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30 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 elecironic component or components are functionally connected to
other elements of an electronic system through a hierarchy of electricaily conductive paths that include the
substrate traces. The substrate traces typically carry signals that are transmitted between the electronic

35  components, such as IC’s, of the system. Some IC’s have a relatively large number of input/output (1/0)
terminals (also called “lands™), as well as a large number of power and ground terminals or lands.

As the internal circuitry of IC’s, such as processors, operates at higher and higher clock frequencies,

and as IC’s operate at higher and higher power levels, the amount of heat generated by such IC’s can
1



As the internal circuitry of 1C s, such as processors, operates at higher
and hi gher clock frequencies, and as IC s operate at higher and higher
power | evelosg2/obieesamount of heat generated by such | C s caCTIUMMD48:&0061825
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| evel s. For the reasons stated above, and for other reasons stated bel ow
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of a wafer of %@@QBQI attemro%lectlbr{gltrgpgﬂgsgl onrg% I%é’hl %) %ﬁ@lnq hlttetr ac%fflptge rown

separate ftro an | HS, and a segnent thereo ment to an | HS,
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enbodi nentegb@ingnidbéeinvehidpd; andn  sufficient detail to enable those skilled in
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Detailed Description of Embodiments of the Invention

30 In the following detailed description of embodiments of the invention, reference is made to the
accompanying drawings which form a part hereof, and in which is shown by way of illustration specific
preferred embodiments in which the inventions may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice the invention, and it is to be understood that
other embodiments may be utilized and that structural, mechanical, compositional, and electrical changes

35 may be made without departing from the spirit and scope of the present inventions. The following detailed
description is, therefore, not to be taken in a limiting sense, and the scope of the present invention is defined

only by the appended claims.



35 may be nade wi thout departing fromthe spirit and scope of the present
i nventions. The follow ng detailed descriptionis, therefore, not to be
taken in wdoznets28g sense, and the scope of the present i mcamsoonddss
defined only by the appended clains. 2 WO 02/ 061825 PCT/ USO1/ 44650 The
present invention provides a solution to thermal dissipation problens that

are associ ated T\Meﬁr&erl?fnb&%ﬁon%fo%d&%dﬁﬁg{t@ﬁerﬁil dks’xHat%ﬂEn%ElsﬁL 1ol hEMLLRqbAt have
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enbodi ment morf S ail(J hUéE é’&e?d/aﬂghg eﬂa%&ﬁgnltsgn%qmm&@énﬁldesc%bédrﬂergpe embodi ment, a
front surface of an die is p-ch |$@m)un ed an organic |and r|d
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circuit, an application-specific Inte clr or the |ike,
such as, faBplicigppiific integrgied 8’?““‘%6?‘9 &jthedify iugh % sferéwnalg onepr BEFRAHEHS (¥ iFons
circuit 7)adbounitgind dicuwtd?y ot 1B8Si5 wikidd deess Itkk kefuledbioh @) pages) R BRGuerRager s,
portabl e CtQ/WWrﬁ{é and s‘in‘ﬁﬁr é{@ty]p{cggt]etgss ThedB gan%érmnll :ﬁ& otgér ?Cé Jf%mtt§ systems. The IC

can performanéot er unction. Electronic can al so
i ncl ude an ext &ffiEpic FP@F(B A0 2lep inqldy qafgxigrppl ‘f‘?&‘?"ﬁ 18-ghich f‘i‘d‘f%ﬁémév‘iﬂémﬁﬁf PRt e

30 memory elements suitable to the particular application, such as a main memory 12 in the form of random

access memory (RAM), one or more hard drives 14, and/or one or more drives that handle removable media
16 such as floppy diskettes, compact disks (CDs), digital video disk (DVD), and the like.
Electronic system 1 can also include a display device 8, one or more speakers 9, and a keyboard
and/or controller 20, which can include a mouse, trackball, game controller, voice-recognition device, or any
35  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 a prior art IC package 30. IC package 30
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30 nenory elenents suitable to the particular application, such as a main
menory 12 in the formof random access nenory (RAM, one or nore hard
drives 14y sMasone or nore drives that handl e renovabl g ek such
as floppy diskettes, conpact disks (CDs), digital video disk (DvD), and the
i ke. Electronic system| can also include a display device 8, one or nore

speakers 9rep@51=qts aty&@aypfaasrnqnuc@ﬂaq{amcme&a& 1 el 48 o in - &ﬁ}:” G@entaﬁo%hme a

nouse, tra ntroller i ce-recognjtion devic 35
Ot her " devi GBUirs o FR PRI G ek Pl Ve d o RESPRE TR Tt o and
recei ve i nkupsirmztSp hroughrseder batieor binwet2r Gubisicate 58 ys beamnd layeFjod o ninliti-lyyst oat,es a
Cr0ss- sect LNk kR &RRMB4nH0A oPis ofpoRle s@face%r';natlngwﬁfaaggﬁﬁﬂﬁ pafagink Gngckage 30
3 WO 02/.06 82% PCT/ US01/ 44650 represents a typrcal prior art structure
that indl ud8"8W1 C die 40 mounted in "flip-chip" orientation with its
| ands (not showR) 4¢ geodraty ittheaufiom mgmbletreoephaiding tikingaees, @sipoinaictpad nands 52 on
the upper sdpef s@t@a%e Qéweaer m%HQﬁﬁerhggtgdés%a{eMBﬁég hs PeLgl Loo Od e 19(Ejon&}’i'tmg t

it can

Substrate SQ g %;e board ayer boar
i ncl ude addf®if ‘ﬁéq s ‘Ihséﬁ?ﬁ? t":Saziar r?“rfafesthab‘ﬁﬁ‘(f%‘}tat“em@ G‘F F%H’:@e fowt of ARl g6 h
addi ti onal thpdciEgingmsd ¢fmetklyrch a&ofprrot algkiown Yo infploe theGheg@n@nd@ti® By betwgenh e at

frominbver gabo st ﬁetatl-éf)@ader '6@ Q lh%hl@lgerf“ﬁéernla{gzgal gd’ iA%Hery rovEd t‘)\’eﬁl el ﬂi% gg, near its
| ower surface; di ssip rough its upper

S
surface. HEAFIY R E Vﬁ? ! 6”8%1‘???‘3??? ‘?“’é‘“t“élcfo ty\Rﬁ“P‘n A el gﬁﬁ@‘ 5‘"@336?%‘%&6@@2“1‘166561 | ar ge
surface that i sTertigodissipatstheapfininheatisgeadd 60, Ahdxtyiak Bptonfy having 8at fins prieader 60

that is typhgabbi¥adanBda@lo ik Mgpa@éhegt%ptﬁgaﬁn@{e @AM To i nprove
the thernal CO“Q&'&&&a&’é ug %e JP&%%@@@@ \?r% e, o?an ep ctnorcli d:w%e 0{1@15?6 can Pdvers&g a{éeﬁtgt%h a

thermal interface materi a n provi en"die

spreadéf 6Operafipdiveshbthavaticel vhaipf teargeratvgtiarfinadon F0hréeypiotajuhdfon-iS-adbidnher mal gel
or grease Genbabshiang poest Elsipfias, bidah Bt temeinid ] et cthessd Pak@ubaat from heat
spreader 60, a heat sink 80 optionally having heat fins 82 is often coupled
to heat spreader 60. Heat sink 80 dissipates heat into the anbient

envi r onnentEP#A Dncr ease T TGe v fdimcti on tenmperature Ti of an el ectronic
device on the | C can adversely affect the 15 operating lives of the

devi ce,pJunct i oghgglnfpe AL E LS peti.on of three factors:
junction-t o-anbi ent Lerlrra r etgrlggs;&ﬁr%ew? ower dissipation, and arrbi ent

tenperature. Tj can l&e @%JWE%%H“W”EQEF&W%CGIIH deglesgaetdon 1) Ti = ((ja X
Pd) + Ta 20 wherein Pj =pojetiichition: raapefphir € (in degrees C); (ja = the

j unction-to-anbi ent trhe in degrees C/ watt); Pd = power
dissipation at Tj (in wattsn t£r§p%}a§Pe_aPQSegreﬁs$§| ent tenperature (in degr ees O).

