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rel ated tav@@yglparatus and nmethod for increasing 5 the rgl Iul;d.,'gcy and

performance of an electronic device enclosed within a flip-chip package.

ART BACKGROUND Conmonly avail able el ectronic devices exist in the formof a
thin sheet of to sqdiRaAOHRESSBERELaASE AFrattiagus WvbiMEhkgsI ronic circuitry
di sposed thereon by way of various photolithographic processes. To protect
the cirtry fromdamage, the die is often enclosed in a package designed to

facilitate Jg gié%%gn?ni of Ehe el ectronic device to a printed circuit
board. |npres | signal characteristics, as well as
e e otk i b ROAR r PRl Sl Pbﬁ%ger%su*%ge“
"control edmbilmﬁtggn@lm&f&%ﬂé@éﬂ Ablecthic deRfe 'sﬂasseafwﬁhmtaymg%k

integrates a lid of* al um num or ot her thernal y conduct

t hat servespadkage.heatsink (al so known as a "heat spreader"), and a
substrate nmade of an organi ¢c-'conpound that incorporates electrically 20
conductive materials used to provide electrical connections between the die

and a ci rc&i@&k&&ch the package is attached. Figure 1 is a _
Cross-secti art package of the ball grl d array type. The
exterior of pac

i nt egrated heat%%%ﬁg %@avgﬂ&ﬁ?EEféggﬁgs??gexm%fﬁ& 85?2%??@Tg°dlsposed
bet ween 425 seirchdlc@R thatsth! 6ali€ Wil eledRGIFBL 38 oéeliﬁthgfeg}{ 'b&ﬁ@aeﬁ serves

thg}r mal |y conductive connection between die 13 lid 110,
to aid in ebohiitgs phaolBographid prgceossidio p&aeeabeoﬁpﬁ&ytﬂaﬁndhmgw,&he/

di sposed on die 130 by enlttlng heat
die is often enclosed in a package designed to facilifate the attachment of the

terial

electronic device to a printed circuit board.
Tmprovements in electrical signal characteristics, as well as increased
15 flexibility in power consumption and die size, have been realized through the use
of packages such as the "flip-chip" or "controlled collapsed chip connection” (C4)
package which typically integrates a lid made of aluminum or other thermally
conductive material that serves as a heatsink (also known as a "heat spreader"),
and a substrate made of an organic compound that incorporates electrically
) } 20 conductive materials used to provide electrical connections between the die and a
circuitboard to which the package is attached.

Figure 1 is a cross-sectional of a prior art package of the ball grid array
type. The exterior of package 100 is comprised of lid 110 (also known as an
integrated heat spreader, or IHS), substrate 112 and sealant 114 disposed between

25 lid 110 and substrate 112. Thermal attach 116 provides a thermally conductive
connection between die 130. and lid 110, which serves to aid in cooling die 130
during normal operation of the circuitry disposed on die 130 by emitting heat

conducted from die 130 through thermal attach 116 to the ambient air




conducted fromdie 130 through thermal attach 116 to the anbient a)dﬁ/}
21/ 06/ 2005 WD 021088 PCT/ US01/50536 surrounding the exterior of1/Q64128905
Under fi | | wi2@wangs sol der balls 122 (also known as C4 bunpgxngbirasss di e 130
to substrate 112, with solder balls 122 providing electrical connections
bet ween die 130 and substrate 112. Substrate 112 is a printed circuit board
wi t h conduc$wrourfdngtheextdraotof lidd10.cUndedilil@dand esideecballs3 28 @ister bal | s 122
and sol der bpalls 124. Solder balls 124 formel ectrical connections between

substrate 14%0whas &f bempshatich dig d3CiesHbsrair il withosolderdellatRed to

ircuith 14 d thereby,..f | i cal t] t die 130
ona” et ¢ ou Riskpae BEplcRfsiPensnd bl e S L R BT e 10 "SR BT ar
package depisgiRfhtddcfuitbcrd MikoonWuldrd f36ml t8dal gg&re?(ggxh Q. 0fn Fi gure 2

being | abel ed with 2xx nunbers that correspdnd to the unbers of the

| abel ed s t essiderbapatXegel skdfer@fallii gy rddlder bal¥Tels aHlelbchaubcdi@eftichs! | d and
thermal attach corresponding to |lid 110 and thermal attach 116,

respect i velbetwedn fibgtrate 112 aad eirbeithpard b etierd parkaghtOdiaekaded tdepi cted in
Figure 2 to al]ow the rel ati.Vg position_of other items under the lid to 15
be seen. ALUSHBbRRTH 48350 thereby fagm glecicrlronaectipns bgteeenctic 130 anshpri sed of
substrate %ﬁ%ﬂ%raq%ant 214. Die 230 is substantially centered relative
to substrate , and is attached to substrate 212 via underfill 220 shown

protruding fromedRdeife@lpkidddeivitind@uaNskd g gﬁ@s @lpided it Pureocal ant
214 i s di sposed tglc!)!l corrggp}énd fo where the Iri dt notigsh%ﬁﬁe V\oul%(ljlrrreet W th

substrave 21&ithsle Aems of parkbgn2D dTFidnird 2hRingUbbdlEBiveth2kR nufitbesdi@un, seal ant
214 is disposed in a manner form ng an unbroken line that surrounds die

