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have been utilized for flip-chip heat spreader applications. In particular instances,
materials such as carbon-carbon composites or diamond can be advantageously utilized
for heat spreader applications due to their exceptional thermal conductivity. Diamond
and carbon-carbon composite heat spreaders can have greatly enhanced thermal
transfer rates relative to alternative materials having lower thermal conductivity.
Diamond heat spreaders can also allow a better thermal expansion match between the
chip and packaging components. However, due to the expense of diamond materials
and the relative difficulty in fabricating conventional heat spreader configurations

utilizing diamond or composite carbon-carbon materials, heat spreaders for flip-chip and
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transfer rates relative to alternative materials
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the heritagnerating sigyiee - The base portion has a perimeter surface surrounding the
heat spreading surface which interfaces a frame portion comprised by the heat spreader
construction. The frame portion has a thickness and has an opening which traverses
the thickness.
[0009] In one aspect the invention encompasses methodology for forming
integrated circuitry which includes providing an integrated circuitry board having a heat
generating device mounted thereon, and providing a heat spreader in thermal

communication with the heat generating device. The heat spreader includes a base
2



portion having a heat spreading surface disposed in
heat-receiving relation relative to the

wheatogeser ati ng device. The base portion has BCT/US2005/010550
perineter surface surrounding the heat spreading
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conductivity to be localized in appropriate heat-receiving/dissipating areas while
replacing less critical regions of the spreader with less expensive and/or more easily
fabricated materials.

[0020] A drawback of conventional heat spreader technology is described with
reference to Fig. 1. Fig. 1 shows an exemplary prior art “lid” type heat spreader 10
which is comprised of a single piece of material. The single piece heat spreader shown
in Fig. 1 can typically be fabricated by, for example, stamping, coining and/or machining
from a single sheet of material.

[0021] Heat spreader 10 can have an opening, cavity or recess 12 having a

base surface 14 and can have an opposing back surface 16. For use in flip-chip
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configurations to allow cost effective manufacture of
heat spreaders capable o f nmaintaining the integrity
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[0028¢ hi ned?@‘gtrlnpo’qot Fign 3, such shows an exploded view depicting the two

separate pieces 20 and 30 which can together form spreader 10. As shown, surface 22
of base piece 20 can have an interior region 23 which can be referred to as a heat-
receiving surface, at least a portion of which will interface a hot device. Base piece 20
also has a perimeter region 24 of surface 22 which interfaces independent frame piece.

30.
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Partl cul ar applications, materi al
and/op I”T@é:hlnmgef 6xq;ml9ryrfa@’r@rlglstvﬁ‘e¢mgan be utilized for frame portion 30 can

be, for example, copper, copper alloys, carbon composite, a luminum, aluminum alloys,
diamond, ceramic, molybdenum, tungsten, KOVAR® (W estinghouse Electric and
Manufacturing Company, Pittsburgh PA), alloy 42, SiC, carbon, graphite, diamond

composites (see above, for example), and combinations thereof. Alternatively or in



conductivity of at |least 300 WnK, and in particul ar
i nstances can preferably be greater than 400 WnK
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rarre part can
Offfamﬁmm@l?@arance of surface 22 when spreader 10 is
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or nidr& portions of surface 22 such as, for example, perimeter surfaces 24 (shown in ‘
Fig. 3) which will interface frame portion 30.

[0035] Fig. 7 shows assembled two-piece heat spreader 10 having coating
material 28 disposed between interface material 40 and heat spreader material 27.
Coating material 28 can comprise, for example, a metal or metallic material. In
applications where heat spreader material 27 is difficult to solder (e.g., diamond),

coating material 28 can be a metallized layer deposited over the diamond to allow base
6



coefficients of thermal expansion of such material(s).

