired §9tue? %%‘%F‘séﬁr]g‘aﬁflfgﬁ HEiRT 13 At erty of saié
coating bei ng acdmprcising dhessteépsi o€t val ue and said second val ue

according tosa vol ume gio¢faihg as Prhrinliel 8k pAreféled Gnprd sityahi ve to a
vol une of said gfrtlcl s i,n_sard coating; appl ying said seCond

material to saitiTRk &R e of each of said particles in approximtely
t he determ ned forming a coating comprising a sec@f@ material on

surfaces of said particles,
consolidating a plurality of particles including
10 said coated particles in a manner such that said
particles are caused to be joined to each other to from
said article with a selected density, and
selecting said first and second materials in a
manner such that said article exhibits a selected
15 intrinsic property and selecting said density to control
said intrinsic property as a function of temperature.

61. A method in accordance with claim 60, wherein

at least some of said plurality of particles comprise a
first material, at least some of said plurality of

20 particles comprise a second material, and said article
has a selected volume fraction representing the volume of
said second material in said article relative to the
volume of said first material in said article, said first
and second materials and said volume fraction being

25 selected in a manner such that said article exhibits said
selected intrinsic property.

62. A method of manufacturing an article,
comprising the steps of
providing a first plurality of particles
30 comprising at least one material and providing a second
plurality of particles comprising at least one other
material,
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vol une, said particles being unattached to each other while said second
material is at least initially applied; and formng on said object

said coating, by providing a |iqui drnigshest Hek Begh Beplackdpl ural ity of particles

whi ch conprise said first material a i cond material applied
d I'iquid, PERASPIAOET2
rticles and a matrix

t hereon, placiwepesesssplurality of p
consolidating fromsaid liquid said .
materials to formsaid coating on said object. 16. A nmethod in accordance
with claim 15 wherein said second mat ert 81 conprises a netal or netal
alloy. 17. A nmethod in accordance with claim 15, erein said,object
conprises a substrate ﬁﬁﬁﬁgl?‘g?tjs'l?ppﬁﬁigi hdrst P%’é’éﬁchﬁ%"(,fi Péﬁlgli?géﬁd sai d
intrinsic propeand said sewenid plernalbty télpmitisleanspocause esgiatl to
approxinmate a ngééé Céﬁﬂtalélftgit %}%flgﬁhv:\%é?@é‘%d)rbé)fjoiﬁbﬂ éH?éééﬁt&herl& A

met hod i n accordance Wth_, ereln sal,d-coatin orns_a |ead frame
on sai d substrat®, TR R |THTsY PORELEBPT AR AF YISl 8814 £2FONnnect i on to
sai d at I easts opkurality taf p_b&tiAlaat ho_dbé rﬂm d¢aneeachi othext atic_mfbhn
wherei n said SUQS+éé’6:€‘d mﬂaﬁafbeaialamm,d%m partfciEt o ddia

accordance wth_claim 17, wherein said substrate ,conprises al um num,
nitride. 21. AFHEShAPY Pecang: BIRELONF (R M%iAN inteffiace; Pevreh Stid rate
conpri ses al um filrst 28hd Asereiriiogorhians ookl s \airttiicieaton Bé, jodrerdeite sai d
first materi al EQcﬁa&éhé}.f, said particles is uncoated before said step of
appl yl, ng Sal1d0 coating ggigalfgr 1? ratrlxdclseesc’t:m?!n%:jwri::i.ons of said article

exhibiting different selected intrinsic properties.

. 63. A method in accordance with claim 62, wherein
said first plurality of particles comprise a first
material and a second material, and
15 said method further comprises the step of
selecting a volume fraction representing the volume in
said first portion of said article of said first material
relative to the volume of said second material, so that
said first portion exhibits a selected intrinsic
20 property.

64. A method in accordance with claim 63, wherein
at least some of said first plurality of particles
each comprise said first material and are coated with a
coating comprising said second material, and
25 said method further comprises the steps of
providing said first plurality of particles comprising
sald first material and forming said second material on
surfaces of said first plurality of particies.

65. A coated particle, comprising
30 a particle comprising a first material, and
a coating comprising a second material formed on a
surface of said particle, a ratio of the volume of said
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said first material has said first_value of said intrinsic property. 23. A
nmet hod in accordance with claim 15, wherein said matrix material conprises
said second material. 24. A nethOGMsﬂmaGﬁgBdﬁR cd th claim 15, wherein

said step of consolidating fromsaid urality of particles and
said matrix newenrmedsss o form said co el ect r ol PCFAISISAIST2
co-deposition of said particles and sa eri al

- 338 - 25. A method in accordance mnth cIa|n115, wherein said plurality

of particles conprises all of the partict & placed in said quuid 26. A

par (1cl 65 and SHEEITS SAIASIVE SanEhppel e, P8 o HegsRelncbeltel e

val ue of an |ntsmhﬁt&nﬁﬂaﬂQWCahupﬁoperay$el§nqad:MoﬂgmehGrGCGpenof
providing said pluraligyiQfsprdt iGlESddond ﬁhﬁé@iéIEVKBdﬂkéiﬁ @oﬁﬁhE'C|eS

are unattached to eagc es g Co first
materi al and ha£¥?@F%PH(%4§P9v5965°8$355?cF9?ﬁrﬁﬁﬁé 8°BE§Q|BQF b?B%erty and
provi ding a Secexiibitera slelected apprinsic Propertyethatr iaca Hénatidn of
sai d particles, 5paighSHEOND pFRpeELELs of both said first and second

materials.

66. An article comprising a plurality of
particles, at least some of said particles comprising a
10 first material and having a surface on which a coating
comprising a second material is formed in accordance with
a selected ratio of the volume of said coating relative
to the volume of said particles, said particles being
consolidated to cause said particles to be joined to each
15 other, said article having a selected volume fraction
representing the volume of said second material in said
article relative to the volume of said first material in
said@ article, said first material, said second material,
and said volume fraction being selected in a manner such
20 that said article exhibits a selected intrinsic property
that is a function of intrinsic properties of both said
first and second materials, said ratio of the volume of
said coating relative to the volume of said particles
being selected in a manner such that said article has
25 said selected volume fraction.

67. An article in accordance with claim 66,
wherein said particles are solid-state sintered to each
other, said coating comprising said second material
forming bonds between adjacent particles.

30 68. An article in accordance with claim 66,
wherein said article has a density selected to control
said intrinsic property.
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val ue; providing said matrixmaterial, said matrix material being

conprised of said second material;_. «udehsr¥thaiedd the volume of said
second material to be applied to s@sﬁheeﬁﬁnuﬂme of each of said

havi ng a second val ue of said intrinsic propert / differing fromsaid first

particles rel agbymodesy t he vol une of articl es tRear/UsSdslops72 npar t
to each of said particles a value o c property that is
approximately the same for each particle and that will result in said
coating having a value and said second wva#¢3ie-according to a volune of said
second material in said coating relatjve to a volune of sajd particles in

said coati ng; aff-yi AR BEFiclechhporardanse vith £ipe8 surface of
each of said paherelimssaid apgmsitiyrdisesglebtedeierarinaherobuch, that d

particles bei ”Qaﬁﬂaﬁﬁéfbﬁgi%%%t%?%hibﬁé'§ | db33C BRHaPRbE 44l | S at

| east initiall apg_led; an ng on said object said coating, by
providing a Iiéﬂpﬂ,1ﬁPoQ?dF?EP%ﬁ%§Tﬁﬂ'urality of particles, placing said
plurality of particles in said liquid, and form ng said coating on said

object by cogsolidating fram ﬁﬂgciéqiﬂdaci%:gx abgahkﬁy%ﬁiwé,i cles and
said matrix material to formsaid coating. 7 met hod 1 n accordance with
clai m 26, wher ¥PRT&AN SR rRALEICLIoRy arearopragksd \tq @ gedgekedci ent of

t hermal expansiefnsiti8and\ tetd ahlectadc shdpascand tdaudied Ho2be jbibied n sai d
intrinsic physigabaRhoREALY iS5 £dis TaliaCapeycid Without increasing
said density of said compacted particles and without
10 substantially changing said selected shape of said
article.