230. A dr asraespond tdithypbed mynbeeabbihe lateled itenanof pabkagedfi0lof Rigursl.t hat . a
glo;r]}c) L?gﬁceiﬂ?%“:ﬁ \Josﬁlcfi gg‘rg;‘ I?ee?leat l\zldve gx?d Ehryx?mlali adtta%}rll goggsliaigg?ntgetozl&izlltogih can prevent
' thermal attach 116, respectively, of Figure 1 have been removed from the package
depicted in Figure 2 to allow the relative position of other items under the lid to
15 beseen. Asshown in Figure 2, the exterior of package 200 is comprised of
substrate 212 and sealant 214. Die 230 is substantially centered relative to
substrate 212, and is attached to substrate 212 via underfill 220 shown protruding
from underneath and just beyond the edges of die 230. Sealant 214 is disposed to
correspond to where the lid (not shown) would meet with substrate 212, so as to
: 20  bond the lid to substrate 212. As shown, sealant 214 is disposed in a manner
forming an unbroken line that surrounds die 230.
A drawback to disposing sealant 214 in an unbroken line is that a complete
seal is formed between the lid and substrate 212 that can prevent differences in
?reégure between the interior of package 200 and the ambient air surrounding the
25 exterior of package 200 from being equalized. This becomes especially significant
‘where substrate 212 is made of organic or other material that is susceptible to

absorbing moisture from the ambient air surrounding package 200, and then

releasing moisture into the interior of package 200. During thermal testing or
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pressure between the interior of package 200 and the anbient air
'surroundi ng the 25 exterior of package 200 from . being equali ze@l/ﬁ642005

becomes espgehaddisg si gnificant where substrate 212 is madgffs ps@api ¢ or
other material that is susceptible to absorbing noisture fromthe anbi ent

ai r surroundi ng package 200, and then releasing noisture into the interior
of package 2@@maDuse ndehisr waipetaste of glio2302AncbA6/ ROOGre YR:E2/IBAA488

PCT/ USOl/ 502@6 normal use, when the tenperature of die 230 increases,
noi sture pr "eﬁ’tter\‘/ﬁft%ﬂﬁ‘:katgﬁéw heOmesteast, cpusiRg gr IROG s aTpIessust wiiin causi ng
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fromdie 130, thereb redum e pre sure eXETt

squeeze theterals tasdpacite Lliﬁlag:@hnaie 190,2hér3by r&ﬂﬁxﬁé’kﬁé Shksuletdtahig the
effectiveness of thermal attach 116 in conducting heat away fromdie 130.

Thi s i ncr eas¥erisrl hyrlid 310 to squeezaltbomahattehdab agsintialid 13, had devetgut war d,
giving substrate 112 a curved shape that exerts stress on the corners of

die 130 whi EFUFBS 9e€aﬂ’é’§n%%%|°ﬁﬂfermﬂhﬁaﬁhmmglmdpcﬁnghﬁammﬁyfrpaeqham nati on

| eadi ng to o€ | ure and/ or decreased | an of the clrcwtry
di sposed an thgﬁ-usgulf]?éagsee VIPTERE™ G SOSEHTY Sug’ﬁgf"ﬁélﬂ& B RERVF VY from

the pr esencﬁxb@ﬁat@qﬁta‘é’ix?veta%hgge tﬁ?@e?{s%ﬁg?s 091 ﬁ\te%gr e J;%ﬁcf:i?@e gfx it ei :SLSI(:)haE)r

steam coul d be forced between' el ther

bet ween 1t hemaptawst taiolfilhlba andy o Hiin £l cﬁalaﬁﬁﬁlﬁﬁéﬁ IdaBfh ﬁqe@fe@ﬁfcapet ween
ﬁ‘r attach 116 and either Tid 110 or die 130, and reby al so reduces

t he ef f ect ifeidyregoddpr démzeasad lifgspac bf th&ﬁmtmtrgrahshm@édagt}{mﬁfac@myef rom di e
130 and towards lid 110. Furthernore, depending on the conposition of
thermal att®th 116, steam may al so penetrate the thernal attach

