REFRACTORYMETAL SUBSTRATE W TH | MPROVED THERMAL CONDUCTI VI TY BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention is generally
rel at ed twodbesasbosount heat sinks for heat generating eeviusesswsadoin

el ectronic applications and in particular to heat sinks containing G oup
VIB metals fromthe periodic table of the elenents. 2. Description of the
Prior Art Refractory netals, such as nol ybdenum have | ong been used as

di rect nmount heat sinks for heat generating devices used in electronics.
Its high thermal conductivity, on the order of 140 WM, in sone cases
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(TCE of 5.1 ppmC) to materials like silicon. Such materials often have
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2. Description of the Prior Art

15 Refractory metals, such as molybdenum, have long been used as direct mount heat
sinks for heat generating devices used in electronics. Its high thermal conductivity,
on the order of 140 W/M°K, in some cases provide adequate thermal conductivity and

a close thermal expansion match (TCE of 5.1 ppm/°C) to materials like silicon.

20  Such materials often have poor solderability, which can be improved by applying a
thin layer of Ni on to one or both surfaces. Also, layers of Cu are often deposited as a
thin layer, such as by cladding, spraying, etc., on to the surface in order to alter the
thermal expansion properties to match-other devices, such as for example GaAs
containing devices (TCE of 6.5 ppm//°C). Such materials having thin Cu layers

25  (laminates) often have unpredictable expansion characteristics during thermal cycling

due to uneven distribution of the material in the surface layer or from layer to layer.

In some instances, metal matrix composites such as powder metal matrices of
tungsten or molybdenum infiltrated with copper have provided improved thermal
30  characteristics to meet the requirements of either a closer TCE match or higher
thermal conductivity. A powder matrix of this type is limited as to the amounts of
higher thermal conductivity materials which can be added without creating thermal

expansions that are too high.



expansions that are too high. Such conposite matrix materials are

I nconsi stent in structure and do not performas predicted by the | aw of

m xt ur es WO 206vshiogh t her mal conductivity copper matri XPC3/Uskesn3nes open
enough to conduct heat in an unrestricted fashion (i.e., narrow paths, flow
bl ocked by touching refractory netal particles, etc.). Thus, sonme of the
heat nmust be transferred through the |lowe2-thermally conductive refractory
metal matrix. Additionally, low levels of porosity exist in the matrix
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used for electronic C ingi cl ude Al -G aphit Cu- G aphite, CuMCu
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Engi neered Material § Solutions, Inc., Attleboro, M), -SI metal matrix

conposites, fAw.Si C netal matrix corrp05|tes and Cu-Si C rretal mat ri x
conposites. U S. Patent No. 4,996,1 15 discloses a conposite structure and
a nmet hod of producing said conposite structure froma conbi nati on of copper

and a | ow coafmhdrsi @8ds 19hidateedriRdtri@ X Padad OMVBLOCKE! W-CRRrethh@inh@ie t he

copper clads the nickel-iron sheet and is interposed through the central
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size, 40-60 m |
exposed to elevated temperature soldering processes.

15  Materials commonly used for electronic packaging include Al-Graphite, Cu-Graphite,
CuMoCu laminate, CuMoCu laminate with a MoCu powdered metal core, W-Cu
metal matrix composites, Mo-Cu metal matrix composites, SILVAR® (available from
Engineered Materials Solutions, Inc., Attleboro, MA), Al-Si metal matrix composites,
Al-SiC metal matrix composites, and Cu-SiC metal matrix composites.

20
U.S. Patent No. 4,996,115 discloses a composite structure and a method of producing
said composite structure from a combination of copper and a low coefficient of
thermal expansion nickel-iron alloy where the copper clads the nickel-iron sheet and
is interposed through the central nickel-iron sheet in such a fashion as to provide a

25  substantially isotropic heat transfer path. However, the rolling process used to forge
the copper-clad sheet results in non-uniform elongated holes that can result in non-
uniform heat transfer and dissipation. Additionally, the large hole size, 40-60 mil, is

generally not appropriate for electronic applications.

30 U.S. Patent No. 5,011,655 discloses a method of manufacturing a thin metallic body
composite structure. An inner layer of a first metal is cleaned to remove oxides and

promote metallurgical bonding. The inner layer has a plurality of penetrating holes



generally not appropriate for electronic applications. U S. Patent No. 5,01
1, 655 discloses a nethod of manufacturing a thin netallic body conposite
struct ur ewvoAna/c3oms | ayer of a first metal is cleaned t@ecraseas/oexsades and
pronote netal |l urgi cal bonding. The inner |ayer has a plurality of
penetrating hol espiercing the thickness of the inner [ayer. The penetrating
holes are filled wth netal powder of a s8cond netal. Two outer |ayers of
the second netal are placed on opposite sides of the cleaned and filled

inner |ayer giércin@the thickapshwifehe mhéiadi Ehe pdntramipiinl€shars filled tvithendtgl heat ed
to a tenperature at which recrystallization will occur in a non-oxidizing
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result in non-uniform heat transfer and dissipatjon. Additionally, although
the conpdsi tHONs! ew&@ém?%)hﬁr_grgéﬁ wadyvih syyetvr ISél_Peélgtwmrd%ﬂdésﬁﬁuegt@ ons, the
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Further, porosity of the powder used to Ti oles detracts fromits
ability to ctmduce Uefertunately, thedoeworkieg procadnes 924 telfaet heeompositst al

conposite containing |layers of ¢ er_and var, . .whi ch.are cal d. pressure
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rolled together a plurality of tinmes with reduction in thickness to be
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conposi t e hakom itsiahilityeth chdbdtthgatt 0 di ssi pate heat vertically or in the
z-axis direction. A particular limtation on the use of conposite
structures is that they are typically

U.S. Patent No. 5,156,923 discloses a metal composite containing layers of copper
15  and Invar, which are cold pressure rolled with reduction in thickness to be
metallurgically bonded together in interleaved relation, and strips of the bonded
materials are cold pressure rolled together a plurality of times with reduction in
thickness to be metallurgically bonded together. The resulting metal composite
breaks up the layers of Invar to distribute portions of the Invar material in a copper
20  matrix, which limit thermal expansion of the composite. However, the composite has

a limited ability to dissipate heat vertically or in the z-axis direction.

A particular limitation on the use of composite structures is that they are typically
porous and cannot be used, for example, in applications where gas or air leakage
25 needs to be prevented, as for example in satellite applications, especially in structures

less than 20mil thick.

U.S. Patent No. 6,555,762 discloses a high density, electronic package having a
conductive composition for filling vias or through holes t¢ make vertical or Z-
30 connects from a dielectric layer to adjacent electrical circuits. The through holes may

be plated or non-plated prior to filling.



porous and cannot be used, for exanple, in applications where gas or air

| eakage needs to be prevented, as for exanple in satellite applications,
especi al lwoi2noetsn2est ures | ess than 20m | thick. U S. Paremtushims/o891565, 762
di scl oses a high density, electronic package having a conductive

conposit!bn for filling vias or through holes to make vertical or Zconnects
froma dielectric |layer to adjacent electé4ical circuits. The through hol es
may be plated or non-plated prior to filling. The above-described matrix

material s arﬁe%b@&b J&ENbEH hbrixUhitedifs Qﬂétai’dorl/el')ndffff'&ltd@%bfﬁﬁjlri fht akdiRds range
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conductive i° aining a 'S ext i nport ant
because of tphscebdigg bedausedfahé PRsHMERIng Pomt GﬁthsmlgMeﬂMaIWmhéudﬁves t her nal
resistance. L_is the distance the heat flows or the thickness of the

spr eader K infilteffe t her mal conduct i vi ty of the thermal spreader and Ais
area. The lower the thermal resistance, the better the performnce as a
heat sink, which is inpacted as follows: Shorter distance for heat flow
and t hi nner Gipaieagerthirmatetiaeds betrénesly pepdrombrbemasse ofthgthermaltrelatiemship:
conductivity results in | ower ther eS| } ce. The greater the area
that the heat can be spread over, Eﬁe({ i e thermal resistance.

Luedt ke, Theyaé RVRAREAREESstMeCL i @ihe dfsRinckiigreRend 08 GPme enidaiekd 6Bthi ons,
Advanced Engineering Materials, 6, No. 3 (2004), pp. 142-144, discusses
copper 10 spreader, K is the thermal conduct1v1ty of the thermal’ spreader and A is area. The
lower the thermal resistance, the better the performance as a heat sink, which is
impacted as follows:
e Shorter distance for heat flow and thinner spreaders provide better
performance.
15 e Higher thermal conductivity results in lower thermal resistance.

e The greaier the area that the heat can be spread over, the lower the

thermal resistance.

Luedtke, Thermal Management Materials for High-Performance Applications,

20  Advanced Engineering Materials, 6, No. 3 (2004), pp. 142-144, discusses copper
coated molybdenum and copper coated molybdenum-copper matrix materials as heat
~ spreaders. However, these materials only provide effective thermal conductivities

between 190 and 250 W/M°K.

25  Generally, the prior art discloses materials, such as Ni-Fe alloys with vias designed to
improve z-axis thermal conductivity, that approach the properties of refractory metals.
However, current needs, especially in the electronics industry, are for materials that
surpass the properties of refractory metals. For example, materials with more, but
smaller uniform holes that can be filled without stressing the material and are able to

30 dissipate heat in all directions with superior properties to currently available

refractory metal systems as well as other systems.



coat ed nol ybdenum and copper coated nol ybdenum copper matrix materials as
heat spreaders. However, these materials only provide effective thernal
conduct i wybi2ees/d3etoseen 190 and 250 WM. Ceneral |y, theppriusroodfsoige scl oses
materials, such as Ni-Fe alloys with vias designed to inprove z-axis

t hermal “conductivity, that approach the properties of refractory netals.
However, current needs, especially in theselectronics industry, are for
materials that surpass the properties of refractory nmetals. For exanpl e,
materials w : : [ wi t hout
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Wi ][ Ih super i alegmonizavhipesertothatiarcenfficientdy shihabd eanr afeqaattlyropndust akmeyst ens as
we as ot her st ens, Thus re.i need in.the. art. for heat sink
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suf ficientlydohitp. and can adequately conduct, renpve and dissipate the
generated heat in all directions while maintaining dinensional stability.
SUMMARY OF THE | NVENTI ON The present invention is directed to a substrate
for el ectronic packagi ng conmponents and integrated circuit conponents

including: a core plate CO”%@’@E%WW?%;@ ot her high

thermal |y conductive nateri of the elenents
and/ or an aml"ﬁ@%l&@ t?n\%ﬁﬁ@l{ is@lirecfadYd A utRtrhle St el@@fo?n'ic ﬁék&éﬁ@c&ﬂﬁo&n&econd
maj or surface ahd a plurality of openings extending, at l|least partially,
fromthe fi rad lmagnatedsunctuac@np@lqntﬁenslgdmgd maj or surface; a Group TB net al
fromthe periodic table of the h.th onducti ve
material filling at | HEYe© Bfaﬁo(rofl}agﬁn%?ﬁrﬂ‘ép g?)@ tagﬁ’g8%5§1§e eraﬁY | east

sone of 1phe openigddgductiBenaterials from the periodic table of the elements and/or an

anisotropic material, having a first major surface and a second major surface
and a plurality' of openings extending, at least partially, from the first major
surface to the second major surface;
a Group IB metal from the periodic table of the elements or other high
15 thermally conductive material filling at least a portion of the space
encompassed by at least some of the openings; and |
| optionally, a layer containing a Group IB metal from the periodic table
of the elements disposed over at least a pdrtion of the first major surface and at
least a portion of the second major surface.
20
The present invention is also directed to a method of making the above-described
substrate for semiconductor and integrated circuit components, the method includes:
providing a foil or plate comprising a Group VIB metal from the
periodic table of the élements or anisotropic material;
25 forming a plurality of openings extending, at least partially, from a first
major surface to a second major surface of the foil or plate;
filling the space encompassed by at least some of the openings with a
Group IB metal from the periodic table of the elements; and
optionally forming a layer comprising a Group IB metal from the
30 periodic table of the elements over at least a portion of the first major surface

and at least a portion of the second major surface.



