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WO 02/ 1150 BACKGROUND OF THE | NV el d of the Invention: The " :
present wiyenis@n relates to appgmﬁmwm m@‘mm hods for reaavioieiveheat frigmm

el ectronic devices. In particul ar, t invention relates to a

thermal interface conprising a grid fH&#"8 coated with a thermal interface

material, wherei %ﬁﬁﬁ\vﬁ&@h@ﬂmﬂ@ﬂmmﬂmdmmm@MERa heat
Suc

generating source, as a mcroelectronic die, and a heat dissipation

device, such as a heat spraagiGIREUNPHE BURNYVENGiGNOf the Art: Hi gher
performance, |ower cost, increased mniaturizatron of 10 15 integrated

cirouit componeqls.at AhEa! CnPRRIASIGRE Rkt Abod REAHM A oL t 5
are ongoi ng go oelettronic and conputer 1 ndustry. As these
goal s are achi eved, m.croel ectroni.c di . ipaly, the
ens v of oG LARBURBLTEobP SEHEes 1 BuRaRa e pRRH FlendBRALE 04 Y g

m croel ectrgnic die_has increased,.which, .in turn .. e average
junction tesERaARPrEACS ComprEing 5 Hiang 8k E:Vr&aiag}.lenp?l l{&%gg%%yrf%eeriagt ure of the
m croel ectroni c_di e becones, toQ ‘Si %h’d t he inteqrated. circui ts. Qaf ol he

mi cr oel ect r SFEindhecodsy grd TRERALUEPOsT l?fg’%eteflﬁil?g EERGIFING JQUTSe SIP 8P s and
techni ques have been used and are presently being used for 20 renoving heat
from mi cr oemdepelenioniclie and aheat distipatinn devics weh a3t het%sﬂr‘?éﬁ'rﬂréﬁaé Si'vol ves the
attachnent of a heat dissipation device to a m.croelectronjc, die. FIG 4

i |lustrates an $istsefithe\Arp Ofighesmprforsianes, lower eqsh dncersssdanintatization s
(illustrated as a flip chip) physically and electrically attached to a
carri enosubsitegited 2fvhitltymporehisy adigrepten packeginedenpityl dfdntegrated pirgys Rres ur f ace
216 of a heat dissipation device 208 may be attached to a back surface 212
of the mi croapdsd ol of tibi micRBRcthynicaniiivempeibd industpdés thescegaaliiaessi ve or sol der
214. The heat dissipation device 208 nay be a heat pipe, as known in the
art, or a hegfieweiUslicroeleWedifi2ditd PecdmPealldr SAdcotARAR Ahecdensity efpower f r om a
thermal Iy conductive material, such as copper, copper alloys, alum num

al um num al I, %s%mpﬁ&qofttht?in'tégl‘a@ed difeuB¥iponéMeinikemRfocRetrorgt diehber mal | y _
conducti ve adhesive or solder 214 can cause stresses in the m croel ectronic

die 202 due fg. 8. AR fitufShUYEREE: e Rldse @idlion @hplbieigminexpansi on (" CTE")
|

of the heat SSi pati oh device 208 and e mcroelectronic die 202 as the

m croel.ectronic di.e 202 h | bR n on and
Srp or Jlillalipggct onfe (ﬁ? ¢ l? ﬂ{gﬁ?régesrggﬁg)zgﬁ ml%cg_l_%&ﬁnf&ghé GIBREAbY highVhe

roomtel €n o to m smat ch i ncrease the

babi lity .t hat ks will .initi i i croel ect r oni
Gi o 202, whittonisgRats oo hBhe b AR SRR 7L 005 O ¢
Furth , inorder to get the sol i | . b h
i cr ool actr oni ¢ Vanepeir @t aranas bR BB ah BN Rkl 10 o1

surface 2l 6,

removing heat from microelectronic dice. One such heat dissipation technique involves
the attachment of a heat dissipation device to a microelectronic die. FIG. 4 illustrates an
20 assembly 200 comprising a microelectronic die 202 (illustrated as a flip chip) physically
and electrically attached to a carrier substrate 204 by a plurality of solder balls 206. A
back surface 216 of a heat dissipation device 208 may be attached to a back surface 212
of the microelectronic die 202 by a thermally conductive adhesive or solder 214. The

heat dissipation device 208 may be a heat pipe, as known in the art, or a heat slug
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a gold coating may to be applied to both surfaces, which is prohibitively
expensi ve. I n another known enbodi nrent as shown in FIG 5, a pin grid
array-tyReo 62/&fy') mcroelectronic die 222 is placed in apcpukar2&ds
mounted on the carrier substrate 204, wherein pins 226 extending fromthe
PGA microelectronic die 222 nake el ectrical contact 15 with conductive vias

228 in the SeGkGLeERom o iMEmARPERIARE niaforial, BuchUs Boppbi) cqpedliohgal - cont act

