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MATERI AL ON A MESH CARRI ER BACKGROUND OF THE | NVENTION Field of the
| nventy@pisi1ide present invention relates to apparatusPERASABIMEUS for 5
renoval of heat fromelectronic devices. In particular, the present
invention relates to a thermal interface conprising a grid franme coated
with a ther mlyhRel{CeerIRE SCEMATEMALOMAIVMESEGARIIR| d frame is
di sposed between a heat generating source, such as a mcroelectronic die,

and a heat dissipation geriegonys brasenie@aiTeN eader or heat sink. State
of the Art: Higher perf ., Tower cost, 1ncreased mniaturization of

10 integrat t$]é Igf {fl‘_gu}g:tvggﬁ%gpo e:n[;r?sentam?en% Rlafds (P apsRAK R AeMsdd i Of

i nt egrated ongoing goals of the mcroel ectronic and conputer

industry. As these_goals. are. achigv ] t:r ani: ia come
smal } erYWAl?(‘fﬂr%SFPéfrg?‘ Sl9gHonE AR F(;r)‘fp%%ic?\‘/'\@‘ e géﬁgﬁ&%\{épgﬁa %g‘ &t%ﬁ(g@i nt egr at ed

circuit conponents in the mcraqel ectroni ¢ dje } d, which, in
turn, i nﬁ\cgﬂé%e’faﬁ'écmisﬁ’éé gj"'ﬂﬁ'@?’fz{iﬂat‘f@?‘r@ﬁ g’fz ﬁ?haiﬁé‘?ka[g i"gl{en%%éafn’ croel ectronic

die. If the tenperature of the m c¢roel ectropic dj.e beco 00 high, the

i nt egr at whereinithadopisd grid frame ﬁ%ﬁwfﬂh‘f%"%%e ?/gi?@mﬁgsﬁr'g}bésda or destroyed
Vari ous apparatus and techni qgues have been used and are presently being
used f or miarestsuomg discand afheasdissipetiasdicuics. S8 ag‘F%‘éF‘“?ﬁé 05%8%' at

di ssi pation technique involves the attachnent of a heat .dissipation device
to a m croelSeas ofthé ArtdHigheFpagformanict,| lp8encastagcrgiicd BILALRAHPY D00 conpri si ng
a mcroelectronic die 202 (illustrated as a fli E chi p) physically and

el eg ri Citdgpatadidiratinashponeras, omt greater pockaging dewsit2 0 infpgraedirGiily ¢ y of sol der

b balls 206. A back surface 216 of a heat dissipation device 208 nay be

" att achedydgding g8 bf thélmickectccBbaic and computer industry. As these goals are .

achieved, microelectronic dice become smaller. Accor&ingly, the density of power
consumption of the integrated circuit components in the microclcctrqnic die has
increased, which, in turn, increases the average junction temperature of the

15 microelectronic die. If the temperature of the microelectronic die becomes oo high, the
integrated circuits of the microelectronic die may be damaged or destroyed.

Various apparatus and techniques have been used and are presently being used for
removing heat from microelectronic dice. One such heat dissipation technique involves
the attachment of a heat dissipation device to a microelectronic die. FI1G. 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 sofder 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 2 heat pipe, as known in the art, or a heat slug



+of the nicroelectronic die 202 by a thermally conductive adhesi vk o)A Z8{5r
214. The heat dissipation device 208 may be a heat pipe, as known in the
art, owoaheai slug constructed froma thermal |y condudtivgétat eri al ,
such as copper, copper alloys, alumnum alum numalloys, and the |ike.
However, the use of a rigid thermally conductive adhesive or sol der 214 can

cause st B0t Do a0t BShBaivE RRlcialERh2Q 205KE cogpenalidysmat ch bet ween
coeffi ci ec[?ﬁ%ﬁ’g?d;ﬁ%gjr%g?r aS{(expans"i on C CTE") of the beat dissipation device

208- and the .m croel ectronic, di Q2 as the mcroelectronic die 202 heats to
Hhe?
a nor nal a&‘ﬂ'élp'é‘ﬁaﬂ‘ém gﬁ&ﬁg&astﬁngéﬁevﬁen on and room tenperature when of f.

