;e3e] d] " " ab: bl Rd6dTdkt < WD 02/ 061825 PCT/ US01/ 44650 El ectroni c Assenbly xjm
Wth H gh Capacity Thernmal Interface and Met hods of Manufacture Techni cal
Fi el d of wdhe/densenti on The present invention rel ates genBEBUSY/H650

el ectroni cs packaging. More particularly, the present invention relates to
an electronic assenbly that includes an integrated circuit package

conpri si ng a Eécgbnicaspadiyt Wit Higlr €aplacity Themildge faloeindMathodsipéMamfatyrat ed circuit
and a heat spreader to dissipate heat generated in a high perfornance
integrated circuit, and to manufacturing nmethods rel at edwﬁhereto

Background of the Invention Integrated circuits (ICs) a wnmwmm Mnm
assenbl ed i nto packages by phykihomlFigld afitiet lebndiot rically ¢ to a

.substrgte made of organic or ceramic material. One or nore |Goupackages can

be I'S physi cal I%/atand electrically coupled to a grl nt ed, Ci rclwt board (PCB)
to forman el EREPFEH| v enieRER %‘7""”“’I'ﬁéle°“8rl‘°éBﬁclfaé‘ﬁ MR Y2 he part of

.an "el ect rn@mtmn relytsstiednielectrbiiic ds@mblg thatdueiudes snigtgend! ciegit fprlegedbiypridied 4 gdd herei n as

any pr Odu% a&t?%ihﬁdt@ﬂce%aweeglh@ﬁl{egl Eucq‘\l'cu@c%'ﬁie“lml %wadeﬁ&&&%h@ﬁea&tneﬁle@ﬁtar oni ¢
syst ens i ncl ude conputers skt op, , server, etc.),

. g. an

wirel ess CBRRRTATRSE i"Bﬁ%‘ec{fé?}’i‘tc"é%t"("é“"&ct”"“éé’FtI"lﬁf ’élf‘te‘b‘h%?‘i‘és cordl ess phones,
pagersio etc.), conputerrel ated peripherals (e.g., printers, scanners,
monitors, etc.), 20 entertai nmMaLAeMLEESmeRiod- - "tel evisions, radios,
stereos, tape and conpact disc T)‘I*agy’e‘r'mﬁcasset te recorders, MP3
(Motion Picture Experts G oup, Audio Layer 3) players, etc.), and the like.
In the field ofnteglhtedditn(IC s)Sesipialy aistntied infopackaged by plosisdintndclenrpatyi t i ve

DL epsun e, 3 dmmfs@o%&awn%éof%@an%ro!r il RE A OLIRAGE plifaghiafisk  equi prrEnt up

while drivi roducti on costs is is particularly true regarding

t he pa‘ékag’l‘%‘@a”éfndIe’@“é"a'éyrf"‘?i%E’taﬂ”éi'?t‘é‘§‘r°“\kkf@‘rdéP C@é‘@l‘i"”ﬁé‘wc’ﬁ‘?ﬁ@? HteMBR" dF° packagi ng
must pr oviceeuw@ asshailye asee pfaef inCElesatidyste@ar Anl "eletkraid systdmin istb@ndiBdefided an

i ncreased r ile

gener al |y hEHH’B%Ey pQJdﬁ?QJJBQJL%Q& %e@tm?r%ke&bl?’l EQJén?fzéééofe1£c%9Hﬁ§§%§§]nscxluét@ ard ol ock
frequency °8?P“F'€<‘fs€ FetiPRe l4rtep, hanghiekd. S%[&"é(ﬁ‘?éll‘”ﬁﬁ?siﬁo’@@ﬁé‘ia%‘f‘%deé‘ceﬁFeé%afeéﬁ”ararmunt of
heat. Howevdes, cotdlee phatd @Eanace cotnderteided @ilihbrald (¢.g.Ofrintels sean@Fsemdai@yrc.), O

di m ni $h - AfedaliGedt RIREIAL Wiebisib, s %tarez;shgpx ot dﬁéﬂ msc%%&gi v1'd¢9)(é£b§ﬁ§es so it
becones increasin ortant to adequat el I SSI beat fromIC

envi r onneritearders, W?@%ﬁ%{? "{?Eﬁﬁ"é‘ﬁgﬁ%’*“%a)ﬁh” P‘@e’squ%t"t“‘é'tl"‘e“kﬁay conprise a
nunber of et aln thedigidosels@hnie sisiemethyre ipatidcasanecniettivp prewirekenonghabfadurisas connect
lines (refdﬁge i er%ognan&a ?ﬂh&‘l eal.ﬁpme;ltru QiR d%\’mg%Mp cﬂ@cu&r co |:[ﬁlsg g&c&lgr Jug
conmponents nou on one or surfaces o stra e electronic
conponent r@?“"&@hﬁ)‘@ﬂ‘é&ﬂ’tgé’f&sé’“\“ﬁﬁ@?’i Bhezacps) “?Y‘b%ﬁ'i‘?é“&‘f"é’émf‘é‘g’& ﬂ‘é*PPf‘é'Idérrent s of an
el ect roni Anceysd eifrihineg pgthulariyhi @ita bk hereifed @lnebertof tom@ibreryts @dKighactoclve pat hs t hat

incl ude the, SHRSLLAL s;,eltanﬁ%gsmam@r O\J.J%Maaﬁn%,zs r@sqf%%enfsagah@@dcl( HeqBdl/o si gnal s
that are transmtte& tween the el ectronic nglonen s, such’as IC s, of

the systerf’s Saf fhey agcowéiv’ég%?e'ﬁt&raﬁt%ww?fézfagé*OHﬁ P PgiPrEReh e YR Bt (17 0)
ter m nal s of B i@ ka@nltedinihisteas the teinperage tovekidh tiagarasubjeateg ércrasesbe it b@gbmgpower and

ground terpj.naks n%rtgnaslgo%qua% dlrsskb%e hera&ﬁm@nv,cdu&&w Maemgic Jaleags, SUCh as
processors, operates at higher and hi gher clock ﬂuenm es, and as IC s

operat® at hi ghBIC YRHHPYITRTFPrG D LPaipidayert %‘i‘é"t‘éﬁ% imeg o PRt mtner at ed by
such | C s igatvnnect i (refEred Rhirdi( 18 ReesPCGhA bk STndold/ eletbire@SOnippenicaseted dn@neror

operating xﬁo?erm@dée@we%u@spawnﬂgggmmmpoheﬁt Blo: onExQJaretmetlJnﬁ@%Q\Qéte§&)at ed above,
and for other reasons stated belo ch w F one apparent to those

ski |l ed i rPterflemeptsol fsisfiTopia PR g H’d‘hlﬁﬁfﬁ@r”%f‘%fﬁ’d?”ﬁQ""f“l‘i%"eﬁ'f‘t%"'é‘@?ft’c‘“de the
speci f i catshipye tiadee e substrate Bicgypichiyanty sig@s thatiare thdsmittad Hetwk@nheajpp@ariat us and
met hodg f %m@%!g%gah@&c%flh%y@can asﬁy&ssthwa ﬁe;atla@tlargpn%m mpmfsagm diogsi pati on

probl ens associ ated W th high clock frequencies and high power densities.
Brief Desdfptli @ Bl DFSa‘vﬁ”ﬁtfs‘arF?I“@‘be‘fL"fP"g"eba”ﬁF‘B‘if'R“’H‘?’%ﬂil"‘éﬂﬁﬁdbf an

el ectroni ¢ systaeti inro@ircpait@bli IAG, sath ad p@storspiperate aptgdherond iighaspeishuyncE® Wi th a
hi gh capagjjxdh ExgtthhlgHErrQrdfh@ﬁ:e?pdv}grl@v@lg%%m&%fﬂ%ttg&ergt@@bygﬁmW§ﬁ#nt of the
invention; FIG lustrates a cross-gectional representation of a prior
art 1C package, FI G 3 illustrates a cross-sectional representation of an
el ectronic assenbly conprising an | C package wt acity thernal
interface, in accordance with one enbodi ment of mmmlmmmmmlmﬁ FIG 4
illustrates a cross-sectional representation of an elggdronic assenbly
conprising a nulti-chip 15 1C package with a high capacity thernal
interface, in accordance wi th another enbodi nent of the invention; FIG 5
illustrates a cross-sectional representation of a high capacity thermnal
interface formed on an



-an |nt§grated

i ntegrated heat spreader, in accordance with one enbodi nent of the
invention; FIG 6 illustrates a cross-sectional representation of a high
capaci t y woerwmas2si nterface to be affixed to an integrat edPREABVEPOERder, in
accordance wi th another enbodi rent of the invention; 20 FIG 7 is a view of
a wafer of dianmond thermal interface material, which has been grown

separate f@iw @ar apk,mnng‘emmraomsemmemereof prl or to attachment to an
IHS, in accord ntion; FIG 8 is a

f1 ow di agr am O? (f\he rea ozﬁs stated 2?30\]'@ c?, Imgg{ei 1ﬁasonéP]tatffdeelﬁ\ég?{ﬂ\&él?befoirpea%v@g}t H)an ce with
one enbodl*‘ﬁ@ﬁlsl“ﬁ@ﬁn tbdr?é upon yeading aodrindegptaediiZBhepkegnt sPecifisation, thérotwe slgnilgmamedih t WO

al ternati v .oRt ﬁ%ﬁus@ﬁd nefnbds Xdr Ebgkaémé Y€ bn HON{Tive M Y=Y ng <1 ML VAN Qﬁ%gﬁathbﬁlﬁobmg erial to
| | ed Description of Enbodi nents of

the I nven Slsc(’)clr?tegwq}lhlé qﬁ%&‘le?" @\f“%‘g}bl%afvﬁf PEH*descri ption of enbodinents of

the invention, reference is nmade to the acconpanyi ng drawi ngs which forma

‘part hereof, and in which is SheWA:OYMRMe Bfawibs UStration specific
preferred enbodi nents in which the i'nventions may be practiced. These

enbodi nents are described in sufficient detail to enable those skilled in
the art to pra€tlG tiea blbpk diegranesibn eatrongm@temtincprordtiog 40 Rastinel@dcsdndaderttinat ot her
enbomlﬁ'entaﬁhm c%mﬂttﬂe n{a?lQQfagenrgaCEMBGe §/¥tl{ &ﬁ%EMa@lnemE%%ﬂ@m al , conpositional,

and el ectrical _changes be nmade wt &gﬁrtlng Fom t he spirit and
scope of the pFIé}s%‘H'fSt'?tﬁ@é’ﬁisls"(ﬁ?%al‘Wﬁ%‘“@@f‘f’ﬁf\ﬂ‘?\@” 4Pf%ed description is,
t heref ore, not FiGo3 b@txttalaemsﬁsdntxcaalIldpmebtmn;g 038 Bis@ pnicusemilnemAEG DY IOf t he

