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by physically and electrically coup |ng‘1ﬁen1to a substrate nade of organic
or ceramic material. One or nore |IC packages can be physically and
electrically coupled to a printed circuit board (PCB) to form an

“el ectrgnic assenbly”. The "electronic assenbly" can be part of an 20
“electronic systenmf. An "electronic system is broadly defined herein as any
product conprising an "el ectledhuicel Bgld@ftlieymventiamanpl es of el ectronic systens
i ncl ude conputers (e.g., desktop, |aptop, handheld, server, etc.), wreless

conmmuni cati ons vices . - Ll ul ar ones. cordles hones, pagers,
etc.), corrput_erﬂ%lpéefsgjg lr%gjfl?op?hrglﬁ{éggmfg%.t(‘?)é]%crtrimﬁ c‘vt’agasc, ag"?c%‘%%r S, nonitors,
etc.), ent ewrtiglarlyethe prresit dwantjoa rejates toah elgpisinigassembiyithatgncledeepeos, tape and
2E§ cotrrnacc:; ir@ég%edﬂixgmeﬁéizkagéicd%iriﬁi@asﬂdeﬁabﬂeftﬁ&ﬁﬂﬁh&rfm{\!%ml(e_@{ﬁihE0n IF’i Ct Er ef_ .
perts 9] udi . aver rs C. nd.the like.. " e fie
of el ect romlfle(%msfv@t"éwga[{%‘r%}egt ¥ eageﬁ%%/‘ﬁﬁsédsa%egl}??t %"8?“5%5‘? fnﬁn\}@ Preidn ?’Té{%grmng
manuf act ur eirayitt and de myeufacheing epethodapinies théretohei r equi pnent up whil e driving
down production costs. This is particularly true regarding the packagi ng of

| Cs on substrates, 30 where each new gpe atiton of packagi ng nust provide
i ncreased perfornmance while L R |l er or nore conpact in
size. A8 the power demands of high performance |C processors approach and

even exceed 100nagdated cR&Tits ¢tisPare Wiptchlly ASahileEitio fAOMREs WPRGdidaliIfane X Cceedi ng
200 watts/s yare cent.i neter a-tsﬂ:e heat déﬂl sipatin capaagl | Lt of the IC
package rru‘é'?C E‘Ef‘?[?’ &SR H%I”F'ﬁﬁ'l b 2 Pupsiras A %@0 g,gﬁ QELFBETATR ®Lonprise a
nunber of metedC packpgessan bé plysical apd gpletiriesllyedupied to a printed circuit board
(PCB) to form an “electronic assembly”. The “electronic assembly” can be part of an
20 “electronic system”. An "electronic system” is broadly defined herein as any product
comprising an “electronic assembly”. Examples of electronic systems include computers
(e.g., desktop, laptop, handheld, server, etc.), wireless communications devices (e.g.,
cellular phones, cordless phones, pagers, etc.), computerrelated peripherals (e.g., printers,
scanners, monitors, etc.), entertainment devices (e.g., televisions, radios, stereos, tape and
25  compact disc players, video cassette recorders, MP3 (Motion Picture Experts Group,
Audio Layer 3) players, etc.), and the like.
" In the field of electronic systems there is an incessant competitive pressure among
manufacturers to drive the performance of their equipment up while driving down
production costs. This is particularly true regarding the packaging of ICs on substrates,
30  where each new generation of packaging must provide increased performance while
generally being smaller or more compact in size. As the power demands of high
performance [C processors approach and even exceed 100 watts per chip, with localized
power densities exceeding 200 watts/square centimeter, the heat dissipating capability of
the IC package must correspondingly increase.
35 An IC substrate may comprise a number of metal layers selectively patterned to
provide metal interconnect lines (referred to herein as “traces”), and one or more
electronic components mounted on one or more surfaces of the substrate. The electronic
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provi de netal interconnect lines (referred to herein as "traces"), and one
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Brief Description of the Drawings

FIG. 1 is a block diagram of an electronic system incorporating at least one
25  electronic assembly with a solderable thermal interface in accordance with one
embodiment of the invention;
FIG. 2 illustrates a cross-sectional representation of an integrated circuit package,
in accordance with one embodiment of the invention;
FIG. 3 illustrates a cross-sectional representation of a solderable thermal interface
30  between a die and a lid or integrated heat spreader, in accordance with one embodiment of

the invention; and
FIG. 4 is a flow diagram of a method of packaging a die, in accordance with one

embodiment of the invention.