71. 2an article in accordance with claim 70,
wherein said density is selected in a manner such that
said article is engineered to exhibit said selected

15 intrinsic property.

_ 72. An article in accordance with claim 70,
wherein said selected density to which said particles are
compacted is at or above full density.

73. An article in accordance with claim 66,

20 wherein said intrinsic property exhibited by said article
is a coefficient of thermal expansion of said article
that matches substantially a coefficient of thermal
expansion of an object to which said article is designed
to be attached.

25 74. An article in accordance with claim 73,
wherein
said article comprises a structural plane
configured for supporting a substrate on which at least
one circuit is mounted,
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- 34 - 29. A method in accordance with claim26,—wherein said first

material in each of said particles is uncoated before said step of applying
said coating on said particles, angyssiee Has Bssb R ial has said first

val ue of said intrinsic property. accordance with claim
26, wherein sayg oshses of appl yi ng sam‘ rial to anPowUsSes/8T2e ace
of each of said particles is perfor or to said step of formng said

coating on said object by consolidating fromsaid liquid said plurality of
particles and-said nmatrix material to fosmsaid coating. 31. A nethod in

accordance with claim 30, wherein said st ;geof appl yi ng sai d second

material to an outer s@ptdceoeffigientiofsiherpaltexparsian perforned prior
to said step of ggbsedmelHaiy maltehaki bYcoéfPididrt &F ithetahd bkfahshion 32. An
article conpri SLP.ngicPlz%{{baéi{r@EeOf aRa’t icles, at |east sone of said

ITs

particles conprising a material having a first value of at |east one
intrinsic property, angahgvarbiele is hiohdy FhrERaRlY: ceendirtddiepri sing a

second material is formed, said coating having a second val ue of said at

| east one intgyinsic prgpert | C [ fferdng from.said first
val ue, the vaol une of Sglgd c%%t?%%P%]Zelen%p%&\égkgggg%owf% vo?ltf'm?sdf t he
particl es, sai dwhereim|es being consolidated to cause said particles to be

joined to each other, said arti€lé onpridedsna patkagé dedidhed o2l d at
| east one intrinsic gﬁr)gxper{&e Saalt%df Erigau?@zt' ertal, said second material,
and sai d vol une®BYSiapipd gr - Y.
said coefficient of thermal expansion
10 substantially matches a coefficient of thermal expansion
of a material used to seal feedthroughs in said package,
and
said article is highly thermally conduttive.

76. An article in accordance with claim 73,
15 wvherein
said article comprises a heat spreader configured
to be compression interfaced with a semiconductor device,
said coefficient of thermal expansion
substantially matches a coefficient of thermal expansion
20 of said semiconductor device, and '
said article is highly thermally conductive.

77. An article in accordance with claim 66,
wherein said particles further comprise an interfacial
coating formed on surfaces of said particles and upon

25 which said coating comprising said second material is
formed.

78. An article in accordance with claim 77,
wherein said interfacial coating comprises a catalyst
that accelerates a reaction through which said coating

30 comprising said second material is formed on said
interfacial coating.
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coating relative to said volune of—satt—partitte being such that said
article exhibits said third value of said_ at_| Slcane Intrinsic property

being a function of said first and Has Heen, £ the ratio of the volune
of said coating relative to the vol uff “ j icles. 33. An article
i n accordance wotdvosssai m 32, wherein i are sol i dCTUFPI09572

sintered to each other, said coating conprising said second materi al
form ng bonds between adjacent particles. 34. An article in accordance
with claim32, wherein said density is Se#@fed in a manner such that said

intrinsic property. 3 An, article in_a 4 ls , Wherein
said density is sel e_th%l' i }’g tnlﬁg"[e sql?cﬁsgég?&g%f ﬁhltér%t rgllg_él?c;gfoperty
exhi bits a behmhereiss saifyjotpsfiagial fpatingferms a chemical bond

- 35 - 36. Anyied isdli| ifirsecaadanteiwi th claim 32, wherein said particles
are conpacted to a density and to a shape, and caused to be joined to each
other to formsaid article without increasing said density of_said
conpacted particles an8Owi tAATEHS 45 ASFPEARBLH JIiTR Sad®shdpe of said
article. 375 Amé@féirclsaia inteprdeiat voatirg fiormeta chenital sird

with said second material.

81. An article comprising a plurality of
particles comprising a first material and having surfaces
on which a pre-coat is formed, said particles being

10 consolidated with a matrix material comprising a second
material that is reactive with said first material, to
cause said particles and said matrix material -to be
joined to each other in an article, said pre-coat on said
surfaces of said particles impeding said first and second

15 materials from reacting with each other. '

82. An article in accordance with claim 81
wherein
said article has a selected volume fraction
representing the volume of said second material in said
20 article relative to the volume of said first material in
said article, and
said first material, said second material, and
said volume fraction are seleéted.in a manner such that
said article exhibits a selected intrinsic property that
25 is a function of intrinsic properties of both said first
and second materials.

83. An article in accordance with claim 81,
wherein said pre-coat forms a chemical bond with said
first material.
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density is selected in a manner such that said-artiete is engineered to
exhibit said third value of said at |east one intrinsic property. 38. An
article in accordance with cIa|m36Thw$adseeHasBs ‘E sity to which said
particles are conpacted is at or abov 39 An artlcle in
accordance wi tword7aisse 32, wherein sal f said atPOTAIES0SH
intrinsic property exhibited by said |c e |s a coefficient of thernal
expansion of said article that natches substantially a coefficient of

t hermal expansi on of an object to whi ch~s&fd~article is designed to be
attached. 40. An artléaealﬂ%.ggggaggngﬁ %@é&&éﬁﬁﬂén§¥%h g&giﬁ said article
conprises a structural pla porting a S rate on which
at |east on C|W@GFP1Pssﬁ$9nP§%‘°°at fQﬁﬂﬁjaC§@FPF§?énP0Qﬁ Witdy maidexpansi on
of said articl sexuthst mateabdy. mat ches a coefficient of thermal expansion of
sai d substrate, and said article is highly thermally conductive. 41.
An article in accordance wwth claim 39, wherejn said article conprises a
package designed for dirrel &t AEtifLe PARESd (Yithia cpating, said coeffici ent
of thernal espawmitingotomptiisingi<|Elumaldtitynoitabhytieleneatn leasitl i ci ent of

thermal expansigp, Of easqgie aﬁgg i nkiegd Q%E}' ai apP kage,
and sai d égﬁ}cle |§§E Bﬁ?* éﬁ%ﬁ?i%on%hgt%eégy ééééi g g I n
accor dance wit Hedsh $Pne, °Wn§? Paxhif lérst corprdsiny ameqentbat spreader
configured to lmmmarlessama eodeirion ray iwict la aeaeate@mbmms fia¢tien

sai d coef ficient ;f}festelﬁ%rl | EPEORRD fYf <3Ald sBEbhE 2] Yaliy matches
a coefficient of 'therm Xxpans] on of_ sai sen1con ucto eV|ce and
10 coating to the volume of said first material in sai

coating, said first and second materials and said volume
fraction being selected to cause said coating to exhibit
a selected intrinsic property that is a function of
intrinsic properties of both said first and second

15 materials.

86. An article in accordance with claim 85,
wherein at least some of said particles comprise said
first material and have a surface on which a coating is
formed, said coating comprising said second material.

20 87. An article in accordance with claim 85,
wherein
said article comprises a substrate designed for
supporting at least one circuit, and
said intrinsic property of said heterogeneous
25 coating is a coefficient of thermal expansion that
substantially matches a coefficient of thermal expansion .
of said substrate.