pr esent % @V%h‘i . i, 'Tace, C 1t 0 1 enlm
1) 2/ 116182 g{%CT/ US gIﬁl ﬁfttmsﬂ lg\mfyp?[}éasgeoﬂc‘? C?%tgﬁg?[gnn&&%g@éeﬁ 5 soI ution to

thermal di ssi paCr GHUSBHEBFatEeciqy ferigreptation efp pleptrane ‘WF"E‘W 9pprising apelti-gEac kagi ng
of i ntlégr & mekagd witbabigscapadiatthehayietelficg b aciordaidé Withdeungi dnyodaie: df heihvedpay at e at
hi gh cl ock spep@ss giddi, glassgéaxxﬁxl rdpfadefihifin 1ba¥ngﬁ Eglgicﬁythéagal Rl IR i B2 gty

thermal material as a thermal 1nt er%éace one or nore and a heat
spr eader . "’f?ﬁrf“ie‘b]ilf%tS@F?B?Sd‘i‘ar?é"t‘ﬂa%“é(‘t“bp“FF‘T%@?’?“é?@ﬂ”‘é(ﬁ’&""descr| bed herein. In one
enbodi nent, a FIGO@iIlusﬁ‘staa@sﬁ-s@ﬁonﬂfbplle@ntﬁiloﬁoﬂaSngf'n tapgityCihdrnl RHRE Bde iffkedn OF gani C
l'and gri dto% En?eglat(:ﬂeﬁpg aﬁéljt?égc&?dtatﬁew laqghe 8190'35 E‘l&#if?hg m(\;en{lolnapse chip connect”
(C4) technol og R capaci t ermal interface material is attached

bet weéfl t he bag’k? %'a?‘rl%wé a&ffeft‘)ﬁ%aﬂurrl%ﬂwafnﬂ interface piptergh whididashespterogpreastier (| HS)
af ter sui frabrelHpraepae@ichtaRreaipridr vetigth@enain ah IHBh stokdaie @ith andtier @ibedigeAd0odi nent ,
the hi gh ¢apagi.iy,thermal material conprises dianond, a di anond conposi te,
or graphite. A side wall of the IHS can also be coupled to the 10 OLGA
substrat e ar ouR§ PRfiey dines pf asnrtpdofifibriqating ag i packpgedn cpprieavits®al ant in or der
t 0 provi demfotinkherhdipaitiodsisi pati on as well as nmechanical strength. FIG 1

is a bkock di a%aéns QBO@JLF,%JH%&% Qﬁan&wmﬁo@mfafﬁ; @%Q{ya%ﬁem@g clychast one

el ectroni c asse capacity thermal” interface 1 n accordance
with one é’ﬁ‘ﬁ&‘ﬂ?ﬁ%ﬂ%@ﬁdhﬁ@ref‘%v&%@l on. Electronic system1 is nerely one
exanpl e of an electronic systemin which the present invention can be used.
In this 1S exanple, el et 00k SdSh M nbod2MRii S8R dat @ processi ng system
that includes a system bus 0 couple € varl ous conponents of the
system System bus 2 provides conmunications |inks anong the various
conponents of mhhie fe@leies dedidddesaipsdnenibodinehtsoiihe iDentiofypieenent rede @shea si ngl e
bus, as a a&&-ﬁmﬁ)ﬂ%uagmgs%ncph&%aeﬁm hé?%)f ?{'& 1Mchq)stspo%«g1 b?ﬁy%ﬂ%sﬁatlgpsg&ﬁ{c

El ectroni ¢ asseé is couple st em bus ectroni c_assenbly 4 can
i ncl ude aﬁ‘f}fe’é‘idre@mdtme@? in I BYCTHIARS W Ocoraciiqed: cTﬂ]?Sf ebodirgenis A8 dEHBEHP nent |

el ect r oni euffxiiaiabil iy exbble sk tkdiesin de pi © p@SBONe ifventon, @il ilGatnbedddefoodiiyt t ype. As
used her e'ot'ﬂer em%fd&%ﬁaﬁa%be utﬂ?&@%tf@‘pSYructtLXarl)?ne&fam&pémyssﬁifniapgﬁIele&n'icﬁl%“%nﬁes such as

but not limte Cr oprocessor a m crocon

i nstrdéti 68 ‘%eé‘tad“c‘t’m%?eip%@‘g@@ Geypir H?’@P@ﬁer‘tgé’é%%‘i‘ invetigng c}’a&@!ﬂ‘“‘i‘wffwlﬁ%t i on set

conput i Ng déséipo)is, MitreHrePHIOCIE BRIy a [ENiNGR Bdpsel DA Ge ScblB bf theGtebediTnvamioglis éfindd\
n1croprocg§§QHMa SALARALES processor, a digital signal processor (DSP), or
any other type of processor or processing circuit. 25 O her types of
circuits that can be included in electyonic assenbly 4 are a custom
circuit, an application-specific integrated circuit (ASIC), or the |ike,
such as, for exanple, one or nore circuits (such as a comruni cations
circuit 7) for use in wireless devices |like cellular telephones, pagers,
portabl e conputers, two-way radios, and simlar electronic systens. The IC
can perform any other type of function. Electronic system1l can also

i nclude an external nmenory 10, which in turn can include one or nore 30
menory el ements suitable to the particular application, such as a nain
menory 12 in the formof random access nenory (RAM, one or nore hard
drlves 14 and/or one or nore drlves that handle reanabIe medi a 16 such as

o . s T ~r~  \ - N 7S\



FIG 2 illustrates a cross-sectional representation of a prior art IC
package 30. | C package 30 WO U2/ 11 (1825 PCT/USOL/ -4-4tSI| represents a
typi cal pvo o0r06@s1s structure that includes an I C die 40 noBAQTAG01/H#650
"flip-chip" orientation with its |lands (not shown) facing dowward to
couple with correspondi ng | ands 52 on the upper surface of a substrate 50
through sol der ppal L5 ,mre.rntwmea%orut%utt%tr.atcﬁm QiR thd 1RAGdRY §fin DOArd or

a multi-layer board, and can include additional |ands 54 on its opposite
surface f &P ﬂ‘ht“?“ﬁ@“&rﬁft“ﬁgrat&bﬁ“f‘t‘tbﬁ%tl‘avb%t@’l&t?j'ttH*‘g“‘%ﬁ'i‘dd't?t RReate et lei SRR . Die 40
generates abdthzh @at levels e fldydiz A Bikh GjakityCietitabmaterinl @4 BRI invet fick et c@E@S, t hat

I's |ocat eqno{é?@g anlilaﬁaaé \é\ﬁgr %Hrotsaeﬁtg(ﬁtmaa éltﬁlysuatm%dcsgilbeﬁ pq?euheat is dissi pat ed

.through its upper surtace. Is concentrated wthin die 40 is

di ssipdted to “P%Fr“@%““’s"t‘,]'r # SRabsutfygatt 2p 1 diegs fiRsthipanornisslite 11 opee 1and 8id9"Bhe f or m of
a heat Spl’(@aﬂ’eﬁubﬁt@lebh&t“coitﬁollbcyqbila@ﬁ|ct|uycofn@dft’n(l§ab t@finolipt &l higgugphcipser@@pper or

-al um num in thaJe %’t@r%\’?a hnt%d beP&Eanel bac %%Qéé%t the c| JaXir RQ%%%@ h‘%&gﬁédgrr(@§ gg'd the

heat spreader 60, ermal 1 nterface nmateria IS O ed between
die 40 and““ﬁ‘e%ﬂrepsrﬁt"éafd‘é'rd‘e@j IHg prafacen di (atmbpHnep tha bigh srppciyrthegpel mterigly pi cal 1y s
a thermal cefkise®dianghheasemdend Bdngpbdite, BiCkrapiieah sifiawatl bithedH$ cad @lsd td kdubledto ¢ SSi pat e
heat fr,om I n ; v, t fins 82
is oft{é)n é}oﬂﬁgltmggme 3 %thegg enghe(t}wlégdn&ﬁeégnags?% nglgg d%ﬂlo 2%5’5?“ e gtat into the
anbi ent el AR, aS‘A??hfi“ﬁérﬁtéea%*e in the junction tenperature Tj of an

el ectroni c deviiGe! iOfbléck Badrém Ganel@EbiRESEh Y inddrfoRtilg at Bt chbel@pP@icadsindg 4 | ves of
}EﬁC?Ie\(;:’lcsv(l)ﬂ-]a &éda%)t tﬁrmnﬂntrn?\fgegnré e%c%tgénc%‘\ev}cthu orrllg l‘lllbOOCIPlla%t oftthrc]:rrrg'eenttgna%EeQQnra nbi ent
t enper at uswtemjis megely %eexw&rfé@seeetweyerquaWewhapwsrnEwatqnm by Ysedjlnthis ((j a x
Pd) + ifa 2QmpBelkiofc Hterr1 bddiﬂﬁJed an&a biedIRRgE attur mat(nuadedegrtae&s%,couﬁtb fhe = the

J unction- tvgtot?‘s@ %Qet ts onﬁes Svs?em 1ov1d(gs mmun att ns%ml\s am nv@hev 1b power
(N wat St anbl ent e tGre

di ssi pation at npera ' degrees 0.