Stresses due_to CTE, m smatch.,i Hi L Gleaks wll
initiate andHBYVSY)eé'gg? ‘éseir‘r)ﬁaf'ﬁlg th%?ﬁé%@%@éﬁ?%?%%%}g&?\ﬁcgh cmay cause the

failure of the mcroel ectroni e 202 rther -] al O get the
sol der HHEssssiim e migroglgHEne ‘ﬁ%i(%d’%f’ Eoea ’Scr:"rag:glb&@%re gg‘?egﬁﬂlérgs atgfr surface 212

and the heat dissipation device back. s %ac 216 . tisng may to be
appl Ped exppngen f @@% %E%@“WW“P%&&CS Igrlh -F"?‘f% Imﬁcr%(l%é% g!c\c;j ée.o'a%n Sanot her
known enbodi ment as shown in FIG 5 a pin grid array-type. ("PGA")
ni cr oel dstmioreetecidonic gip 207 healsitgr B%F“F‘h"‘&’g'é‘é IE%‘EPC?Z%C ﬁyg%'hf%g"dor(ﬁm?he carrier
substrate 704, wherein pins 226 extending fromthe PGA nhctr oeLect ronic die
222 nak eenglestire hen off oBiveseas dusto/f Y mispRtrdRGrease the pbalty AR ooket 224
The socket 224 is, -in turn, in electrical contact (not %&ﬁv\n w th the
carri er willindatedng pRephgatd nsthtimisrocdicisanip dici 28R, Wgh pay swves the F%s a finned
heat sink having a plurality of fins 232) is kept in contact with the
ni cr oel gpinmionkRctrahicdia 2®2. Futhereospin arderdd £¢ theaspldgnmatsrials srdbergdo heat
-y di ssipation device 208 and connects to the socket 224. A conductive grease
7236 1pS Bleasiedelatonedic bitk snifee 082 acitthohéat didsipatpp Zevice back surface 216,
a gold coating may to be applied to both surfaces, which is prohibitively expensive.
In another known embodiment as shown in FIG. 5, a pin grid array-type (“PGA™)
microelectronic die 222 is placed in a socket 224 mounted on the carrier substrate 204,
wherein pins 226 extending from the PGA microelectronic die 222 make electrical contact
15 with conductive vias 228 in the socket 224. The socket 224 is, in turn, in electrical contact
(not shown) with the carrier substrate 204. The heat dissipation device 208 (shown asa
finned heat sink having a plurality of fins 232) is kept in contact with the microelectronic
' ) . die 222 with a spring clip 234 which spans the heat dissipation device 20§ and connects to
the. socket 224. A conductive grease 236 is placcd' between the microelectronic die 202
20 and the heat dissipation device 208. This configuration virtually eliminates problems with
CTE mismatch.
Tt 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

2



* 20 and the heat dissipation device 208. This configuration virtuaflgy JAN 200!
elimnates problens with CTE msmatch. It is also known that the
conductigip9sgase 236 of FIG 5 may be replaced with apcphasieedwange
material or matrix- Such materials are in a substantially solid phase
(paste-like consistency) when cool (i,e., roomtenperature). Wien heated

(brought t %galf%% ?e[n-;]ééginnﬁgsg'tg i & 4130: Aa1B6T LhiR0dd 18 3 38R annatlyaiglidg

t enper at ufks ce material changes to a substantially liquid

phase rease: |l i ke,.consi.st ency.. yh 5 graterial to
conf or §ngt BhagF (ggeﬁfefgléeecof]?'?%'g f%%‘?%gowéftﬁéng@ﬁ%ﬂagﬁrrﬁggﬁtﬁhagﬁﬂ ' a solid

phase the phase change teria 1,5.00 . ( 0e Ahterial
i cr owar pBEass ImeaHES Yreatng Is‘ghlcfsc@hg] phagsgggﬂ%ge @g? {lée%% E?éﬁ?:%ﬁt act properties

which results in a higher heat dissi i.on. c [ lid phase. tD
One such iaeteabledp cp%fo%:]@rqwmﬁwwam?geggﬁfbcaﬁgﬂcgf%ﬂ %%d&h E%'h%}qgest%f-)change

material within a fiberglass carrie t./ pad) availabl e f onerics,
Woburs, Mentagigreparissaviich regudts inpchighes EC%H‘B“'P%W;S?'PHWI t8? [!‘cn%o ié‘? g@sggt ronic

di ce decreases, the contact area between the mcroel ectroni.c.die and the
heat di ssOpsdutipmatbeiul is FheredlowdSEA43, somsisting of 2 phefechanse ﬁ\é‘tcé’f"e“é‘&‘é\‘/%i | abl e for
conductive heat transfer. Thus, with a decrease of the size in the