35 Detailed Description of Embodiments of the Invention

In the following detailed description of embodiments of the invention, reference is
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FIG 4 is a flow diagramof a nmethod of packaging a die, in accordance with
one ,enbodi nent of the invention. 35 Detailed Description of Enbocy ﬁ@{,m?f
the Invention In the foll owi ng detail ed description of enbodi ments o

i nvention, reference is 2 2 8 SEP 2005 WD 02/ 19424 PCT/USO 1 /26902 nade to
the accoMsutdi%d dr awi ngs which forma part hereof, and PETAHRIEGOGRS shown by
way of illustration specific preferred enbodinents in which the inventions
may be practiced. These enbodi nents are described in sufficient detail to
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conducti ve.sol der,

erial.as a thernal. interface between an 1C die and a
heat spread®Fna)Ls feiped %ﬁ’ﬁé}]ﬁeﬁ%ﬁ@llﬁfw ustrated and described herein. In
one enbodi nent , Thapréenidieentien providesedoltomte thergaldissijagerchrgylers thatragey (OLGA) 15
substr gpe u%bagte%ithsﬁmdja%gm@@fin&tgﬁaggd%%@hsh@@bpéaé SARAT clbck splebgched to
t he back sur%&c& of thgb e féSJ ng,a B,I gh%ﬁ/ .cong{#ctlve sol derabl e t her mal
interface AAY &R BPWHATES bY Gploning @ highlyshpdiferiynsolfer paEridlias 2 lisdleat spr eader
surfaces. Ateddce betabdnaantlfi@ierant aihedt epreaies Yiarioss embodimentsad Blostekdtahdt has a

relativel y sb@whdBleldig point, in order to mninmze thermal stresses in the

package that cap be ner at ed, because the silico I e ,has relatively | ow
Pher ma 20 cost It BF SUPOGROATIRAA ToTERS b AR L T RBEHRE G he G G
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thermal stresses, the package is less likely to experience warpage when it is subjected to
heat, for example during solder reflow.
The solderable thermal interface material aiso has excellent thermal conductive
properties. The integrated heat spreader can also be coupled to the OLGA substrate
25  around the die periphery with a suitable sealant in order to provide mechanical strength.
- In addition to the foregoing advantages, the use of a low melting point solder as a
thermal interface material avoids many probiems associated with the use of polymeric
thermal interface materials (e.g. those containing silver or aluminum), such as resin
separation, out-gassing, delamination, pump-out, and so forth.
30 FIG. 1 is a block diagram of an electronic system ! incorporating at least one
electronic assembly 4 with a solderable thermal interface in accordance with one
embodiment of the invention. Electronic system 1 is merely one example of an electronic
system in which the present invention can be used. In this example, electronic system 1
comprises a data processing system that includes a system bus 2 to couple the various
35  components of the system. System bus 2 provides communications links among the
various components of the electronic system 1 and can be implemented as a single bus, as
a combination of busses, or in any other suitable manner.
3



thermal interface material avoids many problens associated with the use of
polymeric thermal interface materials (e.g. those containing silver or
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voice-recognition device, or any other device that permits a system user to input
information into and receive information from the electronic system 1.

FIG. 2 illustrates a cross-sectional representation of an integrated circuit (IC)

packagé, in accordance with one embodiment of the invention. The IC package comprises

25 adie 50 mounted on an organic land grid array (OLGA) substrate 54, and a lid or
integrated head spreader (IHS) 52. While an OLGA substrate is shown, the present
invention is not limited to use with an OLGA substrate, and any other type of substrate can
be employed

The IC package illustrated in FIG. 2 can form part of electronic assembly 4 shown

30  inFIG. 1. Die 50 can be of any type. In cne embodiment, die 50 is a processor.

In FIG. 2, die 50 comprises a plurality of signal conductors (not shown) that
terminate in pads on the bottom surface of die 50 (not shown). These pads can be coupled
to corresponding lands 68 representing signal, power, or ground nodes on OLGA substrate
54 by appropriate connections such as C4 solder bumps 66. A suitable underfill 62, such

35  as an epoxy material, can be used to surround C4 solder bumps 66 to provide mechanical
stability and strength.

Still referring to FIG. 2, lid or THS 52 forms a cover over die 50. IHS 52 is
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voi ce-recognition device, or any other device that permts a systemuser to
I nput, information into and receive information fromthe el ectroni tﬁ}d?
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or exanpl e duri er mechan supported by
coupl i ng i PSP ?‘98@% 8?9??@?@3?’0% Sa:l"’gat? ﬁ%’ sgﬂ-qugsgcoémtg? "é& §Iﬁbst rate 54
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enmbodi ment s S er or exanple, a
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i:J:,)iLIr ?b © 545“ ge useg WWR any otger type o?pac ggugé t%&molo%{%sé anh gng array (E&R) as a printed
chip scale package (CSP), or the like. Further, the present invention is not to be construed
as limited to use in C4 packages, and it can be used with any other type of IC package
where the herein-described features of the present invention provide an advantage.
The fabrication of an IC package comprising a solderable thermal interface 60 will
25 now be described. _
" Fabrication

In order to successfully fabricate an IC package with the advantages described
above, it is important to have a die surface that is readily solderable. It is also important to

30  have an [HS that is readily solderable. In addition, it is important to use a suitable solder
material. Further, it is important to utilize a suitable process for forming a reliable
thermal interface between the die and the IHS. Each of the above-mentioned factors will
now be described in sufficient detail to enable one of ordinary skill in the art to understand
and practice the invention.