{not shown) wth the carrier substrate 204. The heat di ssipation device 208

(shown as a _finn [ hawiangma plurality of fins 232) is kept in
cont act vvitﬁIu[nHré rﬁa@rﬁlgié}“égpér(ygh@gt |(1alé222 with a spring clip 234 which spans
the heat dissipgtion Vi ¢ 08. .

conductive greaggwﬁ‘fféqﬁesusﬁl%gérel ldg‘&%ﬁ%ﬁﬁg&%& g?%gleeeéltos(ragﬁ %:lz%%rel c?‘(ﬁ% 20 and
t he heat di ssipation .device 208. (s.conf.i t ' L3 nat es
probl ens wiY§s thﬁi“%‘ﬁrﬁf’lgﬂ.mnfct“q? %6524“5 & 'r?cl)s\f\lng“?{hﬁbg e{é ﬁé&e@%ﬁ%ﬁ%{fﬁ@%b&i ease 236
of FIG 5 may be replaced wth a.phase-change mterial, or [ 4. Such

mat eri afs SFWHF‘HHQ@%E?ng%e&F @‘?‘@6‘95‘ gevb"ﬁ’?@ a{‘ﬁ@f‘&@r’?lﬁc roggﬁdteiis ehcy) when
cool (i.e., ro_omterrpe_ra_ture%l. VWhen heat ed g‘grou ht to WO 02/ 11~0~ PCT/ U
SU 11 22960 thspaiceelertionie s &P% heaisde # normal opraing ¢ eyFR PR A O ges to a
substantially liquid phase (grease-like consist enc¥) V\A’hl ch allows the
phase- chandempesatere whien off. Stiessesrdye t.C B Prisatch ingreass g prebabilityghat piacks, g
surfaces (when in a solid phase the phase change material is not able to
conf or m t o vall linitiite arslyaopsgete & the Thespeleesionictdire202; whickimay sanse thg ailies ¢ler

contact properties which results in a higher heat dissipation conpared to
the solid piaszroeBororscdia 26t Burthatmars, i hedentb|getitrasofder mategials 49 adheredo of a
phase-change material wthin a fiberglass carrier (mat/pad) available from
Choner i1gs, thHRitdtiect¥nic UiSAackHuvirceedi? aad theheatsliszipatam defioobgskiswrface 316,

m croel ectronic dice decreases, the contact area between the

m croel ect rnpiEcdHlify ARFctRapARAto Bbth Sirfts, eicléyvprokibitiecly egmasive.whi ch 10
reduces the area avail able For conductive heat transfer. Thus, with a

decrease of the pgigfhel RndwifenBoainRpt ChbRRLLFIC. 8,2 F;hﬁ%gatid shrstypagPGA”f rom t he
heat di ssi pation device becones |less efficient. Furthernore, as the

m cr oel ect ronl Gt hiPQuss: is?)laic 52888t 23NRoleAton IR babifer iRkt DEATper at ur e
speci fications decr eases, or the external anbient tenperature specification

. Th | : 3 i for 15
USSR 949/ lifho Yont HEPEA! mBRLlAARIGE 202 bk ekt ANLIARR: T OF

e such area Is the interface between the
T 000 S0 L i o 2 PR S o SR B 0
o o S e SRSB4 AL b SRBLI) oS gonest v,
et ufhoShabelly $ 1T I Bt SRR 2
at an int erc]ici:ale 8262 \Bﬁltl pre}&g%lig (23?4{ w}sli(glllJ glfa%s tellxg?leaa% d%gi%gtio%idsegiicg %é and cgr?n\{eict% %
the socket 224. A conductive grease 236 is placed between the microelectronic die 202
20  and the heat dissipation device 208. This configuration virtually eliminates problems with
CTE mismatch. '
It is also known that the conductive grease 236 of FIG. 5 may be replaced with a

phase-change material or matrix. Such materials are in a substantially solid phase

(paste-like consistency) when cool (i.e., room temperature). When heated (brought to



3 WD 02/110-t PCT/USQOL/ 22960 BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e the
specification concludes with clainms particularly pointing out and

di sti nct hyo Gi/ﬁism: ng t hat yvhi ch is regarded as the presentp¢mvsiiizben, the
advant ages of this invention can be nore readily ascertained fromthe
fol |l ow ng descrl ption of the 5 invention when read in conjunction wth the

accompanyi n &l enbodi t
of o orid R ﬁ*”é;@ﬁéeréﬁae‘éﬂf%%ﬁe i S

Cross-sect | Ogaﬁﬁé\é’lﬁgs\évl e c%nsm eng l'[fa'pa; 110@% R ﬁﬁée@h&%@%t&ﬁ%%@nﬂnﬁ o & sol der