optionally, a layer containing a Goup IB netal fromthe periodic table of
the el enments di sposed over at |east a portion of the first nmmjor surface
and at | eweto@/q30206i on of the second mmjor surface. ThePpraseos/oBIBEnt i on
is also directed to a nmethod of making the above-described substrate for
sem conductor and integrated circuit conponents, the method includes:
providing a foil or plate conprising a Geéup VIB netal fromthe periodic
table of the elenments or anisotropic material; formng a plurality of
openi ngs extending, at least partially, froma first major surface to a

second maj or_surface of the foil or plate; filling the space enconpassed by
at | east sor?alemre&enblnaﬁmnnggdemﬁlla diesied ta elestamig devigsmthat angbedei theli ¢ t abl e

of the el emepbsc aanAnaPLineRaklid bR B g dch Mo Riihagsa G oup | B metal
fromthe periodic ta enents over at [east ‘a portlon of the
first major surface and at least a portion of the second major surface. The
present invention is additionally directed to electronlc devi ces that

i ncl ude the above-descri i conduct or
conponent’s. BRI EF DESCR ﬁﬁ@i&ﬁl

a plan view of a
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Cross-secti d?ig.lz shoaw a0frosrsectioraiplee csfftheifoﬁlmrlplalé inofFig! B WI th hol es according
to the |nvent|on where the surfaces have been c ateg and the hales filled
with a netalFi8R §lows agetteseglinan¥ews one sraplent 8 foihosplatgw ithhaleh st r at e
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cross-secti oned t ayer per or at ed
10  with a metal;

Fig. 4 shows a cross-section view of a sandwich substrate according to the invention;
and

Fig. 5 shows a 30X photograph of a cross-sectioned two layer perforated
molybdenum substrate that has been copper filled and coated according to the

15 invention.

DETAILED DESCRIPTION OF THE INVENTION

Other than in the operating examples, or where otherwise indicated, all numbers or
expressions referring to quantities of ingredients, reaction conditions, etc. used in the
20  specification and claims are to be understood as modified in all instances by the term

"about."

As used herein, the phrase “the rule of mixtures” refers to the thermal response a

material containing two or more components exhibits. In the rule of mixtures, the
25  thermal properties of a substrate, containing more than one material, in a longitudinal

direction (properties parallel, i.e., in an x-y plane) are estimated as the sum of the

responses of the composite components weighted by the component volume fractions.

The present invention utilizes etching, stamping, drilling, laser drilling, chemical

30  milling, or combinations thereof to create a repetitive network of precision holes



nol ybdenum substrate that has been copper filled and coated according to
the invention. DETAI LED DESCRI PTI ON OF THE I NVENTI ON Ot her than in the
oper at i ngvexamplse®s or where ot herw se indicated, all neairarss00s039150
expressions referring to quantities of ingredients, reaction conditions,
etc. used in the specification and clains are to be understood as nodified
in all instances by the term "about." As-u@sed herein, the phrase "the rule
of m xtures" refers to the thermal response a material containing two or

nore conponeRtshdghi magtspartmlyttﬁ%u%yheeﬁﬁct&y Yl €61l of Platet anemt a pogiear ti es
of a substrate, containing nore than one material, in a |ongitudinal
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drilling, | aséfordimghtehogn bebreaied ahving highnlge;rmr camlbtiviat vienwithdgtleof t o
create a repetitive network of precisian hoI sextendl ng at | east, ﬁrésrtlally

through & rdherawt gFsps ﬁeé?rmonfdéwba&ks pisggiated pyith lagunateorgatiix GAMBPSILNS 350 es
are at l.eastyopaleliabbve. fTHulseQné’\\ﬂ/ H?mf’} SaRktERs WidtsidrGdand ?O\Pé?Qhé?{naFDr e.

thermal |y conductive materials. Very thin spreaders of, for exanple
mol ybdenum aedstancetand ighenz-aais themel exidactiviies than ﬁmghalidbé&fmaknmmduct i Vi ty

vi as wi t hout t her re et enti. dr awbacks associated w th

| ami nate or Fﬁ?‘&??rﬂ?}%ﬁ?‘ﬁ&k‘ sslsé’é%vd&?%bed above. Thus, a new famly of
materials with significantly Iower thermal resistance and higher z-axis
thernmal conductivities than are avail able for known refractory netal based

heat si ldQs iAs lpﬁeéﬁliﬁ@efd “apanisyepiqperinl refsrsdpinaeriabpihet Gt digerent ef ers to
t t
mterials thalneX SRty (L& Cg}{ggﬁettﬁgxpguﬁg Y s  Yatbetfafoutd? (G he-Y

pl ane t han ong a z- per en non-lrmting
exanpl e of anplams. S,thﬂ-ﬂ)mtlﬂgbmlﬂé of Jﬂﬁimﬁﬁt@pbﬁnatsﬂﬂl that cah®e used in the

present invention is graphite.

15  The present invention provides a substrate, that can be used as a heat spreader for
semiconductor and integrated circuit components that includes
a core plate having a first major surface and a second major surface
and a plurality of openings extending, at least partially, from the first major
surface to the second major surface;
20 . a metal or other high thermally conductive material filling at least a
portion of the space encompassed by at least some of the openings; and
optionally, a layer containing a metal or other high thermally
conductive material disposed over at least a portion of the first major surface

and at least a portion of the second major surface.

25
The core plate includes a Greup VIB metal from the periodic table of the elements
and/or an anisotropic material. In an embodiment of the invention, ;che Group VIB
metal is selected from molybdenum, tungsten, an alloy containing molybdenum and
tungsten, an alley of molybdenum, an alley of tungsten, and combinations thereof. -
30

The core plate can have a thickness of at least 1, in some cases at least 2, in other

cases at least 3, in some situations at least 4 and in other situations at least 5 mils.



present invention is graphite. The present invention provides a substrate,
that can be used as a heat spreader for sem conductor and integrated
circuit cwoposesv®st hat i ncludes a coie plate having a fcraiseajosyissur f ace
and a second mgj or surface and a plurality of openings extending, at |east
partially, fromthe first major surface to the second major surface; a
metal or other high thermally conductive-8aterial filling at | east a
portion of the space enconpassed by at |east sone of the openings; and

optional Iy, msd aeEors pRtAaninAYe & tiBkREs &to @bRE50,Mh 8bme b&yerab ky4g,qpduct i ve
mat eri al di sposed over at least a portion of the first major surface and at
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metal is seltgickae théraml reslsydpde magbe toolygh eince thie hehd myst tantla greatgr nol ybdenum
and tungsten, an alloy of nolybdenum, an alloy of. tung

. ten, d i
conbi nat Ponglistaceebie C%Ela&ﬁaé hayee g“@%‘ﬁSWSH@S%{‘t?%I?YCWZ%fEQ%YﬁQTS eefd 1, in
some cases ah.)eq4Stnhayd D ufliREs ﬁﬂéﬁ% bgt't'wegﬁ’ %%I; ofthe WRIUEORRIt&] dREI ons at

| east 4 and I'n other situations at a m7ls.Also, the core plate can
have a thickness of to up to 50, in sone cases up to 40, in other cases up

to 30, in sqQme situations. up to.25, in.other situati.gns up to 20, in sone
i nst ances ugntaé’_al’ltg’,uﬁa_éﬁ’ai‘ PW“’&“F\%‘F%F SRR thl%“isé 0 esc.or%%% A& cor e
plate is t oGt G&10 kbR HhEEFRpoR oS HRTEE oFPMtd8 8GO0l over BGeconie heat
must travel a greater distance. The core plate can have a thickness

repr eserfed poytiamf thé failey platbues recited above or can have a thickness
rangi ng between any of the values recited above. In a particular enbodi ment
of the invention, the thickness of the core plate varies form1l to 10 mls

for a first papleh®Bdiient BEthk dhvenfon,Ahétde batdcdntpriz@s ohd & AdRMAals andnd
has a thermal conductivity of at least 50, in some cases at least 75 and in other cases
at least 100 W/M°K. Also, the core plate can have a thermal conductivity up to 200,
15  in some cases up to 175, and-in other cases up to 150 W/M°K. The core plate can.
have a thermal conductivity represented by any of the values recited above or can . -

have a thermal conductivity ranging between any of the values recited above. -

In another embodiment of the invention, the core plate comprises an anisotropic

20 material. The anisotropic material can have a thermal conductivity of at least 50, in
some cases at least 75 and in other cases at least 100 W/M°K. Also, the core plate can
have a thermal conductivity up to 2,200, in some cases up to 1,750, and in other cases
up to 1,500 W/M°K in the x-y plane. The core plate can have a thermal conductivity
represented by any of the values recited above or can have a thermal conductivity

25  ranging between any of the values recited above.

The core plate according to the invention has holes or “vias” that extend at least
partially through the core plate. The holes can have any suitable shape. Suitable
shapes for the holes include, but are not limited to round, square, rectangular,

30  hexagonal, octagonal and combinations thereof. Combination shapes can result, for

example, where different techniques for forming holes are used on each surface of the



portion of the foil or plate. In an enbodi nent of the invention, the core
pl ate conprises one or nore netals and has a thernmal conductivity of at

| east 50,wonosaFe2osases at | east 75 and in other cases aCTimsamis/03i0A80 W VK.
Al so, the core plate can have a thermal conductivity up to 200, in sone
cases up to 175. and in other cases up to 150 W/MDK. The core plate can
have a thermal conductivity represented b9-any of the values recited above
or can have a thermal conductivity rangi ng between any of the val ues

reci ted abov@re platcanatmietgtRdesirg®stimafwidiahé Magadiad Roled _hﬁetc&rsﬂnﬁﬂyaiu@
conprises an anisotropic material. The anisotropic material can have a

t her mal condo@egeptaple teferaice vamaions @n themasyfastirep@sesit | east 75 and in ot her
cases at |l east 100 WMK. Also, the core plate can have a thermal
conductivity up to 2,200, in sonme cases up to 1,750, and in other cases up

to 1, 500 WZMKlitishdllpeths hylepcankave Hag seitdbde gosd-ectiomul bisape. Suitside omlss-
conductivity represented of the values recited above or can have a

by .any . .
ther mal SondGeiqngl shppesioniediobisingude. Rrtare Aot iR ANME RIS YPSSERRS: The
core plate agaottidt:fhik el MipRLhdLolibafialsaferdér, " Vi as” that extend at

| east partially ght core plate. The holes can have any suitable
shape. Suitable shapes for the holes include, but are not limted to round,

square, rectangyl ar,,, hexagonal , oct.agonal d comfi nati pns, t her eof .

bl nat| on RS 812 0H aer ety Gradng of B SRR AP IR PRSI ques 1or
form ng hol gavéntianueesk d@ﬂt_eﬂ@thmwsftﬁ@eodgﬁz&f%% FlaR18taad Aehdlby pugat hol es
are formed when the individual holes neet or sinply due to acceptable

t ol erand® vaxtendiaplesstinartidily thaghah bedyut s ghoagsin Eagdl hplemas eytend he hol es
can have any_suitable cr.0 i h i honal shape
For the:nol coHERAY froSLPRSLP P MANR 1 DARRs oL bARUR BIARRIBGL 20D, ShaPes

cone shape, straight sided shape and conbi nations thereof. Figs. 1 and 2
show a particul ar enbodi nent of the core plate used in the present
In an embodiment of the invention, the openings in the core plate can make up at least -
5, in some cases at least 10, in other cases at least 15, in some situations at least 20,
15 and in other situations at least 25 percent of the volume of the core plate. Also, the -
openings in the core plate can provide up to 90, in some cases up to 75, in other cases -

up to 60, in some situations up to 50, and in other situations up to 40 percent of the

volume of the core plate.