[0032] Referring to Fig. 4, such shows an alternative
wor@dod73heat spreader 10 rotated 180 rel ati vePr€DUS1965/010550

view shown in Fig. 2. As shown i n Fig. 4, a backside
portig 2 b golgereddo ameaprrtipipad8.e Irhers espodiadinhhasapdraon 20 can

- LEi ; LEi L RoFE 4 ase
corfet e petTALHH P M o A e
golq. ninggriage enatarial rdOatand® alissigesmdidniat weieh bbhds tnetafliaeidnigyer 28

the two pieces . Material 40 can be, for
andgxgangn%?@o'ggo'adhesi ve or solder. Alternatively, pieces

[0036] and FReferingbagajrotonkig. #nheat sphaseiec 6 0afani g emtfmginagly square
er jal Of.¢€ dj i.0 ondi ng or other

o BBRE L dhh g et “holdy el OfF Rfefloreeogpasees

altemadivie dwat cipseatlec rabgpes eoth @s, dor ttkamplep dravlar, heatangular, etc.,

; I line 5; f. Fi 4... As,_sho [ :

iR 144 eS8 IO Pyl s QU Dpricr

accerdinghyer Tiee skape efghash spebadér basen pbrourea d2permhdpon th e shape of
' ; ' of frame portion 30. [0034]

an %g%g%ﬁgﬁé%&%%ﬂﬁ?e%% particul ar applications base

[0037Ece 20n@aiditioortprins singlehpiate dpse pdaionnidpintedilin Mié Figures, the

. i a of.... i.al i Vv it

mveﬂ&sng reé(l:sg) ?%rﬁ%gglgy%i lé’[gl%ilag OA:"BLUE%“’QZ aoi pgéé%lgtt{lg ?ﬁ%ﬁ% QY epléqe EO (not

showahp Y hsase anwiirle ipags fate base P& 2Qptite p@‘ra‘raarecpmbrli% the same

. et f c ; Iy

i e e

locafizedstch Rextiont of pletea?fp Mdjchpeilliintetfece suhblasmes’ @4a (patiboutarly hot
i i i ' i oLt i

ol Sl EN oL kuhBSEL o Foht ATBRP 280 hpgte o e

hot pohang fagmeddtdma tess enipahsi®s niktsia sardl/dyes westarial with a lower

' 40 and heat spreader material 27.
coefgglretﬁ{ éfo?@rnWEﬁgﬁn@,é)g.

ati ng mater| can conprise, for exanple, a netal
[0088} net dirane pait €30 adan kisoappinpdss | ronliiplehpiceeth eatd/or multiple

[ At j iffie t . ,
QPSRN A ekl ol el QRIS Byoring oy o
portiogyad pedmetesiregian 8¢ eff base pldiead@nffot exarhplewrdras @pdiohi 8& can be

j. | e .
oo PaR e RS i SOREP I AP bk rfE e coarance
and ggprari fgr base plate 20 wieradisposed avena hegl-Eewdiingiveviaa. be,

I gy f ' 4
10039F sor “MoECIq 26 Sl Pef] FORR, IR B e ol SoBacir ot the
inveptieiie dirsreseshasoaviida SbpleRetesscdngmpganent 6.eFing.redess formed
by oBefihg 92! 88dRbwhGh RN DR iSHPEL %ﬂgér@klo}ﬁ tﬁé&%@a{n?%gﬁrti?ﬂ 30 can be
depiCted. It 1s ) e

t 0 “be’ under st 00 owever, t
fabricaiedripi fyeem bHpliy & sompartments such that a single heat spreader can

cover a plurality of individually framed devices (not shown). Alternatively, a heat
spreader in accordance with the invention can be configured to cover a plurality of
devices within a single framed compartment.

[0040] Referring to Fig. 8, such shows integrated circuitry 100 comprising heat
spreader 10 in accordance with the invention disposed over a single microelectronic
device 104. Device 104 can be, for example, a flip-chip mounted on integratexd circuitry

board 102 utilizing, for example, a solder material 106. An interface material 1 10 can be
7



alternative heat spreader shapes such as, for exanple,
circular, rectangular, etc., including irregular
W@ h@pes73Base portion 20 and franme portion 30 PENUR®O5/010550
fabricated accordingly. The shape of heat spreader 10
provided betvesirheat sespeder 1@ béard 19RAperds tamountlibe lhgahgpreader
[ [
to tH&@ﬁ?lﬂﬁi IBEé%g @%&%?a\r() d ?? IcarL ggepl C%&]’gﬁig ']ti hw?é]'{acg lia?:lggswei Qrsolder
matetigent i on al so contenplates utilizing a plurality of
ces t I
OBLACES, (R O 388 ALl 68 5 W fon cevice 1o
anoblmqj rsrpwdeh 20.s Sueh meteial ahn be, tir fekemplet art’adzrmajl atesfacEanaterial