25 The junction-to-anbi ent ther mal resistance (ja can be represented by
Equatien 2:  ( Ethaghdtiomto@hbidn} Beral (ehitarte (oG b refrSsdnddBeE@btdn £ ¢ = the
junction-to-case thermal resistance (in degrees C1 watt);

(Equation 2) Ga=Got (cs*(sa

wherein (jc = the junction-to-case thermal resistance (in degrees C / watt);
30 (¢s = the case-to-sink thermal resistance (in degrees C / watt); and

(gp = the sink-to-ambient thermal resistance (in degrees C/ watt);

In the foregoing definitions, the pertinent location of the case is the top center of the IC package,
including any IHS forming part of the IC package. The pertinent location of the sink can be the geometric
35  center of the heat sink.
The IC package 30 of FIG. 2 is for most purposes no longer capable of meeting the thermal-

dissipating requirements of today’s high performance electronic assemblies, as expressed in terms of the
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30 (cs = the case-to-sink thermal resistance (in degrees C/ watt); and
(sa = the sink-to-anbient thermal resistance (in degrees C/ watt); In the
f or egoi ngwaef2iaais2f ons, the pertinent |ocation of the case HCI/tdve/4463p cent er
of the |1 C package, including any IHS form ng part of the |IC package. The
pertinent |ocation of the sink can be the geometric 35 center of the heat
sink. The Jufipacksige: Bndfesiftdnés.(,2 1s for nost purposes no | onger capabl e of
nmeeting the th 0 ' i.gh performance
elrhg?rLsent gllvél'ﬁ&nggdueptge Jeﬁ&ﬁ”n&x%&@rg e§atu? Tﬂ %?/ rgaa él n%@ B)g }ubcg(irgt& 5

el ectroni c assenblies, as expresse
PCT/ US01/ 4%8&85ma) ‘ﬁﬁ‘?&‘ﬁ?eé}naﬂdé‘eé%ioé‘ﬁlf therprbrepigiinced@s P rgﬁeﬁﬁ@@em‘]h% forfige pr esent

i nventi on 5ea9fm9@§se;va@had&ydeﬁ%o¢m&& bW he @Hﬁ%ﬂ&%&uéﬁl ac&}&é the QUM o?%el%’t h the

junctlogl to- é% t hermal resistance (] cC he case-to-sin

r esi st ance (¢S MBI gERIED e IR RUTARPR S MBI PREKHCTOSH BF YRBF ﬁ*ﬁﬁk&fé“esf%rre’fﬁ@lalé have a
very non- ultisfhe rempapowedt therbipheg flutreats) tat tpicayannistat ndimaised kesizlohaepesiif aces of
the die. 5ylp \ﬁhll@ Re Elh&%ﬁ Hf@!)romsps}aﬁl@lgteralthgﬁsplta%gngﬁtgﬁhs%f 2R %%épre%%bl;mg&ilxcet I n peaks
acr oss theép |e surface, for exanple. erature of the

hi ghest 1% pérét("se ‘that typically must be rral nt al ned at or below a

speci fied val Uien tWhigh éetrhieosihdiiviyoficoghedwitthoydra RSth4 GHie tdnatﬂafcalsmcb@ast
spreadifg, indulficitrd to'hElﬁHftIIelhgt'sr%ﬂt If E)QSU%QIRFH%FAI&@IQ&!HXH &rgqqyé; ?m# pa%le P& saipazlr\llﬁ_” ch is

tenperature(s). Even the gh thermal conductivit

greater th4RCEHhPaEe Ff‘?faé%thf ﬁ%&ea‘%frmpgl?tPrF by SPeslﬂedreiufi ﬁ%wrf?rrné%ﬁfhet o handl e the
hot spot s. eldcfongxisgiblymgstivhdronied backibs Biqpail io@MenBérithie tdgéndent HocksReE pidatabroDf

di ssi pat ' nlgoces§ L@tﬁe‘rwﬁkeetmeléeﬁﬁk asrsé?nb%!)uﬁtnﬁlﬁﬂxc&olqgre egenpe a%!ﬁas%rogﬂ%?allur e bel ow a

speci fied val ue, the performance ectroni c ass St” be
throttled HRIEEHs f}aﬁ\‘?‘éﬁlﬂaﬁ‘%@eqf"@mﬁmtﬂé AEFEPripagirRbligeh b Brseite n&ﬁ%@é@sor power
controli5 prusessky im@olreiewkrdenantchBha@h@ntii0dhderias se MakyteCiRu kdeattr| f uncti on or
experience a CatRs ‘ilfu%@é aCchssas'eJtIUx{aﬁfepreyHH%n of a‘ﬁ"el%ﬂ%@a%!e%ﬁ?ﬁ;‘aco%e% [gdl OI pation

requirenents for electronic assenbl|es econe’ nece

subst ant i aPFSESHPT BYererl tserr g e mafcorti%rwa pone; eﬁ?@%@t@@hﬁw@m al's and

i nt egr at edhhEatclkegpreaies 8 die #lnfuntd oh dnlotistid (B @Sd raCIODS S) sBiEEd:d 50, raa;i an

re pr ese nt QBtbg?J'Ed (ﬂéat s%@ad@x] (ﬁ'%s {29 n xle%?éI?CpAstuélstr&Q Qsh(o:\%m% %:r§serp QAV pon 1S not h%%c k ag € \M t h

a high capacity thermal interface 0, In accord di ment of
the i ntent'P G Mt apb G eubpiisteandpoy etb‘i'rﬁi’ﬁ"é%‘émﬁe %?Péﬁelmloi‘?éuﬁ’ﬁ Edpaéfﬁgedhst@ie@am c

| and gri d iaFiGad/caf Go(GA) ofalbshit esbenbls @ shoamid FEIN 1. Dicdoegl @bedy theat ospr eader (1 HS)
120. Wi | e @G HYRSELALE 1S shown, the present invention is not |imted
20 to use with an OLGA substrate, and any other type of substrate can be
enpl oyed. The MG Gacktfeonripssplraiveisienplsordpcyrs (mt gigyp) fairiviigstie cleskicd| ect r oni ¢
assenbl y 4&ogdewrandnonfeGottoth.surBtegnodovanst de@o. mmesamydsbayﬁpecoudlda td)ﬂﬁespoﬁdﬁ%Odl ment ,
die 4075 S e?cctgé.a%l%%qr landLEbrEpLegéntlré’SIgngj sbw%r or% Bd%gd% tl% erus r%al |5t6¥f I gnal

conductors (not_shown) th term nate i n €lectrical ontacts or ands on
the bott orﬁ‘@{ﬁ“’f%}é@efﬁmmeg%xms Yen aﬂ‘F“e”lﬁ% bumph s & stitghlelndeBiHng dorBupiied to
cor r esponds m@pox? materlak cdn bé wad to ©OHMBCLsSIdD bunlpadrdSproSde reqai@seabiknNgdsi gnal ,
power, or groynd nodes on the upper surface 56 of OLGA

Still referring to FIG. 3, an integrated heat spreader (IHS) 120 forms a cover over die 40. THS 120
30  isthermally coupled to an upper surface of die 40 through a high capacity thermal interface 110. Die 40 can
thus dissipate a substantial amount of heat both laterally and vertically through thermal interface 110 to IHS
120.
Thermal interface 110 comprises a material that is capable of conducting heat at a high rate. In one
embodiment, thermal interface 110 comprises diamond, A layer of thermal interface 110 comprising
35  diamond has a very high thermal conductivity in all directions within the layer. In other embodiments,
thermal interface 110 can comprise other materials with thermal qualities that are only slightly inferior to

diamond, such as a diamond composite, or graphite. A suitable diamond composite can comprise a mixture
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substrate 50 by appropriate connections such as C4 sol der bunps 42. A
suitabl e underfill (not shown), such as an epoxy material, can be used to
surround B0 ®mktes bunps 42 to provi de nmechanical stabili tRCTarsb1/48450 engt h.
Still referring to FIG 3, an integrated heat spreader (IHS) 120 forms a
cover over die 40. IHS 120 30 is thermally coupled to an upper surface of

die 40 t hl’ oapahl:l&tand%@@ﬁ&'o;a\ﬂotﬁe@%‘h%&e @&taﬁillfnﬂrﬁ% onlébgpex Bvi@e é«ﬁbhﬁ‘ea{hn t hus

di ssipate a su%stantl al ampunt o ter nd vertically

t hr ough tﬁ’é?Flf?ﬁtlthei“ﬁ‘tcé‘fdf‘%‘Eg‘“i‘i@“‘t"‘?)"’f"ﬁ%‘a grafgﬁ mat’i‘ﬁ’  iraf algélofl PR 1D "Conpri ses
a mat er i aldirdchathai isnogapabplecofiowsenduit my shiéator alpll%thnﬁ%dcr@tleqwr? n one

enmbodi ment, el iRkl 0Ler face 110 conpri ses di anond. A Iayer of thernal
interface Iihf;an 1ngrlfsgl ng 35 di am)ndlhas a very f} gﬂ" tn%cel nlguctl vity in
al | di Pect i ons I Hpdrdesidd [guta sidp wallgr figer BRAEH e TEL? ™Y RE fal i nt er f ace
110 can ceoqpici i@ thetoersuriamtse pilid 122 and with telmppervarfocepd dik #& iecye eripadimeat e onl y

slightly gl{%];n%{lhtgj%acéIQOmgf&mqgﬂo Mhtoﬁcﬁu@- di anond conposite, or graphite. A
sui tabl e dianond conposite can_conpri ni. X