Still another drawback arising from the presence of moisture being
converted to steam under pressure, is that steam could be forced between either
15 thermal attach 116 and die 130, or between thermal attach 116 and lid 110. This
reduces the contact between thermal attach 116 and either lid 110 or die 130, and
thereby also reduces the effectiveness of thermal attach 116 in conducting heat
away from die 130 and towards lid 110. Furthermore, depending on the
composition of thermal attach 116, steam may also penetrate the thermal attach
) 20 material, itself, thereby forming gaps ivithin thermal attach 116 which would
block the transmission of heat from die 130 through thermal attach 116.
In addition to undesirable effects resulting from a buildup of pressure and
the presence of moisture, there are drawbacks arising from the use of an unbroken
line of sealant as a result of differences in the rates of expansion and contraction
25 between the lid, the substrate and the die. Referring once again to Figure 1, as
| temperature increases, both lid 110 and substrate 112 tend to expand more rapidly
than die 130, and at different rates relative to each other, depending on the

particular materials used in making lid 110 and substrate 112. An unbroken line
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20 material, itself, thereby formng gaps within thermal attach_11 I
"would block the transm ssion of heat fromdie 130 through therﬁ’éﬁ%%v?giﬂ)f’

116. In a¥® €%8H88 0 undesirable effects resulting from a boifgesosss
pressure and the presence of noisture, there are drawbacks arising from
t he use of ne of sealanf._ as a result of differences in the

nbyoken. |
rates of ex%gsﬁéllf%{]reéﬁfftctrﬁ 8 BqvEmestoiid 1gdand wéstrate 112 mersthbst r at e and
the die.. Refegfah ' Figure as _fenperature increases, both
1id 110 and esSbts??tg?%g %f%’gtg teﬁrgg%owggllgaﬁ}?l%? EQSPB'&?E‘FS/EA £ Hh9F ybatratgo, and at
di fferent ridResn bekatdedo bowRENaRUNEAs ol | i ar figular
materials used in makiengol id 110aan)bc} sﬂ%stﬁ?ﬁ?%cg%ﬂxﬁgﬁﬁg%&uéﬁ?#ﬁne 3
21/ 06/ 2005 caneither B8 2d8teREF HYBALYSHO BIOmAS atsR 128 in EdSuEHSE Redt Bhalyl Ve

movenent off Iig_ 110 and substrate 112 nore than sealant with a pattern of
br eaks Voul TP & Psobcangause cradingend/lor delatdinatiorsioiie i3 e 112 can be

caused to l%?(‘ft N "@Méi bed, this bow ng out effect can-
either red €55 | attach 116 in conducting heat
away 5 from di erSObieQE § ' kihg and/or del ami natiqn in die 130.
BRI EF DESCRI PTI ON ¢ eTH_E%%@%‘ﬁ’rﬁggé%ﬁ & %P"?%%‘t‘ﬂ‘f"é&“_,"“a‘ﬁ‘lg dvant ages of
t he presenappareettoiosid skillel iWehe ﬁ%i&ﬂhfh&ﬁﬂ@wﬁ@détﬁ@d'&s&iﬁicﬁ{ fh 1N view

of the followi ng detailed description in which: 10 Figure Is a
cross-sectW8itht view of a prior art ball grid array package. Figure 2 is a
top side view Qf a prior art ball grid array package with sone portions of
the patkage refds¥d 1 ispginsesertiosakview ! sipdiorartdallgridoneyepdabaizarent of the -
preésent invention ith so Borti ns . of the package renoved. 15 Figure 4
is atop side vf@‘vﬁegﬁsaﬁ?ﬂﬁgﬁ* RO RRigTrbball grid prray pagkaps vithisooe

portions of the package removed.

Figure 3 is a top side view of one embodiment of the present invention
with some portions of the package removed.
15 Figure 4 is a top side view of another embodiment of the present invention

with some portions of the package removed.




wi th sonme portions of the package renoved. 4 21/06/2005 WO 02/ %58}3
PCT/ USO1/ 50536 DETAI LED DESCRI PTION In the fol | owi ng descriptiorfl4@p/2005
pur poses oVOoaxpiasmtion, nunerous details are set forth igr©n€8i50d:0

provi de a thorough understandi ng of the present invention. However, it

wi |l be app nt to one skilled in the art that these specific 5 details
are not reqi&M@EﬂQﬂactice the present invention. The present

i nvention concer rigt"fg ' E-chi " or ."cgnt rolled coll apsed chip connection”
(C4) packages for i 88 ‘a’f‘%‘EE‘éFfr'%?Iir onfEpeses 9f expjenitionsmisenoas defads  used.
Such a packagesdtSodh $00K39 o sorgamni c Jand grid array” or OLGA
Particularly, the present in @n%c%%nthga%@grun Jefﬂ%’"’g‘%"{)ﬁ%eﬁéﬁ“backages to

hol d i 0 par tineanitianl Hdvedw@e, ifhviBbe dfpMRMaNto Oﬁésﬁi‘?é?fﬁmgﬁggxltltﬁﬂ thillhe art will
appreciate, the present invention is also applicable where other porous