mat eri al , vent Is a sid
Cross-secti on view of a FbOdl havi n
I%I (C:ioa'z ed grishf dcreéﬁ%gug%‘é‘?’sr?gfna Sur wg%‘clggggﬁ n%}%'%egtﬁ% Pllgd@ép‘rgheag%éﬁmle}rll%/{ent i ong
is a side cross-sectignal V|ewo | ce attach
to nicroel edt PgIpble tﬂ?@forgétolﬁﬁmoYVﬁrpf’Wé artr e?% i@ﬁlg%gﬁéegﬁs 93%11 si de ached
cross-sectional view of a heat djssi on deV| ce
mi cr oel &ct r GRRECtAreperties Whirhpsult Wntaf'héﬁﬁf beat Ejﬁsf?ﬂnfﬁﬁwfﬁ%? BFS EE&%‘—A STHE
| LLUSTRATED EMBODI MENT Al t hough the figures illustrate various vi.ews of the
present i nvednd suoh makselds Theyulew™ Bi43r @nsiging At a Rbase-hasgr malgpial within a
m croel ectronic assenblies in precise detail. Rather, these figures
i |l ustrate niterges entieiriat/pal seaibble éom @homenign &oburme Mrb U A | ear | y convey
the concepts of the present invention. Additionally, elenents common
bet ween the fi gWoeevéreisahdsizde “Emipintiofiericroelde®nigrdidei doereasds, the contact
area between the microelectronic die and the heat dissipation device decreases, which
10 reduces the area available for conductive heat transfer. Thus, with a decrease of the size
in the microelectronic die, heat dissipation from the heat dissipation device becomes less
efficient. Furthermore, as the microelectronic die power is increased, the heat source
upper temperature specifications decreases, or the external ambient temperature
specification increases. Thus, every area of thermal performance must be examined for
15 any possible enhancement. One such area is the interface between the microelectronic
die and the heat dissipation device. As microelectronic dice become smaller, the heat
transfer properties of the interface becomes a greater factor. Thus, currently available
thermally conductive adhesives, greases, and phase-change materials generally are
quickly becoming bottlenecks to heat dissipation.

20 Therefore, it would be advantageous to develop techniques and apparatus to

improve the efficiency of heat transfer at an interface between a heat source and a heat

dissipation device.



WO 02/ 1150 PCT/ USQOL/ 22960 Al t hough the present invention is described in
terms of mcroelectronic dice and m croel ectroni c-type heat dissipation
devi ces, whot/fistpt so limted. The present invention nmay Reriusad&s an
interface between any applicable heat source and heat dissipation

mechanism 5 FIG 1 illustrates a grid frane 102 of the present invention.
The grid frame 102 may begpmedcraptitaN GiTHE BRAWHRIG/e materi al
i ncludi ng, but not Ii m't am num_copper, nickel, stainless steel,

and the |iKke. roviding a
metal foil and gﬁ‘alg:ﬁ% és’(ﬁl%{m? Iggedr“glo@é%n‘lslgﬁ]ng%e%ﬁ% ugﬁﬁtﬁ%ﬁgymn@t al foil is
expanded/ strgtched 1d r d.f.l at er uner ous
fabrication d%él q@' g E Chb'er‘:’gardl_m{ﬁ Pl‘ese]mt, ]tr)]&?n(t:é{]]qﬁ{%&gﬁg%eé%f{h Spre 102,
as will be apparent to one s IIed Furt her. although t he
openi ngs 1043Ypeﬁt'?'h@“(t}tﬂ'“o°r? f*& aH‘FQtffgw&a#Ot‘B Ve dg?f{}gﬁ?%l ottty may be any
shape includi ng L not Ilmtedto triangul ar, rectan circul ar,

el liptical, ‘&Yﬁ‘if“t"h%‘ 91 neqd m&e?;@mmg”ﬂaﬁhet%&gt%nﬂéQt%‘t%sg'b ﬁ-‘tr‘ii’q The grid
frame 102 is then coated with a therrrgﬁ)flé{lr\/l co duc |ve interface rraterlal 15
106 FIG 2111 0k rie esobiass pis o ap pmbyihien PbAEH free agrarding fodhe 102 coat ed
with the thermally conductive interface material 106 to forma coated grid
frame 108. TesertHayentiby conductive interface material 106 preferably has a
melting tenperature at or Lower tenperature than the tenperature of the
heat source to Wi.GHs o kide croas-tedtignal vew ohareemtpgimgnt pf@gm‘gngteg witbut t ed.
It is, of course, understood that the actual profile and 20 depth of the
coati ng wi | la sdkjeemdterial, sdeerdpipyts thepresprtapentiangs of the thernal ly conductive
interface material 106 sel ected and the size of the openings 104 (see FIG
1} of tibe grid FI@rEs 2 6ide clokdsectonal Viewof ai @sbaimént bHeinetdeleatronic conponent
assenbly 110 according to one enbodi ment of the present invention. The