PCT/ US01/ 44650 Thegral el on 5 frmet mat ‘?&ﬁ&” e &Vﬁyésg"é f"a‘aﬁ% ttﬁ%ré‘r]‘“ s UbSt ance,
such as aliuwdanbmeraEd g apypies it on\iiléver griap$siof H;i 1123 a@mplal@ﬁ tighel weprding IﬁLfr pral

conducf,or nan'v&r ﬁlerg!:ll\{n?el;}’aog Lang, bgfforrgé’dg%%nlﬁ%lﬁ I}fgﬁﬁ@a{‘nh %Ibsequ'eﬁtlﬁr h8ixdd@tidd2,good
t her mal conduct or direction is nornal to a p ane. However,

graphi te PajiSdeR ?Sle@’éa‘“F‘bfi"r“’éfﬁﬁﬂa‘idiﬁ‘&FIIGér‘?§“d[7hat do not require optimal thernal
di ssi pati on. 5 ni driSertb@findnt) tbriel @Serface|11 0chaskd @ fogeracka that S selstaviallyl thegrmegeppor t - menber

124. Ther r{)a tom surfa er afreggfqm}élzo %e\ile@ for%ﬁ%)l@%FIW3ttﬁbrrﬁeh§1telfQ¥\@er c%’% iugs@aﬂtlaﬁﬁ of lid
122 and wit thl surface of In one e I

odi
I nterface HeEOiT o fifseel If b”dﬂ@mszmfér&a? 169 cap giopg 1&“1‘320 befh°8?‘??é1“th S?PP"r{mace 110
can beisf ormm@eriia. at | east two different ways. For exanple, thernal

prertace 10 Gan, bePe}fqn%cﬁmQaup g0, Dl 1 Qbp el QBT o BHILBGEGSs Of 117 d

122, as expl ai ned regar Al ternati

i nt erface of 9G4 abeip éSOﬁlﬁ?%ﬂs‘léﬁB‘éP‘P‘a‘l‘ PO PRgPEek G SRS }é‘“’éﬁ%{‘ |S§}o%.f({l xed to
lid 122  of tnd RHBohdi2 O IHA R0 M@t Medhef antbodients theliralofiigs 2D %ext@ld beichde | n one
enbodi nent trpr%gm rlA;tnterface 110 has a surface area that is substantially
the same aSPfhe Bgomsurface area of lid 122. As vjewed I r exanple in
FIG 320 ther naISeqlaﬂ‘tﬁéPalné‘é@“?ff@‘e%%ﬁ%du@uﬁ%eﬁﬂP‘icﬁ?slaf‘emta caeitt 5 ¥ 288t t om
surface of culabifimdRidl suck BB o-skitite@Eshac®oxy.1The dammalgncheinaivd negtegirl adnlcymties be i n

contact with su It 8 4 gtg,4 bk 20 can be nechanical ly supported
by coupl i rPartlf:lsonRealorothg'rﬁheﬂﬁagp 1o esu ak%s)l EF surface 56

substrate 50 tﬁpéﬁwlﬂﬁeaéq}i‘@cfﬁb‘?fée%%ﬁ?aé‘ﬁ% fregg "‘d‘ﬁ%“@‘rﬁﬂfﬁﬁ“ﬁ%‘ﬁ@”&%e suppor t
nmenber 124GdoSdike@pihd@Ehat fat 825, Betee bidphedayoposnallytiScot A to didwesdes part pitheot her
enbodi pents t k3. 120 can extend beyond the support menber
124. 26’ S ‘?Perwfacééﬂheﬁ%zggﬁlpﬁrsl se a thermally conductive material such as a
t hermal grease %ﬁAg@ptra’ceéP cag bgef gy type, including a multi-layer substrate. OLGA substrate 50 can

be mounted to an additional substrate 130, such as a printed circuit board (PCB) or card. OLGA substrate 50

can comprise, for example, a plurality of lands 126 that can be mechanically and electrically coupled to
corresponding lands 128 of substrate 130 by suitable connectors such as ball grid array (BGA) solder balls
30 127.
While a BGA arrangement 125 is illustrated in FIG. 3 for coupling OLGA. substrate 50 to substrate
130, 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 use in C4
packages, and it can be used with any other type of IC package where the herein-described features of the
35  present invention provide an advantage.
FIG. 4 illustrates a cross-sectional representation of an electronic assembly 200 comprising 2 multi-

chip IC package with a high capacity thermal interface, in accordance with another embodiment of the
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curable material such as a therno-setting resin or epoxy. The thermally
conductive material can conprise particles of netal or other thermally
conduct i vewosemsisance(s). To further increase the rate of IrEarusbigsispati on
fromIHS 120, a heat sink 80 of any suitable shape (including optional
heat fins 82), material, and size can optionally be coupled to or forned as

part of t nﬁ?enualS W‘l’ﬂpﬁg en?b%rixﬁ%ﬁo\hgﬁn III@@ th'bGlen%gsgan;wﬂhHrﬁre’k%Qo a sgg% &ubstrate 50

can be of any , I nclud g Ia%gr ) IOA bstrate 50
can be rrﬁtﬁﬁ’tvﬁ‘ﬂ"‘t‘b“"élﬁm%fﬂlp?tci‘a ‘Hgaﬁmg%%ﬁ"?& © U Or p§° ??H’g e q?r t°ed circuit
board (PCBjample 1sct1arrmi1t1@@%a%stmﬁt@p&@dulwwmmmr‘ﬁ se, for exanple, a

plurality of 'ﬁfasln%méta%@mmwoc&ﬁpnsepﬁpxmgl@m Sa hé%mad?qm%@mrwmh&y coupled to
correspondi rgegl ands substrate 130 §3’(w5 |t1gbe e connectgrs such as

bal | gPi d™F 901(‘@@&)’- °‘§?5‘I”Ei’é‘rs“rf?%ﬁ 2pof shgraip " RIER WP FEHYBent 125 s
i | I ustr at edrespandirlg&ldeBbaflon biepesb.i Wigle Gl GAGsulpsite iathews Qe hentyu irgbtiigitai to 130, t he

present I Qlye%% IaxPBLd su&ggte Lr{d gﬁytogg t}tpgoflé&gtraw carn)e @m}ﬁ% ahd rﬁﬂg&mﬁme and it can

be used with an type ackagi ng techno ogy Further, the present
i nvent i on ugiraggn Fﬂ%“ﬁ%‘ foy Atof %EP“%SSW 4tSB‘iil"nt‘“bFI%rsle i°?124&3344 PHE REGes, and it
can be usegeh bt cabytinebthizr241iypeocestor] C package where the herei n-descri bed

feat UI’I%S of t h%ertaﬁl%neg Pd?cg 5111:1 ZhILYe%% hé%pprcﬂi{l&\él ag@th%Qrngl\ﬁ@J}B WZO tEIJOl%'h 4

illustrates a cross-sectional representation of an el ectroni cﬂ%ssenbl y 200
conpri si ngoEesRepdinghish eApichy theemabigierasger KPRRPE I Wh W AP L8R Mish gy interface,
i N accor dange@s il irbthangly hepledibodiearsing 2505 IH$NE0 Grovdd hQR LHGLBRSPEE IS0 1/ 44650

i nventi on. éNtld 51% r% ?b’g\%ﬁbﬁ%hlm rh]ie tlﬁntﬁymtellfa@e 1Elv@er th%n tjﬂéatﬁe Q%}%ﬁlpﬁ’fﬁ§ %/rtflegﬁcﬁl with

reference 10 a e invention is not limted to packaging
single | c@erfaw% whE i weh ?fé*re thempeldmEfarr P AP P At e feseme aoh wmlS Patml e i s

t he muist i -ugeRdign df@el&ﬁ,@tk&gﬁphﬂd’d byTiHérindl inbirhde 2 10D tateavess thodimentions B tha. thednal El ect r oni ¢
assenbl y 2 %fageoca ggr gihéa)_ %’1] é’?sg t¥or%§a hg 0%6 61 lete Qx% fal%éﬂa&ﬁ cag bé:pgsug)%gd' 244

whi ch are . 2 on an upper sur face 256 substrate 250
(whi ch car'PV%éCcéfﬁsp%*@n@lﬁﬁﬁdr‘%‘f’fé?“%n a correspondi ng sol der baI | s or bunps
253. Wiile an (ﬁkﬁ%o&ubc&wlatzezamasmhwm sdppr@t nieMie@ P41 DRrniaSnterGbes RGSamd28el t o  use

wWth an Oixcée\n <§)lﬁlt9 tl'latFleqbwe {JF}acQM otqg B?Zr anc{z\?&iRQhteEpeissUl@a%gs oﬂﬂc@ 25804 ﬁ? enpl oyed.