35 FIG. 3 illustrates a cross-sectional representation of a thermal interface (also
referred to herein as a thermally conductive element) 60 between a die 50 and a lid or
integrated heat spreader (IHS) 52, in accordance with one embodiment of the invention.
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15 (PCB) or card. OLGA substrate 54 can conprise, for exanple, a plurality
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For good solderability of the thermal interface 60 to the lid or IHS 52, one or more
mietal or soiderable organic layers 88 are deposited onto the appropriate surface of the IHS
25 52, In one embodiment, IHS 52 comprises copper (Cu); in another embodiment IHS 52
comprises aluminum-silicon-carbide (AlSiC). For an IHS 52 comprising either Cu or
AISiC, a 2-5 micron thick layer 88 of Ni is deposited on the lower surface of IHS 52.
Electroless Ni plating is carried out in a Niklad 767 bath using a medium force solution.
Any metal that “wets” the chosen solder material in the thermal interface 60 could be
30  substituted for nickel. Gold is one example. A combination of metals or alloys could also
be substituted for the single layer 88 shown in FIG. 3.
For a suitable solder material, any of the solder alloys, or a combination thereof,
listed in Table 1 would be effective. All are commercially available from Indium
Corporation of America, Utica, NY under the corresponding Indalloy( No. Inone
35  embodiment, the solder can be integrated with a no-clean flux vehicle to form a solder

paste with an 89% loading of the selected solder alloy.



10 enbodi nent, a 500 Angstrom |l ayer of titaniumis sputtered onto the etched
surface. Chromum (Cr), vanadium (V), and possibly zirconium (Zr); ?@E‘P gmﬁe
substituted for Ti. Next, a second netal |ayer 84, such as nickel-vanadlium
(NV), is deposited. In one enbodinment, a 3500 Angstromlayer of NIV is
sputter 4O iYthe Ti layer. A purpose of layer 84 is tRETSETNOEE a
diffusion barrier to prevent any reaction of solder in the thermal 15
interface 60 with the adhesion |ayer 82, which could result in possible
delamnatjon of the thermal interface 60 fromthe die 50, layer 84 is not
necessari |y redetRgitioBependi higitidgeh Solitis tonpblsinndlon df Idaoxadhesi on | ayer
82, the splder material in the {®ertral((@nt er Copducgity gnd Nhe ther mal
treatment| during the reflow operation. Next Watts¥MeteckCretal | ayegr 86, such as
gold (Au) sngQgﬁq,sq?tipd;.go/J n ongg enbpgigrent| ;@ 20 600 Angsigiom|l ayer of Au
is sputtered to the NV layer. Any netal [that "wets" |{the chdsen sol der
mat eri al ..nt(.w +hermal—intetface-60 couldl-be substituted for gold. N ckel
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lid or | HXiR4y(Ape or nore petal of soldefable organig layers 88 are

deposi ted tihe = T +HS

Onto—t e appropr rate_sur faee—of —the—+HS—25—532—n—oefie enbodi nent,
| HS 52 cop{i"h ddSelsisd (P cu) | 13 anptdfer epbbdi ment | H$ 52 2conpri ses
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in the thernmal interface 60 coul d bersdf ;substituted for nickel. Gold is one
exanple. A conbination of netals or alloys could also be substituted for
the single layer 88 shown in FIG 3. For a suitable solder material, any of
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applied, for example using a spring, to hold IHS 32 in position. The package is then put

* into a suitable heating environment, such as a flow furnace, for solder reflow. In one
embodiment of the method, during solder reflow, the maximum zone temperature in the
furnace is maintained at liquidus of the solder material + 30(C, and the time above

15  liquidus is approximately 60 seconds. Following solder join of the thermal interface, the
sealant at the IHS boundary is cured in a conventional oven.

“The above-described choice of materials, geometry, number of layers, etching,
deposition, and assembly can all be varied by one of ordinary skill in the art to optimize
the thermal performance of the package. However, an unoptimized embodiment of the

20  present invention has been demonstrated to provide a substantial thermal margin for IC’s
operating at high clock frequencies and high power levels, and without any adverse impact
on package reliability.

Any suitable method, or combination of different methods, for depositing the metal
layers can be used, such as sputtering, vapor, electrical, screening, stenciling, chemical

25  including chemical vapor deposition (CVD), vacuum, and so forth.