M Cr 0el ectilepitiss cties (nipid)diaimblp diomoChdimenios, Wiebure MA.dI%%i pat i on devi ce
becones less efficient. Furthernore, as the mcroelectronic die power is
i ncreased, tRWRG&! asHRIEiECOr “RRAR N t M ealeetropicsiieaictieasas. thsitent@dcr eases, or

the external anbient tenperature specification increases. Thus, every area
of ther ma . nerfonRGRrdSrofi€die ad1he ekt dizsipation device decreases, which )
i0 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 héat source
upper temperature specifications decreases, or the external ambient temperature
specification increases. Thus, every area of therrflal 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
transfﬁ properties of the interface becomes a greater factor. _Thu‘s, currently available
_) thermaily 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.



15 any possible enhancenent. One such area is the inter-face betweeqg §ag 2
m croel ectronic die and the heat dissipation device. As mcroelectronic

di ce begamrismul l er, the heat transfer properties of BECT/ESHRZYOf ace
beconmes a greater factor. Thus, currently available thermally conductive
adhesi ves, greases, and phase-change materials generally are quickly
beconi ng bottlenecks t gphgatpstmelmat DPEHPORANANESor e, it woul d be

advant ageous to devel op techniques and apparatus to inprove the efficiency
of heat transf oL el A0 R DOtV ASHs daliB@k)SSUHItER oatkhda beat

di ssi pation e@{e&@és&@ngﬁ EF DESCeRI PTI ON CE THE W NGS Whi | e the

speci fication concludes with. clalo® Rt blst AvdnyioR thd Udvidageybf aid

di stinctl ﬁwg%awnrﬁzgt[%%lﬂéﬁég?? rfégar{jjgd as th!g present 1nvention, the

advantages of. this invention can b 3 jened fromthe
f ol | owi ngm¥fEues F?ﬂl?eo'ﬂ°'5feaf'%asgerlghn\?§§? ﬁgﬁlcefo lg‘gﬂf‘ggﬁﬁ?ﬁ‘gﬁ}eﬂuncti on with the

acconpanyi ng draw ngs.in which- E | _is an obl | - Vi .of an enbodi nment
of a%ri d"Y‘i“&ﬂ%‘,”wﬁ%E?aﬁiHﬁcﬁ@’“P‘B'O{'ﬁvéth%raég%mrﬁanrtﬂ?/@lﬁbﬂ%g = ‘Hﬁg‘ 2 is a side
cross-sectional view of an, enhodi nent of a grid fra 0 with a solder
material, acE&Ws-diiEgnebliqupicyy §%ﬁ‘f‘n§?d§f0%'“f’f%gﬁd E[jﬂ"ﬁzf%%r%nﬁ tsoqgc si de

cross-sectional view of an enbodi nent of a mcroel ectronic assenbly having

a coat ed pyeseet iyeaftenit her mal interface, according to the present invention;

FIG 4 is a side cross-sectional view of a heat di ssifpati on evLce attached
to FIG. 2 is a side cross-sectional view of an embodiment of a grid frame coated wit

a solder material, according to the present invention;

10 FIG. 3 is a side cross-sectional view of an embodiment of a2 microelectronic
assembly having a coated grid frame thermal interface, according to the present
invention;

FIG. 4 is a side cross-sectional view of a heat dissipation device attached to

microelectronic die, as known in-the art; and

15 FIG. 5 is a side cross-sectional view of a heat dissipation device clipped to PGA

microelectroitic die, as known in the art.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

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.