25 The | urexgdorspis ?féheahﬁtoeﬁtystmérnﬁreﬁn bwes’ewt&ﬁeé sr(lglfabueaw dpwbipationotygset ed by

Equati on Bﬂn@ﬁqmakﬁemea&mﬁja = (jc + (cs + (sa mherein (jc = the

JC gggE ![ 8[]-51[ ﬁ[(cf‘ﬁlecu omf assele?l / e%cl)usl%datn (s:ygten(gjléus d dl:qg: r(&)rc assemlfl)f ?@m mllr?]de (mg m(cuf? ?r: the

si nk- t%- artwbinton pirirpyih | In Pfestﬂ@thaln@ele(womc Qﬂ%@@b‘éé5‘°‘®e¥ a mreeespdy 6 whieh cprhis of or egoi ng

def i ni ti ongytypeN@s REd HeleREPlocds DL AednOdhy C}Beo‘fﬁﬁmﬁlﬁﬁﬁtl &isuit, ﬁ&z&&ﬂn&ﬁrﬂrﬁe@fo 20f the IC

lpgg:,?lggn I()Fc?cipﬁgelsn Euc%)aorr]t!_' ‘Qﬂer ?_(l)mple)\ggsﬁ.\é; ion. sa ce);réoutrné ﬁ(ﬁ%(?)%%%% CESSO aregtp 2({ hlkne.?_'l[,]e

| C packagénsiBgtiopfet qur@tma(ﬁf%@mopwuwwws énstrupiign Weﬁg‘éﬁwblarprarmcessm)fa neet i ng

the ther rr@taghms Srogabi nggumeghur Fr803BE (15sPR br atMayqaoh,rraiass@erai&rasgmgrmaue} ectronic

asse |es 182S PCT/U SO 1
Ing SO | unc?r OE) SO?CHC llSt attca'tlﬁ'enflrlr%fj mrelécsnlms1 aaﬁ%gy%a'eqc#ﬂm Cllcr gasent i nvention

r ed uces t H@haéwseelﬁf wtrer@‘rtbqrmrﬂéh%@r eitthg pike, sygh apyJor pxagpleionRyr Here Hwtﬂh guchas

j unct i on- ta@&asRicdibRLR): 7V ieSieSt KRG dé\jtc@S ma&-mtmeregasa -phders Slofdble bdapirera|

resist anc% ( a radljgg gr%esatstlgrrelecromc nQe S. ?Ire I(?can elgrt z![r)w otrwt{ eo??g trsrer vers have a

very non- uni orm m power Heat ux VAriation acfoss the surfaces of

the die. In a §!E?h1°r1e~°ryrtar ! %apjm'rrtgsie 0 Fréeralpemeryde: gvhabbélarrcaaeclrﬁeempame peaks

acr 0ss3ot NenetpHp Bémethis Suitshie th MEBarticdlD bppBAsRITRLA as d thair fendoyQ2 In@H¥PRH aﬁr&hﬁ@n of the

hi ghest qux are st., be mai It @ at. or

speci fi ed va rlt}eémo WM& oPehe}bé)rle IJC cl(t)%esgtl'land/m one or 1ore Sn(/)ersrg-tqlh ridle remlovaﬁle m%dta

spreadlngJGﬂth$§WWh§$ﬁ#ﬁé@@ﬁ¥¢ﬂeﬁapb®@@mﬁb9Wﬂr@ﬂmeedﬁh@Wpeak t enper at ur es}.

Even the high tziaeromatystaonauatdmeiutra/a dQElayQQ\p&Ql’oné moetapetrsrsgraeaetrerboman three

times t hata cf?ofr co%{rol )hlch an mcluée@?nlil)]:rf Itt(z-\;cll\gaﬂt ame comroﬂ I volce co mttondevfc): or any 1

existing t afi"on st'r ure 1s 1 ncap ab! ‘8 ? gi's ari

.suffi c35entothrreatcetlet mlmltm sarttwl ys¢ydo !mhuenfgreatt@n tn@rrpreroatvw@mbeqnéwaw slffeetut i ed

val ue, theypanformance of the electronic assenbly nust be throttled back by

reverting to ag ture- ge dent [roc r r r jocess.

QO herw se, the [G| Al Srr%enblaé:mg'ssge Ir?"ese" i°& o3 ?&alrttgct?yé%ﬁgeg?qkf La | ence a

cat astrophic fallure. Thus, with increased heat d|SS|pat|on requirenments

for electronic assenblies, it has becone necessary to 15 substantially

i nprove the performance of thernmal interface materials and integrated heat

spreaders. FIG 3 illustrates a cross-sectional representation of an

el ectroni c assenbly 100 conprising an | C package with a high capacity

thermal interface | 10, in accordance with one enbodi nent of the invention.

The | C package conprises a die 40 nounted on an organic |land grid array

(OLGA) substrate 50, and an integrated heat spreader (IHS) 120. Wile an

OLGA substrate is shown, the present invention is not limted 20 to use

with an OLGA substrate and any other type of substrate can be enployed

—— T~ a T 1 e ~ S . Y o a Y T 1 B A



25 electrical contacts or |lands 52 representing signal, power, or ground
nodes on the upper surface 56 of OLGA substrate 50 by appropriate
connect i wsosenaesas C4 sol der bunps 42. A suitabl e underf PCY/USHIBH6Ehown) ,
such as an epoxy material, can be used to surround C4 sol der bunps 42 to
provi de nmechani cal stability and strength. Still referring to FIG 3, an
integratedqhsamagpmead@an£m¢ﬁ§mQEQMk0mmSmaﬂn@m®mndﬁwmmdh@mwmmnMH$s120 30 is
thermal Iy 1&9y@$t%wt,)qacﬁg aginngd to%&h‘fﬂfe %moqzsp&la@g 14Qs 42135 ALIGHRer durRieGR, Capaci ty

thermal intertace can di ssi pate a substantjal anount of
heat bot h Sostes %l“rfvg‘aﬁlﬂef\?@ksﬁ b&'all’5|4§r §“H%“ ﬁfrfafttﬁéf”r?ﬁ%yef PPAEY £ RRE Y BoAD | HS
120. Ther mad it tantreludeaddiolsl Bnds HNIit: GPSsit@suitat Br haihg vith additios! welpgild seucdie
.conductd ng,heat,at a high rate. In one embodinent, thernal interface 110
conpri ses alannnd A layer of thermal interface 110 conprising 35 di anond
has a very hi gtPit H8psales its Srcftreintgnal gruptpye. dpglading wiring fricgin@at i Ieoppdper it | ayer. In
-ot her enbadwmam&&1m@hemmahﬁu@h&mﬁa@@m&ﬂ&mg&nugﬁmmﬁksem@ﬂhmfmmﬁm@%aaIs with
t her mal q%!hs dkeelﬁ 1s%@%te%§ﬁ%@£tyfac%}hagp¥)l%iaét Ql él?élélfa xHBe(}‘mgllo§mgtqwea§ %gl as a

di anond conpos ¢an conprise a
m xture tmsmwlkyrfm@zémmfmeqm orpiEEEm ofo lmlawlﬁa\elplalrowdeth bifvepn

parti clees df40amdhdied spddedodtienal &téﬂ%e &&exaimmoammomaedcba@mﬂm 40Mab heat gr aphite
is an exce t e

material . s%n{e?c?ttSGOn@% h@%lal ‘ﬁgﬂ&%EC%F é)nls ?the%'l\{ J'on% Cfl econ{g nin %ﬁ 5?1-&(?%@ nor nal
to a plane. Hoviéfather d\g'sapafs Pﬁa‘tfé’mr’f'a%?ﬂ%@mef ?Oeféhe‘r‘ténak @ﬁ?&loi‘%a'ﬂﬂl"'@&@attﬂﬁaﬁz ido not

r equi re opditedi@biplddiertesBgreath &S HpA B0 disdpatedieat hidQhelanBibny@@iton@edil d 122 and a
side wall or suppRkehse m&lﬂJQﬁEnoa-gﬁperaTdﬂaef BBch elbdtbfy £ ARG Gn thd & chngad{/el;!selgﬁ%%t with
the | ower surface 58 of rid |22 and With the upper surface of die 40. In
one enﬁbdﬂﬁ@ﬁﬁghﬁh@WWﬁWWFdﬂéWW&@@mTTB”P§m%@¢ﬂﬁ@ﬁﬁwﬁsdW@m@OOaﬁHWbr to lid
122. Ther rtdrmgl resiggantea pooverldisgipatiamnan enifient teredraiurg. Fjtcan|be exptessed/ny Edliafidndr ent  way's.

For exanple, thermal interface 110 can be fornmed by growing it on the | ower
surface 58 of lid 122, as explalned further regarding FIG 5. 10

Al 't er nat i VERYEO Rer mal i PitdliFde 120 can be formed apart from I HS 120 and
subsequently affixed to lid 122 of IHS 120, as expl ained further regarding

FIGS. & and 7. ‘M@mgmeﬂggmgqhggg&c@Lﬁg&g@j interface 110 has a surface area
that is substantially the sa tomsurface area of lid 122. As

vi ened, for exanpl e, JﬁnnﬁWf¥m§°“%ﬁ@ﬁﬁﬂﬁ“ﬁﬁ?@??&*@“ffdW@Bvers substantially
the entire bottom suPf apweotssibaioh A P2in witherdal i nterface 110 can extend
|aterally to be in C@nnggmm&&Qmﬁgpp@&k%%§ menber 124. |HS 120 can be
mechani cal |y supported by coupling its support menber 124 to the upper
surface 56 of OLGA substrate 50 through a suitable sealant 66. In one
enbodi #ent, t helhsyppiortt-ambisntieermal @dsting: (J; cwit epteseted bhgqugien 2:phery of | HS 120.
However, in other enbodinents the lid 122 of IHS 120 can extend beyond the
support nepber 124. 20 Seal ant. 66 can conprise a thermally conductive
material SH¥AES a thernéi Ggr'deddsaor gel, or a heatcurable material such as
a therno-setting resin or epoxy. The thernally conductive material can

conpr i se part i Cvl/h@n%m@f tﬂ@ﬁn@lxon@g ca@ettmﬁﬁal T-e.tﬂﬁzrnmln héére@s@%@)t i ve subst ance( S) To
furtheg i ncrease t hé® | 20, a heat sink 80

ra
of any>%uitabl e shapksT %%%Fﬁﬁ?ﬁqw ?%ﬁgeoﬁgﬁF“f”ﬁgoéﬁﬂ material, and size
can optionally be coﬁp*@dm$@>@wWﬁdwnEﬂmaﬁm%ankgyhCVM@QQS upper surface of
the lid 122 of IHS 120. OLGA substrate 50 can be of any type, including a
mul ti-layer substrate. OLGA substrate 50 can be nounted to an additi onal
substrate 130, Bthefregpinegelpitipniitiecertingnidesption pigigicese s MERY capter af e B pachpaBA
substrate m@udﬁ@&ycmrm@gm Jf O 1CEpRakBR| Ehe patidRhetbcaibd dfYhe Bihk dambidife gdodfirit hat can
be necggnlcg gm:egs Iectrlcally coupl ed to correspondi ng | ands 128 of
substrate ¥ 5™ bl e connectors such as bal grid array (BGA) sol der
balls 30 127. W‘?F [CorackagBEPOT EIG: Al e mesh burpb @600 lengér kdpabletof mectiek tilenheﬁmaﬁ 3 for
coupl i ng QiGPatBeREkEmhE of28dast hidh P Hlrkaade Bleckdfd asdefRlicdis@eRdied in¥RIYr inON IS not
Jimted to use with a BGA arrangenent, and it can be used with any other
type of packagi ng technol ogy. Further, 4the present invention is not to be
construed as limted to use in C4 packages, and it can be used with any
ot her type of |C package where the herein-described features of the 35
present invention provide an advantage. FIG 4 illustrates a
cross-sectional representation of an electronic assenbly 200 conprising a
mul tichip | C package with a high capacity thermal interface, in accordance
w t h anot her enbodi nent of the WO 112/0G 1825 PCT/U SIl | /44(r50
i nvention. Wiile the enbodi ment shown in FIG 3 has been described with
reference to a single I1C device, the invention is not limted to packagi ng
single 1C s and can be used for packaging multiple I1Cs. One exanple is the