88. An article in accordance with claim 87,
wherein said heterogeneous coating forms a lead framé, on
30 said substrate, configured for electrical connection to
said circuit.
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said article is highly thermal |y conductive. 43. An article in accordance

wth claim32, wherein said partiq%%%h&yﬁggﬁ&”&ﬁggaise an interfacia

coating formn on - 36 - surfaces
of said particles and upon which sa ‘llmgmnuum l}pri sing said second
material is fosmwesiossdd. An articl elim with cl ai mBPCX/USHYSE2 n
said-interfacial coating conprises a catalyst that accelerates a reaction
t hrough whi ch said coating conprising said second material is formed on
said interfaci-al coating. 45. An articl-e4mn-accordance with claim43,
wherein said interfacial coating forns_a chem cal bond with said first
material. 46. An arti®Pe idp gnPdatpd withianceatinger saddsai d
i nt erfac: al coaédmﬂg)rdmlp&ielhﬁgi & LNty 1OF gakdiebe@nchm.f gtal . 47. |
An article compl.si u ' 14GJ s o] LS |4 St teria
having a first %/anlﬂuer&o%agtd F’gggﬁx%%é ?ﬁgr"lli%slﬁ% %‘r gg%%f’ ﬂi':jtt'h%']ha_{al\/i nsgaqgurfaces
on which a pre-ceafing Surtherdconprising 3 @ecendcpateEbakolsall ed With a
matrix mat er isal codtitig Havdng KC66DEcHEd 67dlAimeh FraBYisnSeePsketl iy of said
at least one | n'lt:ﬁé n\?t.'\lqm%r%'%ersta)ia ggc':gnrf %?a%Q-ia'l in said coating to the

volume of said first material in said coating, said first

and second materials and said volume fraction being

selected to cause said coating to exhibit a selected

10 physical property that is a function of physical

properties of both said first and second materials.

90. An article in accordance with claim 89,
wherein said coating is engineered to have a Selected
coefficient of thermal expansion.

15 91. An article in accordance with claim 90,
wherein said coating is also engineered to have a
selected thermal conductivity.

92. An article comprising a plurality of

particles at least some of which comprise a first

20 material and have surfaces on which a coating comprising
a second material is formed, said particles being
compacted to a selected density and to a selected shape,
and joined together to form said article without
increasing said density of said compacted particles and

25 without substantially changing said selected shape of
said article.

93. An article in accordance with claim 92,
' wherein said density is selected to cause said article to
exhibit a selected intrinsic property.
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value differing fromsaid first value and said second material being

reactive with said first material tobejoined to each other in an article,
said pre-coat on said surfaces of sajd ay | Hebnrepla&di ng said first and
second materials fromreacting with- . An article in
accordance W t kwgd 0488447 wherein said E Iﬁm:\lﬂﬂ:ﬁ ts a thireCcTHu$9Se9372
said at |east one intrinsic property I of said second materi al
in said article being relative to the volune of said first material in said
article, and said first material, said secggd-material and said vol une of

said matrix material relative to said volunme of said particle are selected
in a nmanner such that s¥d &t iagitdcdehcbnprisingl & plwtraldktyeoff said at

| east one intringiGiRNeRS! h¥- 1edSt £5nddf Gl chNcaRpPiseNs eide cl ai m 47,
wherein said pre-co h.sard fiyst mater,i 50.

at, for ﬁ chem c%lf bond wlrnt | .
An article in a FAAde 20A: RAYE FIT LACES RN FPACRAR LN FomRT s ng
chemical bond wia Iseseind sateniaknierfeimed,5Baidnparticles dwdng sing a
ﬁl ural i t]y of Barédvrﬁoqﬁdateheﬁﬁta%@é éﬁ&rpktnsenaa%éiep%ﬂéﬁs rﬁ]{eer' ald and
ave surfaces on, whi a coaiing conprising a,Seco erial 1s.faqrned,
said particles DRgd&MERERJC e’én'g%rg‘?rtng sad PBE cg%apﬁlérﬁfsﬁlﬁ%ﬁed
toget her to forhading ar sedectedt densityc rsedsi fdrshi and second
REPLACEMENT SHERfhterials being selected in a manner such that said
article exhibits a selected intrinsic property and said
10 density being selected to control said intrinsic property
as a function of temperature.

95. An article in accordance with claim 94,
wherein said article has a selected volume fraction
representing the volume of said second material in said

15 article relative to the volume of said first material in
said article, said first and second materials and saiaqd
volume fraction being selected in a manner such that said
article exhibits said selected intrinsic property.

96. An article comprising a plurality of portions

20 that exhibit differing intrinsic properties, a first of
said portions comprising a first plurality of particles,
said first plurality of particles being consolidated in a
manner such that said first plurality of particles are
joined to each other, a second of said portions

25 comprising a second plurality of particles, said second
plurality of particles being consolidated in a manner
such that said second plurality of particles are joined
to each other, particles in said first and second
portions along a border between said first and second

30 portions of said article being directly in contact with
each other and being joined to each other.
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37 - density of said conpact ed parti-cles—-and—wthout substantially

changi ng said shape of said article. 52. An article in accordance with
claimb51, wherein said density is Jhi n 8 said article to exhibit
an intrinsic property. 53. An arti lrl W} a plurality of particles,
at | east sonme @lodiigsh conprise a fi nd have surHGasess72hi ch
a coating conprising a second material is fornmed, said particles being
consolidated in a manner -such that said particles are joined to each ot her
to formsaid article, said article having &@density, said first and second
materials being selected in a manner such that said article exhibits an
intrinsic property and®3ai dABedsFiGLeimposordansg vtk miaid 96 d
intrinsic propeghgrasndat leistomone benpaiatfirst gairaditgabed particle,
conpr i si ng 2B HLPCL CEbmAOl RATULELCREOAPIAD dHh halll 8! sUBEGLL An SO d
core particle hBYT Rg a irsg” value qQr  at ?‘east one 1ntrinsic groperty, and
a coating conpr WBiFR 3 <Rabing GAMPriging p Eecond Pakeriade is: TermeAcore
particle, said coating having a second value of said at |east one intrinsic
property, said second value differing fromsaid first value, the volune of
said coating being relative to the volune of said core particle, said
coated particle exhibiting a third value of said at |east one intrinsic
property, said first and second materials and said vol une of said coating
relative to said volune of said core particle being selected so that said
coated particle exhibits said third value of said at |east

THIS SHEET HAS Bren
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intrinsic property, said third value of said at |east one intrinsic
property being a function of said first and second val ues and said vol une,
said third value of said at |least one intrinsic property differing from
'said first and second values. 55. A coated particle according to claim 54,
wherein said sewosdoss8deri al conprises a netal or a netal all ®¢TAUSEAISTA
coated particle according to claimb55, wherein said second materi al
conprises copper. 57. A coated particle acc%&ding to claimb55, wherein
said second material conprises alum num

- 38 - 58. A coated particle according to claim 54,
mat eri al conprises a non-netal, said non-netal being to]{fuse to form
bonds and neither the second nmaterial nor the first neligng at a

. tenperature lower than that at which the coated part|cle is Jlired to cause
the second material to fuse together. 59. A coated particle qﬁgording to
claim 54, wherein said sec8®d~spterial conprises a cpnducti J§ ™aterial .

60. Ascoated particle accordi o,.,;'?"’“".‘r“a:\\ whergy nusai d filfisfo materi al
' A

rein said second

“
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61. A coated particle according to claimb54, wherein said first materi al
conprises a non-netal. 62. A coated particle according to claim 54,
wherein said first material conprises a conductive material. 63. A coated
particle according to claimb54, wherein said first nmaterial conprises
nol ybdenum  6#4vo 9904884t ed particle according to claimb54, whererusIsadssi2
first material conprises graphite. 65. A coated particle according to
claimb54, wherein said first material conprises silicon carbide. 66. A
coated particle according to claimb54, wherein said first materi al
conprises dianond. 67. A coated particle aggording to claimb54, wherein
said first material conprises nickel 42 (a conposition of 42 at.%of N and
58 at.% of Fe). 68. A coated particle according to claim54, wherein said
first material conprises KOVAR (Carpenter Technol ogy Oor poration, yacuum
nmel t ed, iron-nickel-coba ey v 8 wyotm et |g|cle
according to claim5b54, w rsg ngt&n aI corrprl ses a cefamc
70. A-.coated particle ac¢ i TES54) @herein said core pafticle
conprises a coated parti e f-amanuf acturing an arf |é:I ec
conprising the steEzof —
o L.