I
s ATy Ik SR A 8, LR VAR v
metsfiot thet‘malan’;b@(facecmb’@rnab% biotothEor knosm ﬂﬂermadaematmgalsmhmyplcally,
ma@%f'%gfll%gy@rad'ntgf gBmBﬁr tf %u%ﬁ%@ﬁicﬁ&@ﬁ&@j&%ﬁ@ﬁ@gace a heat-
genepatingi ddvicends cblusfaatamreFlgaﬁ otvever nhmmamwﬁépactsematmial 108

can &%@F&J\ eﬁ%r@ﬁfrb? ﬂﬂacé 9(9 %g]poﬁ[ﬁaﬁg%f Q&l’féce% Rich a acrtsinterfacing a

nprirse nmu eces mat eri
hea(t @ener@hwvdyewcet\dmﬁ atsnab Ibg, urfdeeateochthat thensm@noftthe heat spreader

[ t 0 [ rd,i of —.peri . .
anc SRR 5 VU BN PRIy BRI R FBZRAIE I pygsrate
purgcsesamndrdtelnadigeneeiateemizespare edntehyddtsd.alropartipear apptieations, the
. i 4 i . [, §
sizq 80'sPace o5 el W ind eRE UGG BAVET L BECnBF Bey than
depitded etig{H039] It is to be additionally noted that
hough, .t

[O%ilzicusselg &ﬁl%%@%ﬁél%ﬁ@%ﬁ gg?é‘e %g gsﬁe]e £ e%HeH hio) [9.can interface an
ultimateeheat E@kdw@bgwﬁberpb@pU@Ema@g SBR Caa$>081posmammappropnate

[ I t 1 t n
heaE ;%%gr?agér rI a@%téggﬁgwﬂﬂ%gﬁé\ﬁgﬁariﬁﬁé? skf'ﬁg@ nﬁ)q}% A et to be
deveigpkdt hat a single heat spreader can cover a pI ur aI i ty

f311 ndi vidyal S~ pQt . . :
[od33 Jer natlﬁgée{l 3}& r)éa&{]eg@q gglfa\e{'g grOfi ﬂ%aé@%gm gn OV'd? h%ﬁecwe
thermﬂ}mnagﬁrr@ahab@w/@onﬁstgm eazsec@fvf@bri@atphueallvet o ednventional
heafl €Mb58SsWM thin a single framed conpartnent. [0040]

l¥err| ng to Fig. 8, such shows integrated circuitry
[OOEGED comivle%wpﬁ@ome@tf tbprlemmlpn1mcluudeacmeihd@m@é foinihg tthe heat

0 £, [ 0

spr%éeb%??edn%gﬂ&‘o p &&grlq% f a(?g\rqébé{em ?néﬁx&fs o qﬁéJr&ﬂbﬁng such heat
sprggdep- epngiruaiianst detoomiparatag atirsditryi r cmﬁotmgzncm\oaufd he@2 spreader

coné‘ltruétlbﬁé 9, acé&ﬁlaﬁ?éa\mlﬂji % ﬂw@ﬂL&r?Ea gﬁ{ghgée rr]zgsﬁmlrﬁnor otherwise

Interface materi al can epr oVi twee
fabriggtieg de bag® piatrl obdwse paoion A0ozrden framemmentiont @ shefatas those

depﬁ;ﬁgoe@rgq’f t@ tﬂﬁprﬁglr Gy %5‘3&@%3{09{ uBh&E ka#l‘gno%al?\cmﬁe those

for exa e, an interface adhesive or
materials dlscussed above with respect to the base portion and frame portion. The base

portion and the frame portion can be formed of identical materials or can comprise
materials of differing composition.