The mul ti-chi ustrate 47 can formpart of ‘electronic
assenbidy 465134‘1@%%! in FIG 1. Dice 241 244 can be of any type. In one
enbodi ment, di eHs?zthceinse ﬁecﬁhﬁ@ﬂl@&&ﬁi‘d by dbpliceitstsaiport e s 2oifto €t wpger Rdfdce 284 ar e

hi 9 h heat OQ {)Bg ? ?_lu stratb ?5’6 u%}nafesxltaﬁg s%al%)g%el gsclnegl onédl_%al%gé)l: I@} h;l’ tgyggbort mOhde£SPON din g

hi gh capaci aces r exa I ce 243 generate
hi gh t her r#a# is shewe bwteé atélﬁaeﬂalre@v of i Prhahangvep W&Fréa*b%dwefthtée 1@&&%@ H§4Rc®58 of
| HS 220 t hixenadbyohd t@dbuspapasibtipa4 h’efu[‘f&k intrevksethd rat€ & Beat AEibatianitbni2W?220, a heat

[ eSPechd Vel NI wibe LOSLIRY b ELE 6l oo bhiEl o LARA D o 2o

exerrpllfle However,” the wdth of t t her mal
interface thealnpeaWtf@Fﬁféltelhééilzy?“ﬁ%”cohe sane as or smaller than 15 the width of
the die, as eXQjmlAls&Ust&dzkwcax{Haefamadype; AR aceti-23d0 subdae. Q&Y substde250 arensi ons

of the t hq:)e mounted to an additional substrate 230, such as a printed circuit board (PCB) or card. OLGA substrate
250 can comprise, for example, a plurality of lands 226 that can be mechanically and electrically coupled to
30  corresponding lands 228 of substrate 230 by suitable connectors such as ball grid array (BGA) solder balls
227.

While a 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



interface can be tailored to the die hot spots. For exanple, one or nore
thermal interfaces can be positioned over a correspondi ng nunber of die
hot spot swo®E®628 i ncludes a lid 222 and a side wall or SqIpasot/4asEober
224. Thermal interfaces 205 and 210 are in contact with the |ower surface
258 of lid 222 and with the upper surfaces of dice 241 and 243, 20

respecti vedsyng ﬂlb_@avg 28 ﬁ@wri'dep Gor thﬁmdﬁ@- Lulclas SRS ﬁﬁ 2B in 6B elBQindeht St S U p port

menber 224 to the up sur trate 0.t
sui t abl e S&HChRROBIsE: °°‘35%§“°Hset{’1“f‘i’agﬁ§%“°? léyér i '%lhed” OI‘—“E g betyeenp lhgf%e dweh‘zz‘f)?& nmenber
224 i s shewirtheliiozatotithS a20. St a remmpltiefop cafd hpelSsPRG aleh@%wﬁtamlﬁﬂm ot her

enbodi nentc&xt%}n@@e 1{11%6%&%mqgrfated§ag@QZﬁan eXt end beyond the support menber
224. To furt i ncrease the rate of d|$3|$at|on fr Q%%ES 220, a heat

25 sinR (not sHEMR Oé?wc Balﬁ’fa?ea‘ﬁ?‘@”‘% COPREY BprpPaljinteriagg can

opti onal | yesbeccoupl ed to or formed as part of the upper surface of the lid
222 of IHS 220. OLGA substrate 250 can be of any type, including a

mul ti-layer substrate. OLGA substrate_250 can be nounted to an additional
substrate 230, such as a printed circti¥¥¥ard (PCB) or card. OLGA
substrate 250 can conprise, for exanple, a plurality of lands 226 that can

be mecpani cal | ofﬂcfaxqo &Lc%@n}t el SORBLED ih Be ;*aoana%r s EeSRNG0 g ishasdsy 228 of

substrate 230 sul t e connector’s such as grl d arr?%/ (BE %e sol der
balls 22F forvwlqyg obhigseppagify thermyipfpfate mptoealsweh py damandy Bisalse FRorett 82
coupl i ng @gfAp&iaIEdhAtne:fRb oty to hellpgdr side of IHBAEwelltabiie the kop sidantf the qhevéfnm on i s not

limted tq rusuges\QAdFeQuré C#O) @gdﬁlggﬁggﬁenﬁn’an Mdll‘ngnt @l?e'ﬂtnrhﬁ‘e @ Hinetdls @iy Ot her
type of pac% ) Qn is not to be

const r ued 2ge8 ﬁ'PIP FPF E*@d‘t 3 6‘5‘3‘5‘1"15%‘8 t°i hﬁve MHB g‘étksdﬁaﬂ%y 5015‘?5?.}1’16 t ‘Sélé%‘!eﬁrébli}% ed with any
ot her  1sy prodific & feaspiae koaigebivdaeceont tRehenerigirfed 8gt i tyabove-hedibned Beorofill t he

present | NY.¢ dlasu\rﬁeg { g&h&le% & %%@Q&Q%rdm\rﬁp klit€in 0 ot D EnaESRA gﬂdrﬁﬁgﬂce ghown in

FIG 4, i Adl Vi herrra Interfaces, such as thernal interfaces 7 WO
02/ 061825 iPeitnS01/ 44650 205 and 210, have been provided for only certain
di ce, such as diceildbdesandss2dBonalirepresenation efra highippditytbanbal oferfge 11frfpbdd- chi p

modul e, a £onLL YOS LKA olcBhEE a6 & BEfeC MlnbRsRIAYRG et veen al

of the di &&* and t he 20. Suc thernal interface
coul d Waventfaes 1§ GGE- 3aned ctopaforied D@ ae ey S“rfi“t?é?(?fé’ﬁé"lzvé"?ﬂft h the
bot t om surefBdaner] Ak arhdrghoid 32holy&ystbhies daabid icatvnon sufce afusih Gk age

conpri si n%hemichldigppm oan)n%g‘l c}s sucthgéaJhMal fa&)f %EJSQ&Q@(C% lGeIQ: LW, F%'crygtﬁl%@“ bed.

Fabri cati to success fabricate an ackage with the
advant agesiispensidyrrdued g ppiehousidiempnd, bﬁ%‘c‘f%@%%ﬁ?r hag S(’)‘peF‘Brthﬁt'élssipé‘g‘ér of high
capacity thed@mticsi nterface material, such as diamond. It is also inportant

to aff) bx he R (9(&1 3% Icl1%1¥ong B?el; {B% btk (l}%%efd}asg@accsﬁ%yﬁoeﬂzy ot hencbhdgs si de of
| HS as™wel | as ftﬁé he
adhesion layers 131-133 of a suitable material must first be affixed to surface 58. It is assumed that IHS 120

is formed of copper in this example, but it can be formed of different materials than copper.

The one or more adhesion layers 131-133 can comprise metal from a group that includes chromium,
gold, nickel, platinum, silver, titanium, tungsten, and vanadium, or alloys thereof. Because diamond that is

30 grown through a CVD process adheres well to titanium, titanium is generally used for layers that are in

contact with diamond. However, tungsten could be substituted for titanium.

A layer 131 of nickel is first formed on surface 58 of lid 122.

Next a layer 132 of nickel-vanadium is formed on layer 131. Either platinum or chromium could be
substituted for nickel-vanadium.