substrat & meetils arenetrequigasbis, order tofpeactics B preserdi:REn8se Used upon which is
di sposed circuit t hat .generates consi derabl e amobunts of heat. The

present inventi of'§ Brefddnygsison cantesns \Wierckipt be"patkbgbcdlapsed digp used in
re 3is.a top side viewsimlar to that of

hi gh ‘heat epyi ; 15 Fi 5
Figure 2, b%ﬁﬁggﬁgﬁbp%%ag?%ﬁ’bﬁﬁt%ﬂ?dGFC‘E‘ whetg aaerganicehstrateis | t ens of

package 300u&ld, Bubhb®adkd}eiinso kANE 10 3% unber s tha respond to
the 2xx nunbers of t%e | Zoel eéolténégg%wgﬁ T '5ga€%ﬁ5§?ffaki°éw&. Just as p
wi th Fi gur ePfticulhdy, the prebehbineedtaticoncerng ttke of -k or r espondi n
to lid 110 and thermal attach 116, respectiveley,ggt;hr%(s %{%S‘ggt)@ have been

r erpved!% r diArtedagin bicag diede plogteeer, anthosgskilteBirt the attvoll abpeecidt&ltat | ve
posgition of other itens under the lid to be seen. As depicted in Figure 3,
the exteri dFe¥Nt PYERHGR! Jpplicaiip Wherapther poross sutsbaBifatrialsaeal ant

segnent s ht,ough 4d,. Al so as shown, die 330 is substantiall
Cegt or ed rgl%g(?i(% éﬂF}feggsmgﬁer dies are use upon which 1s disposed circuitry that y

generates considerable amounts of heat. The present invention is also applicable
where the package is to be used in high heat environments.

15 Figure 3 is a top side view similar to that of Figure 2, but depicting an
embodiment of the present invention. Items of package 300 of Figure 3 being
labeled with 3xx numbers that correspond to the 2xx numbers of the labeled items
of package 200 of Figure 2. Just as with Figure 2, what would have been a lid and
thermal attach corresponding to lid 110 and thermal attach 116, respectively, of

) 20 Figure 1 have been removed from the package depicted in Figure 3 to allow the
-rglaﬁve position of other items under the lid to be seen. As depicted in Figure 3,
the exterior of package 300 is comprised of substrate 312 and sealant segments
314a fhrough 314d. Also as shown, die 330 is substantially centered relative to

* substrate 312, and is attached to substrate 312 via underfill 320 which is shown
25 protruding from underneath and just beyond the edges of die 330.
Like sealant 214 of Figure 2, the sealant used in the embodiment of Figure 3
is disposed to correspond to where the lid (not shown) would meet with substrate

312, 50 as to bond the lid to substrate 312. However, unlike sealant 214 of Figure
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sublstrate 312, and is attached to substrate 312 via underfill 3 ' i
'shown 25 protruding fromunderneath and just beyond the edges éf%méyggﬁs
Li ke seal wa 0285489f Figure 2, the sealant used in the enbedirmsot/seeds Fi gure
3 is disposed to correspond to where the lid (not shown) would nmeet with

substrate 312, so as to bond the |lid to substrate 312. However, unlike
seal ant 2142dhe palanptased i hisymopmenDl @:3/mo% fot 8EarPGIH LA 1SAB36 2, t he

seal ant used in thi di ment, does not  form an unbroken |ine that
sur rounds df‘gr‘?‘iﬁi_g qslﬁgge)gta?fe? éhgaeg?aams Jigposed Folosd sqalant segments &14ant
segment s 3143zavin | r the segnents through I ch
pressure that e?/\ou%g%g% Eerwegg%sl#ﬁéﬂﬁgﬁrvﬁ i"‘r’ﬁ'?lﬁgreisﬂfr&t{‘%tr"g%fl package 300

as a resul tothérwist biild Gp hatHIE the It RRAr bAIAEE I ANERs41NGE FWGIRGE BLUEEe Wi thin
t he package increases may be released. Reférring variously to botR Figures

1 and 3,5 bytumedopistenpm wihen tied eageratiire pitkinahe packap@irciddsé@hy BHOWN ' i N