"mcroelectronic die, as known in the art; and 15 FIG 5 is a side] g JAN 200
cross-sectional view of a heat dissipation device clipped to PGA

m croay@gi/fiemi ¢ die, as known in the art. DETAI LED DESCRIFBEPI/ENGOF THE

| LLUSTRATED EMBODI MENT Al t hough the figures illustrate various views of
the present invention, these figures 20 are not neant to portray

m cr oel ect rO,Qitl?oug'?ﬁ]%rp?ési:rﬁ%vjeﬂiawiﬁﬂ'ejs%edﬁiﬁfrhs ofRaitioelectrdnitediee anfli gur es
illustrate mcro8lectronic assenblies in a manner to nore clearly convey

the concepts of (I VR DEOR is AFGh lilnReR! The, prékariBvhtorcomon
bet ween O?Slf‘gﬁp‘quﬁp%?%ﬁ%pﬁ% Sane’ numeri ¢ desi gnation 1 9 JAN 200! WO

02111504 PONS01/,22960 L hough L3 eal DURBLAORea Sisslgiohi bed in Terns
of mi cr o@PF PR a‘&lf"&cglagcn% m tra;(Esgaeq%lielct roni c-type heat di gi pation devices,

it is not so [imted. The present invention nmay be used as an interface
bet ween &Whaéw'i cabl e heat source and heat dissipation nechanism 5 FIG-

ey b vme B A et 7 G0l DE RSkt A bR 09T [ ae 202
O
o e e o Sk R BEAAL "
techni ques may be enployed to fabricate the grid fr 102,.as will be
appar ent by groviting aithl fod aidplading sifs(perartipRy HOFBIough- fak fﬁ@ ®openi ngs 104
inthe grid frame 102 are shown to be squar e, t__hey may bfgbr?chons hape
i ncl udi ngxpahddd/siretchéd andralibdflet. Haoweaergiilinderstood that aumerdus

10 techniques may be employcd.‘to fabricate the grid frame 102, as will be apparent to one

skilled in the art. Fﬁrthcrmore, altﬁough the openings 104 in the grid frame 102 are

shown to be square, they may be any shape incinding, but not limited to, triangular,

rectangular, circular, elliptical, and the like, depending on the fabrication technique.

The grid frame 102 is then coated with a thermally conductive interface material

5 106. FIG. 2 illustrates a cross-sectional view of the grid frame 102 coated with the

thermally ccnductive interface material 106 to form a coated grid frame 108. The

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. ]t is, of course, understood that the actual profile and
20 depth of the coating will depend on the phjtsical 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



“rectangul ar, circular, elliptical, and the |like, depending on thd¢ 9 JAN 2005
fabrication technique. The grid frame 102 is then coated with a thermally
conduGybhvygisif erface material 15 106. FIG 2 illustraregusiiereoss-secti onal
view of the grid frame 102 coated with tile thernmally conductive interface
material 106 to forma coated grid frame 108, The thermally conductive

interface HpLeL| D08 oRIGE Rtk Yagh 258 eorifRisinigRgniteeRer@tiddiel Bt or | ower
t enper at ﬁ?é tﬁéh&%rﬁe (?remc):eratﬁ%e of the nﬁat source to which the coated

grid fr ABachbd, }OOSHS‘F’Y'SJT, :slre&HPa?g Omvlu}/a ARULIREe 116 ofafi intepossibaee under st ood

t hat the e an depth of the coating will depend on the

ohysi cal g ORgr Ll esaly LBLASH BRI s SORANR ¥een 4 Mo/ Fsmarat erial 100

sel ect ed € ‘openi ngs see F of the grid franme

L% e Coneriiit StoviE tipEReRREs 198 be uE ABRORorfoae T dhd 11O 20007 19

I'hventi on. The m croel ectroni c conponent

assenbly I 10 1 9 JAN UG 'J 02/.1150-.1 PCTI LSO | es a
m cr del e€Pras 9%65"%&3@'@?&%5%%%%9@ #ﬁ rgé’fsg%s%@grlf#g die 112