[0045] Base portion 20 can be joined to frame portion 10 by, for example,
diffusion bonding such that interfacing surface 34 of frame 30 is in direct physical

contact with perimeter region 24 of base portion 20 such as depicted in Fig. 2.
8



material. [0041] A second interface material 108 can
be provi ded between device 104 and heat spreader 20.
week/omaseri al can be, for exanple, a thernal Pet/Esfae0550
material such as thermal grease, phase change
Alterpativelyaltg framerpeaiongesnshe jairidute thie ridise moriohatigizing methodology
. " A . |
sud?ﬁe‘{saéd daeglgb r@g%ﬂ&%hﬂ@ﬁtﬁ%&gﬁgg@bgﬁ oﬁ%r‘? a&g{f)sﬁ%g dﬁ%%matenal
[0e46ler onMgthwdplogyi otiizefl fur faging? 3 wikad hsprehderowenstiuetion in

acc&ﬁdéﬁ{&%%@{haﬁgm%ﬁ% %ﬁﬂ %{ogblﬁggllﬁﬁéXfugg g c?ﬁ’dlhéraucsotamé %%d%rial 24

OVth:@rpQrMmmr aver enentiretyofdfeatspreade sﬁﬁ‘acem?Z peshowmin Kifs. 4 and 5.
h

B 2 o8 o 0 B 98 58590 o

be tamghd@btq asr @ademrednpbrbm bhceria® p2|uitizing ahp appropriate coating

Rl Py A T

utlllae@ t@ asmﬁre(bﬂaalnreelnt drrjoipmgtthe bhae papphlm’dntthe risymet hation, zeaterial

40 oc.fa]n B%ﬂ.ﬁ‘ﬁ?ecﬁ%o C tdn\ﬂ/e Eﬁmé{eégl%g%h rh.% écgrl[@% ﬁ'&\g (g]e and can

acdordinpgly thechﬁedetpw ItQ:athzlmpsnmstarfraglen26T fof bhemiportion and frame
it C t Si ot,.
porﬁﬁﬁ %QGQJUR%Q i Fl)a:él jg ngahlgg?iﬂg uér& of it gﬁ‘g}gi gegﬂlﬁﬂégs ‘dlscussed
abaygpr opri at e heat sink material and configuration known
t hose iRt r I
[0?1&; 43] ﬁfoldl)l%gg dg} ggcn Jnl?rgat%?n Slthgf qt e%?Xﬁngﬁﬁ'\%T includes
lnC@ranratbﬂ@‘healteGMmcom@ruchmlsmilthmmnagmsmb natEgliadmbcmroutbwt Such

b 355000 BRI LA EBIALL Aol RRNETA BRlenerain
devigee Isudte @srfet exsasplef a fllir-chimgan e meanted mnethd@rcwtry board either
o205} L 800 oSBT Reo3at 5ol ok M kaer sy s ny
Thelqométgtmpe@l desaribadl abgve Iéqcrrnudecbm bé lm’élatmslploe"admcatlon with the
ne BALENES L0 MESEANARSELANN BELAPHE' 24 §8cer o
circgltytawast. Bacempontingaran20ilizendn adhesiveeansijort a emid@omuaozample In
parﬁ&lér%v}%oéj[% Bcé ﬂﬁjerﬂnﬁl fr:ﬁegfacig mdﬁ‘gﬁ%l%%wb%t o{mg{f ‘bbme%n R heat-
et mat er |

abr| catron 1nc
germr@mlsﬁi%/@em\ﬂbe\Jueahracewmecaurfaget Beich #sesmpbintdriane amaderial can

be fféraé%nﬁ% gftgg'?rﬁ%@%fﬁg b ey a:?déé?:ﬂbétﬁ A%, gPor ti on

material S or can conprise
materials of differing conposition.