Fi gure 3, bu} correspondingly shown as lid 110 in Figure 1) is not caused
to be pushd@®8W&y rel ative to substrate 112/312. As a to result, the '
3,

pressure exerte v .the Lidson the_thernal tach (not shown in Figure

but correspondi %ﬁfyyms‘%HWO' gy{]q«,léqi fg"é?ﬁrﬁ%'ffﬁii’é"aiuﬁwmﬂgﬁﬁ‘%reie)asﬁ #ht conducts
heat away fgre@u el L oh i ot reduced, .and t f.ectiveness
of the thgrm;ll atﬁ}te;%ﬁ(nl%ﬁgé%ﬁ%ggﬁﬁlﬁ%ed‘%ék%/posrﬁeéﬁg?%%g@ isg o‘f)vfleag 2@\}@@ Al so, by

al | owi ng t Figure &) ieadecduse@ tEBSPlishedWNRTrERESe blibstifte132 b, @aused 15 to !
bow outward, thereby causing substrate®112/312 to becone curved, and

pot ent '8 | yesuluthiepgessnackerted by aheid on diecth2ABAIZYAch (hot BlRowh & Pighiye of t he
corners. Fgrtherm)re, di sposi ng seal ant 314a-d in a pattern with breaks
resul ts i n° huigouesnoadinglyshawiyanthesmal attagh dlGivFigereild thaseondbents | i d 110 and

is :Jgs g_ &St :n%g%é%s]é§ I’haué B%H%B}’s?d tlocmlei: HS isanoqggcguec%d? afnclr t%le %}fieé/t?verr{gs\é%rfn?}?et bet ween
thermal attach in conducting away such heat is preserved.
Also, by allowing this release in pressure, substrate 112/312 is not caused
15 to bow outward, thereby causing substrate 112/312 to become curved, aﬁd -
potentially causing cracks to form in die 130/330 in the -vicirﬁty of the corners.
Furthermore, disposing sealant 314a-d in a pattern with breaks results in
the sealant forming a less rigid connection between lid 110 and substrate 112/312,
thereby allowing a degree of relative movement between lid 110 and substrate
| ) 20 | 112/312. Allowing some degree of relative movement allows lid 110 and
- substrate 112/312 to expand and contract at different rates relative to each other
in response to changes in temperature, thereby reducing the tendency for lid 110
or sui_astrate 112/312 to bow outwardly. This in turn, serves to reduce the earlier
described loss in effectivenes; of thermal attach 116 and/or the earlier described
25 cracking or delamination in die 130/330.
In one embodiment, the sealant is disposed in multiple segments, resulting
in multiple breaks. In another embodiment, the sealant is disposed in a single

segment, but not forming a complete loop surrounding die 330, thereby resulting
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20 |112/312. Al'l owi ng sone degree of relative novenent allows Ii %111&86?2%05
'substrate 112/312 to expand and contract at different rates rel &ti

each ot herwobmosxigsgponse to changes in tenperature, therebychaiyninag t he
-tendency for lid 110 or substrate 112/312 to bow outwardly. This in turn,
serves to reduce 5 e earlier described |loss in effectiveness of thernal
attach 116 dRaFBBIe pr&ak ol qnerenphosiimpntpthe begaks campiisgatdeasd@bamt et i on in di e

130/ 330. Iny, aodi nent he sealant is djsposed in nultiple segnents,
resul ting |ﬁtgfr3r]ﬁaﬁg$ pqqew i é"é’ﬁ'&d Omr‘éﬁﬁgﬁé@%ﬁ{?&j‘Pﬁﬁﬁf sealdns whidd iant i s
di sposed i NafohkeP&thBodiSRATRAL b . N Lomplete | o surroundi ng
di e 330, thereby resul i ng 6 Zie?g%?%%;eq%hb%l@&%%a%%é@& in a

"si ngl e br eaknother enbodimeadith®sdalant RedibsRak s £ h % pt the
total length of what woul d ot herw se %{e a co%regf%%%llgﬁﬁgéﬁ%%ﬁf)e whi |l e
in anot her S&AN Raning breakscetweakthe spots of salan€ $sthehiian 09mehts deghing enot h.
In still apother enbodi nent, the sealant is disposed in a pattern of snall

spots or do $28F 5 seal ant | eavi ng breaks between the spots of seal ant,
ks.. I n one enbodi nent, the sealant is

thet th fionind ..b . L
rat her an Segﬁﬁehéegﬁpgﬂ#ﬁr%gﬁhs{sgﬁa%st(aniup&-fseg@f mrqlgqiyﬂjy Hawbler ate 312 and

conprised of a relative

the 1id (nahaHeMwrrli@indRY ' : t wi th_a high degree of
freedom In gnotm% enbggi ﬁ%t?]aﬁé git%%&sg]gﬂlggf&isg&lvg?goo%ﬁ Eegzéf“’ gL"ﬁ"%or erigid

materi al | iothariwith & héghr ddgagd oftravauaTERbnsthe SRBIdiAkA, d'%]s?eﬁﬁ?:gist he lid. In
one enbodi nent package 300 woul d be fornmed by first attaching die 330 to

su gst rafe $eDprisebelcbyororigidmatehipblinitingahdrebitite midwatent BNAAGHARNS bet ween

di. 330 ag%ssucgﬁiter@e 312. The seal ant woul d then be di sposed on substrate
312 in the’15%% gnents 3}4a-d, where the lid (not shown) is to be