85W-15Cu, 95%
90% dense
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39 - 76. A nethod in accordance with claim 75, further conprising the
step of attaching said article to an object and wherein said at | east one
intrinsic property is coefficient of thermal expansion and said article is
engi neered to have a coefficient of thermal expansion substantial

mat chi ng a cogfd ifdssdat of thermal -expansion of the object td"ﬁﬂ?%ﬁxgﬁﬁd
article is to be attached. 77. A nethod in accordance wth claim 76,
wherein said article is also engineered to have a sel ected thernal

conductivity.- 78. A nethod in accordance with claim 76, wherein sai d
article conprises a structural plane configured for supporting a substrate
on which at 1east one circuit is nounted, said coefficient of thernma
expansion is selected to match substantially a3oefficient of thernal
expansi on of said substrate, said artiete+ts-engineered to have a high
t hernal conductivity, and sai d npthod further cbﬂprisga_ﬁétaching sai d
substrate to said article and nounti | ' ' n said substrate. 79.

wherein said

A method in accordance with cl aia®é
beryl | i um oxi de.

bst}ate conprites
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COMPRESSIVE {FORCE -
FORCE \
L &
z { A 'I
62
FIG. 10 FIG. 9 % 66

28
) G.0,0.0000.00,0000000000000900000000.00%

>

185 0.0,0,0.000.0,00000009900000000000000006

12: gofofofofofoff@fofff@fA@A@A‘-“oke.@.‘.“.@Ao““f
30 ,
FiIG.11

FIG. 12




80. A nethod in accordance with claim 78, wherein said substrate coﬁg9%§32q4 72
alumnumnitride. 81. A nethod in accordance wth claim 78, wherein said
substrate conprises alumna. 82. A nethod in accordance with claim 78,

further conprising the step of firing said substrate after said substrate

has been attached to said article. 83. A nethod in accordance with claim

82, wherein said substrate conprises acegggmc. 84. A nethod in accordance

with claim76, wherein said article conprises a package desi gned for
envel opi nged ndegyated circuitry, said coefficient of thermal expansion is
selected to % substantlally a coeff|C|ent of thernal expansion of a

t | dt t
gft ?212 I‘ise &rﬁeeéﬂ GSE Q%\BHQE% 2‘5 gy Sl Cg}?ééaﬁgve g fi\?met hod in
gggg;ggpce %g SEELA a desTHdh Yd1H € fogmanat@lnggt
providing $¥ y of8%£F Fglggogbﬁﬁﬁ%ﬂﬁﬁfSth?% ehnf%m?afsﬁ 9|ﬁ8€
first value least one intrinsic

providing said particles in a state in which said
particles are unattached to each other;

providing material for said coating, said material
having a second value of said intrinsic property that
differs from said first value such that when said material
is applied as said coating on said particles the value of
said intrinsic property of the coated particles will be a
function of said first value and said second value according
to a volume of said coating relative to a volume of said
particles;

determining the volume of said coating relative to the
volume of each of said particles that will make said value
of said intrinsic property of each of said coated particles
equal to said desired value; and

applying said coating on each of said particles in
approximately the determined volume, said particles being
unattached to each other while said coating is at least
initially applied.

2. A method in accordance with claim 1, wherein said
second material comprises a metal or a metal alloy.

3. A method in accordance with claim 1, wherein said
second material comprises a non-metal.

4, A method in accordance with claim 2, wherein said
second material comprises copper.

5. A method in accordance with claim 2, wherein said
second material comprises aluminum.

6. A method in accordance with claim 1, wherein said first
material comprises tungsten.

7. A method in accordance with claim 1, wherein said first
material comprises molybdenum.

8. A method in accordance with claim 1, wherein said first
material comprises graphite. REPLACEMENT SHEET
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.property, formng a coating conprising a second material having a
second value of said at |least one intrinsic property, said second val ue
differing fromsaid first value, on surfaces of said particles, the volune
of said coating being relative to the volume of said particles,
consolidating a plurality of particles including said coated particles to
cause said particles to be joined to eaB8h ether to formsaid article
wherein the discrete layers of the coatings on the particles are
substantially maintained so that the second material and the first material

are not gubstantially bl ended or alloye said article exhibitjng a third
val ue ofgsaid, 99¥§§ ﬁﬂu?q?ﬁf?ﬂg?% é?ggéFiﬁ}m 1, whegean i st daf o= fFr st
mat eri al PA5&Fdade SSIWPIAST iSH11GPR €arRidSiume of said coating relative to
said vol une of sai rticle in.a manner such.that said article exhibits
sai d thi Fa'vagﬁ‘eﬁg’ idP ACTREARNGReVE Ry CREAD ;'oda'fef{/e,l%a%ll‘?hﬁﬁs%al ue
of said BRte& SRR $¢HsFt2BPBPerty being a function of said first and
second val ues,. and . said rgtio of ,the vol,ume of said, coating_relative
to the v&ﬂune%bﬂ@&ﬂ%ﬁ;kﬁt?%?%g.an??.wAt EAG8d™ rtradtf et eSMEhEiratm 71,
further FGHSEIGHFIIRF 32D BFCKSinfAg said article at a density to contro
said third value of said at |east one intrinsic property., 73. A nethod in
accor dande -wi #h MGEheR 7N JEEPEAANSS; ¥ idhe §lei M dnsofh@teiRgSedddtpasti cl e
conpr i seBatEFIEd iGRPRE} $LHaKPYBRe t0 a sel ected density and to a sel ected
shape, and causing said particles to he joined to each other wthout

i ncr easi Ag ~saiftd MRIRGY yInf 2GEPHdRBRfakEER Fdait s WhRraiRnsatd first
subst ant PR iGa R 5388 2eFEERBACshape of

14. A method in accordance with claim 1, wherein each of
said particles consists of an uncoated material before said
step of applying said coating on said particles, and said
uncoated material has said first value of said intrinsic
property.

15. A method of coating an object with a coating comprising
a plurality of particles and imparting to said coating a
desired value of an intrinsic property, comprising the steps
of:

providing said plurality of particles in a state in
which said particles are unattached to each other, said
particles being comprised of a first material and having a
first value of said intrinsic property, and providing a
second material to be applied to an outer surface of each of
said particles, said second material having a second value
of said intrinsic property differing from said first value;

determining the volume of said second material to be
applied to said outer surface of each of said particles
relative to the volume of each of said particles that will
impart to each of said particles a value of said intrinsic
property that is approximately the same for each particle
and that will result in said coating having a value of said
intrinsic property equal to said desired value, said value
of said intrinsic property of said coating being a function
of said first value and said second value according to a
volume of said second material in said ‘coating relative to a
volume of said particles in said coating;

applying said second material to said outer surface of
each of said particles in approximately the determined
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said article. 74. A nethod in accordance with claim 73, wherein the

density to which said particles are conpacted is near or at full density.
75. A nmethod in accordance with claim 73, wherein the density is selected
in a manner such that said article is engineered to exhibit said at |east

one intrinsic property. - 32 - - 41 -
conpression interfaced with a sem conducty device, sai d coefficient
of thermal expansion is selected to match"substantially a coefficient of
t hermal expansi on of said sem conductor device, said article is

engi neer edolvmiay s ad dhipgir tihwrem| bebmluena vt aghedntio eachsaitthemwtwivide
further ceapd sesdrtk mettericfl cospateskeast i hndtfiadilyg apwild dvatarspr eader
and said sem conductor device. 86. A nethod in accordance with claim 71,
wher ei n sai d ndicemiiglg conadsdsokjeet asad aeaslingl | by p®vidingetdod in
accor dancéiwgitikl,clraiowitlingvsaid rpbaral phyt 0€| peridelesnstliichateaunyise
conpact i opaandd fioistd mettae i sl namd | ngye seatidsskeicangt st egiimlerapml oexdisi ng
sai d secohHemeay,i glacidorsaibdpbubel kgnofdpacsiclesr tirclssid liquid,

and then consolidating from said liquid said plurality of

particles and a matrix materials to form said coating on

said object.

16. A method in accordance with claim 15, wherein said
second material comprises a metal or metal alloy.

17. A method in accordance with claim 15, wherein said
object comprises a substrate means for supporting at least
one circuit, and said intrinsic property is a coefficient of
thermal expansion selected to approximate a coefficient of-
thermal expansion of said substrate.