attached to arid in electrical contact with a first,.qurf 416 of an
i nt er pos ewrfasaentacss K26 2rg w disprele elgcinicat gkt iiicatash 133 ?t%gtr'\t act is
achieved through a plurality of small sol der balls 2t2v ext egdiing bet ween
cont act s sirfate 436 oftbe iriterpesel wheisrilf thipughpipforalily of CUURENETE“ DI on the
interposer substrate first surface 116. The interposer substrate first
surface cmwestendithaoughihe inEpeseesubseatediti cal contact with contacts 134
on a second surface 136 of the interposer substrate 114 through a
~ plurality of Tiemeridal sentact efdlesmicraotectrahiodtvjceareidgel! FyWitht BIGH t he
: ") i nterposer substrate 114. The electrical contact of the mcroelectronic
devijge pagsage (duch S Minblhetboardy H26s achieved with a plurality of solder balls 144,
which are formed {reflow) on the interposer substrate second surface contacts 134. The
solder balls 144 extend between 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 least 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 2 highly thermally conductive material including, but

6



- 10 substrate (such as a notherboard) 142 is achieved with a pl uraLigt yiAf 200!
sol der balls 144, which are forned (reflow) on the interposer substrate
secondwgukfigpe contacts 134. The solder balls 144 extmusserwsen the
i nt erposer substrate second surface contacts 134 and contacts 146 on a
first surface 148 of the carrier substrate 142 to forman el ectri cal

contact therighal WefininkR, RQinSMRNGYs, capbéigiddoppet aloyisnTheles a frame 154, a
backi ng plate 156, a heat dissipation plate 158, and a plurality of

retenti Ogiigg)ﬂi& atk 3 POUNsiFees BR! Hedt obRZarad il 1Rb irficrodiécdrbnic Beel Ibantkd,ng pl ate 156
a

i s placed adjacent a second surface 166 of the carrier substrate 142. The
frame 15415 ol Qca%gﬁx ‘éltﬁa‘iS{ﬁErJegnﬁt%é‘cﬁérﬁdn%t RS LIRhed fk fiRd, csua f ace 148
partia S

and at Ieogsc,’?"'r ar y surroun e mcroel ectronic device package | | S
20 The cqated gri dfra m%gr% Ii§ di sposed between the heat dissipation plate
158 and PENSEIA MESUPRLL TSRS 137 112. The heat dissipation plate 158

extends over_the fra 15{% The .bal 1 s ¢ bhelotg Packing plate
156, the fr a¥?e°“f§ﬁ‘?’°‘§ﬁ‘8mt hepierpnt 1y F’é‘é"l"ﬁg’?‘?@ﬁé %agt&eﬁ%ggﬂ afd are retained
by nuts 164 threaded thereon. The .heat 1gli‘s i i I 5? is made of a
hi ghly t HemediO2 §OBRRRGR 2 E9RPEr ‘H%‘E;Q?Y"éﬁ ajtrag I‘J"éﬁﬁ'r‘mg‘;lzt ofafod Sg't"?/ﬁ% Bor wo
0211150-4 not limted to, alum.n .%%.u i num, al | (of0) nd copper
al | oys. Pl E!H‘tkm%ilg‘épf)%t’f’l“ohy BF‘%’?@CI ‘"g;"’g S %C?@Frel "ggf f'ad"eer?lier ated by
the mcroelectronic die 112. It is, .of ﬁolurque, urtlder st.aqd h@}e ot her
ret ent i omiteleEeatiabons 50 guilsh Itasnaiqd that thefaesp APyl heas R ay Yaolh ROSSREY as t he
support structure 152. 5 In one enbodinent of t hg present | i ntvent ion
(referring bEukthermalty ondpstive inieriage mgteripl 10fds selgste B‘ff%raf EBeisatohnner mesh
) having a strand width 172 of about 5 m|s and an_,
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 hereinafier
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
13 having about 51% In, about 32.5% Bi, and about 16.5% Sn. The exemplary lead and
lead-free solders both have a melting temperature of about 60°C. The grid frame 102
can be coated with the solder 106 by meliting it and dipping the grid frame 102 in the
melted solder 106, such that the solder 106 completely coats the grid frame 102. Ttis; of
course, understood that the grid frame 102 inay be coated with the solder 106 using a
20 number of techniques, as will be apparent to one skilled in the att. The coated grid

frame 108 can then be placed between the heat dissipation plate 158 and the

microelectronic die 112, with positive pressure therebetween induced by the support

‘structure 152.