attached to subgtfate3he. package 300 would be formed by first attaching die 330
to substrate 312, thereby forming physical and electrical connections between die
330 and substrate 312. The sealant would then be disposed on substrate 312 in the
15 four segments 314a-d, where the lid (not shown) is to be attached to substrate 312.
Thermal attach {not shown) would then be disposed on die 330, where the lid (not
;hown) Is to be attached to die 330. Then the lid would be attached to substrate
312 (via sealant 314a-d) and die 330 (via the thermal attach). As those skilled in
the art will understand, the order in which these occur may be changed without
20 departing from the spirit of the invention.
In one embodiment, package assembly equipment originally designed to
dispose sealant in an unbroken line is modified to dispose the sealant as sealant
- segments 314a-d. In another embodiment, new package assembly equipment
specifical!y designed to dispose the sealant as sealant segments 314a-d is used.
25 In one embodiment, substrate 312 is comprised of an organic material, and
this organic material may be porous such that it is susceptible to absorbing
moisture from the ambient air external to package 300. In another embodiment,

substrate 312 is comprised of a non-organic material, but a material that still
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Thermal attach (not shown) would then be di sposed on die 330, r |
‘(not shown) is to be attached to die 330. Then the Iid would &m%&&&if’d

t o substraygoyekds(Vvia seal ant 314a-d) and die 330 (via the1iRissbs
attach). As those skilled in the art will understand, the order in which

t hese occur may be changed wi thout 20 departing fromthe spirit of the

i nvention. IsH{ferdhe dvebankef abgalikg geoistsse thloye embbpimeantt, the paikage | v
designed to se,.seal ant in an unbroken line is nodified to dispose the

IS )
seal ant as <8%( %‘E e die yithin theppgkagy is erted By PRply g tatherexterionobthek age

assenbly equy Lfically designed to .di spose the seal ant as seal ant
segments 31 g-g:gi ?Yu%ggghég?ﬁ%a%a SRS Tden p"segﬂ‘gﬁ ate 312 is conprised

of an organi ¢ nMelregrieddmbetihent, Bl {BRM Sy iIBa8 bhbr ABYe PénldRfRUS such that
it is susceptible to absorbing noisture fromthe anbient air external to

package 300 formedghetetlmoughitbali cvalt also Substorpirmitkhe rdlsase @ prdssiad of a
non- or gani cg’g@_ terial, but a material that still 7 21/06/2005 WD 02/054488

PCT/ USOU505 thedpterion ef packanddl, bit vahish misiyrie bledked as @ redult of e

enbodi nent, _th acka ndfqr.the die within the package is tested by
appl yi ng heg{an'ﬁec)rplflﬁ"ghlgﬁ?@%ag?g@ ‘st’?Féﬁleaa%‘%é°’tf§5t€58|c%§%’§°"tﬂﬁé“ffac[¥3age to
steam at hi g eSShY; (%]9 L1 | i of...shawn),, has one or
nore vent - hol gg—,rr 5 fcgtrnﬁgg t e'rgt rgduégﬁ?B%eﬁg%}%}:egutﬁ%&g}r%g@ea%eth?o permt

the rel easebrefksiieeweer Sealatit bétinterith$14a 84 hATthebol &5d5A9 Br3ifed Yt Whi ch may
be bl ocked as a result of the manner in which package 300 is installed,

ei ther flr releasgafpressufor normal use. In  another enbodinent, the lid has
nq)vent-hol es fﬁ_rémad t her et hrough, and the Dbreaks between seal ant segnents
314a- 314d are t ROReRbadiment thetheamal atach fmotshpwakis aghemmagwase. 1 In one

- embodi MeNt yufffdqn LREIER bl Aieh (A8 he Mol THachs & thermal Tahedive 25 ®"
In one embodiment, the lid (not shown) is made of material capable of
conducting heat away from die 330, such as copper or aluminum. Inone
15 embodiment, the lid releases the heat conducted away from die 330 to ambient air
surrounding package 300. In another embodiment, the lid conducts the heat to
other thermally conductive apparatus with which the lid is in contact, such as a
heatsink (or heat spreader), heat pipe, or thermal electric cooler.
In one embodiment, package 300 is a ball grid array package where
20 substrate 312 is attached to a circuitboard (not shown) by way of solderballs
corresponding generally to solder balls 124 of Figure 1. In another embodiment,
package 300 is a pin grid array package where substrate 312 is attached to a
circuitboard by way of pins, either indirectly through a socket attached to the
circuitboard, or directly through holes drilled through the circuitboard.
25 Inone embodiment, circuitry comprising the core logic {e.g., random access
memory controller, bus interface, I'/ O device interface, or timers) of a