18. A method in accordance with claim 17, wherein said
coating forms a lead frame on said substrate, said lead
frame configured for electrical connection to said at least
one circuit.

19. A method in accordance with claim 17, wherein said
substrate comprises beryllium oxide.

20. A method in accordance with claim 17, wherein said
substrate comprises aluminum nitride.

21. A method in accordance with claim 17, wherein said
substrate comprises alumina.

22. A method in accordance with claim 15, wherein said
first material in each of said particles is uncoated before
said step of applying said coating on said particles, and
said first material has said first value of said intrinsic
property.

23. A method in accordance with claim 15, wherein said
matrix material comprises said second material.

24. A method in accordance with claim 15, wherein said step
of consolidating from said liquid said plurality of
particles and said matrix material to form said coating
comprises electrolytic co-deposition of said particles and
said matrix material.
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88. A nethod in accordance with claim 71, wherein said particles are
consol idated by injection nolding. A nmethod in accordance with claim 71,
wherein said particles are consolidated by isostatic pressing. 89. A
met hod in accordance with claim 71, wherein said particles are consolidated
by roll conpacting. 90. Anethod in accordance with claim 71, further
conprising the step of formng an i nt e 32kial coating on surfaces of said
particles, and wherein said coating conprising a second material is forned
on said interfacial coating. 91. A nethod in accordance with claim 71,
wher ei n Zai d A methadi ah eczondgrommprhitdesclaioat Bbyswhehetinasedkder at es a
r eact i orplvralipywaicpasiiidlesatdomp s il hg §at despaohdcirise pilalceids
formed dm ssaidi hignfidei al coating. 92. A nethod in accordance with claim
91, further conprising the step of formng a chem cal bond between the
interfad@al chanehbodndft lweaftiilst aratobjedt wbBh A pebhddg coapadisdaace
with cl & pliralityherf pamtdicliesy ark sstnept iz foabendgad ahdniepla rirdmd
bet ween ttdhesaidiecbatialg @adsigeahdralhe setCoaml imteinalic pl4sigatet hod in
accor dammeopethyel aonmplising tihery steygw isfing the step of formng a chem cal
bond between the interfacial coating and the second -material. 95. A nethod
of manuf act urpngvadiakt isgied pdoElisingf mastieplesf in a state in

which said particles are unattached to each other, said

particles being comprised of a first material and having a

first value of said intrinsic physical property, and

providing a second material to be applied to an outer

surface of each of said particles, said second material

having a second value of said intrinsic property dlfferlng

from said first wvalue;

providing said matrix material, said matrix material
being comprised of said second material;

determining the volume of said second material to be
applied to said outer surface of each of said particles
relative to the volume of each of said particles that will
impart to each of said particles a value of said intrinsic
property that is approximately the same for each particle
and that will result in said coating having a value and said
second value according to a volume of said second material
in said coating relative to a volume of said particles in
said coating;

applying said second material to said outer surface of
each of said particles in approximately the determined
volume, said particles being unattached to each other, while
said second material is at least initially applied; and

forming on said object said coating, by providing a
liquid, providing said plurality of particles, placing said
plurality of particles in said liquid, and forming said
coating on said object by consolidating from said liquid
said plurality of particles and said matrix material to form
said coating.

27. A method in accordance with claim 26, wherein said
intrinsic physical property is a coefficient of thermal
expansion.

28. A method in accordance with claim 26, wherein said
intrinsic physical property is thermal conductivit
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- 42 - providing a plurality of particles conprising a first materi al
having a first value of at |east one intrinsic property, formng a
pre-coat on surfaces of said particles, consolidating said particles
and a matrix material conprising a second material having a second val ue of
at least one intrinsic property and that _is reactive with said first
material, to cause said particles and SaPd matrix material to be joined to
each other in an article and wherein the discrete |ayers of the pre-coats
on the particles are substantially maintained so that the second materi al
and the fPPst AnfEtgd dfe asqordantantitl| glaiendéd yhearidysdidaid
pre-coat Shr§hi Batgriadedoreach Pharaid| RATEAEEESn4SsaNGopLtRs: badfPrsecond
mat er i al sSRLEMStERc OfnGRRI "éh Rl epating op ABiAoRaFh igd€Srdance with
cl ai m 95, spift fdrstomatiesiid NRe stabdofi58ke¥RilHg Phe SRIFu/B L NS
second nmaP&PP&FtiYn said article relative to the volune of said first
material in said article, said first material and said second material, in
a manner 3Qech Phaetded gy G danrei vith cAriR ¢& u¥hsreda gadd Isdenr one
i ntrinsi cofr apelminchdaid spqantindkesiadare pnr Sutgrd syedase Wil @ach 97,
A method P# geder dardd adiash i§ RenDBrmafePEiATsEPd Sgisl st offorfayrming
chem cal B8id woatigw Prsesditt aRiieFt aPy c9BsoAidatiag ifxosc&didhnce with
cl ai m 95, Liedd sadsl pluralitaatof opasticirenpesl sBdad MatEH %s Aladeydednd

mat eri al . to form said coating.

31. A method in accordance with claim 30, wherein said step
of applying said second material to an outer surface of each
of said particles is performed prior to said step of placing
said '‘plurality of particles in said liquid.

32. An article comprising a plurality of particles, at
least some of said particles comprising a first material
having a first value of at least one intrinsic property, and
having a surface on which a coating comprising a second
material is formed, said coating having a second value of
said at least one intrinsic property, said second value
differing from said first value, the volume of said coating
being relative to the volume of the particles, said
particles being consolidated to cause said particles to be
joined to each other, said article exhibiting a third value
of said at least one intrinsic property, said first
material, said second material, and said volume of said
coating relative to said volume of said particle being such
that said article exhibits said third value of said at least
one intrinsic property being a function of said first and
second values of the ratio of the volume of said coating
relative to the volume of said particles.

33. An article in accordance with claim 32, wherein said
particles are solid-state sintered to each other, said
coating comprising said second material forming bonds
between adjacent particles.

34. An article in accordance with claim 32, wherein said
density is selected in a manner such that said intrinsic
property.

35. An article in accordance with claim 34, wherein said
density is selected in a manner such that said intrinsic
property exhibits a behavior as a function of temperature.
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99. A nethod of manuf acturing an article, conprising the steps of
‘providing a plurality of particles conprising a first material having a

first value of at |least one intrinsic property, form ng a coating
conprising a second material having a second val ue of said at | east one
intrinsic property on surfaces of said parti'cles, consolidating said

coated particles in a manner such that ¥aid particles are caused to be
joined to each other to formsaid article with a selected density and

wh I f t t th |
Substantta §§' Ak ﬁg&%‘é‘%%é’ aeméé’a%%’éﬁg chai rﬁgﬁ’a%'crﬁi% %raf%q mter al

e el B G e % i
Lo dy il il ot R

43 66 €A nethod in accordance with clai m 99, mhereln at | east sone
of sald Iurallt partlcles c rlse St, t ,_ at Ieas some of
glc? EE‘J n§qe %esré 4 l e has a

said plafali ?ﬁﬁ% %e a"d i
| ect e8951G lls && ‘f PRSEREYG hit |
it b e e e e

sai d f|FgFréH§¥ﬁaﬁfﬂP?ﬁﬁ¥wlaJs and said volune fracti on being selected in
a

38. An article in accordance with claim 36, wherein said
density to which said particles are compacted is at or above
full density.

39. An article in accordance with claim 32, wherein said
third value of said at least one intrinsic property
exhibited by said article is a coefficient of thermal
expansion of said article that matches substantially a
coefficient of thermal expansion of an object to which said
article is designed to be attached.

40. An article in accordance with claim 39, wherein said
article comprises a structural plane configured for
supporting a substrate on which at least on circuit is
mounted,

said coefficient of thermal expansion of said article
substantially matches a coefficient of thermal expansion of
said substrate, and

said article is highly thermally conductive.