m croel ect r oRtembIPRRARA YoaRS sRMEhMe thkBndl inter¥¥oe, ARéckdiag tolthEprbédd01/ 22960

i ncludes a mcr oeI ectronic deV| ce package 118 conprising a mcroelectronic
die 112 attagfigfos,0 and in electrical contact with a first surface 116 of
an interposer substrate 114. The attachnment and electrical contact is

achi eved't hr oughy Ak ULA bloke B kw39 ek dRabon iV tbgding bet veen

contacts 124 on the mcroelectronic die 112 and contacts 126 on the

i nt er poser Ser%Eotefe%%lé hlgsgs kﬁb'M AGE M%Pd The interposer substrate first

surface contac di'screte’electrical contact with contacts 134
on a s ond sur 136. of the t plurality
of con ct| ve tﬁrg@gs‘sf‘ﬁtﬁlfcsoﬁ wna? IQW I%g@#ﬁﬁ&ﬁaﬁwﬁd% {géér)&otg?g?:‘ substrate
114. The el ectrl tact of t 'cr oel ectroni c device package 118 with
a carrier 107ty ‘i‘%ﬁ“é e O‘ét%'"a ‘herboard) 142 is achieved with a
plurality of solder balls 144, which are forned (reflow) on the interposer
substrate second surface contacts 134. The solder balls 144 extend between
t he interposer substrate second surface cont acts |34 _and cont acts 146 on a
first surface 14DBFAIED DESCRIPIIQ v ISTRATEL DL i

Although the figures illustrate various views of the present invention, these figures
20 are not meant to portray microelectronic assemblies in precise detail. Rather, these
figures illustrate microelectronic assemblies in a manner to more clearly convey the
concepts of the present invention. Additionally, elements common between the figures

retain the same numeric designation.



contact therebetween. 15 The support structure 152 includes a frane 154, a
backi ng plate 15d, a heat dissipation plate 158, and a plurality of

retenti owa@exiises {shown as bolts 162 and nuts 164). The Regk§digfpate 156
is placed adjacent a second surface 166 of the carrier substrate 142. The
frame 154 is placed adjacent . to the carrier substrate first surface 148 and
at |east parti ahjiou gHEHe%&Gﬁt ihRRticH i@a&%hséatlﬁ@H?mgoﬂﬁi&&fecﬂa%éﬁ@a.fdw 20 The

coated grid frame 108 is di sposed between the heat dissipation plate 158

and the mc t: n ends
over the frggrrgl) %g(%{og'lwtgpﬂﬁe%t éésﬁpgg&gget\gﬁg lttl Pgﬁbm 68 g ﬁrﬁ&nﬁﬁ? rlt(:r\é;ll 56, the

frame 154, Iy by nuts 164
t hr eaded thergbtela ngﬁlelg%rﬁglé g@?vaa{yg %ﬁa@gﬁi%g&g%e%ﬁgéé& g ggt on

thermal |y Cﬂ{%@h’aﬂ ve material i ncI uding, but 6 WD 02/11~0~ PCT/ USOl/ 22960
not limted um num al um num al | oys, copper, and copper alloys. The

heat di gsipati e I, he heat. nerat.ed hy the

ni cr oel gct ronl gﬁgoéalil?gateﬁg"iéarg? clf&léeepresﬁﬁ é‘{l?)'bghlcigé f5m5d02r et ent i on
mechani sis, %h %a #1 RS2 Ilke be used as the support
structure 15'5‘5' g1 e8 g “Yf‘fm*ltﬂé" @8+ byt RotdpRited o, @*‘E‘?‘E‘i‘% ng back
to FIG 2), the g frame 102 conpri ses mesh having a strand
width 172 oFOREBRC 5‘ FRiplesiterh 4T Hodika Trefermbliidne s ramie 092 isBabuieated 5 i | 5.
The individual grids (see FIGS. 1 and 2) have a pitch 176 of about 50 mls.
It is notedbypevidinga meahfod yadplacipgsligparfrationsthoretisughp dbe mptabfoil the
thermally conductive interface material 106 is selected such at it nelts at
or 10 bel owexnradeddttngtehedandrralidddlat. Bopeven tis endsfstaod dhatiremerebisfabricationc di e
112. In the present enbodinent, the thermally conductive interface materi al
is a solder techmiguasinidy beemplayed tod“abrbated@g’r'gﬂfmrhwﬁ@hastvﬁﬁ bé hpjiEtenetoment

nunberi ng} having a nelting tenperature of about 60C. Possi bl e sol der

mat eri al s i sidlledfe thdart. Rurthemmaie, hitiduik thetopenisgs! 1646h tho ke fratfiavdnge about 49%
Bi, about 21%In, about 18% Pb, and about 12% Sn; and a | ead-free sol der 15