20  The diameter and shape of the holes can vary according to generally accepted
manufacturing tolerances in the art. Typically, in the present invention the holes are
smaller and more numerous than those in the prior art which leads to improved heat
dissipation in the vertical or z-axis direction and, which is also more compatible with
electronic and computer related applications. Generally, the present substrates

25  provide performance that exceeds that found using refractory metals, such as tungsten

or molybdenum alone.

In an embodiment of the invention, the holes or openings can be at least 2 mil some
cases at least 3 mi! and in other cases at least 5 mil in diameter measured at the widest

30 point. Also, the holes can be up to 25 mil, in some cases up to 20 mil, and in other
cases up to 15 mil in diameter. The size of the holes depends on the area and

thickness of the core plate as well as the particular thermal conductivity properties



invention. Core plate 10 includes the body 12 of core plate 10 and the

hol es 14 that extend at |east partially through body 12. As shown in Fig.
2, hol es wo 2e0ct0somsconpl etel y t hrough body 12 and hol e P&TasR@s@3916M| Y
partially through body 12. In an enbodi nent of the invention, the openings
in the core plate can nake up at least - 5, in sone cases at |least 10, in
ot her cases at |least 15, in sone situati-dfs at | east 20, and in other
situations at |east 25 percent of the volume of the core plate. Al so, the

openi ngs i N defifedGR S Mhadpfodudl) TN AAG et thOh8Es cd bR/ aliRs R Fanpe tO 75, in
ot her cases up to 60, in sone situations up to 50, and in other situations

up to 40 pembseraenghy phthewelugatecied abavecore pl ate. The dianeter and shape of

the hol es can vary according to generally accepted manufacturing tol erances

inthe art. Typically, in the present invention the holes are smaller and

mor e numner ods ah babodifeseof the ifienion, dlie @tid ofthiecharh@adst thoholoporoapedingeat

dissipation in the vertical or z-axis direction and, which is Isongre
b

conpat i bPe WP e thickpess GAME caFrPlaisp iRIbFANRa A icaat QIR EUPF 61963 AICEHRLP S 1 y,
the present i3 yiat LALER 1BLPYIIURIRELIAL RAGCesldh RlastW GARASIME Bdnif@nd uST ng

refractory net such as tungsten or nolybdenum alone. In an enbodi nent
of the i nvennhéasured hthelvdliess point. ofplenj thg satmanf thediametee atheholeislor gpgrangsases at

least 3 mi! and |n, ot her. .cases .at | east ml i.n_dianeter neasured at the
i dest pol nto e bEKRE ST 15 GE AR B LELRS VR T M RIS e BATeLalB 1o 20
ml, and in PdRhscs apeS 14Pint PmkSinéthicel Op € BIBLAY in Jhe ifst@Reolp the2hol es
depends on the area and thickness of the core plate as we|| as the

parti cull@r (Theratio otthadirmeteriof yhegradgseariopeniagsiortbe thicknesseofithéregre plagioict . The
di anet er of 4he_ hpl ndge % et of the val ues
recited aboééﬂ%?h&%%%gﬁg%aHﬁ%ﬁ%ﬁg¥geﬁém?ﬁ$£ntl%ﬁg?%%%ggg F% of the dianeter
of the holes or openings to the thickness of the core plate or foil can be
at least 0.75, in sone cases at |least 0.8 . .

The layer in the present substrate 1s disposed over at least a portion of the first major -

surface and at least a portion of the second major surface of the core plate and can .

15  contain a Group IB metai from the periodic table of the elements. The layer material
aiso at least partially fills the space encompassed by at least some of the holes or

openings in the core plate.

Any suitable Group IB metal can be used in the layer. Suitable Group IB metals

20 include, but are not limited to copper, an alloy of copper, silver, or an alloy of silver.

The layer can also include a high thermally conductive material. Such materials
typically have a thermal conductivity of at ieast 200 W/M°K. Suitable high thermally
conductive materials include, but are not limited to diamond, alloys, composite

25  materials, and nanotubes.

As used herein the term “alloys” that are a high thermally conductive material refer to
compositions containing‘one or more metals that have a thermal conductivity of at
least 200 W/MPK. |

30
As used herein the term “composite materials” refers to compositions that contain a

Group IB metal and at least one other material.



in other cases at least 0.9 and in sone instances at |east 1, where the
opening is neasured at the w dest point. Also, the ratio of the dianeter of
t he hol eswono@psmiongs to the thickness of the core pl at ecorust@slosman be up
to 1.5, in sone cases up to 1.4, in other cases up to 1.3, in sone
instances up to 1.25 and in other instances up to 1.2. The ratio of the

di aneter of the holes or openings to the ltihi ckness of the core plate or

foil can be any value or range between any of the values recited above. The
| ayer in the present substrate is disposed over at |east a portion of the
first major surface and at | east a portion of the second major surface of
the core pl dtscisahberelm thedpmm | rangtubes sfergiomystams thas gonsisd op srapbidicdaxespl e of

t he el ement he,l ayer i al t i VA ace-
encorrpassed%%%/'glgfsw veva?tpesorréy ]@?eﬁsﬂtﬁﬁg@ﬁ]&g&gg%& %5%@}11 N fH“{erJ ag%élgt%foslsigt e.
Any suit abl difdi@efundBaige ap t€ amilendiaed nmose irhiengthy Elhie lefpthttatwidth@spengp | B
metal s include, but are not limted to copper, an alloy of copper, silver,
or an al Poy r@fo isiextremelythgh. | ayer can also include a high thermally
conductive material. Such materials typically have a thermal conductivity
of at least 200 WM. Suitable high thermally conductive materials include,
but are not Ihiampattedlar embpdimentiof the irosestiors dngplogértcan mrelwstei ah least GORL, iranot ubes.

As used herein the term"alloys! that are i t her.nmal | dugtive
material r efs8?‘et°85688f7{?8§tiot 10%3810%{]]%%?%6“ geﬁ;el ((p){]p%?%%a%"i’%@ '"Ra uﬁ\é‘\)/e a
thermal condugd dovid d4s€f 0.2 ahEmSIthe?Q@sedMudo 0ApersatbNaeRhhof fe 1dyef 61 Ni.
"conposite materials" refers to conpositions that contain a Goup |B netal

and at [18astlnenembediarentraf Geiinyeniien, dhelii erarbsappliehes & Gimday st thses" refers
to systems th e otRd éltateogr fgﬁa@ﬁé Hcﬁslo%yo?rhﬁ caf ?ﬁ%\g %l§e| Grollb 3B Qﬁ&altl er to
h ycflnd ypicallTy only a

cyl i nders. The € rs are typi ew nanoneters 1 n anet er
and can be wptterowét the Surfare b€ theoraplate and fillehghdles ddhdesiredigt h-t o-wi dt h aspect

In an embodiment of the invention, the Group IB metal or other high thermally

15  conductive material laver contains one or more materials having a thermal -
conductivity of at least 290, in some cases at least 350 and in other cases at least 500
and up to 2,200, in other instance up to 1,500, in some instances up to 1,200, in some
cases up to 1,100 and in other cases up to 1,000 W/M°K. The thermal conductivity of
the particular materials in the layer can be any of the values or range between any of

20  the values recited above.

In an embodiment of the invention, at least'some of the holes or openings in the core
plate or foil are at least partially filled with one or more Group IB metals or other high
thermally conductive material and no layer is disposed on any surface of the core

25 plate or foil.

In another embodiment of the invention the holes or openings in the core plate or foil
are at least partially filled with one or more Group IB metals or other high thermally
conductive materials and a layer is disposed over at least a portion of a surface of the
30  coreplate or foil. When a layer is present (i.e., there can be a layer thickness of zero),
the layer, on each surface of the core plate, can have a thickness of at least 0.001, in

some cases at least 0.01, in other cases at least 0.1, in some situations at least 1, in



ratio is extrenely high. In a particul ar enbodi nent of the invention, the

| ayer can include at |east 0.001, in sone cases at |east 0.01, and in other
cases at weasds/Bodbspercent by weight Ni and up to 1, inprPsoms@asess®. 75 and
in other cases up to 0.5 percent by weight of the layer of Ni. In an

enbodi nent of the invention, the NN can be applied as a thin |ayer over the
surface of the plate or foil. The inclusilan of Ni can allow the Goup |IB
netal |ayer to better wet the surface of the core plate and fill the holes

as desired. o3RRS 180D, iﬁfspﬁﬁlé‘?nétﬁ-}égﬁﬁtil@d%t 3 bh@in@tRetindtEhd¥eheleag®s Ot her

high thermally conductive material |ayer contains one or npre materials
havi ng a t hepiral Whenthadayeyisttgo dfinits Heatspreadng dapabibiysvidldectimiishedast 350
and in other,.cases, at | east 500 .an i i st up to
1500, i n s sl Miys £HTHA8E 1% B uCE R suhEeRhTRG A5 08E,

ot her cases cdfestup td 3000 sthdKituatioas tiper PR lin chedsitiativist up t0f20f tmesopser t i cul ar
materials in the layer can be any of the values or range bet vveeg, r?(lny of the
val ues réci tiesiangspyidto §5 anthineRherdnsiine ugrto d i @nisnJdisdaxsh cambavied8ickaie of

the hol es Orr%{%gé%me'a rdg? &tf bR \%?JBeg rrréeutitg Gb&e Jrhh h%eﬁgﬁﬁ%khgﬁ%ﬁné?ﬁét ially

filled with e or oup s or other h ermal Ty conductive
mat eri al andetweechayeof the vdlwepo@dd apovany surface of the core plate or foil.
| n ‘anot her enbodi nent of the invention the holes or openings in the core

plate or foil are at least partially fiUed with one or nore Goup IB netals

or other hi gf ah RemBBikekt SORE BRlchNSn, TR BYrIrs Godp 3B hiydlis ififdshRaaedeover
at least a portion of a surface of the core.plate or foil. Wien a |ayer is

present 10i . side afftler sibstaate ethg ofhey.amitohh oresaing thit thesthiknesstod thedgper dogh each
surface of the core pl.ate, n_have a thickness of.at t 0 in some
cases at |ed¥ Yaréf.nb%,g thap %{%Tmc’sgglgga%ets P &8 ﬁ&.n £ sﬁ’hﬁé@@eg? euogit}t}lil ns at
| east 1, i nagyb&fatsStotith@bthens at |least 2, in sone instances at least 3 and in
ot her instances at |east 5
In a particular embodiment of the invention, the layer is not uniform across the
15  surfaces of the core plate.” In a particular embodiment, the thickness of the layer

varies from zero or 0.001 to 10 mils over a first portion of the core plate to 5 to 50

mils over a second portion cof the core plate.

When a layer is present, any suitable ratio of the core plate thickness to the thickness
20  of each layer can be used in the presént substrate. In an embodiment of the invention,
the ratio of the thickness of the core plate to the thickness of the layer over the first
major surface can be from 1:0.1 to 1:2, in some cases from 1:0.5 to 1:1.5, in other
cases 1:0.75 to 1:1.25 and in particular instances approximately 1:1. Additionally, the
layer over the second major surface can be from 1:0.1 to 1:2, in some cases from 1:0.5

25  to 1:1.5, in other cases 1:0.75 to 1:1.25 and in particular instances approximately 1:1.

The layer has a thermal conductivity of at least 200, in some cases at least 250 and in
other cases at least 300 W/M°K. Also, the layer can have a thermal conductivity up to
500, in some cases up to 400, and in other cases up to 350 W/M°K.