41. An article in accordance with claim 39, wherein said
article comprises a package designed for enveloping
integrated circuitry,
said coefficient of thermal expansion of said article
substantially matches a coefficient of thermal expansion of
a material used to seal feedthroughs in said package, and
said article is highly thermally conductive.

42. An article in accordance with claim 39, wherein said
article comprises a heat spreader configured to be
compression interfaced with a semiconductor device,

said coefficient of thermal expansion of said article
substantially matches a coefficient of thermal expansion of
said semiconductor device, and

said article is highly thermally conductive.

43. An article in accordance with claim 32, wherein said
particles further comprise an interfacial coating formed on
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manner such that said article exhibits a third value of said at |east one
intrinsic property. 101. A nethod of manufacturing an article for
connecting a first object having a first value of at |east one intrinsic
property to a second object having a second value of said at |east one
intrinsic property, conprising the 5tQP§3é’ providing a first
plurality of first coated particles conprising at |east one first

material having a primary value of said at Ieast one intrinsic property,
and havin oated %hereo a f|r;¥ coat i ng mat e g having _a.secondary val ue

AR R shaled led 04 "HplR i, 13 ERIRG
of said g P&‘P £ g i et ‘?ﬂ%gh rst?sg pal, CONL TG miPerial having

coat ed Pg rticle ha% a,val ue of sa e% ne i ntrin |ceproper that is
caun toutgd Rt %ﬁﬂ%r cah ;;s? E&Fl e e Sl oo
havi ng argF CHgglggﬁ % ga Ppﬁél&nﬁrgﬁépffeC§W5fLaV|ng
coat ed tW@F§5ﬁ Ec P F tqqu$b.e+? pr 3$| §§66ﬁhary val ue of sald

at | east %ne i.ntrinsi ert ai d second oatr Ql eri al havi
Lume r&Pat i BB 45 i %l rﬁr?eC%?r%fécs 5 ghetndoe " dengln & d
volure 140 8 o AT SRt RACTE o B A secona

equal to™@ @rgéﬂvnd val ue of said at |east one second intrinsic property,

COﬂSO|Id% ng sald flrst pIuraI r, at.ed artlcles and s
second pl ér t{%\/ % %’&‘X%‘AFF 8{&%&‘ dys'; ’Jﬁqhtfﬁar% %ﬂ allty

of part|&P§§ q o?hg ald
article aIue of said at Ieast one |ntr|n5|c property that is
equal to he flrst val ue Ofl%%g$+$t 5 %ﬂg i ntr nsrc pr erty, e .
consol i d&t’i'n %s t | ol ne
to each Gﬂ’f@?“tsd"fgo E%%? § ﬁagp.ngalad £} %cl & at 3‘5 of

sai d at I%H%qsrﬁcr HSRe Y) ?N&Pgl SWGFASS &1 @57 ue of

said at @&% Ichdammsdnsial Figlesndedd i nesé’]ﬂﬁiaé'zﬁdd Wwiths@ portion
uni t ed V\/I"lal’?rﬁd‘r fadiedsi 3 1n %%l‘i%lfls%%%ﬂda §eGoHY glad'ﬁd:la having a second

value of said at least one 1ntr1n51c property, said second
value differing from said first value and said second
material being reactive with said first material to be
joined to each other in an article, said pre-coat on said
surfaces of said particle impeding said first and second
materials from reacting with each other.

48. An article in accordance with claim 47 wherein said
article exhibits a third value of said at least one
intrinsic property and the volume of said second material in
said article being relative to the volume of said first
material in said article, and said first material, said
second material and said volume of said matrix material
relative to said volume of said particle are selected in a
manner such that said article exhibits said third value of
said at least one intrinsic property.

49, An article in accordance with claim 47, wherein said
pre~-coat forms a chemical bond with said first material.

50. An article in accordance with claim 47, wherein said
pre-coat forms a chemical bond with said second material.

51. An article comprising a plurality of particles at least
some of which comprise a first material and have surfaces on
which a coating comprising a second material is formed, said
particles being compacted to a density and to a shape, and

joined together to form said article without increasing said
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an interface between said first and second portions of said article.
REPLACEMENT SHEET - 44- 102. A net hod
in accordance with claim 101, wherein said first plurality of particles
conprise a primary material having a primary value of at |east one
intrinsic property and a secondary material having a secondary val ue of
said at | east one intrinsic property,-adé - said nethod further
conprises the step of selecting a volune fraction representing the vol une
in said first portion of said article of said primary material relative to
the vol rensitygadl sedohdampandtest ipdartiolebhaendawdthondt portion exhibits
a terti ssybshanbiafllyaichamgiranssabheshapei nfi sapdopettiyle.103. A nethod in
accordance with claim 102, wherein at |east sonme of said first plurality of
particl €82 eachncanpiicde siai chgrordaycenvathaclann dle ebs®rednnisdid coating
conpri sidensaty secsedactarhttr icausandaid artsacdentsheskhfilyitthem conpri ses
t he stepsnbfipsovi poogpesdiyd first plurality of particles conprising said
primary material and form ng said secondary material on surfaces of said
first plbBalihy efrtjarle degpridivg A pittukeditly pifapiand ialesh) exdt ,
conpri si hgashesstmepofofwhich comprise a first-material and have

surfaces on which a coating comprising a second material is

formed, said particles being consolidated in a manner such

that said particles are joined to each other to form said

article, said article having a density, said first and

second materials being selected in a manner such that said

article exhibits an intrinsic property and said density

being ‘selected to control said intrinsic property as a

function of temperature.

54. A coated particle, comprising

a discreet core particie comprising a first material,
said core particle having a first value of at least one
intrinsic property, and

a coating comprising a second material formed on a
surface of said core particle, said coating having a second
value of said at least one intrinsic property, said second
value differing from said first value, the volume of said
coating being relative to the volume of said core particle,

said coated particle exhibiting a third value of said

at least one intrinsic property, said first and second
materials and said volume of said coating relative to said
volume of said core particle being selected so that said

- coated particle exhibits said third value of said at least
intrinsic property, said third value of said at least one
intrinsic property being a function of said first and second
values and said volume, said third value of said at least
one intrinsic property differing from said first and second
values.

55. A coated particle according to claim 54, wherein said
second material comprises a metal or a metal alloy.

56. A coated particle according to claim 55, wherein said
second material comprises copper.

57. A coated particle according to claim 55, wherein said
second material comprises aluminum.
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placing a plurality of particles, at |east sone of said particles
conprising a first material and at |east sonme of said particles conprising

a second material, in aliquid, said materials being in said liquid in a
selected ratio of the volune of said second material relative to the volune
of said first material, plating _sgjd object wth coating

conprising said plurality of particles 1n said liquid, said coating having
a selected volunme fraction representing the volunme of said second materi al
in said coating relative to the volunme of said first material in said,
coating,58. Asebeteidhpaydiit¥atdaccofding vol gheinf S4ai vheeednd semtlerial in
sai d | i geedond| metes ited. tdranpol see dfnoaimetal st sahdenpalmetadai delingui d to
cause saibleotbi fgseo taviomwikbrds exnddnebtier thacseorndnthaterdsii bi t
i ntrinsimoprbper ffy ristamate pi dLmelbinpfatsad dtewpenatirecilioverandtanhat is a
functi ontbati atr whdiah pfriopercadtesd gpaboitleaid fired &ndcswsendheateri al s,
consol i de¢cagdpmattiegiiesl dompfuse ngegeieraterials in said sel ected vol une
fraction, to forman article, placing said article in contact with
sai d coabPng, Ragdated prausicle paccordisgi hosaldinodti nyhareisaisadiarticl e
to formsasebond mladegiml iennpfbses beteerdushidecnatemdgadnd said article.
WD 97/ 04884 PCT/ US95/ 09572 -
45 - 60. A coated partlcle according to claim 54, wherein said

first material comprises a metal or a metal alloy.

6l. A coated particle according to claim 54, wherein said
first material comprises a non-metal.