The particular implementation of the IC package is very flexible in terms of the
orientation, size, number, and composition of its constituent elements. Various
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58% Bi smuth (Bi) / 42943813819281 Tin (Sn) 97% I ndium (In) / 3944314373290 .
Silver (Ag) 80%In / 15% Lead (Pb) /154149432 5% Ag 100% I n157157§ 4STPa@Q§e 1
‘5 A suitable, process for formng a reliable sol derabl e thermal |nter§
between the die and the IHS will now be described. Solder paste is first
appl i ed W@0¥Wd2dback side of the die. Alternatively, thecgasgerspaste coul d
be applied to the surface of IHS 52 that faces the back side of the die.
Then a suitable sealant (64, FIG 2) is applied to the OLGA substrate 54
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In 103, at least one metal layer is formed on a surface of the lid, In one
embodiment, as described above, a layer of nickel is deposited on the lower surface of lid
or [HS 32 (FIG. 3).

20 In 105, the die is mounted on a substrate. In one embodiment, as described above,
the substrate is an organic substrate, and the die is C4 mounted using a land grid array
(LGA) arrangement. It is to be noted that substrates comprising one or more organic
materials, such as epoxies, acrylates, polyimides, polyurethanes, polysulifides, resin-glass
weave (e.g. FR-4), nylons, and other similar materials, have a relatively high thermal

25  coefficient of expansion compared with that of the die.

=In 107, solder material having a relatively high thermal conductivity and a
relatively low melting point is applied to the at least one metal layer of the die. In
securing the IHS to the die, it is desirable to employ a solder material having a relatively
low melting point to minimize warpage problems when the package is subjected to heat.

30  In one embodiment, as described above, the solder material is any of those listed in Table
1; however, other solder materials besides those listed in Table 1 could be used, provided
that they have the qualities previously mentioned. Alternatively, the solder material could
be applied to the at least one metal layer on the surface of the lid. The solder material can
be applied at any suitable stage in the fabrication process.

35 In 109, a suitable sealant is applied to the surface of the substrate where the
support member 53 (FIG. 2) of IHS 52 will contact it.

In 111, the IHS is placed and aligned so that the inner surface of the THS contacts
3



enbodi nents of the invention can be inplenented using various conbi nations
of substrate technology, IHS technology, thermal interface nateqmang mp
seal ant to achieve the advantages of the present invention. The structdure,
including types of materials used, dinensions, |ayout, geonmetry, and so
forth, oWQREY2E package can be built in a wide 5 vari et pCHUSERowdi ment s,
dependi ng upon the requirenents of the electronic assenbly of which it
forms a part. FIGS. 2 and 3 are nerely representational and are not drawn to

scal e. Cer k@i liyer Of QRRF fht8AS ahd) RbRATredTRY the SuppyRaRabel S0t IMBish Soicher s may be
m ni m zed. ﬂ@ trate Xa” ous |tg$)l enent at1 ons

. 2,and 3 re intended to illu
ot "the- i v Sty ARPrno PSR AR Bar Toeaivh e T G ERSpeR P g out | by
those of op#emblyyatsks (npt shawnhe art. FIG 4 is a flow diagramof a nmethod of
patcﬁagl ng a di el 1I19,tﬁ&§ﬂuefgi%&ﬁa¥vstnlaitairwrefﬁm@gy F@al@ihgeéthh@@hé;ni/@gtl on. The
met hod Regin <l at . l.east. one ayer is formed on a
surfacegofcgiﬂfﬁp%ﬁg55H@mygﬁggﬂpﬂhﬁF?é%§oﬁ%%@P%Eé@péﬁ%ﬁﬁ?‘%ﬁﬁf@ﬁdual | ayers
of titani umetahlapio{Tnadpmdie 5&nd gold 15 are successively deposited on the

upper surface of [dkandRalafl iGeurd), for@RBNNE, BYRERAINS] b PYFViRimechit§ae metal s coul d
al so be used. .In nmetal [ayer. IS fq&ggd on a %rrface of the

3, at, least on
lid. I'n on&UP¥ Bég?r@sﬁ?’?bl‘é'sg ?fg‘é‘g?’i Begeulig SR Ing s fempard Hem HeREMPYs deposi t ed
on the | owewsrriguThagwsthofl ehdsdn 14k 1 HS 52 (FIG 3). 20 In 105, the die is
SUbot T abe | 5 o dlfions BB et g P AR 10, 4 0 a | and
u i i.C S| : IS, u _US]
grid arr aycar(qféﬁffg%?egéﬁﬁaﬁgﬁ’f‘? orfgr ffom t?‘BSet’ii@Swg?wr?‘ﬁaforscﬁﬂgﬁ?’étt‘@g bgorrpri si ng
one or nor endersysudiby thavebeoridiahry skifl et 1@kcoapldeicesied astrprioatoed], thall97 mi des,

pol yur et haBggd b Qicatuf bith 3o 1ds,e§damvglc_a.§§bemeeeeo&gn&-to'f@r.‘l), nyl ons, and
other simlar materials, have a relatively high thermal 25 coefficient of