microcomputer system is disposed on a surface of die 330. In another




whil e in another enbodinent, the thermal attach is a thernmal adhgsjyve., -l
‘one enbodinent, the lid (not shown) is made of nmaterial capabl elig‘l‘/(yg/zorb5

conduct i nyvhezas+assay from di e 330, such as copper or al umppifisoifsfgne 15
enbodi ment, the lid releases the heat conducted away fromdie 330 to
anbient air surroundi ng package 300. In another enbodinent, the lid
conduct s t hembedimend cirotitmrcotiyaising 4 serthphwctdsing wpparaanicsoasitgutevhi ch t he
lidis in contact, such as a heatsjnk (or heat spreader), heat pipe, or
thermal el eOPEFESAEHosRd o A sprfacefide?ifent , package 300 is a ball grid
array package 4 ubstrate 312 i ttached to a circui.tboard (not
shown) by way gﬁéﬁf&ég%?ﬂ %Ee %‘8?r5§%‘§85%i*ﬁ6*°3?h%‘%’5?1 thz?c)ls%o?])dgl’c’ “Pal s 124
of Figure lembddiRBALdFahe gf@&%ﬂ&a}\tﬁon.m 24% pAVided 8 sROW aBLIErRAtd 8y
package where substrate 312 is attached to a " circuitboard by way of pins,
ei t her isndipatietd hy wihiduhh sealaaciket badispeded do tqrréspond ¢ wheid the diEignotor
directly through holes drilled through the circuitboard. 25 In one
enbodi nent sherpewerldmeetiith subsratareleer as tbbgnd tifedlidito substratsiildccess
menory contyaller,, bus interf , 1/ Qdeyice interface, or tiners) of a
micr ocorrput/g&'oé‘ﬁétdé‘ﬁ?ﬂe’ﬂ? ’s’b}b"f{"é ’E%e%% %"ﬂj)r/‘il 3@@031;1 “btfséar@_@g}' rﬁ’i""éﬁ’l’éﬁ%er_ 8
21/06/ 2005 &Me&%’igﬁhé‘éé%%rﬁg#ig ¢ 20P8 2P1HRQM 4‘6&&85&&%& yCOMmpri sing a
central processing unit of a mcrgconputer 'systemis disposed’on a surface
of di e 330redrirult phttefn, Inst@d oTibeRgdteNe §idk dsan tﬁ&aE@@ﬁFp&kagémre 3, and

i

al so depicts an enbodi nent of the present invention. gure 4 is provided
to -}s howo an Itairs of patkege 80(aft Higure dibeingiabtled hétisbalrumiborathabeortésppoded t o
carrespond to where the lid (not shown) would neet with substrate 412, so
as 't o bondta ¥ 3xx gumbessiafshe labeled items of\packape ROQ ofFigrneSedng asiwvilot h Fi gur es
5 20 2 gabord SRS LAl et eSi e lary the DLSEke L 5 o
and thermal attach 116, respectively, of Figure 1 have been removed from the
package depicted in Figure 3 to allow the relative position of other items under
15 thelid to be seen.
The invention has been described in conjunction with the preferred
embodiment. It is evident that numerous altermnatives, modifications, variations
and uses will be apparent to those skilled in the art in light of the foregoing
description. It will be understood by those skilled in the art, that the present
o ) 20 invention may be practiced in support of other combinations of functions in a
computel.' system.
The example embodiments of the present invention are described in the
context of ball grid array and pin grid array packages carrying a die on which is
dispt;sed electronic circuitry. However, the present invention is applicable to a
25 variety of package types and to a variety of electronic, microelectronic and
micromechanical devices. Although the present invention is described in the

~ context of packages attached to rigid printed circuit boards that are commonly in

use, the présent invention is also applicable to packages being attached to sheets

g




rectangul ar pattern; instead of being at the sides as in the ca
package 300. 10 Itens of package 400 of Figure 4 being | abel ed %ﬁtﬁaﬁ%%OOS
nunbers t hvab ozrerisgaspond to the 3xx nunbers of the | abel eddigdmsefsspackage
300 of Figure 3. Just as with Figure 3, what would have been a |lid and
thermal attach corresponding to |id 110 and thermal attach 116,

respect i vel ypf flodiblEimatenalbor loshes sbeferes peoridiag dleatrical benepaarisaddsadepi cted in
Figure 3 to allowthe relative_position of other itens under 15 the lid to
be seen. Thathongdviie presgasyerios desived it Hhecsniarhetraskegm rith e preferred