.the upper surface of

| HS 220 includes a lid 222 and a side wall or support nmenber 224. Ther nal
interfaces 205 and 210 are in contact with the |ower surface 258 of lid 222
and w t hwinevapgesr surfaces of dice 241 and 243, 20 respeBCTASIYH65] - | S 220
can be mechanically secured by coupling its support nmenber 224 to the upper
surface 256 of OLGA substrate 250 through a suitable seal ant 266. As

ment i oned jumegatodmbignt hérfaal r3istaich,. SUpport nenber 224 is shown |ocated at the
peri phery of | X ) | HS 220
can extend bey ?ﬁgéaﬂlm@ﬁ%ﬁ%&%ﬂﬂgg\géﬂggﬂ%ﬂgggIﬁ?ﬁﬁﬁﬂ&ﬂ g%ggzég%hglrate of
heat di ssf’ﬁé‘f“?%ﬂ‘eﬁlﬁtﬁlﬁﬁ (jolasy! thexpse-togsink dhgimalresistanca (es- (Hiesesses igambNes &F higiny  sui t abl e
shape, rratpgfoh,ahce sand haJeze?mn LR ﬁaélmg[yorlﬂét @vaa@oq & B sl RETRAE &S part of

trate 250 can be of
any type, 1 H0hamahgeraing e fqt SH"EW@F” Sgetainpeks "“’&S@S “§E?b‘§‘t e fps@mRlan be
mount ed t o igtie tanghekiatiie ofved higheshiBilx brad( € thd BPically thdda bersairdained 4t bitbeldw €ipectiddl t  boar d

- (PCB) or Q'ﬁ't;ed Whl(lg't% 1§(thi§etp o@&i& gy?q aterePiiba dt%&fmﬁ’a% ﬁ?s’ms{\fﬁ&en% %ﬁg{%h%!v u%uc% (Sll‘ér ality of

| ands 226 that can be mechani ca l'y an rically co
cor r espondfihfmPeERtE¥s»228 of substrate 230 by suitabl e connectors such as
bal | grid arragvet BeXiyh tBeaohd ednddosulity &f cabgef (whith islgRater tiBhreatiniaa hg@nién) 225 1 S

il USt{Oat %gufhtn:nf !) Eghdle th(I I%E pgtg)qpéxlét{h? thg'n%sé\#gﬁlts&&B%Aszécgpa[‘)lgof%ﬂg {lr{gat e 230, the

present invention IS not arran and it can
be used wistiicayat inieisieintipsie pesk toparaariciY * tredified silege Perrﬁwetnfmf the t he present

i nvent i on eleSrofOdsseinBly Miest BARSHddbRM bPSvekihdih b Rflpdaura3depdigea prdaesmpopaemgles and

:c teafﬁ‘pege 8)%)?6?5'9' Omcr[yvg%gxﬂt%esg%@ce a{s%e';nylgceoulg mal&'u dctler?‘ (g:r Ié‘?‘ ?enm%a{taestl otpE]Aﬁfarllurer q“l) n’t ﬂ:SCI’ | bed
enbodi n’ent‘V“Eﬁ@%PFdlhw {sigationreqyirpiernty fod‘tP&‘ITO"tCH@?'WH?S’ it lﬁﬁ @P%@@sssw@mc h as thernal

i nt er f BC e Substan®}, Infdrdvt b po2Srmaked GBS AcedbReriadtild BikLaedras rda@eN provi ded for
only certain dh%e3 llluslJ aﬁe@ a%%ss-dsecgonal%«%rjésegtﬂ on gi% elec romc%ns?m@efoo gom?)?sdlg nel'&t of a

mul ti-chi p nodule, i 'nuous er mal ace "d®be provi ded
bet ween alppekage W'ﬁ"rféﬂgé F@emtzﬂsirmézmerfa% A0 in eccqrfiaaceMQ ongfemioigern zt}he inSeREpP- a t her mal

i nt er f ace TeOlpsticdpavimpiseSdiid 48 @RunRl aaanb@a.ﬁc 4n8 glmbsyt@nm)ahﬂstweeozeaataenm ve With
E:(r;reTpPIOtS;[ ﬁggtesxlél{]g tsgeader?ll—[?{/l’) h\/gl}llzzzobl(}:]/;t lgnrs a?sre s,lhc\()/:é/i ! ihg ;Qesgn ltr)went(lfn (5 m&?B&e

Fabri c¥#t i mbel\wthlam()bﬁﬁftiwbstna@ and paatkestyng(of spbsfraigyen Mtnelom Ihelcpwkgag@stwe@ h the
advant ages, 1d@ 3Gk @ﬁ¢a@mM@mnlé AsselnBly NAGASS BIGY1. tife F0Q%nBe 8F ahyAYRI n@fe i gh
capacity tﬂﬁm nt&JHnsa %Q%mnaterlal such as dianond. It is also inportant
to affix the R g cCRPACFS™ thermal interface securely to the under side of
I1-1S as wel | b}é“ 1§.8 dneh'@ owneppses# Rlesaliyfof gignel cefidestorsTiept ghown hatiesgindtaingecticdi e
surface t kakact & 14nead bk Yors@ kldie&e@bl seown} cndiano ema@dhd’sreaabe i@l drdbpagdidgher mal

I nt erf%ce elecu lrcglyt\g?: a e‘?ﬂlélt 2f1g Rang tm 51 nal oWen roll dn nthrgpore}sg‘r ace% 6‘.[ e an | HS
that IS readily S5t TR Sl I A - £ de |fhbf "Yo 15 provide a ATeast one
sol der abl éubstmeﬁ&b)@mw ipth gonpepfions pugh o %S@F‘GF bises 2EAchitaple undeydl! e ehown) et | oned
factors Waldn eﬂﬂy\l'nb@lald@ﬁ 6 skaeckuirdinSiisbilies biaipt 42d@frdide me@araabivy smae of

ordi nary skl I in the art to understand and practice the invention. FIG 5
i lustrat &g % cross-sectional representation of a high capacity thernal
interface 110 félpdredmFISnd, pHigegrarg heafspreaderdBIE IR foamsticeviar Qypidie Ahhddll rent  of
the i mpentd tﬁlﬂnallﬁ&)umm& zianB&dsuﬂzQE bfide By thxbﬂﬁﬁﬂ'ﬁlca?a@ityitﬁtnﬁ[ ffnﬁl(feﬂe 4. Gi€ F0lcesS. 3 and
o) can be f thus 5155 pg{eas%bsg tan\gmog'lt ft hea?poth laterall an% vertx ah] I‘nou ?th mal mtelé ceqlojtc? E{S In one
eMmmnem a of wmrﬁ V % dranond i grown on
surface 58ﬂU5|ng SU|tabIe chenlcal dep05|t|on met hods, such as chenical

vapor deposi ti oRerddMiedrace G@B@ﬁpaée!; :}’mateﬂﬂ lqug Msbbt Jomcndg' &mmlgh Gepmeherred to
amor phous dk)o%xmerth&egnal?& acalltO c?na;mses Hz?mon g\sl d/eruog gxellmal mterF ce 11 c:lospsrlls19g8‘ ting

charact eri® are” (unpl at ed)

.sur f ac¥ 58liagpndhpsch Vi?@iglvflermﬂ@ni@@ﬂy B nléduﬁcrtlomnt@n tel h@s i IB Pthf 8(3}‘@‘#‘@“@8 1-133 of a

-

sui tabl e mtnarlhaalfacms&anfcémspﬁ;e ohaa @a‘ea‘iaismﬁlmma@,umlt@@ﬁt a58>my lslfghtiy&fe'ﬁi&&bl rred t hat

| HS 120 | SdaInol{dmsﬁc asa 1 m os:te org ute srr%lnle thamond com sti€ can Coml nseamxxglr
di fferent “ffater B T% one 3%e5|on Fayers £31-133

can conprise netal fron1a group t hat |pcludes chron1un1 gol d, ni ckel

pl ati num silver, titanium tungsten, and vanadium or alloys thereof.
Because di anond that is 30 grown through a CVD process adheres well to
titanium titaniumis generally used for |layers that are in contact with

di anond. However, tungsten could be substituted for titanium A |ayer 131
of nickel is first formed on surface 58 of |id 122. Next a |ayer 132 of

ni ckel -vanadiumis fornmed on layer 131. Either platinumor chrom umcould
be substituted For nickel-vanadium 35 Next a layer 133 of titaniumis
formed on | ayer 132. Next a thermal interface |ayer 110 of dianond materi al
i's forned for exanpl e using CVD on the adhe5|on | ayer 133 The Iayer of

M T 1 . r A A N S ' I 1 Y T T o 2 1. I T — - - M



PCT1LI SOLLL46S11 thermal requirenents of the | C package. That is, it can be
t hi cker for higher heat dissipation requirenents, or thinner for |ess
demandi ngvineads1sisssi pati on requi renents. The thi ckness of PCHaSHEI6ENt er f ace
110 can be, for exanmple, 500 mcrons for high heat dissipation or 75
m crons for |ower heat dissipation. To provide a suitable sol derable

surface q 1 iy gcﬁd éaﬁ%%! and® er‘t;cﬂé:& arQ;fher shBEAR |such &taﬂhfnaﬁa cdpbll, WaiEsrpKite K01 €
addltlonaol Ion | ayers

i | ayer
134 of ti%eghintimna CGP‘i’”Ft%‘tW"Q‘ﬁﬁP‘?’"@ g[‘c 0?'%%‘:%%%“3‘ {'Se? a%°°‘?‘?®8g 51‘?‘%’ m%ext a
| ayer 13&“ecfuornh£kednmaxaﬂadn¢|moweyenf pavhigchap sllcafpeapplib@igns e} ‘ionemeqpfreatu num or
chrom um c 191 Q:?ldﬁ%h% i tuted for nickel-vanadium Finally a layer 136 of
.gold is meq er 135. Nickel could b ‘QSFE’) eqac ?101590| d. 10 In
addi ti5on, one 185 1230dneladengfifdd? B2 pdppal & sYRpqrt ¢ nge’jg me hed on the upper
surface Sgn@h with te: 1ddr duifacOsschelid 120 ard Ml iheleppa susfarie oidid 48. Mtweqmbmlmﬁ“or t he