expansi on conpared with that of the die. In 107, solder material having a
relatiély high thermal conductivity and a relatively low nelting point is

applied to the at |east one netal |agygf %B the die. In securing the IHS to
the die, it is desirable to enpl oy sém er material having a relatively

|l ow nelting point to mnimze warpage problens when the package is subjected
to heat. 30 | n Thegresiddicnént proddesdasanrelcbeshiaipousbly alnbmsthbddef material is

any of tho i ddr 3B Blimile . 1 I : hahs besides

t hose Iistgﬁmﬁﬁﬁ%ggFggi couﬁﬂn%%ﬂﬁgﬁﬁgﬁ%?%@ﬁHggkﬁgﬁgﬁ&ﬁﬁgyﬁﬁggé t he

qual i t PBs PYWRFIBINErY, MLHESTORIEEYSIP a3y detppercssingsysters IR ICoBrales A coul d  be
appl i ed t oot inere aleclr@dsissaniidicsrthhaltilizathe pregent inventuchrakaadefthd dlativelyd. The

Sg' der mal fich Bbw&HdnsithE a8R0BhIeE it high WerfSittahAhigrited fculitd, dliSuchabr i cati on
process. systems are therefore more commerciélly attractive.

As shown herein, the present invention can be implemented in a number of

25  different embodiments, including an assembly for a die, an integrated circuit package, an
electronic assembly, an electronic system, a data processing system, and a method for
packaging an integrated circuit. Other embodiments will be readily apparent to those of
ordinary skill in the art. The elements, materials, geometries, dimensions, and sequence of
operations can all be varied to suit particular packaging requirements.

30 Although specific embodiments have been illustrated and described herein, it will
be appreciated by those of ordinary skill in the art that any arrangement that is calculated
to achieve the same purpose may be substituted for the specific embodiment shown. This
application is intended to cover any adaptations or variations of the present invention.
Therefore, it is manifestly intended that this invention be limited only by the claims and

35 the equivalents thereof.



35 In 109, a suitable sealant is applied to the surface of the substrate
“where the support nmenber 53 (FIG 2) of HAS 52 will contact it. 2% %EJP’L[UUSt he
IHS is placed and aligned so that the inner surface of the IHS cofntact's**"'8 2
8 SEP 2005 WD 02/19424 PCT/ USO /26902 the | ayer of solder nmaterial and,
concurrently, the support nenber 53 of 1HS 52 contacts the sealant. A
spring (not shown) is also placed to secure the assenbly with respect to an
assenbly carrier (not shown). In 113, the solder naterial is nelted or

refl owed by heating so that, when it has 5 cooled, the IHS 52 is physically
and thermal | y-;conNpd ed to the upper surface of the top netal layer 86 (FIG
3) on die 50. In 115, the sealant is cured, for exanple, by heating, to
provi de nmechani cal coupling of the assenbly. Post cure, the securing spring
is removed fromthe assegbly carrier. The nmethod ends in 120. 10 The
operations déscri BERSEFBYY RMPRSI8spect to the nethods illustrated in FIG 4
can be perforned iy; i-f & order fromthose described herein. For
exanple, it wll S?I@E%é%?EE%eby t hose of ordinary skill that 103 could be
carried out prior ahadigign patof htefal coopled théesarfadegd out prior to 105, and
109 could be carried out prior to 10;. 15 Concl usi,on The present invention
provides for an elS@idchieratie dnishFQpristiofhs HOWEOBAaY anuf act ure t hereof t hat
mnimze thermal dijgshpation probl ens associated with high 20 power

delivery. An electronic system and/or data processing systemthat

i ncor por at es one acpldembée Beevtllhyownducsseidphdnt o cdvple theilidite ¢het doddepr esent
invention can handle the relatively high power densities associated with

hi gh perforr’rﬁ‘fﬁt:tgﬁieﬁ?yéﬁrat ed circuits, and such systems are therefore nore
commercially attractive. As shown herein, the-present invention can be

inpl enented in a nunber of 25 different enbodi nents, including dn assenbly
for a die, ad-intddecassbdy resiied inpdaiknb@herm the|lislqomprises metesigbifrgm an

el ectronic syste a dat.a processing ,system ..and a.nethod for packaging an
i nt egr at ed c%ﬁFec%ﬂg{‘P Cﬁsﬁilpgé’ffrﬁ%‘%ﬁeﬁ%c?@u%l Y SHICOR-CaMIdE. ahparent to those of
ordinary skill in the art. The el enents, materials, geonetries, dinensions,
and sequence of operations can all be varied to suit particul ar packagi ng

requi renent s 3. 30 Abenmswgblspsied inclambuibatein Benalderabtethermallyst r at ed and

descri bed hercgﬁc[ﬁcti% el\é‘inlellt comprises material, including one or more alloys, from the

group consisting of tin, bismuth, silver, indium, and lead.