35 Next a layer 133 of titanium is formed on layer 132.

Next a thermal interface layer 110 of diamond material is formed, for example using CVD, on the

adhesion layer 133. The layer of thermal interface 110 can be formed of a thickness that is suitable for the
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so requires a die surface that is readily solderable. In an enbodi nent
wherein the thermal interface is grown apart fromthe IHS, it is also

i mport ant wioon2lvavesan |HS that is readily solderable. It | cswidesirabl e
to 15 provide at | east one sol derable surface on the thermal interface.
Each of the above-nentioned factors will now be described in sufficient

detail to ttﬁ%mcﬁlréﬂﬁﬁs Bhne O uaager yha&lgutlclm b|e [Fucfceh%r 1B4nbr bR diBERR &a@@ﬂm@nd
practice th {gven

Cross-secti
et esont 8t Fot BT ARG FAbpE FHRTIA THRE AT PTTO PO B an | HS
120, in adeexadalnce migrons fophigh hesridiedhiatine at 75 oficrontfer lwevigptdisdmationAs nent i oned
earlier, ther nﬁ!) prgﬁhebgﬁtﬁaﬁe s@@e@abﬂelx@faée'zh Etowe? s oflerRitteltRe fl@roﬂg?(gmgry gr owi ng
it on the under urface ? gf Jgd 122. In one enbodiment, a layer of
anor phous 2BFopOIYEPyBEE1P4- Ha2ar4Hond is grown on surface 58 usi ng suitable
cheni cal deposittohombedtchodisyer B4 ofitaaism GHistrippiad to tayporintd@pdsetliien (CVD) .
Ceneral I'y, pol Ygh yigfeldsh bitiel-Mnddiiit otnid 166854 @t fa@iHRERROH Sy thaBond,
because the fornmer. has superl or heat-dissipating characteristics. 25 1In
order to Wy LRI Syer on a bare (unplated) surface 58 of Iid 122 of
| HS 120, one OFingiipn Byer &dhesiddrfotnad/@iiayer 131 NitB:Bcoglfl besulstitnteddol geldmat er i al nust
first fbe affi Xﬁlqd(;lt%n %Har ofrﬁlgxgad‘ﬁgslon lagfezé 131- %%&ﬂ@?gml:eli]@r;thelulﬁﬁr shiifde S‘fo‘fdlgﬂ)r med of

copper in this exanple it can be formed of different materials than
copper. THE'&hRE PrBY‘der?ﬁ‘l‘“ébl%fHaﬁ"é‘éllf‘BﬁwI‘Wé?‘gt ai@?t"“i%%”?dﬁ”@dﬁ%’ P retal froma
group that i nclnsdembetietrh by 141 giitadium thifgkelop thphraérisnfiers7 sfideder , titani um

tungsten, an d XI@)Q Q%knuﬂh of Hickdt lvin Hivn 1§ Bﬁﬁeﬁ’&i laymﬁ@f; %&?plgi‘nmrggo&umgoufd Pe 30

grovvnthrough rocess adheres well to titanium titaniumis generally
used for [sdylve frpigel-gpadivpn cont act vvlth di anond. However, tungsten coul d
be subst it ut edFihaly a layek B oLEd is f&mleﬁyiaiyerl&].NDfiel mlekedubsmtecfﬁox@m formed on

surface 58 of hno%o%%l%rgolli\gg&tder@eﬂ )églﬁtab’l'e’g{%x Qafd Iscme gé are g;!h@x% Ur'{pof l%thfopr nmed on

I ayer 131. Eit 1 num or rom um cou stituted
ni ckel - van¥ep t?ﬁmandéﬁ" MRS 130 s ggefl mi*gélrmonmdfaé%bnmor%1lf’ 6P %&Y%Sﬁ%wefvér 132.

Next a thedwhtad witiesyt:aee | ayer 110 of dianmond naterial is forned, for

exanpl e Us! N9 04l oBllyddiCine AGNRALORrk BYSmdelboo HALME! 1D thkia@{s{rﬁcl

interface 110 can or red ness I's Sult he 8 WD
02/ 061%825 rpicFraKyr yas8ePreHB R0} fé»qeﬂ theeeig yess AP ybnafel: I dk age. That i s,
it can be thi ckes s fi@taddia glhgkech@atrepttbetiatiop aitainighcapetjlthaiearBrifgs 110k bk hi nner f or

| ess de”&n%wqoan‘%ﬁ%us"msag&opﬁggignh{na&v%%gm&mmem sduni ckness of thermal

interface m crons hi gh heat di ssipation
or 75 microns fererfiepgae flleefbétthftﬂm% igfepfage 11d en bfgrmsd @6‘*@%" dPiapdppsenddY der abl e
surface onsiéRo hOwas sughte 5B@ad ob of e 1108 willnbebefeaaned FEydi@EGSOF antidr € 5

addi ti %nal ad hﬁs b !)u%‘ r po§ crjsfaﬂme éga@no%l%rexalqg eagbe g OQ/n?)pa%y ﬁﬂ?o%qﬁe{ﬂg@%he a | ayer

134 of “titani umi s errra I nterface 10. Next a
| ayer 135 tiifknesi of ekt 11\} awazew mmd§g ¥R9? HiptHerph repuifgrasnts 9ibe IC Eicmé rIn ‘ﬁ‘F ati num or
chrom um Q&bﬂdﬁhelﬂaayel 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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substituted for nickel-vanadium Finally a |ayer 136 of gold is fornmed on
| ayer 135. N ckel could be substituted for gold. 10 In addition, one or
nor e adhewioon/deeseer s 141-143 can be fornmed on the upper swdTac®i84s0f die
40 in order to provide a suitable material for the | ower-npbst adhesion

| ayer 136 of IHS 120 to attach to. In one enbodinent, a |ayer 141 of
titani um Ic8m rQJé’EﬁdHQWEV&" hemd4RPES abSV Feb @G FRT. 5 QfherthaRridQouldNRXibsiButdaaper 142 of
ni ckel - vana A L?r med on | ayer 141. Either platinumor chrom umcould
be substi 1fetsj'atp rdcuf%s“ Ti'€kel - vanadium 15 Finally a layer 143 of gold is
formed on | ayePridZpundepgoigkselder caflo.d@ suifebls iy adiseldst msle frappligdlo dne oPpathod t 0

under goi NGay&9hdekd lB?faddQMmaﬂnte%fdi:etl@erl@l i hbb%d @ 0d ditloflRicaRAaB) froRd Bs,appl i ed to
one or bot and |HS 120 is noved in the direction

i ndi cat’ed ﬂﬁf’ylagﬂﬁg\‘i\%"ei‘ t?°°“‘§dwﬁhl %}w 136 cones into contact with |ayer
143. In one eniSdds memembodinetstijusizind ml’ﬁGSaiiwerl@ﬂaml igipyfored ¥4 ipeesceibayl a99BE 500

ANgst r Oms orRdd th sl HK1I G 56 thrBJgﬁ the &8 of bbiGds, %lher%@é@lﬂq@ht%@ﬂniq@éé%&u&l 28b Be used.
apprOX| mat el y ers are Xi mat el é}éloo

illustrates a ir? a@%“&‘@%ft"f“&?f&ﬁ"“&"@p“ﬂnéegﬁé - B¢ "“‘8?” é" PYRTEED 'f"f"ﬂ}*’(?%'er
i nt er f ace ofthd emibodidpents ilmftfaiek ad theparaumt hedS tdi@Bmitihgn accor dance wi t h anot her

enbodi flent  of  he 7isRVYENLH. MBer 1860 IBNEN MRGH iR& b nflerial, Whigh HohRERdwnl Nt erface 11
| can be forne agart fromIH

subsequent affi xed to the | ower
surface 58BFCPY YYD agke spsment fﬁé“e“&’gp“%“l qaq 391‘8%7‘ pan! @maé‘i"ﬁé‘lﬁe V8GR ng FI GS.
6 and 7. 2Fbdimearmbthpieudnor pol ycrystalline dianond layer 111 can be grown

by any sui tabl Qhﬂﬁ&mgterf;Einldésmb&leé% ﬁa&udtn@xr@@dhés%;klaf,:@srnswfréymdependl ng upon
t he thernal gw rement s of g\%‘%rg nt, | ayer 111

is sever altypffﬁlH F@Hneﬁf“@rjaﬁ‘?é”affrﬁ“%?mprr‘f lty‘Efl‘flé“”ldﬁ%eﬂ?ﬁl%i‘f’“i"gtwﬁ8Lf’m‘1“ Fhited to
any psrt iled| Taese tlémeok re besseparkied farcwafdar 140t Bor afafplx elprapnt IWEhat brer sapekated frorer f ace

| ayer 111 }.@.ide under surface 58 of IHS 120 one or 30 nore adhesion

| ayers 121 of suitable material can on the under side 58 of lid
122. In additi G 8sgfY ‘B?grai?ﬁf@“%ﬂ%f§?b8??t“}g§‘953rp§°ki%’i“ seslage Wl 1% apl e nateri al
can be f orembglingnt of heinwpperThsutthdoeingbt30ther mal interface layer 111. In

addi tion, one gf;)Hige. @Hﬂ%ﬁalpanduams&aer;ﬁ Té,é&o aaéloéyg&ﬁ&k@g E@h%rj)%% can be
formed on the |ower surf face |l ayer 111 t rOV|de a