[ 0045] Base portion 20 can be joined to frame portion
10 by, for exanple, diffusion bonding such that
WO niosndesi ng surface 34 of frane 30 is in di reR€T/US2005/010550
hysi cal contact with perineter region 24 of base
CLg@ﬁiion 20 such as depicted in Fig. 2. Alternatively,
t her EéW@nWﬂéi Gan be joined to the base portion
utilizing Idogy such as sol dering or attaching
utilizing application of an appropriate adhesive
mat &r i al A Heabawpadastchoetsictigy complisingsd for forming a

h

heal  SPr&RIEE pBRRSEEY Rl SuBEaRS 306 kel oot
receiingrggin 24d @\mrlrrwt@"cwrfa@mswom@g theheaitrecavipg odgidredite
bas}@j’o@ﬁ&%o n{%{sfr@‘:&fn%?mg}%nﬁpgm in Figs. 4 and 5. Coating

can co e coating materials discussed
above. CbérlahwgomﬂmeM@m@Se@ddmtmal aod lraemwed

o) SIS, AUARE AR DB SOPEAR 8 Soonng
travexzingihe tlslresscoat i ng mat er | aI 40 is utilized to
assi st attachment or joining the base portion with the
frage pofhd ABat a%lH @énsﬁgct‘r‘tﬁfbfk&?alﬁm Wih&ER tb@ flfsf’materlal
only perineter 1on 24 or portions thereof and
comyisep @F W@ﬁwr@éna@gpr @dh@gwpw@n@am Yiepppet ecppneegilqyﬁ
alurFinDaRSniRAI(IOYS, BBMObLRIC AL LAiBon AR RID TRAUBMNY oRPhite,

joined utilizing any O olning te ues
d'a@p@%ﬁ@@an%weos'tpmwalwﬁj gibigfionsnihgesdr dance wi th
the invention further includes incorporating heat
sprgader TRORSAtsPrdadeSoratrubti ditleR ki brbiRtiRe second material
integrated circuitry. Such nethodol ogy can include
comprise af 1egstanei Mermlpitl die gioup ePesistingsd cappes, copper alloys,

alui@@hn, ﬁmh%'dﬂgyéj%thﬁ@sltesdé@tlibrﬁ%a{eﬁélseéﬁﬁl%hﬁ ceffamic.m terlals
p-chi p can mounted on the circuitry board eit

fl i
mO'ist%}Un% Jurgsteq, WR@ r?é‘ddTeaﬁﬁ@ﬁlel ARy mefanerdlss pr eader

A heat spreader such as any of the constructions

des4:r| bethaheat@pteadbr estastionbf BRI 1 e BInprising an interface
rTIH,JnI cation w t h the heat generating device. The
matﬁp?)l

thasgd @squeﬁéh%trémﬁ@@ﬁtqn@dﬂh% bageRoripR-eader to
the circuitry board. Such nounting can utilize an

ad r?su v tGThmﬁléaﬁ rspflaaﬁl@ﬂ @tﬁfstru{:ti@fn BRI |4§Nhe|réin Bige fntdHalcamaterial
icatio int erface eria
oot 6 RPBRRL i S RUP RSB 86 ARG/ elerBhand fsolder

matbeait - r ecei vi ng surface. Such thermal interface

material can be, for exanple, any of the thermal

interfa descri hed above. CLAI NS Th ,

| vEn ol sefpenef SHECRR, i SRS 1 e SR staoptegal hes o
theromtpondLictigity & doeeter tham B0@W/hkyi ng a heat spreading

surface conprising a heatreceiving

7. The heat spreader construction of claim 1 wherein the first material has a

thermal conductivity of greater than 400 W/mk.

8. The heat spreader construction of claim 1 wherein the first material has a

coefficient of thermal expansion of less than 9 ppm/K.