30



mls. Wien the layer is too thin, its heat spreading capability will be

di m ni shed. Al so, the |ayer can have a thickness of to up to 50, in sone
cases up wo 24és0s0msot her cases up to 30, in sone situatipgmarsa@sio®1d®, i n
other situations up to 20, in sone instances up to 15, and in other
instance up to 10 mls. The layer can have a thickness represented by any
of the values recited above or can have -a3t-hi ckness rangi ng bet ween any of
t he val ues recited above. In an enbodi nent of the invention, the |ayer of a

G | B tral. 11 i i: ;
oup MElghe lé}t%r‘n get'iH lﬁﬁfrg@ttﬁ%@ﬂ] g(f;s}g(iugfflg?y IQE{eEQﬁe(F sy HiRe VAuthRcRdDer

uni f or m meani ng t'he | ayer does not vary nore than
10% in somebows@scanhavmoa thettharcondidtyvity romgingeetweaheanyfof theevalugsaesitede to t he
other. In a Barti cul ar enbodi nent of the invention, the layer is not

uni f orm acr 888¥%he surfaces of the core plate In a particular enbodi ment,

t he thickness of the layer varies fromzero or 0.001 to 10 mls over a
first portion of the core plate to 5 to 50 nils over a second portion of

t he core5Spl dnen embediment eftae inveniien deqpreseahsubstipte dpeenat grhigitghermgl core

| ate thick t h ' I '
Cunstrate. PORRSmomlChiolEota g pRORd LAl o PR rE SRR R, Dlmocs of

t he g or ]ge pl gagtidular eh®odinienlk NiesTCHfis tover Hayexpeatel orthediéted sTherpjedictesiur f ace
can be from1:0. 1 to 1:2, in sone cases from1:0.5 to 1:1.5, | t her
cases 1:0. 79 Glpofithe presenthbstiate grarkeiat inagh 14 L ame P36 st QY ey
Additional | g GinbRYREs Y8k 398 1966 4h (TRbRIcaby thorfle AL r om 1. 0- 1 to
1: 2, in sone cases from1l:0.5 to 1:1.5, n other cases 1:0.75 to 1:1 .25
and in péarticular instances approximately 1:1. The | ayer has a thernal
conductivity of at

| east .200, in sone. cases at.|ea .and i.n ot her cases
at |east 300 pifiRulangrapodimgar qué(}]%‘rn_vﬁrgwnﬁégléovﬁq Y"rfgg'%l I%E‘glﬁ 35’2’99%?{9’ up to
500, In somy,gases20hchidedEtie PP&@OI‘ 10i1 QuReEth HASK helr flassFhapddidfestite | ayer
can have a thermal conducti vi represented by any of the values recited
extending there through. Core plate 24 contains one or more refractory Group VIB
metals. Layer 22 is disposed over the surfaces of core plate 24 and fills holes 24.

15  Layer 26 contains copper, an alloy of copper, silver, or an alloy of silver. -

In an embodiment of the invention, the substrate can have a thermal conductivity of at
least 50, in some cases at least 100, in other cases at least 150, in some instances at
least 200, in other instances at least 250, in some situations at least 275 and in other
20 situations at least 300 W/MP°K. The substrate can have a thermal conductivity
represented by any of the values recited above or can have a thermal conductivity

ranging between any of the values recited above.

In an embodiment of the invention, the substrate has a thickness of at least 1 mil, in
25  some cases at least 2.5 mil and in other cases at least 5 mil. Also, the substrate can

have a thickness of up to 100 mil, in some cases up to 50 mil, in other cases up to 35

mil, and in some instances up to 25 mil. The substrate thickness can be any value or

range between any of the values recited above.

30  In particular embodiments of the invention, specific combinations of Group VIB
metals in the core plate and Group IB metals in the layer can be used. As a particular

example, the Group VIB metal can be molybdenum and the Group IB metal can be



above or can have a thermal conductivity rangi ng between any of the val ues
recited above. In an enbodi nent of the invention, the present substrate
does not wehnddasozoker mal properties as woul d be expect egcoruspoosasased based
on the rule of mxtures. In a particular enbodinent, the TCE is | ower than
expected or predicted. The predicted TCE of the present substrate can be at
| east 10% 1l ess, in sone cases at |east 20%- ess and in other cases at | east
25% | ower than predicted by the rule of m xtures. A particular enbodi nent

of the inverbpsr. l1r§arsd@wpamulargxm§pleltﬂe Grosp VI aRtaTest be PGl MEth30

i ncludes core plate or foil 24 with roughly hour gl ass shaped hol es 26

ext endi ng t K&reup Ilhmeta)lean Bofeppsi-at e 24 contains one or nore refractory
Goup VIB netals. Layer 22 is disposed over the surfaces of core plate 24
and fills holes 24. Layer 26 contains copper, an alloy of copper, silver,
or an alloy Wpicﬁllywhé Gréup ¥IB et bihwith horeshhbasitlpmiatlyﬁﬂiadmm asGhsplBt e can
have a thernal aductl ity of at |least 50, in sone cases at |east 100, in

ot her cases r%ﬁta|aé optiquaply coated yith 3 Hequp {Bahetak is phgapetisgiyuciure. ffased

i nstances atyelfaSherdmific s&rﬂctﬁfé‘"?ne%h& Hat iHeHle8imdtSR8F the {vélbn isrhu%tgh?f
situations at | éast 300 WM. The substrate can have a thermal conductivity

r epr esent ed nanagythatfgasdee caraiot wdﬂ}epms ¢ghrongothe somctosmn P;meorahmitmgml

cbod ment  SFAERE: PRV GRSt et B fded STk e B G pran st 1

ml, in somésgasmec atl dtﬁmﬁhe?e Siffetentidin Ad dhotHeh 8bn-fiafigse élanipp@she 5 mi | .
Al so, the substrate can have a thickness of up to 100 m|l|, in sone cases up

to 50 milD, iimvestiNemalrhsisdenmpeticon Smt fimectsyihg leak ratsracqi fieatigne eguiipd {5 25 | .
The substratggte ‘Pé"c‘f’éﬂ gor&an be any value or range between any of the val ues
reci ted above icular enmbodi ments of the invention, specific

conbi nati ons of Goup VIB

In an embodiment of the invention, two or more layers of substrates can be “stacked”
to provide a sandwich-type structure. In this embodiment, two or more core plates

15  containing a Group VIB metal and/or an anisotropic material having a plurality of
openings extending, at least partially, from a first major surface to a second major
surface with the hoies filled and surfaces coated with a layer of a Group IB metal, as .-

described above, are placed one on top of another.

20 A non-limiting example of a stacked substrate is shown in FIG. 4. Stacked substrate
50 includes first substrate layer 51, second substrate layer 52, and third substrate layer
53. Each of substrate layers 51, 52, and 53 include layers of a Group IB metal 55
disposed over the upper and lower surfaces of core plates 56, which contain a Group
VIB metal and/or an anisotropic material, and holes 54 extending through substrate

25  layers 51, 52, and 53, which are filled with a Group IB metal. Although holes 54 are
shown in alignment one above the other, such an alignment is optional, as the holes

can be offset, which can be desirable in some instances to aid in heat dissipation.

In the sandwich substrate of the present invention, heat can be transferred vertically
30 (in a z-axis direction) between layers via the Group 1B metal filling holes 54. At each
layer, heat is transferred laterally, or in an x-y plane along Group IB metal layers 55.

Thus, such a structure effectively transfers heat in all directions.



metals in the core plate and G oup IB netals in the |ayer can be used. As a
particul ar exanple, the Goup VIB netal can be nol ybdenum and the G oup IB
met al carwbeo@psers | n anot her particul ar exanpl e, the @coms20065B3980al can
be tungsten and the Goup IB netal can be copper Typically, the Goup VIB
metal foil with holes at |least partially filled with a Goup IB netal and
optionally coated with a Goup IB netal -il$-a hernetic structure. As used
herein, "hernetic structure" means that the filled matrix of the invention
is airtight, meaning that gasses cannot readily pass through the structure.
As a non-limting exanple the inventive matrix is hernetic in that it has a
| eak rate ofin thesandwigh substratesfithe presenbimnvantion eanrpseyifethicker substratgs than. As

another NoN <l bl A4 EARMRIAE agddlftcILENEL-Y f1408] hda¥ alsSpRRETBh G prilibdat 1

nmeets the | 83F T a8 Specitications require e applications. In
an enbodi nemhugfthé sadivivhesubsteate of the poesentineentiay esrshavk aghickhesabést lean2be

"stacked” to provide a sandw ch-type structure, In thi. odi ment,. two or
more cor e plnaﬁégs%ﬁP%Fﬁ?tﬂﬁasés@li)w )OS RSP aft;l]ﬁEﬁtdb n?;fﬁ gﬂﬁt‘)’s@f}ts wich
material hayifgraf &hhaad b iici@lesORa BIDODHIENAsHEe cies L aSsom@lIt fnal |y, from

a first major surface to a second major surface with the holes tilled and
surfaces coatled casics hp ¢ 230/mil, wfsomednsdanses Bp te2®) milaandda sther bsthnggsore, ar e

pl aced one gn .,of .anot her on-Jimting exanple of a stacked substrate
is shown i n?‘?—'llég?glﬁl: The sandigel 5@?%}?&&%10%5? ﬁ% tEf’d@g;p \faﬁes(fr r%rﬁﬁfsbtefvé ¢ Payer 51,
second substyfraes ¥ éciedabéved third substrate | ayer 53. Each of substrate

| ayers 51, 52, and 53 include |ayers of a Goup IB netal 55 di sposed over
the uppéP and | ower surfaces of core plates 56, which contain a Goup VIB

R L T
Al t hough' holig&nhién asrchskawhicknesa bt fomedbuoh® aloav40 mfle ot her, such an
alignnment is optional, as the hol es
The sandwich structure of thin sheets according to the present invention can be
15 particularly advantageous as more numerous, more-uniform, smaller holes can be
provided across the top and bottom surfaces of the substrate when compared to prior- -
art methods or when thicker sheets are utilized to form the substrate. As hole
diameter is related to substrate thickness, making and filling very small holes in a
very thin substrate and then stacking the very thin substrates as described above
20  provides a substrate surface with more numerous, more uniform, and smaller holes,

and thus with an improved heat transfer capability.

In an embodiment of the invention, the stacked or sandwich structured substrate has
holes along one or both surfaces such that the ratio of the diameter of the hole

25  openings to the thickness of the stacked substrate is less than 0.75.

As indicated above, prior art laminate or matrix systems of Mo-Cu or W-Cu.are made
into thin substrates by way of standard metallurgical procedures, which induce
stresses in the material that cannot be completely relieved. The stresses cause

30  warping of the material at thin gauges when exposed to elevated temperature
soldering processes. A particular advantage of the present substrate for electronic

packaging components and integrated circuit components is that stresses in the core



can be offset, which can be desirable in sone instances to aid in heat

di ssipation. In the sandwi ch substrate of the present invention, heat can
be transfwonrea/osersi cally (in a z-axis direction) betweeoTlh@y@ss3ausa t he
Goup IB netal filling holes 54. At each layer, heat is transferred

| aterally, or in an x-y plane along G oup IB netal l|ayers 55. Thus, such a
structure effectively transfers heat in-dlél- directions.ln the sandw ch
substrate of the present invention can provide thicker substrates than
singl e | ayer38Bs] BeRSy@Srivd RIMAL £ halGrba) 1H icYal PTRR QleRBRIwWApBEapat i on
can be provided. Thus, the sandw ch substrate of the present invention can
have a t hi ckhiagsugss aats fowadin the pripr arf matesiats. cases at least 5 mil and in

ot her cases at least 10 m|. Al so, the sandwi ch substrate can have a

t hi ckness of up to 1,000 ml, in sonme cases up to 500 m |, in other cases
up to 250 niThe préseftdnentios hROGesvitds 4 @etB0d ofinkhking itk abdveidesiibedist ances up
to 100 m!l. The sandw ch substrate thickness can be any val ue or range

bet ween any sgbstiatfafoy semusandqustar pag Iniemdted Cirppibeqrapanepts) ﬁhemﬂmwme%f t he
i nvention, the sandw I T M \V/ i a

t hi ckness of from abo%?o‘gaﬁ?gtaat tcl)g{&ﬁlg'(tr%%ll%%é?ﬁgmslgfr%&vﬁ?ﬁbgma&gﬁa}@@f thin
sheet s accor di ng thopdrivdiqmilseifithe clemeits anl/oraam dnésopapicincatéraal] y advant ageous

as nore numerous, nore unifor smal | er .holes can b rovi.ded acro t he

Lop and bot t om sur f acde e FRLTEIEE PRPUNYFETC oA gt PHCRIT O AT et hods
or when thicker Shest&rRteto decbdehafol shi®icof b ol blaad;e. As hol e di aneter
is related to substrate thickness, making and filling very small holes in a

very thilfl substrate arfomihga laseactitaigingreGroapyBirngtal fsun sheperiedicdabldetcri bed
above provides a substrate surface wth npre ner.ous, . nore, yni form and
arel er ol es. adie tRuetuor L AR CRlEn RS AN RS SRR ™ %o

enmbodi ment of t hgottivrestith@secohdmafr ackad; aid sandwi ch structured substrate

has hol es al ong one or both surfaces such that the ratio of the djanmeter of
t he hol e at least partially filling the space encompassed by at least some of the

openings with the Group IB metal.