-| ower - nos 136G Ld/élt—(gsrdjigp to attach to. In one enbodi nent, a
| ayer 141%“(“5?"‘9 acer1110'Sa}{fgedftog{e 0% on the per surface 57 tia)de Next a

| ayer 142 of nTl@klelllmﬂyfeﬂﬁéH’i carhieifesmeddi aisest ‘B’ﬂ d‘ff%{ﬁf‘e?’ayiffr cxﬁ’p(lﬁ’lteermal H T num or
chrom um gi@YinGhe PEned asdwiidglittor he fodrer sﬂfa&lﬁ&bﬁlmanadlemnecﬂ.@ﬂﬁllpﬁitdlﬂyﬂﬁ Yayer 143
of gol &6 ve D Sl ﬁgyﬁﬂln% SHbshihpimdsbar1gol d. Prior
to Una(grggliteﬁnétwsr%g’l téfrmalmter}‘alceuacagbesﬂ %ﬂ | ux an& so?(%jlenrypaste) are applied
to one orofid3 Ir?-OGfe*blezyﬁélf@h‘?t%a“aﬁ*&fl‘l}%éa“dénd | HS 120 is noved in the direction
i ndi cated by alhlb&\/éﬁbohlln&u tefinal A@itack A1y 645 2 LidBeca@ABS isisubbtotidytiteaart asthe h | ayer
143. In ope enb bhe Lk oD 1B HbsRARS00

Angst ronspc(“ﬂ)‘ S’i'fgceta'ﬁ? ;E]LdnleZSSES V‘eﬁeﬁ%&%éli%ﬁ(ﬁ%ng um | ayers are Sa‘FEr oxi mat el y
3500 A; afhdertitvéottynlsefatenfid182. éﬁhemeiwm%%l%Pe?@feqxs?“dm%lmbe Boestc P rates a
cross—gec;nlargt;gaizuepresent ation of a high capacity thermal interface 111 to

be affixed to an |HS 1 corelgI n&ﬁall%lﬁlp%%ep- I lﬁnp@g.%g@mfa&fsﬁ t he

i nvention. As ]rlflemcghbéﬂmg'a“'ﬁauySuppon interface | can be forned
apart fronfQLGS slRGef drovgitsegbleseeiingc6afrrqngarbodinent, e spREFm e 1 5858 of | d
122 of | Hﬁtﬁc%@}. h@ysofml 1h0. NRWeRE @B eAbdaRnts weAINel ¢TgHRGSn exdendiegiond the 25 An
anor phous or crystal line dianond |ayer 111 can be grown by any suitable
met hod. Tﬁ‘é’p‘t‘we E?ﬁéss of layer 111 can vary dependi ng upon the &hermal
requi rement s ofeakdi €6 daoommka@emallvno*ﬁweve@%%fuﬁ‘eﬁﬁ?the‘l‘“é’feef‘seﬂgf & MLhyer al
hundred m gL enS kit buekss 2 ﬂ@n‘ﬁﬁ¥@t{ng leﬁlh& ehdRy.EMhk the@Mally Sond@tivel nameridl el cdnpriggny
particul ar thickness. g} aﬁ: d ate a ECIC%I ng the thermal interface |ayer
111 to t h@*Hfaarmely Py erg‘évcfmf] S he or 30 nore adhesion Iayers 121
of suitabl e marehitatingxa tesidadharetisipation e THhPRre het tek 88 8f agy suiigblg shpey

addi ti on, QQ\S%mQEpumhﬁataﬁl;fk@)ﬂn%lai A SiFeanldpilondlp Be @fipi@iud dr lohed anmitt efitheal can be
formed on the ?(#J &gsf thermal interface layer 1 I 1. In addition,
one orzsmﬁépeéﬁﬁaég?fﬂﬁ {%78 ¥4-156 of suitable material can ornmed on
the | ower surf ateA ebstith sl gabe of wy &P ieledinegynlti-layqr putslegten PHGH sesae g‘lﬁa‘i abl e

g ;’ ndl?,ggAglf?@B‘B‘R{em}o aplddlﬁongl%m%tlB@EthsEBnn‘ftéﬂ@nd]lptpﬁﬂ (FmY ér &GQL@fGAthEtlmo( FI G )

: esion_ layers Lo@a@ group that
incl udes AT SRRS ?nfm aBP;&e éiirglky cif"llhnc;]é lgbﬁgat can ab. n?g{lega?l§s‘1{iﬁtﬁ§%rﬁl 13'%“91&6 sten  and
vanadi um eomes;a)hdmzysdstlh?eqfe(bﬁtrateflw b@ﬁea%‘ﬁ’éﬁ%\‘f’f‘ as qag?eiragayl(%ﬁ”éﬂ E“gﬁ conpri se
tléanly)m ?1 ers/ 152 and 155 conprise nickel -vanadi um and | ayers 121, 153d
and 156 VIO 02/01182s PcTi u é/@rtosugsgatgrentl one
above regar di ng"Ef B OBTRERE ﬁ%ﬁ‘é‘?tﬁaée?m%mf b elgés)%%sﬁﬁ?ﬁ?e for these
parti cul ar13s, e ste@memetionRy fopkmitedtoysehith g%‘i?/hgfa%w‘éra“dr“éf‘! B5red §a b1 e £ 1 ux
and sol derg fga&ag'ﬂg‘%ecﬁﬁt@&y @ch%noth@m@en&hveb@hhnmfco He agnstrugd ot Ribited pchseli®@4  and
thermal in ace |ayer Sdrty arrows
118, so 5 R*‘H‘%CS > PO\ e bf5§ 835}hﬂ’é°ther Ve Offcn)ta gkcgt% wgérbrtﬁﬁ&lg@g?w%gdl@ﬁvw le in the
enbodi gent Seskd: Intation abedk sh pdvila@S. 5 and 6, thermal interface 110 is
described as b%’r@guﬁ@naée%a?c@os&s@cnbhﬁe;;Le%QnaaMfianedtoew&Gbrrﬂallynmpghpr@hea e of

sol der, other attachnent tec 08, HeRfemblignapayve- descri bed
.conposi t i ofip IGPaTERGY AL ?‘?ﬁ%ebegma?mﬁ&ac accord?nQT ayers are merely exenpl ary

of the enbodinments illustrated, and thy are not neant to be limting. 10
FIG 7 is a view of a wafer 140 of dianond thermal interface material,

whi ch has been grown separate froman IHS, and a segnent 145 thereof prior
to attachment to an IHS, in accordance wth another enbodi nent of the
invention. The thermal interface 111 described in FIG 6, including any
adhesion | ayers 151-156, will typically be fornmed in a | arge wafer 140
conprising a plurality of individual thermally conductive el enents 15 144.
"these el enments can be separated from wafer 140. For exanple, elenment 145
has been separated from



wafer 140. FIG 8 is a flow diagramof a nmethod of fabricating an IC
package, in accordance with one enbodi nent of the invention. The nethod
begi ns aw@0foc1825 302, a | ayer of thermally conductive maP€TIiUSN1/4&5@f i xed
to the lower surface (e.g. 58, FIG 3) of 20 an integrated heat spreader
(IHS) (e.g. 120, FIG 3). For further details concerning this operation,

refer to 1E eStton Sw R Ghe lehtbaithER GowPh h@in3 ﬂ@ﬂ)e@ﬂ\ﬁescl'lﬁbdaaplcfe@ﬁce loaasfc @neidj e (e.g.
40, FIG I's mounted on a subst ]esigst at el ectri cal

cont acts tb‘ﬂ“"é"tlobﬁé?‘ ligfigdioyadegie S‘Pﬂ"elcdla'éj cé?'% “f:egg* ?acﬁg'f’gom‘mcﬁ’r re§pondi ng
contact s dx@nplp is thmultFtiR 1C Bckageor tnhlg-chippetule showh a\d*‘& ¢e.g. 56, FIG 3) of the

substrate. 25 Jltxgl’\%%&,sentxmoa f!jﬁpxls& aRHRY @ﬂc@%ﬁﬁe féﬂn of &RS841-ANendi K SO that the
.thermally con uctlvenae IS in conta er _surface of the

di e. 1°n 3popnteq dengsi i qRar ‘I‘PPT gurfgpe 2%2’&5““#1“@50@‘7*‘“?"§a“(§’?)ﬂ‘pqli§8 SPSTERE® upper
surface oJor.ésb@dﬁgJJasielrbatsel bdnis 2538 WhitemOnGiAsubsicivd sgdvinythe invaittion is adt lipiedep. 66,
‘FIG 3). e s n%la & b t%& ﬁ?an{(:ﬁ% gger off &E&t@ gan%uzcgnpﬁm %%ﬂ'lchhllp mhRw be

descri bed vvlltl'h erence’ Faste is first %pigylledtothe
back si dexumratem@r@r e fyrm payt plelesitgpip V@F‘ﬁ?‘”f‘}?&“ @8 Yé&rPip2et e eBiF g *Be appl i ed
to the Sutryﬁea@ﬁm@émﬂomaent beoamalpyoceonduct i ve el ement 110 t hat faces t he back
side of the d:,grtam or{e?_lof%’lcesﬁi EﬁQJ ﬁ,gnﬁ?e's}' Ao @Qndu?e? ARk Sm%mzﬁmo

substrate 50 e perip oun nigke cont act
when it i erpogiding bjgi@dpa@v@teﬂwh'éﬂ ?eé F&W’“"\‘@x?‘cezﬂwd 19 2ngeig Digh | § gned, and
an appr Opsdt,ﬁtsﬁndfaw&ﬁnaﬂmuﬂ»@ tRfdbhdeLsbie 25800t IHEDCAMPloEh Ligh dagheisy thepmal ingrfackso 35 hol d
| HS 120 | E%Spods "I.L]]é,ﬁes%lectlvely fel]ldp maﬁk%g %exlm%.l uEl Rl ISD\HFCI' {hghttr e%r a(%) Eﬂe&@me@by%%ﬂ ng

envi ronne urnace, for so [ owi ng sol der
join of t ierfech 205 Ebwevert thervfidiicas he therealdaspogiom eligmativsly bp the pre HSLITELEF % s cur ed

in a gonveRliidadhe &-?é/ @JExenPﬁ)fﬁa byCGthbkrfal mtehuae B10CMbrdVe), tBqdihdigon 6 thegiemmaed. 10 WO