havi ng aboushdwPéobs SQURIES tHey Sy DY @B sha@ﬂcl@@iﬁgﬂbuﬂ-ﬁ)t@%}ltgﬂ to, il@g@xenpl ary | ead
and | ead-free solders both have a nelting tenperature of about 60C. The

grid franme M&n%oﬁk @i?c&ﬁaéll%ﬁlcw Ay thé‘ﬁkeg fdﬁ‘dmé—&ﬁth@fa%ﬁtﬁn%&hbﬁg@nd di ppi ng

the grid frane 2°in the nelted sol der such that the sol
conpl etel y coatpeldid fntediob ialiEn dddted With a'tﬁermgf dhetfve it E gl that the

grid franme 102 may be coated wth the sol usmga

techniques, ¢ pid.h lh&sﬁwaaﬁgé.f&eomgﬁ%; egﬂ e 16 Blda il gcoat cd gric

frame 08 can then be place ween ISSI pation 158 and the

m croel ectr i rﬁal@' ?)gé}c?isie Mergceomgteﬁal\{& R GRS Y t&ed grldetlr)ame\,\ﬁ)%n’I‘hnduced by the

support struc ur

thermally conductive interface material 106 preferably has a melting temperature at or
lower temperature than the temperature of the heat source to which the coated grid frame
108 will subsequently abutted. It is, of course, understood that the actual profile and
20 depth of the coating will depend on the physical properties of the thermally conductive
interface material 106 selected and the size of the openings 104 (see FIG. 1) of the grid
frame 102.
FIG. 3 illustrates a microelectronic component assembly 110 according to one

embodiment of the present invention. The microelectronic component assembly 110



WO 02/1150.t PCT/ USOL/ 22960 When the m croel ectronic die 112 is powered up,
it generates heat, raising its tenperature. Thus, when the tenperature of
the microedemimseni c die 112 is increased above the nelti NBct/BeRehadour € of
t he solder 106, the solder 106 nelts and confornms to the m croel ectronic
die 112 and the heat dissipation plate 158 in an intimate, low thermal 5

resistance GRMMRSh nliiBEIEhRhIORRIce JhkazcaNY sRhRKidpathictdeRRERAE diE 1P t he
m croelectronic die | 12 to the heat dissipation plate 158. The grid frame

102 mechani Gahdn¥d kP8RSn LBGriSA LoRIct Wi a ik 9 SurFdd0 M 8k BAUhtePbser Qtﬁ)strzﬂé erface
bet ween the mcroelectronic die 112 and the heat dissipation plate 158. It

is believed e lc 106 on the
grid frane 1%% T(rhgtla ﬁ??ﬁltaﬁtgd&dt‘éﬁgnggl gtgéa ilsgaté:&'g???icth %H@{())lh%ﬁef Sﬁll r]f rane. 10

The nel ted %ﬁd%all%?@’ gﬂtéddmﬁga:afgve%i%g IQQ%RItlEtn[? k)&)eféy&on?{ dik hf? %nrat erface

bet ween the mcroelectronic the he I SSi I on p ate 158
W t hout t he ener es not
wet ei t er € ﬁ}éﬁ%‘s E:ir o thg% %Q&rawggt%grﬁ Hﬁegﬁe 1(’:?& S?)raisfl (')rﬁ eJd gt e 158.
When t he mcr el ectr 12 ¢ w, t 0|nt f the
sol der 106, 'gcte fFant 8? 3%6 ariﬁ'tfll 1L %Fcf“iwé' CO“%’:{EWH%F(??%& ‘ggl £ 581" he sol der
106 is prefer y. ., at above room t rat ur oyt 72C). As the
sol der 106 55&?‘35 13§ &ﬁ*ﬁ%‘f%tatﬁéfs?“gﬂf attfe ng b\éb’ﬁ( qfﬁ%“‘g’ﬁ‘i'YféYacﬂsdBOtand
either or bo ft hg m croel ectronic d| e 112 and the heat dissipation
plate 158. %“ exieadipg throped the 1BToRFr SUBSEE {4 n t he de- coupling the
m croelectronic_die 112 fromthe heat dissipation plate 158, thereby
el i minating st r Baadectriesl sontastel thymictaelasirania device napkage hES Withp gayriert he
solidified solder 106 breaks free fromthe mcroelectronic die and/or the
heat dil¥si psubstategsush s b B@therbgandh &42rip achicvad with e pluaality ofoldegbdllsl44,he
m croel ectronic die 112 and/or the heat dissipation plate 158 is needed. In
a conpar i sonwhihtane fmmedhéefidy)wa thtasterpobse dutstrate sécondraurface eontacts.134.nThe copper
with a 50 m| pitch) with the | ead sol der coating (about 49% Bi, about 21%
In, 18% Pb, sdldestalls 144 Qténd|btneen the interposer substrate second surface contacts 134 and

contacts 146 on a first surface 148 of the carrier substrate 142 to form an electrical

contact therebetween.