62. A coated particle according to claim 54, wherein said
first material comprises a conductive material.

63. A coated particle according to claim 54, wherein said
first material comprises molybdenum.

64. A coated particle according to claim 54, wherein said
first material comprises graphite.

65. A coated particle according to claim 54, wherein said
first material comprises silicon carbide.

66. A coated particle according to claim 54, wherein said
first material comprises diamond.

67. A coated particle according to claim 54, wherein said
first material comprises nickel 42 (a composition of 42
at.%$ of Ni and 58 at.% of Fe).

68. A coated particle according to claim 54, wherein said
first material comprises KOVAR (Carpenter Technology
Corporation, vacuum melted, iron-nickel-cobalt, low
expansion alloy).

69. A coated particle according to claim 54, wherein said
first material comprises a ceramic.

70. A coated particle according to claim 54, wherein said
core particle comprises a coated particle.

71. A method of manufacturing an article, comprising the
steps of
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79. An article in accordance with claim 77, wherein said interfacial

¢oating forns a chenical bond wth said first materi al. 80.
An article in accordance with claim 77, 5 wherein said interfacial coating
forns a chem cal bond with said second material. 81l. An
article conprising a plurality of pardd cl es conprising a first materi al
and havi ng surfaces on which a pre-coat is forned, said particles being
10 consolidated with a matrix material conprising a second mat eri al that
is reactive with said first material, to cause said particles and said

matrix mgteer iplndnd@ in hecBedaheeC@gRnONYin MAN ALK L, cSAbHiBE Rgcoat

on said thesSWiasesrohtAhiPRY tdalESatHPEUE NHoSAInd JH{edt Kk SRR i L5

mat eri al sAfiPpMmateaqldayt Wonle €agbrehl8 property isS2colBfablikslte bA
accor dangeMntdl CbapEn8lon aMEr€Afd article iS4 éngihkekedhas ansebegt ed

vol ume f rcyedf Oicient S EAkAE 1t NexyoHh §08n Ofs &k tth SELANDY n?sIaQ:rdtﬂi!ngcj Nas
20t firlt | cldedatiaget £t BRe¥RRUMBxRhanSdich fdff Ahdedieféet t8 whi&hl
arti cl e,

aid
Atdcle is to besakdthched.naterial, said second material, and

said volunme fraction are selected in a manner such that  said article
exhi bits 7y selhechedniddt r iRSi ScO6PAGKEY thetn2isim fct kpR refid Nkkijasi C

properti extofc ot hisai gl §6r Séngindddegecedd HBVEri 8l Sselected therm@3. AN
article idbrficoF gapeg . Wth claim81, wherein said pre-coat fornms a

chem cal

bond with said first materi al.

78. A method in accordance with claim 76, wherein

said article comprises a structural plane configured
for supporting a substrate on which at least one circuit is
mounted, '

said coefficient of thermal expansion is selected to
match substantially a coefficient of thermal expansion of
said substrate,

salid article is engineered to have a high thermal
conductivity, and

said method further comprises attaching said substrate
to said article and mounting said circuit on said substrate.

79. A method in accordance with claim 78, wherein said
substrate comprises beryllium oxide.

80. A method in accordance with claim 78, wherein said
substrate comprises aluminum nitride.

81. A method in accordance with claim 78, wherein said
substrate comprises alumina.

82. A method in accordance with claim 78, further comprising
the step of firing said substrate after said substrate has
been attached to said article.

83. A method in accordance with claim 82, wherein said
substrate comprises a ceramic.

84. A method in accordance with claim 76, wherein said
article comprises a package designed for enveloping
integrated circuitry, said coefficient of thermal expansion
is selected to match substantially a coefficient of thermal
expansion of a material used to seal feedthroughs located in
said package, and said article is engineered to have a high
thermal conductivity.

85. A method in accordance with claim 76, wherein

aid

said article comprises a heat spreader _configured to be
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- 46 - 84. An article in accordance with claim 81, wherein
said pre-coat forms a chenmical bond with said second nmateri al

85. An article plated with a coating, said 5 coating conprising a plurality
of particles, at |east sone of said particles conprising a first

mat eri al and at | east sone of said paabigles conpri sing a second
material, said coating having a selected volune fraction representing

the vol une of said second material in said 10 coating to the volune of said
first materi alprovsdietdg a cohiragitgaod fpastiabhes Seompa isdey il siasd said
vol ume mdteaciadn Herigg sel efiedtt orglause o¥ai dtcdaddsty tomeexbhbrinsica
sel ect ed grdpexssye property that is a function of intrinsic properties
of both said first and second 15 materi al s. 86. An article in
accordance W tfioehahm 85coatiwerRinpralsirrpd sotendimseedipdr hheifg a
conpri se ssaddhd vhilugt ot saidl aand dwste ensutihacdneiovpedparepat sagdi S
forned, saidbrtdatahgecdiffifiesiing FAoh secehdimdtervalue, on surfaces of
said particles, the volume of said coating being relative to
the volume of said particles,

consolidating a plurality of particles including said
coated particles to cause said particles to be joined to
each other to form said article wherein the discrete layers
of the <coatings on the particles are substantially
maintained so that the second material and the first
material are not substantially blended or alloyed, said
article exhibiting a third wvalue of said at least one
intrinsic property,

selecting said first material, said second material,
and said volume of said coating relative to said volume of
said particle in a manner such that said article exhibits
said third value of said at least one intrinsic property,
said third value of said at least one intrinsic property
being a function of said first and second values, and

said ratio of the volume of said coating relative to
the volume of said particles.

72. A method in accordance with claim 71, further comprising
the step of forming said article at a density to control
said third value of said at least one intrinsic property.

73. A method in accordance with claim 71, wherein said step
of consolidating said particle comprises compacting said
particle to a selected density and to a selected shape, and

causing said particles to be Jjoined to each other
without increasing said density of said compacted particles
and without substantially changing said selected shape of
said article.

74. A method in accordance with <c¢laim 73, wherein the
density to which said particles are compacted is near or at
full density.

75. A method in accordance with <c¢laim 73, wherein the
density is selected in a manner such that said article is
engineered to exhibit said at least one intrinsic property.
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20 87. An article in accordance with cl ai m 85, wher ei n

said article conprises a substrate designed for supporting at | east one
circuit, and said intrinsic property of said heterogeneous 25
coating is a coefficient of thermal expansion that substantially mat ches
a coefficient of thermal expansion _of,said substrate. 88.
An article in accordance with claim 87, wherei n sai d het er ogeneous
coating forns a lead frame, on 30 said substrate, configured for electrica
connection to said circuit. WO 97/ 04884

- 47 - compressicgy ingerfrcedewptht edSErikoadpgaOnfewsiar  coating
conprising a gRddalGasficheanti ef etheamalegspansiopmi sosedfetghrtecl es
conpri si Rgtahf istdstanitera hly 3araefiigdgnitngir dherdr lcpransigp a0Second
mat er i al s2ddi gePpicendunt daviayiacsel ected vol une fraction representing

the vol une of S&didd SFEcohte hf ePPELPPRTSE §ocaviend 9 dthéhernal une of said
first maferdsctiyvidy.d adting, said first and second materials and said
vol une fracti g@iskingfhodsEpekhes compadsessaing &6&R wf twPrpFePrion

sel ect edingepipsiing sppeheytt parepdes padcsiade sempifRIdugtor

device.

86. A method in accordance with claim 71, wherein said
material comprises a metal or metal alloy.

87. A method in accordance with claim 71, wherein said
particles are consolidated by compaction and solid state
sintering, said solid-state sintering causing said second
material to form bonds between adjacent particles.

88. A method in accordance with claim 71, wherein said
particles are consolidated by injection molding. A method in
accordance with claim 71, wherein said particles are
consolidated by isostatic pressing.

89. A method in accordance with claim 71, wherein said
particles are consolidated by roll compacting.

90. A method in accorxdance with claim 71, further comprising
the step of forming an interfacial coating on surfaces of
said particles, and wherein said coating comprising a second
material is formed on said interfacial coating.

91. A method in accordance with claim 71, wherein said
interfacial coating comprises a catalyst that accelerates a
reaction through which said coating comprising said second
material is formed on said interfacial coating.

92. A method in accordance with claim 91, further comprising
the step of forming a chemical bond between the interfacial
coating and the first material.

93. A method in accordance with claim 91, further comprising
the step of forming a chemical bond between the interfacial
coating and the second material.