15 ‘ _
The present method is advantageous in that it utilizes easy to handle core plate or foil.
materials that are worked or modified using standard processing methods to which a .
Group IB metal is subsequently added. This is an advantage over prior art heat sink
materials which require much more complicated and expensive processing steps.

20

In an embodiment of the invention, the openings are formed in the foil or plate by a
method selected from etching, stamping, drilling, laser drilling, chemical milling, and

combinations thereof.

25  In another embodiment of the invention, the layer is formed using one or methods
selected from melting, thermal spray, powder melt, electroplating, melt and
electroplate, sputtering, selective plating, infiltration, casting, pressure casting, and

combinations thereof.

30 In an embodiment of the invention, all stress inducing process steps (for example,
sawing, cutting, rolling, grinding, and/or lapping) are completed prior to adding the

Group IB metal to the foil or plate.



openings to the thickness of the stacked substrate is less than 0.75. As

i ndi cat ed above, prior art lamnate or matrix systens of Mb-Cu or WCu are
made i nt owohoes/Bsodest r at es by way of standard netal | ur gi ealr/yse@spsuses,

whi ch induce stresses in the material that cannot be conpletely relieved
The stresses cause warping of the material at thin gauges when exposed to
el evated tenperature sol dering processes.17A particul ar advantage of the
present substrate for el ectronic packagi ng conponents and integrated
circuit conponents is that stresses in the coreplate can be relieved prior
to adding the Goup IB netal. This prevents warping at thin gauges as is
found in t hdnpniembodimenhaf e iinvestionstrinsrod sheforoup B metydrprapiecdRvwirdes a

met hod of ' v ' ; f ] :
"t egrat ed curas ¢t e R TIHE RSB heheRdia sdmBERECHMEL Rl A
pl ate or pl ahédt aanfiliibe hofesar Gpenipgs\And opeibad]]yf foamatliyer.plr a patticulhiabl e of t he
el ements and/qr an anisotropic material; formng a plurali tl{; tgf ni ngs

op
ext endi n§, &mbodyaentJaoqramqre layerspfsinsireplagag et & syrfaceof ths foilozp maj or

surface of thg ddiel. B tRhteR sindRiol! MhroyddMeeT disPBLAS I RMhegdn&KiRk Bnd B et al
fromthe periodic table of the elenents over at |east a portion of the

first major isyprdvaddoknfd]l msultse d¥dt vesipog ta bmbamhdithenspatiadanthgar, suy f ace; and

at least partijally filling. the spac nconpasse at | east .so of the
openi ngs i (DY gl PRIy R R T LB RSB SRVAASU Bus | n
that it utilihgesst8psksil iNafplofed bR, Pk@ibation addfill ofe@roap 88 hivedl. ThR

wor ked or nodified using standard processing nethods to which a Goup |IB

metal i 90subsethedalaws fadprenaringiacger soated seytionn efdle ploterordeil dpe rthe heat  si nk
tepe. T ar B e TR R R G B R hae ar e Tormed in the
foil or plate by a
In an embodiment of the invention, a final reduction step can be used in the method of:
making the above-described substrate for semiconductor and integrated circuit
15  components. The reduction step can be carried out in order to make the surface more -
uniform, densify the substrate, reduce the thickness of the substrate and/or to temper .

the substrate. Any suitable reduction step can be employed, suitable reduction steps

include, but are not limited to rolling and hot isostatic pressing.

20  The present invention also provides a substrate made according to the above;

described method.

The present invention aiso provides electronic packaging components that include the
substrate described above and one or more semiconductor components.

25
Any suitable electronic packaging component can be included in the invention,
especially those that include heat generating components. Suitable electronic
packaging components include, but are not limited to wireless communications
devices, fiber optic lasers, power generating semiconductors, resistors, and opto-

30 electronic devices.



met hod sel ected frometching, stanping, drilling, laser drilling, chem cal
mlling, and conbinations thereof. In another enbodi nent of the invention,
t he | ayerwd2odosomd usi ng one or nethods sel ected from welrtuseesosdiss mal
spray, powder nelt, electroplating, nelt and el ectroplate, sputtering,
selective plating, infiltration, casting, pressure casting, and

conbi nati ons thereof. In an enbodi nent ofi&-he invention, all stress

i nduci ng process steps (for exanple, sawi ng, cutting, rolling, grinding,

and/ or | appilAgh b dieHPbEE dhRhiin, thdataeidageribee sEBseHie or BrabRdddubbpatt he
foil or plate.ln an enbodinent of the invention, strips of the Goup IB

netal are plcaedgabycked o &sgoppd substrateipd grgtear op bespsr shesmahekPapdors propprtiear e

heated to a p i t AP i or
poons nge andb SRFA G ABLER N6 e Ihbs A A LichPRuRphes o
nore | ayer s indludd, bupsre avelipltetedtel atumina; teger, ot ctlamid aibktrates. pllad e and
nelted. ILn the |atter situation, inproved heat djstribution during nelting

and i npr 8vedORBIRation spbstrates preadvpdagsnus AT gy 8V HiE e e@bdlatﬁ§Uﬁb<a}ti cul ar

theory, it igoheliie¥@tnd MadmdiRBeGaPIk @ty that results between unnelted
upper strips and nelted lower strips results in inproved flow, distribution

and fill of the Goup IB netal. This nethod allows for preparing |arger

coat ed sectipns of,.the plate,or foil .due t he | nmpr.oved spreadin

char act eri st'tc® 16?“'1%@@%‘6 p}eBE}}?ectogb.m#lﬂngH Sirﬁ‘geo%f%%fi ag?vﬁo‘f@ en‘\?g(}uﬁ on, a
final reductdiking@mte &t spatdtmgdaretrst he nmet hod of * neking the

above-descri bed substrate for sem conductor and integrated circuit

componenfs. The reduction step can be carried out in order to make the
surface nor ' - if [ ' ss of the
substr at o andParEhhydRaR il ST ARl R ey LEEMAS ffe KILBHIESS oo can
be enpl oyed,exampleablle: folowitigieatmples pre meriehCillusteativb ot tharigvendivn kndrhrteadt t 0

rolling and hot isostatic pressi n%i L )
intended to be limiting. Unless otherwise indicated, all percentages are by weight.

15 EXAMPLES
The molybdenum used typically had a thermal conductivity (TC) of 140 W/m°K and #::
coefficient of thermal expansion (CTE) of about 5.1 PPM/°C from 26°C to 400°C in as*

nitrogen atmosphere.

20  Cold worked pure molybdenum foils were rolled to 0.005" (0.0127 cm, the 5 mil foil)~"
and 0.010" (0.0254 cm, the 10 mil foil) thicknesses. A photo chemical mask was
applied on both sides of each foil and a staggered hole pattern with a hole volume of
28% was created by a photo chemical milling techniques from both sides for better
hole tolerance control. The typical diameter size was approximately 1.2 times the foil

25  thickness for both the 5 and 10 mil materials. Since the holes were larger on the 10

mil strip there were fewer holes per unit area than on the 5 mil strip.
The milled molybdenum had a CTE of 5.65 ppm from 27°C to 400°C.

30 Samples were placed on graphite boats with strips of 0.028" oxygen free high
conductivity (OFHC) copper foil and passed through a conveyor furnace at 3
inches/minute at 2000°F (1093°C) in a hydrogen atmosphere at a dew point of -80°C.



The present invention also provides a substrate nade according to the
above7 descri bed nethod. The present invention also provides electronic
packagi ngvoanmaisenss t hat i nclude the substrate descri bedraisess/oando one or
nore sem conductor conponents. Any suitable electronic packagi ng conponent
can be included in the invention, especially those that include heat
generating conponents. Suitable electronil® packagi ng conponents i ncl ude,
but are not limted to wirel ess comruni cati ons devices, fiber optic |asers,
power gener dtheromf €6l GRNEHsaly BhSthe DB DS MY il vadRthoP RhiGEHEE WefMhes wigyi ces. I n
an enbodi ment of the invention, the above-described substrate or stacked
substrate cafribatedtq tederger mg nsededia ctohikrongh 0 prilspf 84 and the spkseguant

t hermal exp i -operties to forma conbination substrate. Non-limting
exanpl es ofqgégﬁpgggggd substrates include, but are not limted to steel,
al um num copper, or ceram c substrates. The conbi nation substrates are

advant ageous_ as .t hey .have inproved heat djstribution operties and the
i nternal °str slgsm‘ﬁ%‘[]}”éﬂﬁl@g%OnA(geéarﬂ%ﬁr-aPhﬁ‘? '??%Wéﬁa&ﬁuef?’ﬁ@ﬁépé% i nation
substrate degmbh BRGARIUaEAR PAnMER. A&IuRe RAEKEADHR sRIpSsub ke, TELARET NY
targets. The present invention will further be described by reference to

t he fol | ow itirewanhisaispladadeonf pgraphitepabwedep thessameeonditiens/as indigated at i ve of
the i nventi op_and..ar t-«i Nntepded to.be Limting. Unl.ess .ot herw se
e eared | BpRHARLS AR TAIARIGY bP vl Do HERE R AR SEC

typically hadgi@ thermal conductivity (TC) of 140 WnK and i coefficient of
thermal expansion (CTE) of about 5.1 PPM C from 260C to 400C in a -
nit r oged%at nosphere. Col d worked pure nol ybdenum foils were rolled to

0. 005" (0. 012G Mhydey5 M ! foil)

5 mil foil

A 5 mil Mo foil was run through a furnace with 1 piece of a 2.8 mil Cu foil which
covered the entire surface. This foil thickness was roughly equivalent to the 40% holef:}?-
15 volume with additional material to'cover the Mo surface. Some areas of the surface-’
had areas where the Cu was not uniformly wet and Cu buiit up approximately 1 mil
on the top surface. Some samples displayed this condition while others were wet
- uniformly. In all cases the molten Cu did not completely fill the holes and
electroplating was needed to completely fill any depressions and create a smooth Cu

20  overlayer. The variation was attributed to fixturing and capillarity.