02/ 06182s PCT/ us hod nat 326.
FIG 9 is e ﬂ, a%léed e dfe-mv%’{m% 'erna '% |°§$e°E Lﬁgr%ﬁ'ggkl%{é& ca?ae?ﬂég%aél ayer of

t her mal | youmucsbqnvlegmbeepfldalhotm‘tsan i ntegrated heat spreader (IHS). FIG 9
el abor at es upojs3ORin&destahi€e22 8nd alside WMr suppofl @leBtierti2naTHednl niltefacmzbé ami28® her a

| ayer of thermally conductiyv erj.al . i AL QW | ower

surf ace of“ef"r‘?émﬁcHéth thedowgr surface 2 %hg&ﬁfg%%g'gf V‘ﬁt?l(t)hggp grgm ?ao gﬂ%gﬂ cFeirzé/avl se, it
proceeds tapedd@y. | n 306, an adhesion |ayer (e.g. one or nore |ayers
131-133, FIG ﬁ)szb§ca£96rrseaﬁmsanystemdby&@hglfs&cpammlenma@ﬁmtaeapae;a,rfa@fzset her mal | y
f ﬁgd:.lﬁtsl \S/SJIC’“?HI Htﬁeszbsﬁpﬁgésﬁﬁ\?og@ aélrltalile se'%qi nt’%g As me 1onéMPeg8'ngtéln§ 3atgpS%§pIOIQHCTJ’1tﬁlyer of

romthe r%g di anond, a
di anond composbwepcamna thy pesipialy LRIHS PI; IRveyer i OFhay’@POdtﬁfe“‘% thedidret AASBNERct | ve
material (ged bey;]n;]d:lthe sipgpba merber bt 6 QMK 13@&Eetthefra\’t@dfh&thﬁss:bdtﬂ81 flcth 18812400 @at The

material is fromt onsi st i ng of c . gite, and
gr aphlzts e. s%@otlswé)ro?&rgﬁungtge sﬁaipe mateua'l 1%312 g %pﬁ]&gl c%pl etf? &?ﬁl%oﬁ(\ﬂg |%. 7). In

312, an adhememurfdcagfelwhqwgfm%??@ or nore | ayers 151 156, FIG 6) is forned
on at |east ongguLfaae 2§bfcar1bt9@f al1y3ty&l'm&ﬁdm§ hedirald yubganduais sstaedseranal . 15

| I'n 314, i ndivjdual “ FIG 7
ar o separ 4 BEE Bt FHESRUIREPR anie S PR SH Bp S REFRLR Oty 1S 0

el ement s @sEcas eoyredotemmblha puntiepf 130 @W C@é&ﬁecf‘ﬁﬂls"‘“(yé“dﬁlec%%@' cogpiegio 6) . The

met hogﬁo engd@londieSands z'i%r@%%@bjo%p&ltdﬁ&sﬁnbdaﬁﬁuaalama%mm&y(Bespedm bdilo t he
nmet hods i 2ustrated in FIGS. 8 and 9 can be

While 2 BGA arrangement 225 is illustrated in FIG. 4 for coupling OLGA substrate 250 to
substrate 230, the present invention is not limited to use with a BGA arrangement, and it can be used with
any other type of packaging technology. Further, the present invention is not to be construed as limited to

35 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.
While in the embodiment shown in FIG. 4, individual thermal interfaces, such as thermal interfaces

7




performed in a different order fromthose described herein. 20 The
above-descri bed choice of materials; geonetry; nunber, order, dinensions,
and conpes bi/amsisf | ayers; nechanisns for affixing, and apeemShy+ssguenci ng
can all be varied by one of ordinary skill in the art to optimze the

t hermal performance of the package. Any suitable nmethod, or conbination of

di fferent, 5”% ﬂ%qﬁve Aol 100'9&9&"031} Qi HE, iR badice bﬂyaﬁd 3, Qxﬁdﬁotp@ ethb‘é&i‘ldent &dch as

pl ating, tering, vapor, electrica een n em cal
i ncl udi ng““ Wé‘ﬁl”lﬁ’%H'e Wbtﬁ?“’“?g‘e'a‘é‘b'lﬁ"él%ctellaé‘?’iCT’%’W’%QE‘W%“a h Awegﬁl 3 Bef or e

deposi t i o teftidt2ieef s r Subirtiermmbin@lfacd caylehiasg a stifrge seprtifalicwbstrhtiasfhhe  di e can be

pr epar ed cV\éixttert}nvg‘“%ﬂf bogg seu}-‘fgcpal aot”hcfjﬁﬁl red, to inprove the adheSi on of the
adhesi on P aye “he di e ?ace owever, sputter et i S not

essentd al . Nofhq fabriggtien ?fdmlﬂipf“ikeﬂﬁC‘tS‘TP“Sc"’rﬂéh%ﬂ“@‘F“yé\.Ff"Faél?ﬁrfaé%‘é‘ ﬁ?“fbél The waf er
surface cgride€ i n unpolished, polished, or back-ground form 30 The
-particular inplenmentation of the I C package is very flexible in terns of
the orientation, size, nunber, order, and conposition of its constituent

el enents. Various enbodi ments of the §2Bfai®Ri on can be inpl enented using
vari ous conbi nati ons of substrate technol ogy, |HS technol ogy, high capacity
t her nFA | nter flacrsel o5 Ecgerssféuy fabuc(;ilr| §1§ k%&ke{%ﬁ\&nﬁl tﬁeaah\ﬁantag%p&scﬁt%ala@m itk Q:cé%ﬁﬁw eve the
advantages of tfie tructure, including es of

mat eri al sto tosedlayemfrh'ehsqp@ﬁtsthel'Iﬂ%iy’@[f%ce myjeighielay diamged i 2ogppofant taffﬁ%/ﬁ?& | C

package 3pynCahid) ﬂxelmdﬂ 1J1t§rfakaetﬁ1 el WM&RF i@ byIHB bs verodiheepdi® of tkefpe iding upon

th t f. RArt. FlGS.
3. ? ;regu :T%?egll?{;s ;}S %?)slpré?%ﬁ%t stleagl H'afcﬂdel a%la% %neen%l)d\(meglf whmfn% th'exrrnal qurﬂgé 15% og\?rrn

proport i omst frdvehedd$, ltn:esysc)hrapoﬂan\/@wawI“Iislt&%'zwa‘iﬂlzfﬂl‘l%éi/ It ‘ﬂalioldgse“bﬁé" exagger at ed,
whi | e 9t hﬁgwc“de Qﬁééstlaﬂ:% s%@db@s&ﬁ@ on fik @malﬂﬁe?fao&r Exch TR Bishecndntonkd thewsstwilit e var i ous
|rrplerrentat|ons and aRpppriately
carried ot BQFS‘E"Itifﬁjé‘éS“%'l’"m&dﬁ%]lﬁ%er"?r} te ?ﬁtffngmaly il tger §%oé?gﬁnu£shl B The present

i nvent i oningntpwi des for an el ectronic assenbly and net hods of manufacture
thereof that rﬁz@isr{iuétﬁtefs Q&Bafs’@elcnoddl ﬁ:ﬁ’éﬂﬁdﬁblﬂﬂla REdabeEiBheaBISIORITAE Befowiet h hi gh

power deliver An el ectro S or .dat,a Ng.S)st em t hat
i ncor por at&8! Péféo Sreessrse Bt °é‘ “}é’n‘%‘%erqaozg%hbﬁmm ASI'*ngl{ngl%gléﬂezeel e present

i Nventd onintkGace HIA (hahd hiei 5 fre befedmad Gyeeivips hprhe yerhisrfaq b i 18s "@8%oci at ed wi t h

hi gh perf QLIRRGE ahad: @Qarn@Ipﬁ&is &rlp&s?dpslstﬁlﬁne d@iM6hd Ss\EEn S SIEFREES wdihSsutabier ef ore nore
comercially attractive.

ant i a a harre
di ssi pat i SH7FY SRPHIOHHERUF F%’P?’?ﬁ e’g’éc fre J[e‘?%trﬁng&é@sgn@lq}l}egb%céuc 1 eI ectronic
equi pment diemnd beredpanainetbhas dimod, e@zsleﬁhedbf@efwasfSﬁ@q%éﬁbi“%@‘“‘“ﬂ\l ternatively,
such equi pnenti&an be operated at reduced cl ock frequencies but with | ower

operating tenperatures fo creased reliabili] Neh&L N, the
preser®f | nvent]inﬁweré‘éfﬁ""b%d‘?“??ﬁ‘{]léyﬁ‘e%t ‘H‘E(l”’ﬁ'laa%r%uk Oflgdﬁ dﬁ? ‘isﬁg% eﬁ&bodl ment s,

i ncl udi ngadaesioe aperdiz 5333t fuiglestieinmysy st beafipdip étgfﬁ%é%dt iggspaper thet 5 d kG ge, an
el ectroni ¢ ASSERRIYer in@fs Kinflel lfuﬂmaﬁbewﬁ&d&mlffé’nent heerhlommcofpera dat a processi ng

system ané vari ous net hods cat i ng Se . incfale odi nent's
wi Il be readi I?‘%W&F‘%‘ﬁf‘dhfsb"“?aﬁ%s 1ép 3:‘3 “ordin ainat l%"ﬁaﬁ 9&19 neﬁag&rom

el enent s, ga@hiekel, abtpm g triing gngsgh, n@wsﬁa@m or aéi?bﬁ "@‘é%fu%"r‘ii‘f‘ée db“f“"‘lﬁ’ﬁ’b”? ations can

al | be3ovar lo%.sjmm hSEVD Rkt iofills 3611 D AGKAQ RGO zh ey tcemERNes haikeiid e cer t ai n
operatlon ave been el atj.ve, to "upper” and "l ower"

cri bed her
sur f aces, C?ﬁaCW“F‘F‘arb‘é‘dulﬁ?i‘@}’eét“l%%f"f%gtbe?'glsese descriptors are relative, and
t hat they woul d 1dye 181 eicis:eid fiistflorinévien buifaq At K g E2wer e i nverted. Therefore,
these ternms arg nok.d %%ﬂﬁ@@l VhiRailis kol bil 18@s 134! tiheyEue petiohiue cetdiodi ment s
have been illustrated and described herein, it will be appreciated by 25
t hose of cweiupedfor nigkg-vanadiyp-t he art that any arrangenment that is cal cul ated
to achiseve t heNsa#RypUI3pPOGESiurEyfotred ayyti?2 ut ed for the specific enbodi nent

shown. This apRr'eitQ%& Qqntérﬁcélé}tﬁﬂ%ﬁiarﬁc@d ﬁa&ﬁlns @i, adl ainplt esDPSVIDon thar i at i ons

of the present 1 nvention. There cah Jeenl ks adetflat this
i nvent i on aghesignifFrléy THRIYFET ?Jfﬁt‘e?}‘?}e‘“tgﬁg’llé §dfg%ﬂe fe%t!(%ékhg%ltggggt her eof . 30 12