sui t abi% 1BREERE 5t s s %@ éerg %%0 56% ﬁb€f"‘fﬁﬁer\ﬂfti”ﬁ°°mﬁeﬁ€g tﬁ'ﬁﬁ%efa“%fﬁfe e of die
40 (FI G 3)G. 930 iddhepiioheldvayer s 121 and 151-156 can conprise nmetal froma

group that incljgg tl&*;tropermeleég 4@9@3) is n%rﬁéa%hasupstrg% RYBFICE b), 6@t elgc&laaam um
tungsten, and vanadi u | oys thereof. |n one enbodi ment ers 151

and 154 cORECESRA oYY sipds Pﬁﬂ’eld%?@r“?pli%‘? C%rﬁ%"“f’%co&t@ff‘éer% Lol %:)I?‘é e ‘%Pﬁ%adl um and
| ayers 12Iufadd@e. 58K Hobthdudd@i®2/ 061825 PCT/ US01/ 44650 conprise gol d.
HOV\'eve£ as ne%hg%%ﬁpﬁ%ﬁted‘ &aaf lgalstn.)ge J: el sg;that“?_ﬂwe th%t;ﬁg' Migerrﬁa@l'ﬁ is%pm d be

substituted fo ese particul ar substances.
contact with an upper surface of the die.

FIG 6

In 324, the THS 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 IHS 120 will make
contact when it is positioned over the die 40.

Next, the THS 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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Prior to undergoing solder reflow, a suitable flux and sol der paste are
applied to one or both of layers 121 and 153, and thermal interface |ayer
111 i s nowedbzioaisebe direction indicated by arrows 118, so p@/twsvatddsayer 153
cones into contact with layer 121. While in the enbodinents illustrated in
FIGS. 5 and 6, thermal interface 110 is described as being affixed to IHS

120 and to di eTﬁEQnethme&égJBedEJ’t@Glﬂ%@dsgfn@m der, other attachnent techniques
coul d al so be used bove- %GSCI’I bed c Ogirggom tion, di rren5| ons, nunber,

and order of |&Wef&? 3‘?"%‘“%‘?’8’??0 EHIST BFRPds QP SRR PRIN PR Ust 1 at ed,
and they ameriah®tan imegmtd leapspyaded ((HP).tHIG§ claldkierhiGn 302 of BG.&. vi ew of a wafer 140

of di anmond theggl aw&mafnaﬁgnﬁ@whgaahayerwglnau BRGREE RatfHaPVM3 be S&RARKAt e from
an |HS, and a se%%nent 145 thereof prior tgo atfachment to an IHS, in

accor dancdedrersudaspethe Fis: éfﬁfffotm IPFHH? preseeds 19606 PSS ‘8‘ﬁ°°e“ﬁ’i%3]t°her mal interface
111 descri bed imBo&kGidhdsion layack.¢l dicpgmaenipycasd hle BB,0IC. Beiyiemed d3i-TH G faced | |

typically be f ‘ﬂHJFq tabyd otache RS St Q. g@fbpﬁb 355 Bgoih dkdbbdich YayQor

i ndi vi dual therm % conduct’i ve el enents . These el enentsS can be
separ at ed Herghiviaer-efhe Tl iFpm hegppoasistipg Oéﬁﬁ‘i‘i’f‘d 151‘8“‘1‘1%1?‘“5‘@%%"‘@ epdiat ed from
waf er 140. Fl Gin B0,lasy@oftheomtihoatystaemadrialde. gretihind. spk erbatuparCiainitiegtian | C

packagg®, ise,ac %94&%9% f\Mnfthla g[g@%onssamg%a%ﬁat 2 &fmoh MmN ER4 | %ramte the met hod

begins at 300. In , ala ermal 'y conductive material is affixed
to the IO\A%?rcg‘lheﬁréi‘f‘é‘“(héf"@“"Bg’aferlﬂﬁﬂ%)” of 20 an integrated heat spreader
(IHS) (e.g. 1231EkfadheSipn layfedE.g. buerot et laghest1ai-158, Fo® A0 ebimed @ at listonopgscat | on,

refer to ElG, Ot Si@ QsG] l%lon bel ow. In 320 at least one die (e.qg.
40, FIG é)te S ‘mount éialconn a Sljlestrate (e.g FIG 3), so that electrical

contacts on a [olérindidrd téi?f‘é““éﬁf"“f“ﬁfévedlfﬂéenﬁl(eeé b“&tﬁ!ﬁ Ao Eet FadERtng
contactss (®erg. 52, FIG 3) on the upper surface (e.g. 56, FIG 3) of t he

substrate. 25 lI njlé %%Nldaaptﬁerll'lﬁfcdn&ucm gl%e%g al% ye%&red% tH! &@e?gldegpe%chqﬁg %e%o that the

thermal |y conduct I've teriral 1s 1n contact an upper surface of the
die. In 322 Fihe- Thagefiefsprdeidlyy. 124, FIG 3) |s coupl ed to the upper
surface of the TsddpattontdacitbdBovawitt tpéchmiik yetb@niduedddwerIGRS erddain bee. g. 66,

FIG 3 A wtabl ng 322 and 324 will now be
) ogrﬁed afd?ffeF%Bt%%g‘§r%m}__hlg%.dpsg{bgcﬂ{emé g

descri bed "W erence ol der paste is first applied to the
back si%de of t ke aiyve-dugivedahdice piinpterizjie papmetty yumbsy ordery dipeadqng 2pdSEMRISBR *Appl i ed
to the swytaeRchadisnsheattitey raﬁmiskeylblgzeaqﬁbu@ﬁglcmueé an@Eni ond M0rdidaatkif acestt he back

side of t e lant 66 is applied to the OLGA
substrateqcfscﬁ)gmzethet ?”ﬁalger%%fi&cﬁ i pad%a%goundar of IHS 120 will nmke contact

when it is posi‘ny Bl “’th‘éir°rFq“r@méﬂ"é°f4‘(§fe“"1\‘1€¥<‘f€’°dsftf?ﬁéepPSI‘IBg Hhopeil vy PYited, and an
appropri atu&dfsca&h@seplﬁlagj sp@rigPRbdr.@stridaDicreaid)geh@ing Shem@al ancBiiid chghicalapor 35 hol d

| HS 12 ?p%g)l&ng%\g% acuuTlanaglg@ge is then put into a suitable heating

envi ronrren urnace, for solder reflow Follow ng sol der
join of the th&efgHerpsiioreihsers or pojemesh Hysmhe wrace ¢fdhe fipn BoRipparadt Yithias

sputter etch, if desired, to improve the adhesion of the adhesion layer to the die surface; however, a sputter
etch is not essential. Nor is the condition of the wafer surface essential. The wafer surface can be in
unpolished, polished, or back-ground form.

30 The particular implementation of the IC 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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cured in a conventional oven. Post cure, the securing spring is renoved. 10
WO 02/ 061825 PCT/ US01/ 44650 The nethod illustrated in FIG 8 ends at 326.
FIG 9 iswa §2logys28li agram of two alternative nethods of af faogvi1a4dsayer of
thermal |y conductive material to an integrated heat spreader (IHS). FIG 9
el aborates upon 302 of FIG 8. In 304, a determ nation is nmade whether a

| ayer of tb@é&&@at‘eé’ w&%ﬁ’x%%éy‘ég H’f'ﬂu‘iz%é 'P%ds 55 ak Btepo%dtglilﬁ%@te Oftoys> the | over

surface of the S. proceed 306; otherw se, it

pr oceeds tlrapl%ﬂfetatlopwf éleeven%m thatdwég Preﬁiﬁfstw&ﬁ'éiram(r@“@ely ‘B’ﬁ’éd Wty dhgpeet prdigast s