4. The assembly recited in claim 1 wherein the lid comprises at least one
metal or organic layer to which the thermally conductive element can be
coupled.

5. The assembly recited in claim 4 wherein the at least one metal or organic

layer comprises nickel or gold.

6. The assembly recited in claim 1 and further comprising;
a diffusion layer between the adhesion layer and the solder-wettable

layer.

7. The assembly recited in claim 6 wherein the layers comprise material,
including one or more alloys, from the group consisting of titanium, chromium,

zirconium, nickel, vanadium, and gold.
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be appreciated by those of ordinary skill in the art that any arrangenent
that .is calculated to achieve the sanme purpose may be substituted for the
speci fic enbodi ment shown. This application is intended to cover &h¥ 2005
adaptations or variations of the present invention. Therefore, it is

mani festly intended that this invention be limted only by the clains and
35 the equi 8al enAs ihtegraelf circlit package EotpAfi@y: CLAIMS |. An assenbly
conprising: a die having a surface; an adhesion |ayer of netal coupled to
the surface; a s®F¥¥falFettabl e | ayer coupled to the adhesion layer; a Iid;
and a sol derabl e Y SieRitet idto the

sol der- wett abl eafi%ﬁiggmo%},’d %gqug%dée |t§é reci %tg’dtﬁ?%%#g?lrﬁqi&v%erei nthe lid
conpri ses mairface;al from the group consisting of copper and

al um num si |l i con-car bi de. 3. i[he aZfserrbl y recited jn claiml wherein the
sol der abl e t her n#ll #4hesion huse of et %ﬂpné%?ﬂ‘;;(%éfa?ﬁét erial, including one

or nore alloys, 5anﬁ!g?‘tab%fa?&éﬁﬂ?ﬁd@f%}@%‘@é%ﬂ '&gerbi smut h, silver, indium

and lead. 4. The asse y recit erein the lid conprises at
| east one et al a bd posigamidcoeayterdi¢;andhi ch the thermally conductive el enent

can be coupled. 5. The assemply reciited in claim4 wherein the at | east one
netal or organic? Sqlg’ifélPleﬁb‘?’Fﬁ]gBEé%nq:ﬁCEK‘“eFle’é’ng“(ﬂ“th%Fhe'Fﬁ er&elAlEy recited in
claiml and {éé%rahﬁ‘ﬁ'ie =@nprising: a diffusion |ayer between the adhesion |ayer
and the sol der-wettabl e | ayer. 7. The assenbly recited in claim®6 wherein

the | ayers conprise material, including one or nore alloys, fromthe group
consistin f titaniu chr.om.u zi rconi.um . nickel,. vanadiu and gold. 10
27 BSE sz 05 "}he ;nterlg:lratecil circuit pnz;lckage recne?l 1nrcT:]alm8 wl(laerem tﬁe ﬁg m g

comprises a support member coupled to the substrate.

10.  The integrated circuit package recited in claim 8 wherein the lid
comprises material from the group consisting of copper and aluminum-silicon-

carbide.

11 The integrated circuit package recited in claim 8 wherein the lid
comprises at least one metal or organic layer to which the thermally conductive

element is coupled.

12.  The integrated circut package recited in claim 11 wherein the at least

one metal or organic layer comprises nickel or gold.

13, The integrated circuit package recited in claim 8 wherein the solderable
thermally conductive element comprises material, including one or more alloys,

from the group consisting of tin, bismuth, silver, indium, and lead.
14. The integrated circuit package recited in claim 8§ wherein the substrate is

an organic substrate and wherein the die is coupled to the substrate through a

land grid array.
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8. An integrated circuit package conprising: a substrate; a die positioned
on a surface of the substrate, the die having a back surface; an g@h§§img
| ayer of netal formed on the back surface; a solder-wettable |ayer forne
on the adhesion layer; a lid positioned over the die; and a sol derable
thermal | y conductive elenment coupling the solder-wettable |ayer and the
lid. 9. Thel§.nt eghaindepratied eurpuit prekrgayecitekintcdam hard Airdbescamhpstseidy the |id

conprises a supporti..ne r | ed t o,t he substrate. L Ihe..integrated
ciroul & package. BT PR e SRR RuritPn WAL ML UE sollsm Pl Tt or Far 1 rom
the group cpgelsting of copper and alum numsilicon- carbide. 11. The
integrated circuit package recited in claim8 wherein the |id conprises at

| east one metal or organic layer to which the thermally conductive el enent

5 coupled 142 Thevl 808 8FeR Sl G £oRACKARS RAULEH e plghim 11 wher el n

the at | east one netal®~or orga conprises nic old. 13. The
i ntegrated @cirié@ridetma:ta@di,aigeluﬂﬁfgi dre@r infore hRdy¥ Bottae giduptdaasisilgder abl e
thermal |y conductive el enent conprises material, including one or nore