Samples were cut into approximately 5/8" squares and were plated with electrolytic

copper until the sampies were completely smooth. The 5 mil foil had a 4.5 mil copper

overcoat on each side with a total thickness of 14 mil and a TC of 232-236 W/m°K.
25

10 mil foil _

A 10 mil Mo foil was run through the furnace with 2 pieces of 2.8 mil Cu foil which

covered the entire surface. This foil thickness was roughly equivalent to the 40% hole

volume with additional material to cover the Mo surface. Some areas of the surface
30  had areas where the Cu was not uniformly wet and built up approximately 1 mil on

the top surface. Some samples displayed this condition while others were wet

uniformly. In all cases the molten Cu did not completely fill the holes and



and 0.010" (0.0254 cm the 10 m| foil) thicknesses. A photo chem cal mask
was applied on both sides of each foil and a staggered hole pattern with a
hol e vol uwe 2066/@B8¥%s5was created by a photo chem cal m || ipog/use@spsgsees from
both sides for better hole tolerance control. The typical diameter size was
approximately 1.2 times the foil thickness for both the 5 and 10 m |
materials. Since the holes were |arger or20t-he 10 ml| strip there were fewer
hol es per unit area than on the 5 m| strip. The m |l ed nol ybdenum had a
CTE of 5. 65 eRpftoplafiiiy wadkedded @&ﬁlplaawpﬁle@dw@dpees@ﬂoagaw &8atg a3pldoteCHoat s
with strips of 0.028" oxygen free high conductivity (OFHC) copper foil and
passed t hr owyBrlayesoheappation wanattibueddofixsyring andpapidlagty. 2000F (1093C) in a
hydr ogen at nosphere at a dew point of -800C The 5 m| foil wet easily but
the 0.010" M foil was not uniformy wet. This was attributed to the | onger
ti me needed Sampddsobert butanghappbximbtelydi/8 Majuared ahdh hadsalisdghiekitess ofibhmeil
surface. The 10 m il | aced th me graphite boats with no Cu
foi l and5pa§§é& qr%é)ﬁééﬁ’oflhggégggai%ﬂ? Hggé(étoa‘foog&/‘ﬂ?%’fﬁ‘ggep&tm%ﬁﬁﬁr& and cl ean
the strip surface. The same strip was again placed on a graphite boat under

the same conditions as indicated above with Cu foil. The uniformty of the
wet ti ng was Thisvesg]tidenadrestrates that the sBbstiakesif thgpre®@inhigiventicaydor naedpllovbthei | f oi | -

A5 ml M foil .was run.throu f urnace ,w jece , il Cu foil.
thich cover ety iR R8RS i b BET 2l b :
equi val ent 1005 1t REIAQEA@ba bf MEOIHUIB(OTE &f @gdi 0 4o padlumBitrciiéd ot Cu)cover the

Mo surface. Sone areas of the surface had areas where the Cu was not

uni f or M9 weO-Spnenlchnt gungasuigd CAFeidinpi-ely 1 nil on the top surface. Sone
sanpl es displayed tiiis condition while others were wet

S mil foil Ni plated
5 mil foils were plated with 2 mil of Ni and diffusion baked at 1800°F (982°C) to

promote adhesion and processed with molten Cu to improve Cu wettability.

15 | |
The 5 mil Mo foil was run through the furnace with 1 piece of 2.8 mil Cu foil which
covered the entire surface. This foil thickness was roughly equivalent to the 40% hole
volume with additional material available to cover the Mo surface. The molten Cu
completely filled the holes and electroplating was needed to completely fill any

20  depressions and create a smooth Cu overlayer. The Ni improved the wetting of the

molybdenum surface.

- 10 mil foil Ni plated
10 mil foils were plated with 2 microinches of Ni and diffusion baked at 1800°F
25  (982°C) to determine if the Ni coating improved Cu wettability.

The 10 mil Mo foil was run through the furnace with 2 pieces of 2.8 mil foil which
covered the entire surface. This foil thickness was roughly equivalent to the 40% hole
volume with additional material available to cover the Mo surface. The molten Cu

30  completely filled the holes and electroplating was needed to completely fill any

depressions and create a smooth Cu overlayer. The Ni improved the wetting of the



uniformy- In all cases the nolten Cu did not conpletely fill the holes and
el ectropl ati ng was needed to conpletely fill any depressions and create a
snoot h Cuwowvesdsyms. The variation was attributed to f PprCunisagsasdso
capillarity. Sanples were cut into approximately 5/ 8" squares and were
plated with electrolytic copper until the sanples were conpletely snooth.
The 5 m| foil had a 4.5 m| copper over<cdat on each side with a total

t hi ckness of 14 m | and a TC of 232-236 WnK. 10 m| foil A 10 ml| M foil
was run thr Qhkﬂ? bddnamf sukfaecButwhd Weinpives @6t &f godd&s M the Gunil @oil expletiatengover ed
the entire surtace. This foil thickness was roughly equivalent to the 40%
hol e vol ume Wit Wantibuteska betiercapillarity becaisgoif t}tf’r}“@%}@ g@me% dolesone areas of
the surface had areas where the Cu was not uniformy wet and built up
approximately 1 m| on the top surface. Some sanples displayed this

condi ti on wiahplatweae sutietocappeiximatefyad/ 81 squates aad had aecknekseofni® meandu di d
not corrpl et sllr(;e( gl%)ng}/ ﬁlahol es andel ectropl ati ng was needed to conpletely
fill any Sde g Dntt create a smooth Cu overlayer. The variation was
attributed to fixturing and capillarity. Sanples were cut into '
approximately 5/ 8" squares and had a total thickness of 12 m| and a CTE of
about 6. 36 @ﬂsﬁm@bﬁmn@t@b@f@WﬁhaleﬁﬁQ1V%@QPPGIW§¢M$@PIW@Gresult

denonstrates_that .the SH rat es_of th ny n owthe
e of i xeriiie oSURThY Bty Sleri Rl ST il b} SEkrfi ofncl it

Mo) x 0.51 (20chilmFhé sashlePhadof thidal todducti@loOfroRUB 52 10. Win (I aépeeing' actl on
of Cu) = 10.9ppm, but a neasured CTE of 6.3ppm 5 m!| foil N plated 5 ml
foils vvépe pinghemepsuring 2ing (1. 28.Rimsgeld di f f usi on baked at 1800F (9820C) to
pronot e adhesi on and processed with nolten Cu to inprove Cu wettability.
The 5 ml| M foil was run through the furnace with 1 piece of 2.8 ml| Cu
foil which Two ormore Foil Layers

S mil Foils

15 Two S mil thick piéces of molybdenum perforated foil were placed on the graphite
boats with a 2.8 mil Cu foil in between them and another on the top. The samples
were processed in the same manner. The wetability of the Mo surface was superior
and the molten Cu moved very uniformly out to the edges of the strip. No non
uniform buildup of Cu on the surface was experienced. It appears that the gap

20  between the strip surfaces had provided a capillary path which moved the Cu more
uniformly than in the case of the single strip experiments. The use of a thin Ni surface
layer was not needed for good wetability. This is beneficial because the Ni can

influence the TC of the Mo-Cu matrix.

25  Samples were cut into approximately 5/8" squares and had a thickness of 12 mil and
TC of 219 W/m°K.

S mil Foils

Two 5 mil thick pieces of molybdenum perforated foil were placed on the graphite
30  boats with a 1 mil Cu foil between them and 3 mil Cu foil along the top and bottom

surfaces. The samples were processed in the same manner. The resulting substrate

was cross-sectioned and photographed at 30X as shown in FIG. 5. The photograph of



covered the entire surface. This foil thickness was roughly equivalent to
the 40% hole volune with additional material available to cover the M
surface. wboeowmulsoma Cu conpletely filled the holes and eceaiscaploadisng was
needed to conpletely fill any depressions and create a snooth Cu overl ayer.
The Ni inproved the wetting of the nol ybdenum surface. 10 m | foil N
plated 10 m| foils were plated with 2 m2r-oinches of N and diffusion
baked at 1800F (982C) to determne if the NI coating inproved Cu

vet tabi | ity.sufifatel$0 shows¥bp fidlybdemsn pléde BArsuah hbEbieHUAR SRS Ryith #1 eces
of 2.8 ml| foil which covered the entire surface. This foil thickness was
roughl y equithialaysr of eonpse3@bomeen opuneagid ajid tbettamdiiedeciyal Tomerppsrdpyer

avail abl e t r r : o ' e

hol es and e%ezgatggg%ﬁ)fté{ﬂi rcl)gp E\’Xg?eﬁgggreed&?geéggdn%ﬁgf g?l?/‘ C? Pp%rq{ellﬁg%afeelpirée%g%as and
create a snmuopper@illedhetd ¥yer. The N inproved the wetting of thenol ybdenum
surface but the wetting was not as good as in the 5 ml foil experinent.
This was attributed to better capillarity because of the smaller dianeter
hol es. Sanpligsnigpgs cut into approximately 5/8" squares and had a thickness
of 10 m| and TC of 190 WnK. The sanples were next plated with

el ectrol yti dI'wopperl thivkipiecehef Mamstemtedeiod waaplasedory thermanhite boate witdpper -
over coat was m.] ~thi.ck .and t overal |, thickness, of .20 ml .  The sanpl es
nad ot her 28 itk B N Pt A nosnd N R ER i hef I e AR g
time (1. 3- 3Bt fas¥&RtroughWhe AlmdR i€ a hodogéradtaiosplerdiid cléi the surfdeeSTHE | t hi ck
pi eces of nol ybdenum perforated foil were placed on the g/lraphite boats with
a 2.8 ml0 cyamples wease proesisechin the ramaheraniest Heg weabitiheot the Morsistage was es

superior and the molten Cu moved very uniformly out to the edges of the strip. No
non uniform buildup of Cu on the surface was experienced but the remaining
indentations were deeper than with the two 5 mil foils because of the reduced amount#k
of available Cu. It appears that the gap between the strip surfaces again provided a

15  capillary path which moved the Cu more uniformliy than in the case of the single strip7::
experiments. Thus, the use of a thin N1 surface layer was not needed. This is
beneficial since the Ni can influence the TC of the Mo-Cu matrix. The experienced
degree of improvement with the 10 mil foil over a single 10 mil foil was superior to
that experienced with the 5 mil single and multiple foil equivalents.

20 _
Samples were cut into approximately 5/8" squares and had a thickness of 22 mil and -
TC 0of 273 W/m°K.

The samples were next plated with electrolytic copper until the samples were
25  completely smooth. The samples had a thickness of 21 mil and CTE of 8.13 ppm from
26°C to 400°C in a nitrogen atmosphere.

The data demonstrate that the substrates according to the present invention provide
significantly enhanced thermal conductivity with only a minimal increase in the

30  coefficient of thermal expansion compared with using only a molybdenum substrate.