‘overall thickness 174 of about 1.5 mils. The individual grids (se ﬁl?ﬁ FU
S gu é

)

and 2) have a pitch 176 of about 50 mls. It is noted that the

be as W r/Aaswvi ably possible The thernmal |y conducti ve picrisof/zaoen mat eri al
106 is selected such at it nelts at or to below the normal operation
tenperature of the mcroelectronic die 112. In the present enbodinent, the
thermal |y conghgtthy Bidreditrbic dierm? Brpoakrel ap,dt sokdes héandising itk her ei naft er
be designed with the "106" el ement numnbering) having a nmelting tenperature

of about GRGatROSRuE! Whet Bledahpdiiln@ o ik mitrBakdiiRic ddil 1206 éhcreated| i nited to, a
| ead sol der having about 49%pBi, about 21%In, about 18% Pb, and about 12%

Sn; and a,lGadehi gﬁ%ﬁ@itré%f mlé%lﬂé} 18084 soRikY0 b@me ROAMcodmd o B , and

about 16.5% 511~ The exemplary | ead and |ead-free solders both have a

melting t; : fy. Ol ; ed with
The. so del Tropliinf Db Biches) BEp R bt Bl M e A e el e

sol der 106,. such that, t dﬁ] o 1 EEY 1oRAhS nidisei@irbilc f rame 102.
It is, of 'l‘frcscg,m%&lh(fé?%g ggéj ‘%%'Qg'ﬁep.g%g r?r ane 1%2“ may be coated with
t he sol deg. ﬁguin 20 .nunber, .of..t echni b dady RS ,2Rar ent to one
skilled i‘ilei 7méﬁc{h"gﬁ‘ﬁ?'p@%’fQbed;r’gd'rhefgrr@%ﬂ‘%g@gggﬁh%eany ePplaced between
the heat dissipation plate 8_ang(t2)e m ¢roel ectroni.c..die, 1 W th
posi ti ve $9idss Ly fom Rishisg et edbe Plte F59R P IEREsET e af b Pt 10" o A
20( WO 02/ 1150t PC: T/uSu_1/ 229‘_0 en }he mf(i%oe@ect ronit di ed112 S
povier ed hsat dissingtipnoplate d38.nis srbelipusd e cghasiog of fhesgldecretaims theped ™ hon ™t he
tenperature of the mcroelectronic die 112 | % i ni_trieased @ﬁ.ove the nelting
t enper at LioldentObtanghagidisme HB, ratheethanthg spldargdo siting QAR &6f s to the
m croel ectronic die 112 and the_ heat dissipation plate 158 in an intimte,
| ow k0her rilie melied solder 106 will tend to flow completely out of the interface between the
microelectronic die 112 and the heat dissipation plate 158 without the grid frame 102, as
the meited solder 106 generally does not wet either the microclectronic die 112 or the
bheat 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 microelectronic die 112 and/or the heat dissipation plate 158 is needed.

In a comparison between the above described grid frame (i, 1.5 mil copper with

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



"5 resistance contact therebetween. This enhances heat transfer fr&ngtﬁ%N 200
m croel ectronic die 112 to the heat dissipation plate 158. The grid frane
102 mepdemical |y keeps the solder 106 from runni ng oRCTHSHREGE nt er f ace
between the mcroelectronic die 112 and the heat dissipatiaon plate 158. It
is believed the cohesion of the solder retains the nelted solder 106 on
the gri dshyaend@ZuméahineavatidtdnThdms ook 3, osemhddananh gl Do PEHE gri d frane.