94. A method in accordance with claim 91, further

comprising the step of forming a chemical bond between the
interfacial coating and the second material.

95. A method of manufacturing an article, comprising the
steps of
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properties of both said first and second materi al s. 90. An

article in accordance with clai m 89, wherein said coating is engi neered
to have a sel ected coefficient of thermal expansion. 15 91. An
article in accordance with claim 90, wherein said coating is al so

engi neered to have a sel ected thermal conductivity. 92. An
article conprising a plurality of bagrticles at |east sone of which
conprise a first 20 material and have surfaces on which a coating

conpri sing a second material is fornmed, said particles being

conpacted to gs6beqied deRidnaiand, t fa puaherd sk sBaRgrisingnd | pired

toget her 014N S idld | 8] FMdthohalue | BEr eagi NG dodensifyrdissail d

conpact eg, df€yes and 25 without substantially changing said selected
shape of safshrf hgChepre-coat on suPFacis It iFd R iph2ELOLEANCE Wi th
claim92, vhenebigat ngdensdiy isaseietbed hadcagsemsaidxarha€dpidp

exhi bit &s@hecsBilgi Bl r$86okd PraReial having a WERHD4E8Hue of at
PCT/ US95/ ¥ one intrinsic property and that is reactive with said

first material, to cause said particles and said matrix
material to be joined to each other in an article and
wherein the discrete 1layers of the pre-coats on the
particles are substantially maintained so that the second
material and the first material are not substantially
blended or alloyed, said pre-coat on said surfaces of said
particles impeding said first and second materials from
reacting with each other.

96. A method in accordance with claim 95, further comprising
the step of selecting the volume of said second material in
said article relative to the volume of said first material
in said article, said first material and said second
material, in a manner such that said article exhibits a
third value of said at least one intrinsic property that is
a function of said first and second wvalues.

97. A method in accordance with claim 95, wherein said pre-
coat forms a chemical bond with said second material.

98. A method in accordance with claim 95, wherein said pre-
coat forms a chemical bond with said second material.

99. A method of manufacturing an article, comprising the
steps of

providing a plurality of particles comprising a first
material having a first wvalue of at least one intrinsic
property,

forming a coating comprising a second material having a
second value of said at least one intrinsic property on
surfaces of said particles,

consolidating said coated particles in a manner such
that said particles are caused to be joined to each other to
form said article with a selected density and wherein the
discrete layers of the coatings on the particles are
substantially maintained so that the second material and the
first material are not substantially blended or alloyed, and

selecting said first and second materials in a manner
such that said article exhibits a third value of said at
least one intrinsic property and selecting said density to
control said intrinsic property as a function of

temperature. REPLAC.EMENT SH\éE_:T
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- 48 - 94. An article conprising a plurality of particles, at

I east sone of which conprise a first mat eri al and have surfaces on which
a coating conprising a second material is formed, said particles being

5 consolidated in a manner such that said particles are joined to each
other to formsaid article, said article having a sel ected density, said
first and second mat eri al s being sebkgcted in a nmanner such that said
article exhibits a selected intrinsic property and said 10 density being
selected to control said intrinsic property as a function of

temperatg €. A method in a¥worardd iwiehi 81aemopgdangaetetih Gltairadk
wher ei nsspé doir hghephasad ixs) ast esavol olBsf EamproBe a rMARIASenting the
vol une pitsaidlsesendeartitersdile idf Sgaddlprarhicke bel planed died he vol ume of
said fisshpPaber habecbnd gk Bdl) ckgidsakditieshagnd ROt gmterials and
sai d vapiﬁa?ftéae.fﬁ_bﬁn R g &et eegedhenvolimaner suall twdorpi d
articl emgikb8irbhtsinacdigelaadosh é nf&1a8i¢ePEBPEREY volume of saidb. AN
articlercpsprinstgialpliy aldiy oftpereioraido ket exki idcdid fering
i ntrinsh&tBEQBReE! hAY, saifd NEdl@he fraatdoRObklifds seQ ey Nith & first
plural ik¥nAbrpauthCkest sasdigrficst pkuidliitlsy a0knpaid ivdRse hef ngaid
consol i dat gdakf 3ne iMAYIGIsBeichrépaktgaid first plurality of particles are
joined to each other, a second of said portions 25 conprising a second
pluralitgiof ppaidirkd@SorsaMthsReOndringplaw aiddcld pakt icdmedaing a
consol i dated objedBMEFing aUEH ristatvsrid secandiphietalddey Dfcpaisiel es
are | oi pedpertfoteash sidwid Bjétel Baviingsal Geldonyt wldisasPrehid fertions
al ong ajbgkdebnetiveairmsi¢l piossérapg second 30 portions of said article
bei ng dibRelkli%ing o aieyd L Hf each other and being joined to each
ot her. providing a first plurality of first coated particles
comprising at least one first material having a primary
value of said at least one intrinsic property, and having
coated thereon a first coating material having a secondary
value of said at least one intrinsic property, said first
coating material having a volume relative to the volume of
the first particles so that said first coated particle has a
value of said at least one intrinsic property that is equal
to said first value of at least one intrinsic property and
providing a second plurality of particles comprising at
least one second material having a primary value of said at
least one intrinsic property, and having coated thereon a
second coating material having a secondary value of said at
least one intrinsic property, said second coating material
having a volume relative to the volume of the second
particles so that said second coated particle has a value of
said at least one intrinsic property that is equal to the
second value of said at least one second intrinsic property,
consolidating said first plurality of first coated
particles and said second plurality of second coated
particles to cause said first plurality of particles to be
joined to each other to form a first portion of said article
having a value of said at least one intrinsic property that
is equal to the first wvalue of said at least one intrinsic
property, consolidating said second plurality of second
coated particles to be joined to each other to form a second
portion of said article having a value of said at least one
intrinsic property that is equal to the second value of said
at least one intrinsic property, and particles in said first
portion united with particles in said second portion along
an interface between said first and second portions of said
article.
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97. An article in accordance with claim96, wherein at |east sone of said
first plurality of particles conprise a first material and have a surface
on which a coating conprising a second material is forned.

- 44-

102. A method in accordance with claim 101, wherein said
first plurality of particles comprise a primary material
having a primary value of at least one intrinsic property
and a secondary material having a secondary value of said at
least one intrinsic property, and

said method further comprises the step of selecting a
volume fraction representing the volume in said first
portion of said article of said primary material relative to
the volume of said secondary material, so that said first
portion exhibits a tertiary value of said at least one
intrinsic property.

103. A method in accordance with claim 102, wherein
at least some of said first plurality of particles each
comprise said primary material and are coated with a coating
comprising said secondary material, and

said method further comprises the steps of providing
said first plurality of particles comprising said primary
material and forming said secondary material on surfaces of
said first plurality of particles.

104. A method of plating an object, comprising the steps of

placing a plurality of particles, at least some of said
particles comprising a first material and at least some of
said particles comprising a second material, in a liquid,
said materials being in said liquid in a selected ratio of
the volume of said second material relative to the volume of
said first material,

plating said object with coating comprising said
plurality of particles in said liquid, said coating having a
selected volume fraction representing the volume of said
second material in said coating relative to the volume of
said first material in said, coating,

selecting said ratio of the volume of said second
material in said liquid relative to the volume of said first
material in said liquid to cause said coating to have said
selected volume fraction and to exhibit intrinsic property
that is a function of said volume fraction and that 1is a
function of intrinsic properties of both said first and
second materials,

consolidating particles comprising said materials in
said selected volume fraction, to form an article,

placing said article in contact with said coating, and

causing particles in said coating and said article to
form a bond along an 1nterface between said coatlng and said
article. : :
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ing (14) including a second mate-
rial is formed on surfaces of the
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the volume of the coating rela-
tive to the volume of the particles
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to form an article. The ratio of

the volume of the coating relative to the volume of the particles is selected in a manner such that the article is engineered to have a selected
volume fraction presenting the volume of the second material in the article relative to the volume of the first material in the article. The
first material, the second material, and the volume fraction are selected in a manner such that the article is engineered to exhibit a selected
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