were processed in the sane manner. The wetability of the Mo surface was
superior and the nolten Cu noved very uniformy out to the edges of the
strip. Nowoanoamsofosr m bui | dup of Cu on the surface was exparsc@sosdso |t
appears that the gap between the strip surfaces had provided a capillary
pat h which noved the Cu nore uniformy than in the case of the single strip
experinents. The use of a thin NI surface3-ayer was not needed for good
wetability. This is beneficial because the NI can influence the TC of the
Mo- Cu mat r i XAltHoagR kiRSinVéition Glé bédﬂtdés@ﬂiéﬂ%tléf&ﬂlﬂ{the%r%gmﬁglﬁﬁ'rtﬁé @pdsdied a
thi ckness of 12 m | and TC of 219 WnK. 5 m| Foils Two m | ﬁle pi eces
of ol ybdendlssatiporibisde be gnderstaodthal wehdetgH ig melgf%hattwwatagd thath a 1
ml Cu foil AELNERNL Bgmaﬂg%eﬁnmbg t@é Eﬂﬁlhdﬂlt%@gnw&lohpﬁ)ep?ﬂ P4H A
surfaces. The sanples were proces e sanme manner e resulting
substrat e wapirtrogd seopeof theriaventiod epdupt agit aplydd laniteddy theclaimsn in FIG 5.
The phot ograph of substrate 30 shows top nol ybdenum pi ece 34, bottom

nol ybdenum pi ece 35, with a thin | ayer of copper 36 between top piece 34
and bottom pi ece 35. Top copper |ayer 32 and bottom copper |ayer 33 are
connected via bottom copper filled hole 38 and top copper filled hole 39.
10 mil Foils Two 10 m| thick pieces of Mo perforated foil were placed on
the graphite boats with a 2.8 mil Cu foil in between them and anot her on
the top. In this case the Mo strip was not passed through the furnace in a
hydr ogen atnosphere to clean the surface. The sanples were processed in the
sanme manner. The wetability of the Mo surface was superior and the nolten
Cu noved very uniformy out to the edges of the strip. No non uniform

buil dup of Cu on the surface was experienced but the renaining



i ndentations were deeper than with the two 5 ml| foils because of the
reduced anount & of available Cu. It appears that the gap between the strip
sur f aces wQanew/3omsi ded a capillary path which noved t hecCwsows®3use f orm y
than in the case of the single strip 7: ' experinents. Thus, the use of a
thin Nl surface |layer was not needed. This is beneficial since the NI can

i nfluence the TC of the Md-Cu matri x. The&4experi enced degree of i nprovenent
with the 10 m| foil over a single 10 m| foil was superior to that
experienced WHAT theLAIMED B:ngl e and nultiple foil equival ents. Sanpl es
were cut into approximately 5/ 8" squares and had a thickness of 22 ml| and
TC of 273 WnK. The sanples were next plated with electrolytic copper until
t he sanpl es were ;conpl e t NG .1 m
and CTE of 8. 13 fom T romobetg YBehiepaRARA Slfiheteall OGS RATredh
denonst r at e cohpobnéhecafiddiigt es according to the present invention provide
significantly enhanced thermal conductivity with o?l y m ni mal i ncrease in
the coefficient of theér§PEsPlateraninine & Shprt ¥IB wetah fig® pS‘ﬂ?‘i}rgéabllﬁ)‘l’ bdenum
substrate. Al t houghe LiBfehiRURMHE ANali@RroPRENERIC hiRRLa Kifst AREH shirfuék drldes
foregoing for the purpose of illustration, 1t is to be understood that such
detail is solely skemdirhaor pufapessl aprdlitaof epmirgsicstesdiogat beashpatealisher ei n
by those skilled in the.art wthout departi fromthe spirit and scope of .
Che i nvent i on oxdipe et mat Suffite 1 BB 3keas St Biare - WHAT 15 CLAI VED | S
1. A substrate for el eCGfoRpilB nkASIKRGH i PORRNSHE 6f HREdnitin@Odratied hedh cui t
conponents conprising: a core plate containing a Gioup VIB netal fromthe
peri odi d0t abl e ofthermallz|cendustive materiol filling ahlesgtarnoptiion oftheppagt, having a
first major surf nd nd | Oor rf and. a plurality of openings
ext endi ng, at Ie%g1 op%arstgigha f@tﬁe%SF%%?%gﬁ%PP%ﬁg%f%dr surface to the second
maj or surface; optionally, a layer containing a Group IB metal from the periodic table

of the elements or other high thermally conductive material disposed overfat
least a portion of the first major surface and at least a portion of the second:

15 major surface.

2. The substrate according to Claim 1, wherein the Group VIB metal:is
selected from the group consisting of molybdenum, tungsten, an alloy containing *
molybdenum and tungsten, an alloy of molybdenum, an alloy of tungsten, and %

20  combinations thereof.

3. The substrate according to Claim 1, wherein the Group IB metal is

copper, an alloy of copper, silver, or an alloy of silver.

25 4. The substrate according to Claim 1, wherein the other high thermally
conductive material is selected from the group consisting of diamond, alloys,

composite materials, and nanotubes.

s, The substrate according to Claim 1, wherein the layer contains one or

30 more materials having a thermal conductivity of from 200 to 2,200 W/M°K.



a Goup IB nmetal fromthe periodic table of the elenments or other high
thermally conductive material filling at |east a portion of the space
enconpasswo 2bys/Eb205east sone of the openings; and opti omalrhusoa/o0baper
containing a G oup IB netal fromthe periodic table of the elenents or

ot her high thermally conductive material disposed overeat |east a portion
of the first major surface and at | east &%ortion of the secondmjor
surface. 2. The substrate according to Claim1, wherein the Goup VIB
netalis sel ected 4 r omteauBéttitda&orBnSlo Cdin®l having Rdigiokiass bERGatERd, 109N

al loy containing' .-" nolybdenum and tungsten, an allo> of nolybdenum an
al l oy of turgds.en, and conbinations thereof. 3. The substrate according to
Claim 1. wherein the Goup IB netal is copper, an alloy of copper, silver,
or an alloy of silver. 4. The substrate according to Claim1, wherein the
other high thermat|ly criedubittaeadteiditig @l Clain $eWhati@dhé opamingsargfrompl to
consi sting of dianond, alloys, conposite materials, and nanotubes. 5. The
substrat @ acPords agheiplargest DSRerei n .t he | ayer contains one or nore
materials having a thermal conductivity of from200 to 2,200 WM. 6. The
substrate.according to Claim1l having a thickness of from1l to 100 mls. 7.
The substrate acddrdi rithetsnbsrate mcordinger@liam § hehaparthagsioant ¢hef diameter t o 25
mls at their.]argest di ion. 8. The substr according to Claim1,
wher ei n the.‘}fé{‘?%&wngﬁﬁ%%{@ﬁg‘?eﬁogﬁhetp °H é%’i‘ﬁé?g t?g'%t he thi ckness of the
plate is from0.75 to 1.5. 9. The substrate according to Claim1, wherein

the thickness of the |ayer _ .
The substrate according to Claim 1, wherein the thickness of the layer

varies form 0 to 10 mils over a first portion of the core plate to 5 to 50 mils over a

second portion of the core plate.

10.  The substrate according to Claim 1, wherein the ratio of the thickness

15  of the core plate to the thickness of the layer over the first major surface is from-1:0.1

to 1:2 and the layer over the second major surface is from 1:0.1 to 1:2. i
11.  The substrate according to Claim 1 having a thermal conductivity of at
least S0 W/M°K.

20
12.  The substrate according to Claim 1, wherein the Group VIB metal is

molybdenum and the Group IB metal is copper.

13.  The substrate according to Claim 1, wherein the Group VIB metal is

25  tungsten and the Group IB metal is copper.

14.  The substrate according to Claim 1, wherein the core plate is metal and

has a thermal conductivity of from 50 to 200 W/M°K.

30 15.  The substrate according to Claim 1, wherein the core plate comprises

an anisotropic material and has a thermal conductivity of from 50 to 2,200 W/M°K.



varies formO to 10 mls over a first portion of the core plate to 5 to 50
mls over a second portion of the core plate. 10. The substrate according
to O ai mwp 2eéw0seion the rati o of the thickness of the cece/ysbasm3tisot he

t hi ckness of the |ayer over the first major surface is from1:0. 1 to 1:2
and the layer over the second major surface is from1:0. 1 to 1:2. ; 11.
The substrate according to Caim1 having2@- thermal conductivity of at

| east 50 WMK. 12. The substrate according to Claim1, wherein the G oup

VIB netal is nol yhglenumenlsttdi€addofiiig 10BC1aRA 3] whéreQRP Biyer Had.a thérenas ubst r at e
according to Claim1l, wherein the Goup VIB netal is tungsten and the G oup

| B netal is wogpadivity pd fromh20Giend0rWiM Xaccording to G aim 1, wherein the
core plate is metal and has a thermal conductivity of from50 to 200 WM
15. The substrate according to Caim1l1, wherein the core plate conposes an
ani sotropi c materi7al dnk Jubstraie hdverdimg tocOlatnd| wherein thé opendmasso theacoZe 200

W M. 16. The substrate according to aiml, wherein the |ayer has a
t hermal SondRlB€ingYs ?Sl@ﬂ’eﬁ?lﬁﬁfe‘ég’@mﬂ(‘iu GQWR/K."*“?L’?g.”?th]éeXé‘ﬁ?J‘??roﬁa@oﬁ%cmddi ng

to Caiml, wWsigitdnl BRrQpeni ngs in the core plate have a shape sel ected
fromround, square, rectangul ar, hexagonal, octagonal, and conbi nations
thereof. 18. The substrate according to Caiml1l, wherein the openings in

the core plate hayg a .ross sectional pe selected,. from.t he grou
consi sting of analrmur @?easéli’ft&%%a%cﬁé lég,§°2§Iﬁgn§h\é’§%rf’mgp?8?69%?gss}flg"eeac°§%ape and
conbi nat i onsplhfd@aeOh crodPseclibeal shdpristirted &oaOMhighshpt dnékimgdod flan hepREN t he

openings in the core plate conprise from5 to 90 percent of the vol une of
t he cor el0pl altype shape, cone shape, straight sided shape and combinations thereof.

19.  The substrate according to Claim 1, wherein the openings in the core

plate comprise from 5 to 90 percent of the volume of the core plate.

15 20.  The substrate according to Claim 1, wherein the thermal coetficient of
expansion (TCE) of the substrate is less than the TCE predicted by the rule of ‘ix

mixtures.

21.  An electronic packaging component comprising the substrate %

20  according to Claim 1 and one or more semiconductor components. i

22. The electronic packaging component according to Claim 21, wherein
the electronic packaging component is selected from the group consisting of wireless
communications devices, fiber optic lasers, power generating semiconductors,

25  resistors, and opto-electronic devices.

23. A method of making a substrate for semiconductor and integrated
circuit components comprising:
providing a foil or plate or plate comprising a Group VIB metal from
30 the periodic table of the elements and/or an anisotropic material;
forming a plurality of openings extending, at least partially, from a first

major surface to a second major surface of the foil or plate;



20. The substrate according to Claim1, wherein the thermal coefficient of
expansion (TCE) of the substrate is less than the TCE predicted by the rule
of ' m xtwoesoe/B0bs An el ectroni c packagi ng conponent ceapnissesg3tibe
substrate according to Claim1l and one or nore sem conductor conponents. /
22. The el ectronic packagi ng conponent according to Caim 21, wherein the
el ectroni ¢ packagi ng conponent is select€fromthe group consisting of

wi rel ess conmuni cati ons devices, fiber optic |asers, power generating

sen conductors, resi stflifig tiRNPa@RnRoRbaGéEd BPhidesieYoReST thé peringeliied of
maki ng a substrate for sem conductor and inte onents

- al rated circuit co
conpri si ng: provi@ionp 1B mesal frasm thel perieditalle gfg\e@kgmnrssqr@gheah(glggwllg net al
fromthe periodi CoBﬂ\?c#tﬁe%atérﬁ‘fS'%gnem s and/or an anisotropic material;
form ng a plural i(iy of ‘openi ngs extending, at least partially, froma first
maj or surface to a secpuidniity formBigrdlage comptik@gfadiloup iB pleadl droim tHei ng t he
space enconpassed by at |east sone of the openings with a Goup |B netal
from t hedperi odi dPeriagicdatle O?WQ e&%ﬁ%"“&ﬁr%ﬂﬁ%r%? ”@[r?of‘ﬂ‘é:t“l’fﬁln}a\?er@gsnducti ve
material s; and Omuepgﬁbésva@eﬁmnwtﬁe fir3Y5i5j0F QPPIck 3hA 4t RaPa PuRidnB RS al from
the periodic table of the elenments or other high thermally conductive
mat eri al s over atset@slshajar poface.on of the first major surface and at | east a
portion of the second nmajor surface. 24. The nethod according to C aim 23,
wherein the Group VIB netal is selected fromthe group consisting of

nol ybdenum tungstsen, dRe fetioM acedHmicNd TRl 3y RerRiIhe oty VI8 hedtal ign al | oy
of nol ybdenum an alloy of tungsten, and o
10 selected from the group consisting of molybdenum, tungsten, an alloy containing
molybdenum and tungsten, an alloy of molybdenum, an alloy of tungsten, and

combinations thereof.

25, The method according to Claim 23, wherein the Group IB metal;is

15  copper or silver.