10 The nelted sol der 106 will tend to flow conpletely out of the interface
bet ween % @ntmm ﬁh&&hraqmr&adbgsanc&af st 0. hechveaid we Therpflowdh pl ate 159
wi t hout e grl rane 102, as the nelted solder 106 generally does not
wet eith

e iRkl o | at e 158.
Vnen t he T SRS R e B T et of  he

sol der 106, 15 the solder 10 b nt of the sol der
106 is plt}@fpéqmsalbqxyveémflorbtfasgtszm/sécﬁzra%gc ther{nai go%dut;[%ﬁ EQ%HE fpt?vcggl'cut 720). As the
sol der 106 cools, a weak adhesion develops betmeen the sol der 106 and
ei t her ofhtroflowd¥ T¢4%e ni croel ectronic die 112 and the heat di ssi pation

pl ate 155. Thus, the CTE m smatch will result in the de-coupling the '

m croel ectronic die 112 fromthe heat dissipation plate 158, thereby
elimnating stresses 20 caused by GTE nlsnatch In other words, the
solidified solder 106 breaks ffee*frbdbm the”® microel ectronic die and/or the
heat di ssipation plate 15S. Furthernore, no special coating for the

m croel ectronic die 112 and/or the heat dissipation plate 158 is needed In
a conparison between the above described grid frame (ti-e-, 1.5 m| copper
with a 50 Avuiggﬁlﬁmesawseb it degail estbdsmintsenf theqatsentgnyeatieruit i99% Bi , about 21%
) In, 18% Pb, 12%9 JAN Zoo WO 02/11504 PCT/USOL /22761) Sn) and the

co mfgr Ci AldeYsr@ahiiat igvehhies adfinewBMuE44pendtdaiensizouit et lingfedttie pr esent

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

are possible without departing from the spirit or scope thereof.



I nvention denonstrated a thermal resistance of about 0.3 C/ Wand ﬁh% JAN 200
Therrnfl owlTM T443 denonstrated a thermal resistance of about 0.9 CW
Thus, the enbodi ment of the present invention has a considerabl e thernal
conducti on advant age over the Thernfl owlM T443. Having thus described in
det ai\I/\”.f%ﬁ‘lpbpg%l @a,«‘sbof the present invention, it is 10 understood that the

I nvention defined by the appended clains is not to be limted by

particular details set forth in t he above description, as nmany apparent
vari a |onsAt er eof {}ﬁ possi bl.e w thout departing fromthe spirit or scope
t hereof . 1" §EVAR 256™ ﬁthrgpréﬁ'ﬁgrred is: 1. A device assenbly, conprising:
a heaj hegtssericed heat dissipation device; and a thermal interface, disposed
bet ween sai d heat source and sai d heat dissipation device, conprising a
gri d & haaedisgipatien genigef and havi ng openi ngs extending theret hr ough

dov: oM BAEREE S shosk e BRI A A B KRS Rt gRe Ry oy T
mat erdelicaTRiohsprivingratgeiipearaticemptising foikhaving dpenirefsadxtereding sal d heat
source. 3. The deV| ce asserrblg of claiml, wherein said grid frane

conprihsethough,substentjalborraied Wik athesmally condustiye splderv@atatiabnbl y of claim

3, wherein said thermally conductive nmaterial selected fromthe group
consi sting of alum num copper, nickel, and stainless steel. 5. The device
asserbl y oThe:daVine]a,ssahr@dyeofrplama whetkin saitethepoalngenduntie isotder

subst ma erlall n‘?éaltscla A ey era{urg at or below a temperature of said heat source.

3. The device assembly of claim 1, wherein said grid frame comprises a

thermally conductive material.

4. The device assembly of claim 3, wherein said thermally conductive material

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

5. The device assembly of claim 1, wherein said grid frame openings comprise

substantially square openings.

6. The device assembly of claim 1, wherein said thermally conductive solder
material comprises about 49% Bi, about 21% In, about 18% Pb, and about 12% Sn.

7. The device assembly of claim 1, wherein said thermally conductive solder

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

8. 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
device, comprising a grid frame, comprising foil having openings extending

therethrough, substantially coated with a thermally conductive solder material.
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The device assenbly of claim1l, wherein said thernmally conducti ve7 goﬂ%@rzmm
mat eri al conprises about 49% Bi, about 21 % In, about 18% Pb, and about 12%
Sn. 7. The device assenbly of claim1l, wherein said thermally conductive

sol der material conprises about 51% In, about 32.5%Bi, and about 16.5%
Sn. A mcroelectronic device assenbly, conprising: a microelectronic die; a
heat dissipation device, and a thernal interface, disposed between said