131- 133, FkkiGintte)rti S fornmed on the IHS surface. In 308, a layer of thermally
conductive material (e.g. 110, FIG 5) is grown on the adhesion | ayer of
the IHS surface. The material is fromthe group consisting of dianond, a

di anond conposite, and graphite. |Ros¥En 5 | ayer of thermally conductl ve
material (e.g. 111, FIG 5) is grown apart fromthe IHS 10 surface. The
material is frg i site, and
graphite. The yee?ltlg‘éeﬁ}égg&?r%b\lhakllﬁgoﬂ assfg g?ﬂﬁmm%s‘g %nt?ﬁ%ere é 7). In
312, an adHésEyherny disyraifon Pf@ble“éﬁsé‘)ctﬁed Wﬁ?"éghlpa%?%ve%@ﬂ%onwv%m ag¥ori s f or med
on at | eashi pb@ssEp sybtas Bat ilddrpokateonk ay@e dbtrdnid ssdimlids yharamReUEttsueinvaticar i al . I n
314, indivj r.oml.ly con tive

separ aftaed !fl ?%r?nﬁett?‘le rgagtlgeg%éﬁ IS %nscnes assoin ed%r%@lg %ed‘g %9’86 I%Fgrafteﬁgfcﬁﬁsl %lsu?(l)nductl ve
el ement s d}‘sé’f%@%@?référeﬂ’@feﬁqfi@eralﬁidéﬁ’“a‘éli“’(de of each IHS (e.g. 120, FIG 6). The
met hods end at B3 Bstanfidme m&%ﬁg&hé RSl ai@qsaroh b@ldh1@1tb@c‘€o&ndﬁieteiactl"oﬁ8@@ﬁ‘atal1e§ o the

met hods | lSll,lC tecl;ll‘%lgl%e)%\alprﬁ n!:cancé opeﬁaB:Q%} 1ncreas%cacrl100k Ie éluegmes 191[ I‘%ﬂ/el?’ sucf"lieq(rljulpf fnt? rerelnta| gl’ der

from t hosé descri SCribe
geonet ry; cpbrbrerated @trrﬂmed clqﬁk fiRgreadios iy withilqvler Gesrppieedtnrpteipresdér incregppdrplighilifechani s

for affsi xi ng; a.ad,oa@l&@mhheypms@qmnm agb&aﬂeradnded Ibenmsrloe&lffeaw @B&n@hts,0r di nary
skill in th t he _package. Any

suit abl e Fﬁré%a heat—d1351pa rT%IStruc ur.e, an mtegatgd%}u&% IpacE e, an efl%?(%lcgssqf?nb}y %1 é:le Orgllll‘f‘ ing the
met al | ayersgmdgthe 1191@1 of euée@w,roc%m Bystg. gpd tieun gl?th@pﬁfatb@aﬂtmagi Icwﬂmﬁ Otef ectri cal ,
screening ,emsad@da@th lviinragr,eadﬁmme@aé th(i)sE]@i{owdl-hr@ kiGN @B ahe HeRHAO, matdBIsdeposi tion

I(g\y/z’s VaC msehlesr %{18 é’lSl%l’_i_S a{lc;] qudqceeBo 8%?}:% né cagflzbetv!dr%cri] to smttpﬁzp cular pa&a%l? m)reteCI’rIEt ?‘:c
desi r e, tr@ullempmave t he adhesi on of the adhesion |layer to the die surface;

however, a sputyngf certft (ﬁ)gatfof% hmgeeﬁm%h@km rel¥ td “SppErhﬁld e shised, i0f  t he

waf er surf e e waf er sur i shed ol i shed,
or back- grt g’ﬁlﬁd‘m}% ?f{tkaéﬁesﬁ'%é"“ﬁ%{f‘ ¥§ rc?]ﬁtfvgfranda{ga% e wmﬂ? g rfvﬁrrsledéi?l%ﬁ %Eadfaé? VE’)<’§1e(|?kage i's
very fl exiibybrigd. Theteforertesqgfrms #n@omtﬁrémtaltellmmg size, nunber, order, and

conposi tion of Autﬁoaghcswaﬁé LrkbEidnts BvE PRI SsiratddRhd R¥So-@RERAT Wl B asppxaaiateh Be
i nvent I O n can g
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.

30
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i npl ement ed using various conbinati ons of substrate technol ogy, |IHS
technol ogy, high capacity thermal interface material, adhesion materials,
and seal amo ®2m682hi eve t he advant ages of the present i nvermdTowso1/FHso
structure, including types of materials used, dinensions, |ayout, geonetry,
and so forth, of the IC package 35 can be bU|It in a W|de variety of
enbodi rrentCéAH‘éﬁapendl ng upon the requirenments of the electronic assenbly of
which it fornms a part. FIGS. 3-7 are nerely representational and are not
drawn to aentain proportions thereof may 11 WO 02/061825

Ao

PCT/ US01/ e exaggerat ed, while others may be mnimzed. FIGS. 3-7
are intended to illustrate various inplenentations of the invention that
can be sunder st aoeht-aidhaip REepRE Fodn@lidraGatifchiete QMfrishRy t hose of ordinary skill
inthe art. 5 1cl usion The present invention provides for an electronic

assenbly and met fiods of manuf act ure thereof that mnimze thermal

di ssi pati on pr 8bplbsrrrleddatbridatdsemmpingt shifagdio prupiete 2 sibftiger y. An el ectroni c
syst em and/ or da&ranmmasssaeﬂeu &Mx%xt{sﬁq@aE‘B@erdc%@ieﬁ@ftl@thg&dg Bon@ burfiRNE

el ectroni c, aﬁaeerrbl t.hat tEletLerma% conguc resent ion 10.can _handl e the

rel ativel y*RiGH" P& ra?ed dshsle el ety V@f:}lleme’%bﬁm% mérht TEFT SPREL i ntegrat ed
circui %, daméldsaemmonwgp@manaﬂ@hlteher efore nore conmercially attractive. By
subst anti al | y increasing the thernal di ssi pation from hi gh performance
el ectroni ¢ ass ment . can be operated at
i ncr eased%cl ociHml %taﬁéépﬁé“gé%ucmﬁ&feflg Wa{gln\}é‘P@H‘rtfgﬁct?ﬂpr@’dﬂl pnent can be operated
at reduced cl oekadhgsioglaeniives tislit angihe Heinaliyerndogtieereietmemig t enper at ures for
increased reliability. 15 As shown herein, the present invention can be
i npl e nted in nunper ~of differ enb d| ncl udi n
heat - di’ssi’pat i ﬁ% hﬁti‘iﬁ%‘iamgétr“"tarﬁ‘ef‘ﬁ?%lf“ﬁ“tz ergin Bfﬂ%?mob%@k'é gﬂ“aéef‘@ct ronic
assenbl y, fiam tekeot qoasiing of dyegiuangoldmidkblelafipmsiod, t@ndmt@gmﬂmwlnng system
and various nethods of fabricating an IC package Q her enbodi ments will
be readlly apparent to those of ordinary ski in the art. The el enents,
mat eri al s+ georst FiEEsPatie YERET BRI ngag s@&aéﬂ*&@erm“yaﬁléﬁwe ¥ can al | be
vari ed t o cguprites pdgattiogisblderablodgdkagi ng 20 requi rerrent S. V\hl l e certain
oper at j,ons have been descri bed herein relative to "upper” and "I ower"
surf aces, |t be understood that these descrl Et ors are relative, and
t hat they Swoul Ehad‘éat'f"é%*’é‘i“@ét&“i“f’ repiffdin FEmSAEREG B theFbone FYATaR' ‘BT S fPHRSF ef or e,
t hese t er mémagriel froatthegrotierasitngtotchiomiui guidf nigkef, plaﬁmrhﬂlueg,mta&pe,cuntsten, agdrbodi ment s
have been j/l.kustrated and described herein, it will be appreciated by 25
those of ordinary skill in the art that any arrangenent that is cal cul ated
to achi eve the sane purpose may be substituted for the specific enbodi nent
shown.25Thi s application is intended to cover any adaptations or variations
of the present invention. Therefore, it is manifestly intended that this
i nvention be limted only by the clains and the equivalents thereof.

The heat-dissipatirig 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 recited in claim 1 wherein the thermally conductive element contacts
the wall.