15 The support structure 152 includes a frame 154, a backing plate 156, a heat

dissipation plate 158, and a plurality of retention devices (shown as bolts 162 and nuts

164). The backing plate 156 is placed adjacent a second surface 166 of the carrier

substrate 142. The frame 154 is placed adjacent to the carrier substrate first surface 148

and at Jeast partially surrounds the microelectronic device package 118.

20 The coated grid frame 108 is disposed between the heat dissipation plate 158 and

the microelectronic die 112, The heat dissipation plate 158 extends over the frame 154.

The bolts 162 extend through the backing plate 156, the frame 154, and the heat

dissipation plate 158, and are retained by nuts 164 threaded thereon. The heat

dissipation plate 158 is made of a highly thermally conductive material including, but



PCT/ US011229&0 Sn) and the commrercially avail able Thernfl owlM T443, the
enbodi nent of the present invention denonstrated a thernmal resistance of
about 0. y&oIN@oy the Thernfl owTM T443 denonstrated a thepopUssieadet ance of
about 0.9 W Thus, the embodi ment of the present invention has a

consi derabl e thermal conducti on advantage over the Thernfl owlM T443. Havi ng

thus descri beghfledts! AhinSAPAdPRR0R, cdpper, RECEPPér alloyeThe@eat it is 10
under st ood that the invention defi nedﬁ{)y dtﬂ,he appegdreada%‘leal ns is not to be

limted by %?srs{p s}ﬂ'&tﬁ‘i% Fglﬁate%%e Heall Herht@dB fhe HOGBle SRR didl 12015 is,2S MBNY
apparent variation ereof are possible wi thout departing fromthe spirit

or scope t h%rfgc(ﬂrse un&égt%%éﬁleﬁe%&ﬂ\@ec\ﬂgﬁﬁmé §u&1|a§'cﬁﬁsdanﬂ%e like, Dufdher mal

i nterface, conpri Ol 22960 a grid frane; and 5 a thermal |y

conductive sal de t tially coating said grid frame. 2. The
t her mal |ﬂt§?#§%émg%”$ gﬁtﬂﬁHQﬁﬁg?eln said grid frane conprises a thernally

duct t Ih
chore iy consoh Pt Bl BB AR S A By o
al um nu co n
of clai ma f?ﬂ%frgzﬁm‘élaﬁafs5&9@6?@%%&&?%%%9%eﬁ 175 o 1805 %Q‘mﬂa“' ntertace
conducti ve mes Vi n t ds, d
S The. t hor AP g G g s &Lé%@ﬂ ugtiar bR R Y af s oe T
copper material strands on a 0 of out 5

mls and a thiich it Aeefabgut S9dpils t_l_ls r%tlﬁqi B)gt t?xe mcs shou Qgs t%m as v1arl1)ly possti

The thermally conductive interface material 106 is selected such at it melts at or

10 below the normal operation temperature of the microelectronic die 112. In the present
embodiment, the thermally conductive interface material is a solder (and will hereinafter
be designed with the “106” element numbering) having a melting temperature of about
60°C. Possible solder materials include, but are not limited to, a lead solder having
about 49% Bi, about 21% In, about 18% Pb, and about 12% Sn; and a lead-free solder

15 having about 51% In, about 32.5% Bi, and about 16.5% Sn. The exemplary lead and
Jead-free solders both have a melting temperature of about 60°C. The grid frame 102
can be coated with the solder 106 by melting it and dipping the grid frame 102 in the
melted solder 106, such that the solder 106 completely coats the grid frame 102. It is, of
course, understood that the grid frame 102 may be coated with the solder 106 using a

20 number of techniques, as will be apparent to one skilled in the art. The coated grid
frame 108 can then be placed between the heat dissipation plate 158 and the
microelec;tronic die 112, with positive pressure therebetween induced by the support

structure 152.



10 WO 02/ 1150 PCT/ USOL/ 22960 6. The thermal interface of claim1, wherein
said thermally conductive solder material conprises about 49% Bi, about 21%
I n, aboutw@8aiRbs and about 12% Sn. 7. The thernmal interfpcrusivba m 1,
wherein said thermally conductive solder material conprises about 51% I n,
about 32.5% Bi, and about 16.5% Sn. 5 8. A device assenbly, conprising: a
heat source; a Whah thdinsisroplkttranic dieViXie powered ap, titgenerates heat, egifiags di sposed
bet ween said heat source and said heat dissipation device, conprising a

grid frane sefisdrdiel Thiy whodthe enyeiafureof the micrbdlactionio dictiDisinseasder 10
material. 9. The device assenbly of claim8, wherein said thermally