al oys, fr@@nuRe chiogupme swemsum gcksl. vanadiugi, sndigald. si | ver, indium and

| ead. 14. The integrated circuit package recited in claim8 wherein the
substrate is an organic substrate and wherein the die is coupled to the
substrate tfir oughAnalectraind agdenthlatsaprisidd: 2 8 S E P 2005 15. The integrated

circuit package recited in claim8 and further conprising: a diffusion
| ayer between t h¥ leashers Bierageranpackeeesompsisinget t abl e | ayer. 16. The
i ntegrated circuégﬂggggage recited in claim15 wherein the |layers conprise
materi al, including one’or nore alloys, fromthe group consisting of
titani um chrom udi positionsd oty sidifedeelf thevanbatettelthe divthaglgch batk. An el ectronic
assenbly conpri sing:
surface; L

an adhesion layer of metal formed on the back surface;

a solder-wettable layer formed on the adhesion layer;

a lid positioned over the die; and

a solderable thermally conductive element coupling the solder-wettable

layer and the lid.

18.  The electronic assembly recited in claim 17 wherein the lid comprises a

support member coupled to the substrate.

19" The electronic assembly recited in claim 17 wherein the solderable
thermally conductive element comprises material, including one or more alloys,

from the group conéiéting of tin, bismuth, silver, indium, and lead.
20.  The electronic assembly recited in claim 17 wherein the substrate is an

organic substrate and wherein the die is coupled to the substrate through a land

grid array.
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at | east one integrated circuit package conprising: a substrate; a die

. positioned on a surface of the substrate, the die having a back sugfSapeges an
adhesion | ayer of nmetal forned on the back surface; a solder-wettable |ayer
formed on the adhesion layer; a lid positioned over the die; and a

sol derabl e thermally conductive el ement coupling the solder-wettable |ayer
and the |id2118. Aihdeatondt sysrehccasmeiy an electidnddadsemblydiamnk7tdasr ein the i d
conprises a support nenber coupled to the substrate. 19.. The electronic
assenbly r e8Pt BFETHOL FEFHH RAPRGRTURRIISe sol derable thermal |y conducti ve

el ement conpriseg (fRk@id.al , including one or nore alloys, fromthe group
consisting of tin, bismuth, silver, indium and |lead. 20. The el ectronic
assenbl y recit edaidie pdsitioned Pnwierfecaof the swhshater tiealié savamg a badrani ¢ substrate
and wherein ttI]e die is coupled to the substrate through a land grid array.
12 28 SEP2085'¥%; An el ectronic system conprising an el ectronic assenbly

having at |east ,Q08hdsinadyeRloethetd FStidd IMAGK B KoL Sing: a substrate; a
die positioned on a surface of the substrate, the di é having a back

surface; an adhesisoldet-aytdablotaymefoained on thecadbrsiohtyback surface; a
sol der-wettabl e | ;’igéer for naad Oﬁl@ht$e' adhesion layer; a lid positioned over
the die: and a sBIMYSPSHOBSY REF IR ¢ ductive el ement coupling the

sol der-vet tabl e ,kamerabRNHerliflylcofductide clBRRNBERHINE MhLsoldeivaabRCi ted in
claim 21 wherein the solderablé thermally conductive el ement conprises

mat eri al , i lgenatidithe bde or nore alloys, fromthe group consisting of tin,
bi smuth, silver, indium and |lead. 23. The electronic systemrecited in
claim 21 wherein the substrate is an organic substrate, wherein the die is

coupled to phe syhstiaiénit By<eds fecitell aNElalti D d wherein the solderable

thermally conductive element comprises material, including one or more alloys,

from the group consisting of tin, bismuth, silver, indium, and lead.

23, The electronic system recited in claim 21 wherein the substrate is an
organic substrate, wherein the die is coupled to the substrate through a land grid

array, and wherein the lid comprises a support member coupled to the substrate.

24, A data processing system comprising:
a bus coupling components in the data processing system,;
a display coupled to the bus;
external memory coupled to the bus; and
a processor coupled to the bus and comprising an electronic assembly
including at least or;é integrated circuit package comprising:
a substrate;
a die positioned on a surface of the substrate, the die having a
back surface;
an adhesion layer formed on the back surface;
a solder-wettable layer coupled to the adhesion layer;
a lid positioned over the die; and
a solderable thermally conductive element coupling the solder-