26.  The method according to Claim 23, wherein the other high thermally

conductive material is selected from the group consisting of diamond, alloys,

s

composite materials, and nanotubes.
20 o
27.  The method according to Claim 23, wherein the layer contains one or

more materials having a thermal conductivity of from 200 to 2,200 W/M°K.

28.  The method according to Claim 23, wherein the substrate has a

25  thickness of from 1 to 50 mils.

29. The method according to Claim 23, wherein the thickness of the foil or
plate varies form 1 to 10 mils for a first portion of the foil or plate to 10 to 50 mils for
a second portion of the foil or plate.
30 ‘
30.  The method according to Claim 23, wherein the openings are from 1 to

40 mils at their largest dimension.



conbi nations thereof. 25. The nmethod according to C aim 23, wherein the

G oup 1B netalLis copper or silver. 26. The nethod according to C aim 23,
wher ei n twe 204d1E0208i gh t herrmal |y conductive material i sPselusetsdsfisom t he
group consi sting of dianond, alloys, conposite materials, and nanotubes. t
~ 27. The nmethod according to Caim23, wherein the |ayer contains one or
nore materials having a thermal conducti+2&y of from 200 to 2,200 WM. 28.
The net hod according to Caim23, wherein the substrate has a thickness of
froml1l to 50 mls. 29. The method according to C1aim23 wherein the

t hi ckness of the foil or plate varies forml to mils for a first portion
of the f0|I or plHte tHlelfBetfl@d sworﬁm&tor%halra%ewb%amﬁmfaitleﬁ) e digaeteni | or

pl at e. J}q}géﬁegﬁgs@&ﬁl%rtm Sg Of fe 3t n%‘%%ﬁ/ggrsq{ﬂ 4 he openings are from

lto 40 mIs a Iargest rrenS| hod according to Caim
23, wherein the ratio of the di aneter of the openings to the thickness of

the plate is from0.7 0 32. .. The th cordjng.to Cl aim 23
wherei n the thi ck%?ess%?e rf‘ﬁBO‘F asropdingiq gg’n‘i" t'9 tll%)g‘ﬁ‘itlﬂ@ ﬁé‘?e fayen ¢ st
portion of thgef firn (9{0 1@1%1;1@0{/&a&ir@%&@o%f*tﬁe%ﬂ%rz]ﬂaté‘?&Q'?&S@Qﬁlts'oQ&:Qf t he
foil or plate. 33. The nmethod according to Claim 23, wherein the ratio of

t he thi cknesscafd ponéorf of the fvil pii plate. to the thickness of the layer over the
first mpjor surface.is from1l:0.1 to 1:2 and the |l ayer over the second
maj or surface is from1:0. 1 to 1:2. 34. The nmethod according to C aim 23,
wherein the subst3yaat e Tiasméhbdesodeding NClih 23] Witerdin thé ratieaFthiBicknédaK.

10 of the foil or plate to the thickness of the layer over the first major surface is from

1:0.1 to 1:2 and the layer over the second major surface is from 1:0.1 to 1:2.

34, The method according to Claim 23, wherein the substrate has a-thermal
conductivity of at least 50 W/M°K.
15
35.  The method according to Claim 23, wherein the Group VIB metal‘is

molybdenum and the Group [B metal is copper.

36.  The method according to Claim 23, wherein the Group VIB metal is
20  tungsten and the Group IB metal is copper.

37.  The method according to Claim 23, wherein the foil or plate is metal

and has a thermal conductivity of from 50 to 200 W/M°K.

25 38.  The method according to Claim 23, wherein the core plate comprises

an anisotropic material and has a thermal conductivity of from 50 to 2,200 W/M°K.

39.  The method according to Claim 23, wherein the layer has a thermal
conductivity of from 200 to 500 W/M°K.
30
40.  The method according to Claim 23, wherein the openings in the foil or

plate have a shape selected from round, square, rectangular, hexagonal and octagonal.



35. The nethod according to Caim23, wherein the Goup VIB netal is

nol ybdenum and the Goup IB netal is copper. 36. The nethod according to

Cl ai m 23,weotessismoshe Group VIB netal is tungsten and treT@sSews/oBBsoetal is
copper. 37. The nethod according to Claim23, wherein the foil or plate is
metal and has a thermal conductivity of from50 to 200 WM. 38. The net hod
according to Claim23, wherein the core pd%te conprises an ani sotropic
material and has a thermal- conductivity of from50 to 2,200 WM. 39. The
met hod according to Caim23, wherein the |ayer has a thermal conductivity
of from 200 to 500 WZMDK. 40. The t hod according to Caim 23 erein the
openings in the fHil ofheinethed aeeo l%g?n‘g]ﬁgnggi‘@ gr th?%?ﬁ“ﬂ‘%ﬁﬁh’afhe\;}gﬁﬁfe,

rectangul ar ml&@’ﬁ?‘@&‘@ﬂos@&%ﬁ&% @%@%Eleﬁeéfro%e %u?%nﬁ%@éﬁaﬂglohpg@;sai m 23,

wherein the ‘openings in the Il "or plate have~ a cross sectional Shape

sel ect ed fr dypd $hepgroounp slwprsitsight gided skepe hodicorgbiagsensgherstfape, cone shape,
strai ght 5si ded shape and conbi nations thereof. 42. The nethod according to
Claim 23,” wherein the openings in the foil or plate conprise from5 to 90

percent of the vaume THe héfod @idordiig B Glatin 233whdbia thebFahgee BedbNor t 0
Claim 23, wherein the openings are forned in the foil or plate by a nmethod

sel ect ed fr anetelsemgristifsomanteidtnerrgnbef the ¥elumg of shedepionglatelri 1 1i ng, | aser
drilling, chemical mlling, and conbinations thereof. . 44. The net hod
according to Claim23, wherein the layer is fornmed using one or nethods
sel ected from t het3gr ouphecaethod hedogding ton€lainh 28, whdreinrtad osqmigpg argforsied nel t,
puttering, selectjv | at i ng,

el ectropl ati ng, It and el ectropl ate, s € .
infiltrad oﬂp%&%@ﬁi%ﬁ%mm@w&teﬁg@%m g&%maﬂl%g% ¢HEPBor . 45. The
met hod accorgifgnk Arfifd Bs2BdriMEr @eidal frilliRY SInd CBMidatiB s fHeRIY. .

- 44, The method according to Claim 23, wherein the layer is formed tising
one or methods selected from the group consisting of melting, thermal spray, powder
15  melt, electroplating, melt and electroplate, sputtering, selective plating, infiltration,

casting, pressure casting, and combinations thereof.

45.  The method according to Claim 23, wherein the layer comprises from
0.001 to 1 percent by weight of the layer of Ni.
20
46.  The method according to Claim 23, wherein two or more strips of a
Group IB metal are placed over a surface of the foil or plate and heated to a melting
temperature of the Group IB metal to fill the space encompassed by at least some of
the openings and to form the layer.
25
47.  The method according to Claim 23, wherein all stress inducing process
steps and stress relieving steps are completed prior to adding the Group IB metal to

the foil or plate.

30 48.  The method according to Claim 23 further comprising a final reduction
step.



0.001 to 1 percent by weight of the |ayer of Ni. 46. The nmethod accordi ng
to Cdaim23, wherein two or nore strips of a Goup IB netal are placed over
a surf acewofotdnsofosi | or plate and heated to a nelting remusc@svsasof the
Goup IBnetal to fill the space enconpassed by at |east sonme of the
openings and to formthe layer. 47. The method according to C aim 23,
wherein all stress inducing process steps3tand stress relieving steps are
conpleted prior to adding the Goup IB netal to the foil or plate. 48. The

met hod accor di ng 490 G@:‘sﬁﬁsﬁﬁtefrﬁéde%borﬂﬂ%ﬁbiﬂ%rﬂ&hadBfﬂ&'im%.dUCti on step. 49.
A substrate nmade according to the method of Caim23. 50. An electronic

packagi ng conponent conprising the substrate according to Caim49 and one

or more sem condugt o £OMRONSDE 5,048y B0 &LPELHORE, RASKRAIAY component
%e % gC r %I

according to C ai'm 50, erein ni C packaging conponent is
sel ect ed fr ciecéddihggo Qlgncangidsdrieng nidre ¥émiebedivto @oMponadd. i ons devi ces,
fiber optic |asers, power generating sem conductors, resistors, and
opt o- el ectroni c devices. 52. The substrate for el ectronic packagi ng

conponents and i ng1egr a1 Gloht fackYIRPAEAS heRCREs M0 (Faifd 80, Whkreither ei n

the substrate is a hernetic structure.” 53." A stacked substrate conprising
two or nore theblstiratiepackagiogdomgbrant @ slested fpinategrourecamisfingobwirtlesot her .

| 54. The stacked .su.tubst(riat.e a ord%.ng%to Cl ai m 53 thavi gﬁ a thi ckness* pf
from2 mil tOTFGHERUINE IOEE°S HRE OPHEERES RUNE SPATR IR B AMYCPE O ai m 53,
wher ei n t he fiadis, Midopto-electronic devices. _

10
52.  The substrate for electronic packaging components and integrated
circuit components according to Claim 1, wherein the substrate is a hermetic

structure.

15 53. A stacked substrate comprising two or more substrates according!to

Claim 1 placed one on top of the other. R

54.  The stacked substrate according to Claim 53 having a thicknessiof
from 2 mil to 1,000 mil. S
20
55.  The stacked substrate according to Claim 53, wherein the Group VIB
metal is selected from the group consisting of molybdenum, tungsten, an alloy
containing molybdenum and tungsten, an alloy of molybdenum, an alloy of tungsten,
and combinations thereof.
25
56. The stacked substrate according to Claim 53, wherein the Group 1B

metal is copper, an alloy of copper, silver, or an alloy of silver.

57. . The stacked substrate according to Claim 53 having a capillary path

30  between a first substrate layer and a second substrate layer.



nmetal is selected fromthe group consisting of nol ybdenum tungsten, an

all oy containing nolybdenum and tungsten, an alloy of nol ybdenum an all oy
of tungstwo,20@domenbi nati ons thereof. 56. The stacked eubatseasm’ascor di ng
to Claimb53, wherein the Goup IB netal is copper, an alloy of copper,
silver, or an alloy of silver. 57. The stacked substrate according to Caim
53 having a capillary path between a firsil substrate | ayer and second
substrate | a>er.58. The stacked substrate according to C aim53, wherein

the ratio of the 38 anefgsstaked hebsapeACcOESing @ ChemtI3i ekeeasthekatidef thé acked
substrate is less than 0.75. 59. A conbination substrate conpri éi ng the
substrate act@peenef the opgningn to the thickpesy of Sestacked sibstafsdt les than BF> The

conbi nati on substrate according to Caimb59, wherein the second substrates
is selected fromthe group consisting of steel, alum num copper, ceramc
substrates and cdithi na icombiratien sudfstraté cdmphising thel sastpt@beofdng o Glimtler i ng
target canprising the conbi pation substrate according to Caimb59. 62. A
combi nat Pon %@@tﬁﬁée?%‘fr‘igilggf%% t he stacked substrate according to Claim
53 attached to a second substrate. 63. The conbi nati on substrate according
to Caim62, wherein the second substrates is selected fromthe grou

consi sting of sted., alhedombipatioopplstratecascanding to(Haint 89, ehezgid theowependat i ons

t hereof . 64. backi n | ate for a sputteri . i Sl
conbi nat i on YOHEERGE Se@eE il ef Bt f el ARG RRPE LA e
substrates and combinations thereof.
10
61. A backing plate for a sputtering target comprising the combination

substrate according to Claim 59.

62. A combination substrate comprising the stacked substrate according to

15  Claim 53 attached to a second substrate.

63.  The combination substrate according to Claim 62, wherein the second
substrates is selected from the group consisting of steel, aluminum, copper, cerainic
substrates and combinations thereof.

20
64. A backing plate for a sputtering target comprising the combination

substrate according to Claim 62.