conductive s@biahe MBLIAE tedlperilré 6f t8é sAAdédr @ 0 lictdoltet | G mélts 28€ k&ifordns to
tenperature of said heat source. 10. The devi ce assenbly of claim8,

wherein sai dhg.mc?oeﬂercamﬂc GRS hifPhe Reat BREPRIoh YIaEOTHEUR bk MEmAR, BW thérmall 5 11.
The device assenmbly of claim 10, wherein said thernally conductive nateri al

sel ecteqd fromidiee %ﬁéb?th‘é&'ﬂ@t’w%&d NehiXnh AUl fAns &P BB the MickdeRkiroRod
stai nl ess steel. WO 02/ 110-! PCT/ USO 1/ 22960 12. The devi ce assenbly

of claim8, jh b'fhesh%btddnﬁ[?hﬁori 61&9‘?58?01;% rgrﬁ‘%ﬁam% lléhﬁ{%@lﬁag gﬁé&gé th¥

p
5
conducti ve mesﬁl havi ng nes nds” d ng substanti are openi ng

13. The devigp, ARBSH) Vunﬂfng%h@cg%e]xﬁre ﬁﬂ{ﬁ{]ﬁﬂzc@ n%c%@é&ro%ﬁc&ﬁﬁ?ﬁf&‘a%' S€

copper materrar strands on aV| ng a m bout 5

wher el nsai ety P Aatch st Bt hion  uR LR R uoeer
o e s T, B - R G T L.
about 51% ! nThe%Pe(l)tlélé sc?ic%erSI% \|23vllll teﬁcii1 t% onOéJ(}mp egelg (z)ut or} the interface between the
microelectronic die 112 and the heat dissipation plate 158 without the grid frame 102, as
the melted solder 106 generally does not wet either the microelectronic die 112 or the
heat dissipation plate 158.
When the microelectronic die 112 cools below the melting point of the solder 106,
15 the solder 106 solidifies. The melting point of the solder 106 is preferably at or above
room temperature (i.e., about 72°C). As the solder 106 cools, a weak adhesion develops
between the solder 106 and either or both of the microelectronic die 112 and the heat .'
dissipation plate 158. Thus, the CTE mismatch will result in the de-coupling the
microelectronic die 112 from the heat dissipation plate 158, thereby eliminating stresses
20 caused by CTE mismatch. In other words, the solidified solder 106 breaks free from the
microelectronic die and/or the heat dissipation plate 158. Furthermore, no special
coating for the microelecironic die 112 and/or the heat dissipation plate 158 is needed.
In a comparison between the above described grid frame (i.e., 1.5 mil copper with

a 50 mil pitch) with the lead solder coating (about 49% Bi, about 21% In, 18% Pb, 12%



16. A mcroelectronic device assenbly, conprising: a mcroelectronic die; a
heat di ssi pation device; and a thermal interface, disposed between said
heat soumg@osndosai d heat di ssipation 15 device, conpri siwFgr/es@raesof r ane
substantially coated with a thermally conductive solder material. 17. The
m croel ectroni c device assenbly of claim16, wherein said thermally '

conductive %91? SIRF thEBS R Rlall BV 4ilabIa ThermifRWDET #43|ihe embodimentalf th presestper at i ng
tenperature of said mcroelectronic die. 12 WO 02/ 11501 PCT/ USOL/ 22960

18. The mi Cru?\?elnﬁ(% Ee%ngt{é?gd/d ﬁlﬁ@rn?a??e@gahye dthab&ilt 813PCHT aniRMBkfiiRi™@ thermal Iy
er st ant |

conductive in ace material is su ally solid at roomtenperature.

19. The mecr ctroni c,devi ce assenbl y .of i I . sal.degrid
frane conpr f@ég %Q“PWEP%PE}W’E?e)lﬁfﬁﬁsiqr\cegy%we@ %/Wé‘ﬁ?@vm%rgﬁ&%@%%gf ectronic
devi ce assenbly of claim 16, wherei aid thermal ly conductiyve naterial

sel ected frdhe PREENGIBENHIOR brkd “é’t"?‘ﬂifa@f‘ ﬁﬁpﬁﬂic t“?fkf)éﬁ@ﬁ?ger‘ﬁvﬁrﬁlé? , and
stainless steel. 21. The mcroel ectroni c device assenbly of claim 16,
wher ei n5sai ditgrmiow'tdd3.conpri ses a planar, thermally conductive nesh
havi ng nesh strands defining substantially 10 square opening. 22. The

m croel ectroni c device assenbly of claim 21, wherein said nesh strands
conpri se copper material strands on a 50 m| pitch and having a w dth. of
about 5 mls and a thickness of aboutt 1* il st 23. The mcroel ectronic
devi ce assenbly of claim 16, wherein said thermally 15 conductive sol der
materi al conprises about 49% Bi, about 21% I n, about 18% Pb, and about 12%
Sn. 13

Having thus described in detail embodiments of the present invention, it is
10 understood that the invention defined by the appended claims is not to be limited by

particular details set forth in the above description, as many apparent variations thereof

are possible without departing from the spirit or scope thereof.