WO 1) 2/ 8(i 1825 CLAIMS What is clainmed gs: PCT/LISIT1/-4~-C~0 5 1. A
heat - di ssi pating structure for an integrated circuit die conprising: a lid,
a wall coupled to the Iid and conprising a surface to couple to a
substrat e;



a thermally conductive elenment conprising a first surface coupled to the
lid and a second surface to couple to an integrated circuit die, the

t her mal | w@oneugisi ve el ement being fromthe group consi st PAFUSH/HHOSMI anond,
a di anond conposite, and graphite. 2. The heat-dissipating structure
recited in claim1 and further conprising: an adhesion | ayer between the
lid and the. k h:@lﬂrgﬁémls ¥ tﬁ:qagééﬁatgé Vl%at‘?sl i@&ﬁﬁgthlckglglm%rghe-lrhﬁt dﬂgﬁﬁnorﬂb?ﬁdn@ﬁh ng

structure recited in cl é he +1 e B
mat eri al ﬂthB‘H’?‘tf%Essd‘?“Bﬁ‘B“g&‘f)aﬁ f’sg’f‘ti"ﬁb"q‘&‘]ﬁme@ﬁr eSS° N eREl,” Bl At i num
silver, tioteamiplenioo higoggordizh h@nmsmvaamadﬁjmromfm Phver h?ﬁe%ttswenos& pati ng structure

recited in cl 3o MotideMGHLEL ﬁldExE'cﬁe SRRE SBel e CRMEIT te8! iRL-RPEING, oS¢ SES at
-l east one sol derabl e | aye 20 5. The heat-dissipating structure recited in

claim¥ \Aﬁ‘i‘@?‘%’?‘ﬁdhﬁ‘i’é]aﬁ‘s 3éé?t""ed’ﬁdédsol derabl e layer is fornmed of materi al
from the groupn@enstodimentg lapdr 134uf drmaniusniy firgeppticd tntheke interfade &yérdldm  si | ver,
‘titanium t un%&teanc\yer@mt‘ Y ARAAMTY isFotmE on TR 1 ﬂeﬁ&hexcﬂaﬁﬁhﬂﬁgﬂrﬁguﬁgoﬁl&'@ ure
recited in claiml wherein the thermally conductive el enent has a surface
area t hatvpgvsdissicheiviafyy the same as a surface area of the lid. 30 7. The
heat - di ssi pat i mgiyStidyeQBaldt gold eﬁmdadn layer O35 alickel ko sebbtiuttdie gbiver mal |y
CondU(i(sl ve el e[ c%]il%ncc% Btarlgoeadlgelg'i\% I}41 1§§ca§bc fMGd Jﬂtth%gﬁp@ts%gac@ﬁ {%'ézio paCkage

conprising: a su at | east one
di e posi tineWed Rides wipbleaueriahfor b ﬁlé""%l]‘l%f“h%it%layeé”lé °HH5630 ' ?né‘ilfé‘bl over the at
| east one di ;i anetiotim@ayed41t @ titadie@n is fotined CthaaPpEp suiface Bl diedur f ace coupl ed
to the substr , e ¢k &Pl B Edubsliween the
lid and the a'f&E ‘talglfrq‘uaomg({q%dLMlS%ﬁgl?&r?gf %g%l con ucl?ﬁe el e?rent conpri si ng
a mat er i aubditugsador tigkelyprgdipn-consi sting of di anond, a di anond conposite, and
graphije. 10 9FmalT"h3aybrﬂﬁ§@E;ﬁﬁ ﬁ&bnxﬁddmuyetr14pamkxag>euwmumteﬁiedfm gobai m 8 and
further COh‘pI’II$ eRow, sfu}{a%reﬂgx dX‘&»ﬁ%&sﬂ%eaﬁ q E]gn rmh:%thtoher mal |y

conducti ve el engn ”"dei? nféé?é% The Th clr ckage recited in claim
9 wher ei nlayesd 3Gl B cohiHIS 430ds moved i B presefiopindigpist! @fﬁ“"a‘l"s 118 %t lpeer (OGRS

consi sti n@Rbnctwi@AiM3. gol d, nickel, platinum silver, titanium tungsten,
and vanadi um rated circuit [ S& lai m 8
wherein the t hé?"ﬁa’imfoﬁ‘meﬁ h Elta T :\1/12 YEIement ¢ e}{%ﬁf@gﬁ 14 e(él)ggth%%g&st%l derabl e
| ayer .20 25nigi@l-vaifakiem jayrrscgprapnreimatsyr36Qh 4 arﬁé!@R%\@'@yewéﬁﬁaw@dmaﬁ'y(l?"éﬁm 11 wherein
the at |east ope Gilﬂllstglﬁg @Qbsﬁsel:tﬁ))fﬂrcpxieﬁntﬁtm oTe Gigt0dapapattiefmatinteddcOmi tolvbe gr oup

consi sting,_of ch el at ver, titanium tungsten,
and vanadPgif “’I?E)f}%gﬂq @acgﬁaeméi ‘?’1@ eamoir%a i J(':r?eptc?gtlﬂ%mve%mb e recited in claim8
wherei n the t harmeadohed e@bﬂd’&@tﬁl%ﬂéﬂ@f’éﬂ’éhfa" peefermad @HFFF"(& S 430¢ad supsepuenily

subst ant i gk ttiRGowsAIBIcASs ofliBidh HABE128Eill dw teRepidnedbegalithg Fises dnint. egr at ed

ci reuif package rec) ted bn.claLm 8 WASLS Pt NS bAE ARbhoSRAGHGH Ve el ement

thickness of layer 111 can vary depending upon the thermal requirements of the 1C package. Inone

embodiment, layer 111 is several hundred microns thick; however, the invention is not limited to any
particular thickness.
To facilitate affixing the thermal interface layer 111 to the under surface 58 of IHS 120, one or

30 more adhesion layers 121 of suitable material can be formed on the under side 58 of lid 122. In addition,
one or more adhesion layers 151-153 of suitable material can be formed on the upper surface of thermal
interface layer 111. In addition, one or more adhesion layers 154-156 of suitable material can be formed on
the lower surface of thermal interface layer 111 to provide a suitable bonding platform for a connection with
the upper surface of die 40 (FIG. 5).

35 Adhesion layers 121 and 151-156 can comprise metal from a group that includes chromium, gold,
nickel, platinum, silver, titanium, tungsten, and vanadium, or alloys thereof. In one embodiment, layers 151

and 154 comprise titanium; layers 152 and 155 comprise nickel-vanadium; and layers 121, 153, and 156
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PCT/ US(11/~.1G50 15. The integrated circuit package recited in claim$8
wherein the substrate is an organic substrate and 5 wherein the at |east
one di e me0 pomilsisoned on the substrate through a | and gri #Cafusay44636. An
el ectronic assenbly conprising: 10 at |east one integrated circuit package
conprising: a substrata; at |east one die positioned on a surface of the
substrat ecomﬁnsle k&'d %ﬁév@ﬂ R3800RM Sovd rfBrdAb FIGEASher ANGiald bRl basuiluted PUPI €d tO
the lid and copprising a surface coupled to the substrate; and 15 a

t her mal | y® ?:"?JP?HE@TTSVP@*‘ Pement coupl ed between the lid and the at |east one
di e, the ther niiolty uciognihg cdlderreflaei emitable flwompIoideipmty ag apphitdde ¢ngbr tothofn t he gr oup

consi sti NGy egf121d€|n§‘m3r59d th@mglna:m@g'egpﬁm@véden th@d'lg:tlglrlmaﬁ arra@ 118/s0 The
.el ectroni c assenbly recited in c? aim 16 and further conprising: an adhesion

| ayer bet WE&HTHEOPEISAEHE PHétmal 1y conductive el ement. 25 18. The
i ntegrated cireuictn thaokalgents #asrttedn FIOS.Clagd athdial wtegrce 1 19 itdaeritzd kbsipoon | ayer

s for ”edafﬁief %&ﬁ@{z'oadd f GikdAgh twugems&aanahémamer@fech% L'ie@EUuH T @ald, nickel,
platinum silver, tanium tungsten, and vanadju tegrated

n
circuit packagk® F@Zﬁ‘i egstiber ?P‘“(B?SéP‘?rF‘TB“S{RﬁSe‘F“@P?i apqpEiet %PW&‘H 'V’e&"oeﬁ‘&i’ﬁ’k[ Yive

el ement héSheambadinfeftciBusadiezand thetareinst nga gthaltiiiigl | y t he sane as a surface area
of t h(? lid. 35FI8107‘1T z]TJ.'e%/ o'fmdaqgﬁlﬂ)to?gan%'né ﬁ%é”n;l m&%gﬁgﬁlalr @lﬁéhthgs(%eén%rcmna' m 16

wherein the thernma conductive el enent contacts the W O
112/ 11G | Speratgfiom an [fptng 2 prepeb s frigp! B f"éi‘ﬁ"%]’r‘ﬁ‘ﬁ“é’i‘shﬁ‘ a°°8fdaé.‘°°o‘ﬂ§’ a&"&]ﬁ‘pl i ng
conponent emdotimtdder tgtatventigh. ocessi ng system a di spl ay coupl ed to the bus;

external menor 'yhb gnellflpll ugerfageql 1t J@&x :Qah' fiv Fl@@qncf)ﬂé au§g¥résm\lx laye‘ s$9 B6 I%H’C essor

coupled to the an el ectroni ¢ assenbly including at |east
one int egWalF%de:fP*F"e@M'aﬁa&fl{%d@ °€'6R"r‘|§'f’$ ity of indivjdual genathygopductiyp elpmeaSt  one di e
posi t I1§>ne@h40mheae efethErfisA6iEoe MpardtiiiromNaet 1481 B exéindld denpaSitlaoRedeamed fiishe at

| east one dfl a wall coupled to the Iid and conprising a surface coupl ed
to the sub sfra(% and a thermally conductive el enent coupl ed between the
lid and the atFiPehist foyressrin ef a mefied of Ebiicaig ﬁ*ﬂplpgﬁkaé?am&eidfu\?%w‘éll°é?rent

conpri si nan&dnﬂi&hefrthea:lvexfns.pmﬁrh@ogsdgmpatecmns| sting of dianond, a di anond

conposi te, andInQBZa P lh ¥EI oef thel%’lgl gzc%nd -Eve ma(ge‘?'gl% amxgﬁﬁfﬁélbmsuw%r(e Sr ?I%' %gld in claim

21 and further conpr n?/ et ween 1d an
t her map| yamlwpaﬂqsﬁsithpaml@e'e(ﬁﬁmeg 126 FIZ’B” T‘Hé“ "f‘it‘f‘é*’df%f%‘d'“&ihfseltffaf“’”p’éf?ktage recited
in claim glb,mEteaegb,.ﬁtiaebaoher mal |y conductive el enent has a surface area

that is substa t sur e i aherein
the thernal | y {égndﬁtl st oneglefe gnﬁ) ﬁé 3?13 mounfteggnas%sga@e (9£ 56 IﬂFG !3) SQTha?eﬁLgtrlyé{t]

contacts on a lower smface of the die are coupled to corresponding contacts (e.g. 52, FIG. 3) on the upper
surface (e.g. 56, FIG. 3) of the substrate.
25 In 322, the IHS is mounted over at least one die so that the thermally conductive material is in
contact with an upper surface of the die.
In 324, the IHS wall (e.g. 124, FIG. 3) is coupled to the upper surface of the substrate with a
thermally conductive material (e.g. 66, FIG. 3).