10



region and a perineter surface surrounding the heat-

recei ving region, the base portion conprising a first
worai0s09eBs and a frame portion conprising a seRCHUS2005/010550

material and interfacing the perineter surface, the

frae porthedreahapieaderaconkireding o claimd 1 ndneieig trarfirsipeaterigl has a

8 [ at spreader

CO%@%%E {‘?Ié fg@r#qg%(MHS%% gs\?ﬁ@arnegﬁsmﬂg first materi al

conprises at | east one nenber of the group consisting

of d@pperThedgapepreatiérapsstredtianiohdaim avineiein thesrdrog pertion is in
; i rials, SiC, carbon,
dlrg@mlélltc&el,ewﬁ%ﬁo W%llp%gnn%gt gorrpo& te materials, and

conbi nati ons thereof. 3. The heat spreader

constlr uctlihernegt serieaiien congiiieation of clhien $@ vibrtbimiedasalportion and
th amys%naatre,omwa.ﬁugappsn&f the group consisting

of copper per oys um num al um num al | oys,

conposite carbon materials, dianond, ceramc

mat d¢i al shefsey Brreaden COﬂ@tﬁg%lt)@ of clmn(rmer camgrising a coating
maA&#l b§érazﬂll@as‘t)9fo¥>ﬁﬁfn d?%eelﬁéaﬁ‘l Ereaérn Ligalipat spreader

construction of claimdl further cg nprising an
|nterface mat.eri al di sposed between the frame portion

and 18he HAsdegberPader %””Shﬂ?é'o'h eb¢laigpi &gther comprising a coating

MR bUaiCdtl gt Qfpoftlol dﬂtﬁje MR absUfagel nterface materi al
conprises a nenber of the group consi sting of an

adhesi ve terial and a solder material. 6. The heat

spr d4der Tg‘gﬁ‘se?]" BRIEROR CBFS"HCHP'&P?LC'@HE?%Wﬁe%'fhﬁqoﬂ'ng material
is dre®dllicahate@sl. @ t hermal conductivity of greater than

300 W nk. 7 The heat spreader construction of claim1l

vvher in mat eri has thermal conductivity
£ QBeat & MelnH B0 Roa) SDRAGe b T B danPrsing:
const r uctforeming bab@pﬁﬁtldm wﬂb@énﬁg b figst atgial BRY ﬂé\l/lﬁé a Hipet

ffi t of th fol th
e e AR e

wher ei n tidvenidg asrtamwcmrdnadon’ﬂm@m@ £oRbhitl ¢hBealadnd
t her mal | ess pm K. 10. The heat

spr eader ! %’5 aﬁ?@?ﬁogﬁ)w %]dgtﬁﬂwf? rh the frane

portion is in direct physical contact wth the base

por tison. Thé méhed hfaamnswwwern the pﬁmngj cbinprseafat@blingthe
reln ort frane p(%ll’t on are

framg p\r/(\?'gt&)rbvd thalp]eflmgfeé Clellelgh ghe ealtrt]achmg comprising'at least one of

solderlng, diffusion bonding and application of an adhesive material.

17. The heat spreader construction of claim 15 wherein the first material
comprises at least one member of the group consisting of copper, copper alloys,

aluminum, aluminum alloys, composite carbon-carbon materials and diamond.

18. The heat spreader construction of claim 15 wherein the second material
comprises at least one member of the group consisting of copper, copper alloys,
aluminum, aluminum alloys, composite carbon materials, diamond, ceramic materials,
molybdenum, tungsten and KOVAR®.
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12. The heat spreader construction of claim21 further
conprising a coating material over at |east a portion
w@booshes7Beat spreadi ng surface. 13. The heat sSPCEHES®N5/010550
construction of claim21 further conprising a coating
mat 8Ri al Tineemethod beesim 85 puother comrisiridhapphdng awtedallic coating
f . : [ jop of claim
el B atheten B olaft RO e S BOSLO S oo
material. 15. A nethod of form ng a heat spreader
congbr uctintegratesbeipuityi qegnprisiog ng a base portion
conpri sing a.f bﬁéﬁatiﬁ@&&fiée‘a!anand having a first surface
conprising a Serlnet r-region surrounding a
heat - r ec @i hdah gpreadérammstriiciioniim theamalrcmmypacatioowith the heat-
i Si.p al. d. j.oinjng the base
oo 3 ey R o R L Rt B SE: hoa of ol ai m
15 wher ei n t he hasierponigpndwmvpro & bsat apteadmgrayrfabe dispesee in
portion a | Rﬂ[. ; ian, e ' .
conpri sSi ngpe z?{t ﬁ](T%eas d%ﬁatélgéfr élé%*eggrﬂi]éng?atéte%? %5 !'IQ%GVICG, the
bondi ng arithsemettiondtaving aoperametadetice sumadretingilhe he#t
reader construction of claim15 wherein the
Sm%gggpgﬁg?égfﬁ conprises at |east one nenber of the
group consi st iafanod peipp drterfatiEpibe patiineles sudheartheuirgme