WO 02/1150.t PCT/ USOL/ 22960 24. The microel ectroni c device assenbly of
claim 16, wherein said thermally conductive solder material conprises about
51%In, ahouindes 5% Bi, and about 16.5% Sn. 25. The ni cr oRC"BUS0IME devi ce
assenbly of claim16, further including a support structure which induces a
positive pressure bet ween the m croelectronic die and the heat dissipation
dRﬁVI ce. 14 .Al. A .Asy.Ase. AS9. AfL.A . A . Ase#. AL. As. A'. A" . As=Hdf h~*iloe i u
i z!\wr nmhc”Y] ca] caf a] ca] ca] ca] ca] ca] ca] ca] caU] ca] cRa] ca] ca] ca] ca] ca] ca] ca
1 c™a] ca] ca] c”a] ] chal] ca] ca] ca] cRa >LHTeo

nH\ a| Flmzupkwa}/ys%fdlilﬁ ga] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”al] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] caJ ¢aj ca] caU] ca] ca] ca] ca] ca] ca! Jt U$) C
$&&&&&H6( ((A) X)) #*z***+@+, 3-. zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]c”a]ca]calca!..../0000%
1wll' 3z34, 5x555§566P 7t§‘r99'i.t' L comprising:
;{vqgl gb] X]] ca] ca]cal]c e]?,“ﬁﬁ ¢a] €ay éa %aS] é’a] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] c%gaga cal caU] ca] ca!;
4<<<; ======>\\p>3 FH 8 AAABDBI BCCzupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] c”a] cal] ca] ca] cal],ca] cal.calc Ul
cal EPE( B oF SRS HESEE G AT0E VT 0 DACT-cal cal cal cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]cal]c
?L;ﬂg?! Li\/l MVIVENNNOOG PPPPDQQORRIJJKKKNLhLnLzLLL{ vqgl ga[ V] caU] cal] ca] ca] ca] ca

cal ca
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3. The thermal interface of claim 2, wherein said thermally conductive

material selected from the group consisting of aluminum, copper, nickel, and stainless

10  steel.

4, The thermal interface of claim 1, wherein said grid frame comprises a

planar, thermally conductive mesh having mesh strands defining substantially square

opening.

5. The thermal interface of claim 4, wherein said mesh strands comprise
15  copper material strands on a 50 mil pitch and having a width of about 5 mils and a

thickness of about 1.5 mils.

10
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7. The thermal interface of claim 1, wherein said thermally conductive solder

material comprises about 51% In, about 32.5% Bi, and about 16.5% Sn.

5 8. A device assembly, comprising:
a heat source;
a heat dissipation device; and
a thermal interface, disposed between said heat source and said heat dissipation

device, comprising a grid frame substantially coated with a thermally conductive solder

10  material.

0. The -device assembly of claim 8, wherein said thermally conductive solder

material melts at a temperature at or below a temperature of said heat source. \

10.  The device assembly of claim 8, wherein said grid frame comprises a

thermally conductive material.

15 11.  The device assembly of claim 10, wherein said thermally conductive
material selected from the group consisting of aluminum, copper, nickel, and stainless

steel.

11
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thickness of about 1.5 mils.

14.  The device assembly of claim 8, wherein said thermally conductive solder

material comprises about 49% Bi, about 21% In, about 18% Pb, and about 12% Sn.

15.  The device assembly of claim 8, wherein said thermally conductive solder

10  material comprises about 51% In, about 32.5% Bi, and about 16.5% Sn.

16. A microelectronic device assembly, comprising:

a microelectronic die;

a heat dissipation device; and

a thermal interface, disposed between said heat source and said heat dissipation
15  device, comprising a grid frame substantially coated with a thermally conductive solder

material.

17.  The microelectronic device assembly of claim 16, wherein said thermally
conductive solder material melts at a temperature at or below an operating temperature of

said microelectronic die.

12
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comprises a thermally conductive material.

5 20.  The microelectronic device assembly of claim 16, wherein said thermally
conductive material selected from the group consisting of aluminum, copper, nickel, and

stainless steel.

21.  The microelectronic device assembly of claim 16, wherein said grid frame
comprises a planar, thermally conductive mesh having mesh strands defining substantially

10  square opening,.

22,  The microelectronic device assembly of claim 21, wherein said mesh
strands comprise copper material strands on a 50 mil pitch and having a width of about 5

mils and a thickness of about 1.5 mils.

23.  The microelectronic device assembly of claim 16, wherein said thermally
15  conductive solder material comprises about 49% Bi, about 21% In, about 18% Pb, and

about 12% Sn.

13
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