wettable layer and the lid.
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array, and wherein the |lid conprises a support nenber coupled to the
substrate. 24. A data processing system conprising: a bus couplidg§ SEP 2005
conponents in the data processing system a display coupled to the bus;
external menory coupled to the bus; and a processor coupled to the bus and
conprising an el ectronic assenbl¥ including at |east one integrated circuit
package conpti si ABE dalaPrRressing Bystom melehpgaMorbhersimthe spldsblcor t he
substrate, ' i ~ o AN: j d on the
ack. srf aciiinAb aRHNR, AepHR Uil o AR AR A e B, "o
posi ti oned fremrtht hmugicensisting &f thn benahlsdvérhardah) anddeatiuct i ve el enent
coupling the solder- wettable layer and the |id. 13 28 SEP2005 25, The data
processing systemrecited in claim24 wherein the solderable thernally
conductive gteme ' [ Alitad 1 ' : l:Loys, from
the group c%é;isi s??%gﬁgpch?ﬁs?n%%mﬁkmg@?é#m%?%%ﬁ%%aa .1L26. The data
processi ng systeamc selsdttacthndnwldrainth@die wherupiad thhiee subbgbteahreouglsa an or gani ¢
substrate a{ld V\lng\rei n the die is coupled to the substrate through a |[|and
grid array.aﬁégn aHe&Y'hod of fabricating an integrated circuit package, the
method conprising: formng an adhesion |ayer on a surface of a die;
formng a solder-wettable | ayer on the adhesion |ayer; applying sol der

mat eri al t o2t he Achethod nefababitanglaaystegratentounctiit pgckage, e enatioda substr at e;
positioning a surface of a |lid adjacent the solder material; and nelting

t he sol der TEERIRH to physically couple the lid to the die. 28. The nethod

recited in clai MAidhel finBsibAysPbIetuiRESFh@le;has a relatively high
thermal conductivity and a relatively low nelting point relative to that of
the lid and t he fiming a solder-wettable layer on the adhesion layer;

applying solder material to the solder-wettable layer;

mounting the die on a substrate;

positioning a surface of a lid adjacent the solder material; and

melting the solder material to physically couple the lid to the die.

28.  The method recited in claim 27 wherein the solder material has a
relatively high thermal conductivity and a relatively low melting point relative to

that of the lid and the die.

29. The method recited in claim 27 wherein the substrate comprises organic
matérial having a relatively high thermal coefficient of expansion relative to that

of the die.

30.  The method recited in claim 27 and further comprising forming at least
one metal or organic layer on the surface of the lid prior to positioning it

adjacent the solder material.
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29. The nethod recited in claim?27 wherein the substrate conprises organic
mat er.i al having a relatively high thermal coefficient of expansi onzgengtzhﬂge
to that of the die. 30. The nethod recited in claim27 and further
conprising formng at |east one nmetal or organic |layer on the surface of
the lid prior to positioning it adjacent the solder material. 14 2 8 SE P
2005 31. An3assenti assoobiyrcosipnging: a di e having a surface; an adhesion | ayer
of nmetal forned oraitge.surfa?e;' and a sol der-wettable | ayer formed on the
adhesi on | ayer t & %%et®iRe? #46 derabl e thermal |y conductive el ement. 32.

The assenbl y rechf adhdsibrohirDr HkeMigh2idbr Be sAdh@sin | ayer conpri ses

material, including one or  nore alloys, fromthe group consisting of
titanium chronasolderivetahie layer fommed an i adinesi@8 lay$he rasgesdl y recited in
claim 3l whergi n thg adhesi on l.ayer conprises titanium 34. The assenbly
recited in ePftAPSE &rpn LFf&‘%BII‘?H’t?F‘t-'WettabI e layer conprises one of

ni ckel and gold. 35. The assenbly recited in claim 31 wherein the sol derable
thermally conductive el enment conprises material, including one or nore

al | oys, frof2theThgasembbomrsitst inrdpiof 3 It whereini theradliesioni lhyeecomiprisisum  and

| ead. 36. The as enﬁlii recited in fol aim 31 wherein the saolderable thermally
conduct i ve SREFRHANHIENG OPg grmMgirsalioy {Qfr SOV COHEINZ QY B4 UA:38 to 157

degrees  CephlofHi@fesircdhiun teddssfiihy recited in claim31 and further
conprising: a diffusion |ayer formed between the adhesion |layer and the

sol der- wettable layer. 38. The assenbly recited in claim37 wherein the
diffusion | %{ler %ﬁgggs%%%?y regilté: 1?1'0-1%% d\!vﬁlengein]tge adhesion layer comprises

fitanium.

34. The assembly recited in claim 31 wherein the solder-wettable layer

comprises one of nickel and gold.

35.  The assembly recited in claim 31 wherein the solderable thermally
conductive element comprises material, including one or more alloys, from the

group consisting of tin, bismuth, silver, indium, and lead.

36. The assembly recited in claim 31 wherein the solderable thermally
conductive element has a liquidus temperature in the range of 138 to 157 degrees

Ceunfigrade.
37. The assembly recited in claim 31 and further comprising:
a diffusion layer formed between the adhesion layer and the solder-

wettable layer.

38. The assembly recited in claim 37 wherein the diffusion layer comprises

nickel-vanadium.
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