i amond. 35 e FALP AR ES BRINEFA BT By R

15 wher ei fhickieessecond material conprises at |east one
menber of the group consisting of copper, copper

|| ’ i i ite .
o215, SR UL 150 THEELA B SRRER oo
a flipgeist en and KOVAR(r).19. The method of claim 15

further conprising applying a netallic coating

mat epi al ; j L L ;
551, TRl I g g 4B

whesigpihedieaysPraaprids mpentedde thryciweiiydeardnih an frderface material

corBpiSRIBI 5B G hiaBRedivl LS BBliecOMMUNI cation with
the heatgenerating device, the heat spreader

construction conprising: a base portion having a heat
spreadi ng P8 iitegaieddire iy of clein RR Airthes sempiisig peinkariasa

mafefiapd iby@sdd%ét\héem@@theaﬁgéﬁ&&ﬂir\@dé?i/ﬁ)‘éi il thé RBalP&ding surface.
portion having a perineter surface surrounding the

hea
54. The integrated circuitry of claim 20 further comprising a heat-sink in

thermal communication with the heat spreader.

25. A method of forming integrated circuitry comprising:
providing an integrated circuitry board having a heat-generating device
mounted thereon;
providing a heat spreader in thermal communication with the heat-
generating device, the heat spreader comprising:
a base portion comprising a first material, the base portion
having a heat-receiving surface and a perimeter region around the

heat-receiving surface; and
12



spreadi ng surface; and a frame portion interfacing the
perineter surface, the frame portion having a

wa hioskyss and havi ng an opening traversing theCT/US2005/010550
thickness. 2 1. The integrated circuitry of claim20
wher ei n t he heatrame pertaini aogpilieng @esacondmalteriat inkerfacing2he
The integr ' itry of claim20 further
conprising&%ﬁggét%%¥¥§ board, wherein the heat
spreader is mounted to the circuitry board with an
i nt &6f acelheamnethpdlof claimp b &irthgr abmpesisg monetingf thaheat-spreader to

LV a8 . | 0t [rcuitry of

R IR RR A0t 0B ot AR R o 71

di sposed between the heat-generating device and the

heat27s pr dd@i methedof elein 23 whetriretherhesfrganardting devidetis y flip-chip.

of claim20 further conprising a heat-sink in thernmal

compani catGheifibl gf b BERIrP E@r‘ﬁpﬁéin%%vidﬁg@fhgmal%terface

formng integrated circurtry conprisihg: providing an
mateyiad geavase tbe h@@?@&%@b@r@&éxﬁ%gh%he@aecgi\ém@&afaoﬁgthe thermal
intgﬁa\’de%?l'éﬂélm&r‘?q Ld18568 ﬂbr‘rﬂh@}’;h&]p%n@isﬁ ftﬁmgperasé,r}netallic

t hermal communi cation wt e heatgenerati ng devi ce,
thermal intagiace prataidals, Rherprchangrymatgriples Bepoal hetsnand indium alloys.

conprising a first material, the base portion having a

heat -recei ving surface and a perineter region around

the heat-receiving surface; anda frame portion

conprising a second material interfacing the perineter

region. 26. The nethod of claim25 further conprising

nmounti ng the heat-spreader to the circuitry board

utilizing at | east one of an adhesive and a sol der.

27. The nethod of claim 25 wherein the heat-generating

device is a flip-chip. 28. The nmethod of claim25

further conprising providing a thernmal interface

mat eri al between the heat-generating device and the

heat -recei ving surface, the thermal interface nmateri al

bei ng selected fromthe group consisting of thernal

grease, netallic thermal interface materials,

phase-change nmaterials, thermal gels, and indi um

al | oys.
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