heat $our cﬁweambrgale@tmemdwmammbw of ¢aiinc®, wheseiny said Heermallyi d f r ane,

conprising,.f oil haV| aRen stantially
coat SPERVESPHER HARAIERIT AT e SNEBRIAR ot Hef RN 505 The

m crqgh-@@&amre &f g@wrﬁ@r@@éar@hydqg claim8, wherein said thermally
conductive solder material nelts at a tenperature at or bel ow an operating

t enper at ure of said mcroelectronic die. 10. The m croel ectronic device

asseng h?érﬁb%ctr Ercf‘é\fbeg%éiax%‘l?rdﬁ'lali% 81,‘}6?&% i 4HE thel fr?‘a’llg/ace_ mat er i al

S SUbSt antla Yy sol roomtenperature. e m Ccr oe roni c device

assedonduofivecindéniad® malteriad isysetastdniiallydsdlidateoomdeppesatsirea t hernal |y
conductive material. 12. The m croel ectroni c device assenbly of claimS8,
wherein said thermally conductive material selected fromthe group

consiqst i NorHRf mdrbBleBHBhicCRIAQ assﬂa‘rﬁﬂﬂ? of 2REMSE, A HEremSsAd gﬂH frahde The

m croel ectroni c device assenbly of claim8, wherein said grid frane
openicogiprisesm thesmallyp sonductiviel matagighr e openi ngs.

12.  The microelectronic device assembly of claim 8, wherein said thermally
conductive material selected from the group consisting of aluminum, copper, nickel,

and stainless steel.

13.  The microelectronic device assembly of claim 8, wherein said grid frame

openings comprise substantially square openings.

14.  The microelectronic 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 microelectronic device assembly of claim 8, wherein said thermally
conductive solder material comprises about 51% In, about 32.5% Bi, and about
16.5% Sn.

16.  The microelectronic device assembly of claim 8, further including a support
structure which induces a positive pressure between the microelectronic die and the

heat dissipation device.

17.  Athermal interface, comprising:
a grid frame comprising foil having openings extending therethrough; and

a thermally conductive solder material substantially coating said grid frame.
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14. The mcroel ectronic device assenbly of claim8, wherein said 'tjh%rwl%gﬂ
conductive solder material conprises about 49% Bi, about 21 % In, about 18%
P and about 12% Sn. 15. The m croel ectroni c device assenbly of claimS8,
wherein said thermally conductive solder material conprises about 51 %I n,
about 32.5% Bi, and about 16.5% Sn. 16. The m croel ectronic device
assenbly of claim@8, further including a supcgor.t structure which induces a
posi t1&e pflees thereaétadase ohelaimdrowheseineaicgdd ameicempriseeat di ssi pati on
devi cg. .. face, conprising: a grid frame conprising foil
havi n@%’éé'r%!( ﬁ%@%‘%&gnﬂ%’%&g{her et hrough; and a thermally conductive sol der
mat eri al substantially coating said grid frame. 11 18. The thernal
interface of claim 17, wherein said grid frame conprises a, thernally
condul¥ velRRdhammal integacerRECkaia AigaiiersiB el begma YﬁP'Pﬁ?LiCé'}’e\DH%ﬁeé’?L sai d

t her nalid yeQQRIH e &di] I6irffn | EdBPe NFickiIOMRd SRINIESS i) Of

al um num ecopper, ﬁﬁ:@ zlin(:llqgs?% nl ess 'st(ggal h’% Tﬁe t%ﬁm&% fé%terface of
claim17, wherein said grid frame openings conprise substantially square
openings. 21. . The therpal ipterface of claiml7, .wherein.said thermlly
condutt: vel R inral iiedrvepf SBim 7 cuderdin fel gty e Grthings CalmpRse apont
18% Ry bstarlialh @yliafeldpShingg2. The thermal interface of claim17, wherein
said thermal | y conductive solder naterial conprises about 51 %I n, about
32.5% Bi, and about 16.5% Sn. J-)

21.  The thermal interface of claim 17, wherein said thermally conductive soilder
material comprises about 49% Bi, about 21% In, about 18% Pb, and about 12% Sn.

22.  The thermal interface of claim 17, wherein said thermally conductive solder

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