35
8. An integrated circuit package comprising:

a substrate;
13



30 12 WO 02/ 061825 PCT/ US01/ 44650 CLAIMS What is clainmed is: 5 1. A

heat - di ssi pating structure for an integrated circuit die conprising: a
lid; a waio @mdpi2ed to the |id and conprising a surface teaoupiedse a
substrate; a thermally conductive el enent conprising a first surface:
coupled to the lid and a second surface to couple to an integrated circuit
die, the thernqlngﬁgﬂgHg&h%%ng&gﬁg&ﬁwgghgg fromthe group consisting of 10
di anond, a dianpnd conposite, and graphite. 2. The heat-dissipating
structure reC|?éﬂp%WmE¢3&HW%#%ﬁﬁmT ther conprising: an adhesion Iayer

bet ween t he | i dwancbuplégo héigranddohyisicgardifect dovigeded thavatntate; 46 3. The

heat - di ssi pati aneﬁ\;aﬁ)'fr]&hdﬁgtgfe &@&h&&ﬂed H@tv@én@le% nd W3 Qtrh%lt Gnetdfa Qhe%nx%fﬂl on layer is
formed of materi a rom -t a%rou consi sting of chrom um, gold, njckel,

pl at i nuin Srdusrids clemeptioarpprizipg 2 1 H"é%"t“éthe gr%t‘ﬁ&‘m?}%‘ﬁ%%ﬁd’ﬁ‘ﬁ?nd "‘E“‘mel“‘ﬁé" posite, and
heat - di ssigambiteng structure recited in claim1l wherein the thermally
conductive elenent conprises at |east one solderable |layer. 20 5. The
heat - di ssi pating structure recited in claim4 wherein the at |east one
sol derable layer is formed of material fromthe group consisting of
chrom um gol d, nickel platinum silver, titanium tungsten, and
vanadi yim £5 6.,/f8 rt;tgoacheuqlrp;c@gp,@&thmmmtfmhs chifilifeed in claim 1 wherein
the thernally con Uctive elensnt has a surface area that is substantial ly
the same as a $updhesion gy bejwvesy the lid andjtheghermafly cpndugtiygelemenit - dj ssi pating structure
recited in claim1l wherein the thermally conductive el enment contacts the
wall. 35 8. An integrated circuit package conprising: a substrate; 13 WO
02/ 061825 PCT/ US01/ 44650 at |east one die positioned on a surface of the
substrate; a lid positioned over the at |east one die;

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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a wall coupled to the lid and conprising a surface coupled to the
substrate; and a thermally conductive el enent coupled between the lid and
the at | eaxto2maes2di e, the thermally 5 conductive el enent c@MUSISHIG0a
material fromthe group consisting of dianond, a dianond conposite, and
graphite. 10 9. The integrated circuit package recited in claim8 and
further conprising: an adhesion |ayer between the lid and the thermally
conductive elenent. 15 10. The integrated circuit package recited in claim
9 wherein the adhesion layer is formed of material fromthe group
consisting of chromum gold, nickel, platinum silver, titanium tungsten,

and vanadiym T&Qntcl%ated-ghﬁlt be{aﬁageggcﬁéd%la% § @llr&egn RAHAGEs h gr%étﬁc@lq)st}a{l afid &M 8

mhere|@ tq% % nq ¥ conductive nBrlses at ['east one sol derabl e
| ayer. gein g & 1qag @&F&?@ﬁmng@HV?mﬁﬁﬁwgﬁﬁ MEHEH i n claim 11 wherein
the at | east one solderable layer is forned of material fromthe group
consisting of chromum gold, nickel, platinum silver, titanium tungsten,
and vanadium 30 13. The integrated circuit package recited in claims8
wherein the thermally conductive elenent has a surface area that is

subst anti dbly theledaneassasblacosptshace area of the lid. 35 14. The integrated
cireui fo paCkaggtlgaﬁghetlﬁ ra'te@uf‘\c{u agpcégg y,\%gg%l n the thermall y conductive el ement
contacts the wal US01/ 44650 15. The integrated
circuit package rec?W@Hmfn cla|n18 wherein the substrate is an organic
substrate and 5 whentdgdanorclie p@tioded@stsurantef lé @bsirge;posi ti oned on the substrate

through a Iand gri dawogtyonedoaeﬁthe@gas%nsgzrom c assenbly conprising: 10 at
| east one integrated circuit age conprising: a substrate; at |east one

di e positioned on aagﬂ?@ﬁ@%mSPh?%é“@ﬁ%%@?%f%wcmﬁkqwHeﬁ€§ﬁ®@&ned over the at
| east Bne di e; a wahiherodiypdnedtivi elerhidi:odpied beatten ORI thaﬂ@st&nédH frace coupl ed
to the substra I u d between the
lid and the ath%%%@?g%%QWQM%Bﬁ&ﬁgmh%ﬁ%%%g %“%g%ﬁﬁ%ﬁ?@ é%%%? conpri si ng
a material froffPPed cympetlh WsHETSt i ng of di anond, a dlannnd corposi te, and
graphite. 20 17. The el ectronic assenbly reC|ted in claim16 and further
conpri si ng:

20
17. The electronic assembly recited in claim 16 and further comprising:
an adhesion layer between the 1id 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
19. 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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an adhesion | ayer between the Iid and the thermally conductive elenent. 25
18. The integrated circuit package recited in claim17 wherein the adhesion
| ayer is Wwaromwdisaf material fromthe group consisting of rRdwusviiMessogol d,

ni ckel, platinum silver, titanium tungsten, and vanadium 30 19. The
integrated circuit package recited in claim16 wherein the thermally
conductive elenent has a surface area that is substantially the sane as a
surface area of the lid. 35 20. The integrated circuit package recited in
claim16 wherein the thermally conductive el enent contacts the wall. 15 WD
02/ 061825 PCT/ US01/ 44650 21. A data processing systemconprising: 5 a bus

coupling @@npOQQQgﬁo&gmgQ@mgéhgmgéoce55|ng system a display coupled to
Jed to the bus; and a processor coupled to the

t he bus; externg ﬁp ¥ coup) ed .
bus and conpri &PH§RIESTHELEF HFE %@?@Wﬂﬁ?”eﬁcludlng at | east one
i nt egrat ed cir edistaypapkagéetonpri sing: 10 a substrate; at |east one die

posi tioned on @mégJ&ggﬁ“g&kgggwggQ§grate a lid positioned over the at
| east one die; wal | cou to the |lid and conp rISIQ%ﬁa surface coupl ed

to the substraf@”wﬁﬁ&mﬁmﬁﬁ@?ﬁ%ﬁwvmﬁﬁﬂﬂﬁﬁf?@@m%¥ﬁﬁgﬁPd Bl Ket ween t he
i d and t heegated tiggispaclogeeoddiriging:t he 15 thermal |y conductive el enent
conpriging a materiglpdramthe group consisting of dianond, a dianond
conposite, and graphite. 20 22. The data processing systen1reC|ted in claim
21 and furt her conp?“@?ﬂ@dwpﬁﬁmﬁﬁ%@§W@ﬁ°f§ Ps“HBt ween the i d and the
thernal l'y conduct|vemahemﬁﬂmwam5mk&nm€he integrated circuit package recited

i claim 2l wher ei n, LiieoLNeLHRYE Yo GARIELLYE:BLBIPD L AR o Ur f aCe ar ea

that is substantia % he sanme as a sSurface area of d and wherein
the thermal |y conduttfpaly et fem@isAtrid beweeh@e ifgnd the aglgastone dieathprpt hod of
fabricating antimh@goaieil ddmed thinprifpg e age frdnftee dab Ladsitoifpamesd, ag:  af fi xi ng

a layer of thermal | gg t material to a | ower surface of an
i nt egrat ed heat s%?é% &ﬂ ]%ghé§ the material being fromthe group

consi sting of dianond, a di anond conposite, and graphite;

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

an adhesion layer between the 1id 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
(IHS), 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 THS over the die so that the thermally conductive material is in contact with the upper

surface of the die.
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nounting a die on a substrate, so that electrical contacts on a | ower
surface of the die are coupled to 35 electrical contacts on an upper
surface oWwadmesubstrate; and nmounting the |HS over the dirETRsoiAaisot he
thermal |y conductive nmaterial is in contact with the upper surface of the:
die. 16 WD 02/ 061825 PCT/USO1/ 44650 25. The method recited in claim24
wherein affixing conprises: 5 growing the |ayer of thermally conductive
material on the IHS surface. 26. The method recited in claim?25 and
further conprising: 10 formng a layer of netal on the IHS surface, the

| ayer of netal being fromthe group consisting of chromum gold, nickel,
pl ati num 2si : velﬁe,mzeglba@aﬂeamualhum&kmfﬁxﬁwmy@&adl um 1ﬁ 2|7 The ][Tet Eod .
recited in claim n the | ayer of thermally
COﬂdUC?IVE mat er i ar mglergHFm%ﬁfgﬁgﬂgﬁgwgﬁgﬁggég““ © 28. The method recited
in claim27 and further conprising: formng a | ayer of netal on at |east
one surface of the layer of thermally conductive nmaterial, the |ayer of
nmetal being fromthe group consisting of titaniumand tungsten. 25 29. The
method recited in claim24 wherein the IHS conprises a wall, the nethod
further c@fpri Shemgthod ediedih tlrig 2§ MeéfuttidSomasingt 0 t he upper surface of the

substrate fom?ng angyer oF hﬁtalrm thlg QQ; sﬁrﬁ@e‘ &a@lﬁbeﬂ dJt m@tLl@!nﬁQ f%% tm%ﬁﬁdoglsﬁﬁgf Jhka't%lu%l I is

coupl ed to h FBQ face of the substrate wit her mal conducti ve
mat eri al . [ tmum sl ver 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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