A suitable process for performing 322 and 324 will now be described with reference to FIG. 3.

30  Solder paste is first applied to the back side of the die 40. Alternatively, the solder paste could be applied to
the surface of the thermally conductive element 110 that faces the back side of the die. Then a suitable
sealant 66 is applied to the OLGA substrate 50 where the periphery or boundary of THS 120 will make
contact when it is positioned over the die 40.

Next, the IHS 120 is aligned, and an appropriate force can be applied, for example using a spring, to

35  hold IHS 120 in position. The package is then put into a suitable heating environment, such as a flow
furnace, for solder reflow. Following solder join of the thermal interface, the sealant at the IHS boundary is

cured in a conventional oven. Post cure, the securing spring is removed.
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el ement contacts the wall. 30 24. A nethod of fabricating an integrated
circuit package, the nethod conprising: affixing a |layer of thermally
conduct i weo nadesisal to a | ower surface of an integrated hBET/USpr&&dier
(IHS), the material being fromthe group consisting of dianond, a dianond
conposite, and graphite; nounting a die on a substrate, so that electrical

contacts on aﬂhpmﬂodﬁygt,;@&gﬂgfggnmtgge are coupled to 35 electrical
contacts on an_upper surface of the 5%(] rw‘%%e; and wnt]iyng clt g.e | HS over
the die so théﬂGt9|*féﬂf>ﬁé‘?%mf§>”°é%eﬁﬁh‘8ﬂe S ARG glpyer & A ERI%AYe wi th t he
upper surdaBge todh iftdgeatedheat.sprdaber ((HYIOFIGL ¢l pQGai8Apon382 of Fige8.net hod recited in

clai m 24 wher q!\ 5b4 fdfetlc%lingtgm Emulétﬁe?alaQr &'rtlQ\Maﬂgcoﬁc{]&vé riYeRAl 1sng hﬁrn@ﬁl | y
.conductive materia surface. PcT/usnl/~~~, so 'IB he net hod

reciteld it levearypeest ta"n‘HS Ifl’fcf H’@P‘Etcclﬁir]‘ﬁ’ﬁe%ﬁt?lﬁ)ﬁ Of'ﬁ‘wfs‘c’ﬁtH‘P??@d ¥ 3I1%1yer of metal on
the 11-1S sur fiagus, antadihesidn &ayee (e.g0dne matoaellaybemgn‘ FIony) isiemgoo thp IHSeméicst | ng of

-chrom um gol i gkel M Give Sl e n Bglovanadi um
15 57. "Themothalb 5% o7 ity WOl Shiptdlop bFRT MR aTERA: §$§W ng ¢ he

| ayer of HhHES ﬁbafadfeybeaﬁ&u%tsf%thﬁaelwraﬁtm&ﬁ%ﬂ*ﬂfm*fdraof]*ﬁﬂlo]‘?éomﬂ%tesaﬂ? g 20 28.
The net hod reqh t @k lhyer o thétinilly 200t nfatafidl (vl 11CONPL)isdravrg apaftdominadgisa | ayer of

et al (9 n su{f’ﬁ: eﬁx materlaﬁf ? ‘O tP %(I\'O%B?ans:stnp% of di d%&lﬁ aQ am&rm%(gn%ltl: Xnd(\gpalaﬁgc’i“ﬂeve

mat er i al , e group consisting of titanium
and tungs‘@)@ncanﬁf&lwl“ﬂﬁf@mr?é%‘r‘?&d(lﬁ EiGt 8d in claim?24 wherein the IHS
conpri ses a Wahbi2, dnhehedidtRNO . of she bine 15eEI1HSE, PG, 6) BGpédongt IdafienelskiBeanal | t o
t he upper fahurfacpthgfa“t Qo%du%tyvlgsgt Ee. 30 30. The nethod recited in claim 29
wherei n t BETREWATTY & e o the upper surface of the substrate with
a thermally cdnéll}cwl‘o@a’ﬁ*ﬁt“@ ¥ cgpductiyeelepnts &[B-?‘.“?@_G: Pgre sepergded/iom RGTOWA - A9 | A

. A&9. ALY p&Y0 A& A& A% A% A9q™ #7?~

~xsni d_ZU ca c ca] ca] ca] ca
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30 The particular implementation of the 1C package is very flexible in terms of the orientation, size,
number, order, and composition of its constituent elements. Various embodiments of the invention can be
implemented using various combinations of substrate technology, IHS technology, high capacity thermal
interface material, adhesion materials, and sealant to achieve the advantages of the present invention. The
structure, including types of materials used, dimensions, layout, geometry, and so forth, of the IC package

35  can be built in a wide variety of embodiments, depending upon the requirements of the electronic assembly

of which it forms a part.

FIGS. 3-7 are merely representational and are not drawn to scale. Certain proportions thereof may
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skill in the art.

Conclusion

The present invention provides for an electronic assembly and methods of manufacture thereof that
minimize thermal dissipation problems associated with high power delivery. An electronic system and/or
data processing system that incorporates one or more electronic assemblies that utilize the present invention
can handle the relatively high power densities associated with high performance integrated circuits, and such
systems are therefore more commercially attractive.

By substantially increasing the thermal dissipation from high performance electronic assemblies,
such electronic equipment can be operated at increased clock frequencies. Alternatively, such equipment
can be operated at reduced clock frequencies but with lower operating temperatures for increased reliability.

As shown herein, the present invention can be impiemented in a number of different embodiments,
including a heat-dissipating structure, an integrated circuit package, an electronic assembly, an electronic
system in the form of a data processing system, and various methods of fabricating an IC package. 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.

While certain operations have been described herein relative to “upper” and “lower” surfaces, it
will be understood that these descriptors are relative, and that they would be reversed if the IC package were
inverted. Therefore, these terms are not intended to be limiting.

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 the equivalents thereof.
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couple to an i atéd cir cmt die, the ther mally conductive elenlentm"[ I¥rlcl)m the group consisting of

10  diamond, a diamond composite, and graphite.

2. The heat-dissipating structure recited in claim 1 and further comprising:

an adhesion layer between the lid and the thermally conductive element.

15 3. The heat-dissipating structure recited in claim 2 wherein the adhesion layer is formed of material

from the group consisting of chromium, gold, nickel, platinum, silver, titanium, tungsten, and vanadium.

4, The heat-dissipating structure recited in claim 1 wherein the thermally conductive element

comprises at least one solderable layer.

20
5. The heat-dissipating structure recited in claim 4 wherein the at least one solderable layer is formed
of material from the group consisting of chromium, gold, nickel, platinum, silver, titanium, tungsten, and
vanadium.

25
6. The heat-dissipating structure recited in claim 1 wherein the thermally conductive element has a
surface area that is substantially the same as a surface area of the lid.

30
7. The heat-dissipating structure tecited in claim 1 wherein the thermally conductive element contacts
the wall.

35
8. An integrated circuit package comprising:

a substrate;
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an adhesion layer between the lid and the thermally conductive element.

15 10. The integrated circuit package recited in claim 9 wherein the adhesion layer is formed of material

from the group consisting of chromium, gold, nickel, platinum, silver, titanium, tungsten, and vanadium.

20 11, The integrated circuit package recited in claim 8 wherein the thermally conductive element

comprises at least one solderable layer.

25 12, The integrated circuit package recited in claim 11 wherein the at least one solderable layer is
formed of material from the group consisting of chromium, gold, nickel, platinum, silver, titanium, tungsten,

and vanadium.

30
13. The integrated circuit package recited in claim 8 wherein the thermally conductive element has a
surface area that is substantially the same as a surface area of the lid.

35
14. The integrated circuit package recited in claim 8 wherein the thermally conductive element contacts
the wall.
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at least one die positioned on a surface of the substrate;

{{Y7bC
)y-)!f

a lid positioned over the at least one die;
a wall coupled to the lid and comprising a surface coupled to the substrate; and
15 a thermally conductive element coupled between the lid and the at least one die, the
thermally conductive element comprising a material from the group consisting of diamond, a

diamond composite, and graphite.

20
17. The electronic assembly recited in claim 16 and further comprising:
an adhesion layer between the lid and the thermally conductive element.
25
18. The integrated circuit package recited in claim 17 wherein the adhesion layer is formed of material
from the group consisting of chromium, gold, nickel, platinum, silver, titanium, tungsten, and vanadium.
30
15. The integrated circuit package recited in claim 16 wherein the thermally conductive element has a
surface area that is substantially the same as a surface area of the lid.
35

20. The integrated circuit package recited in claim 16 wherein the thermally conductive element

contacts the wall.
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at least one die posntmned og a suﬁface of the substrate;
a lid positioned over the at least one die;
a wall coupled to the lid and comprising a surface coupled to the substrate; and
a thermally conductive element coupled between the lid and the at least one die, the
15 thermally conductive element comprising a material from the group consisting of diamond, a

diamond composite, and graphite.

20 22 The data processing system recited in claim 21 and further comprising:

an adhesion layer between the lid and the thermally conductive element.

25 23. The integrated circuit package recited in claim 21 wherein the thermally conductive element has a
surface area that is substantially the same as a surface area of the lid, and wherein the thermally conductive

element contacts the wall,

30
24, A method of fabricating an integrated circuit package, the method comprising:
affixing a layer of thermally conductive material to a lower surface of an integrated heat spreader
(THS), the material being from the group consisting of diamond, a diamond composite, and graphite;
mounting a die on a substrate, so that electrical contacts on a lower surface of the die are coupled to
35 electrical contacts on an upper surface of the substrate; and
mounting the JHS over the die so that the thermally conductive material is in contact with the upper

surface of the die,
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gold, nickel, platinum, silver, titanium, tungsten, and vanadium.

15 27 The method recited in claim 24 and further comprising:

growing the layer of thermally conductive material apart from the IHS surface.

20 28. The method recited in claim 27 and further comprising:
forming a layer of metal on at least one surface of the layer of thermally conductive material, the

layer of metal being from the group consisting of titanium and tungsten.

25
29, The method recited in claim 24 wherein the IHS comprises a wall, the method further comprising:
coupling the THS wall to the upper surface of the substrate.
30
30. The method recited in claim 29 wherein the IHS wall is coupled to the upper surface of the
substrate with a thermally conductive material.
35
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