enmbodi nent. _|.t_ i vi dent. t hat hunmerous, al ternatives, difi i. oNs,,
variat i ons. st be SRR A BRI R R Bl B8l Pis Rt REBASETR, 1 g
of the foreggiiRgpledsSeldrPhkts ih WhidH the Q@alé&ﬂ%&pﬁ& Lelyreb@ERs 8Ki | 1 €d in
‘the art, that the present 20 invention nmay be practiced In support of other
conbi nat 5 onehethef thecpatens id whith thesgaline is diyisdsednis fleereed bylthe sindpedif ment s of
the present invention are described in the context of ball grid array and -
pin grid arthaydpaddas e sdshgterer notdinsleed, tha setlantanaydheshispesad & ect r oni ¢
circuitry. However, the present inventjion is applicable to a 25 riety of
backage |y HPURRGT PH RoLyePBelPasteres, Bt grient AL P BBt A A

m cr omechany i t t tql i L 4hed in the
Cont oxt of BaBps el fim 1t cdphiits PErRLERTY pIOHE Mot BRRREREC T T
conmonl y i s dekzfibed e tHA @RARAE ofoﬁﬂéﬂﬁ'%és%bt'eﬁcﬁkéﬂsﬁgmdi@ahhﬁhirﬁﬂ) packages

bei ng attached to sheets 9 21/06/ 2005 WD 02/051188 PCT1US01150536 of

fl exi bl @ medetrioaic drcudtihiBrdisiosédchsprsatimvengioalieappliceble te pavkeges ons. Al so,
al though the present invention _is described in the context of packages with
the seal afnclpgingimylsiplaseparate digh amndrer dies ompesedgfsmallepdies.ern, the
present invention is applicable to other patterns in which the seal ant may
di sposed, regardl ess of -




5 whether the pattern in which the sealant is disposed is influenc t
shape of the lid and/or the substrate, or not. |ndeed, the seamgﬁéoﬁ

di sposed in circular or other polygonal patterns, or the seal ant may.be
di sposed as a plurality of spots rather than |line segnents. Furthernore,
al t hough the present invention is described in the context of packages
that enclose a single die on which to el €daimsnic circuitry is disposed, the
present invention is applicable to packages enclosing nmultiple -
separ at e- diAdat isailudmed iscli es conprised of snaller dies. 10 21/06/2005 d ains
What is claimed is: 1. A package, conprising: a substrate with an inner

surface to which Qpgikegd %013@1-&]:6 attached, formng electrical connections
t hrough the substrate,  Between %he die and the exterior of the package; a

lid with an | . ) i t.he.i.nner. suy f.ac f the sub ;
thermal att a%ﬂmgﬁ%%%@?%ﬂ&%‘éﬁ%eﬁg W&]i“gl %ﬂlﬁ 1t ebel %fedsﬁ’wggeé%ﬁ{aﬁe lid;
and sealant dis o&gdglgletbwe%g t he substrate and the |id _to bond the lid to
t he subst regfgect eagh the,substrate.hetwoen the disgwd dhs exterios of thepackageh at | east
one break in the pattern, with the at |east one break in the pattern
subsequent talid withanbener suréica fating e buien gufisrsoftheaubsttabgget her . 2. The
package of claim 1, wherein the package is a ball grid array package. 3.
The package thémml aftavh dispobwdtetwechibe dieckd e inferdutfadt @thellidrandy. 4. The
package of claim 1, wherein a vent-hole is formed through the lid. 5. The
package of Gkghp o&mﬁs&&&nttﬂ@smﬁ@%ﬂdk%mo%nﬁfﬂ%mltﬁ@hﬂs&aﬁi sposed
between the I1d and the substrate Is a substantially rectangul ar pattern
Wth at l%@lte' {i’l% segélg(g}ggigﬁdrse%glgaaﬁéfe%ﬂﬁth%& le%lstac;n@b‘?éakwlg reeﬂaﬂextnt]%ith the

rectangul ar pattern

at least one break in the pattemn subsequent to the substrate and lid being assembled
together. |
2. The package of claim 1, wherein the package is a ball grid array package.

3. The package of claim 1, wherein the package is a pin grid array.

4. The package of claim 1, wherein a vent-hole is formed through the lid.

5. The package of claim 1, wherein the pattern in which the sealant is disposed
between the lid and the substrate is a substantially rectangular pattern with at least one
break.

6. The package of claim 5, wherein the rectangular pattern has four breaks, one in
each side of the substantially rectangular pattern.

7. The package of claim 6, wherein the four breaks comprise a minimum of 10%
of the total length of what would otherwise be an unbroken substantially rectangular

paitern.

i




each side of the substantially rectangular pattern. 7. The package =Y
6, wherein the four breaks conprise a mninmmof 10% of the to?%/tfé‘égtoﬁjgn
of what would_otherwi se be an unbroken substantially rectangular-.-pattern.
11 21/06/ 2005 8. The package of claimb5, wherein the rectangul ar pattern
has four breaks, one in each conmer of the substantially rectangul ar
pattern. 9. Thes,(The padgegodf diiai 5nvehersin ¢hetectanhidarfpatiernthas kg rongén g

m ni rum of 10% of the total |ength of what woul d ot herwi se be an unbroken

subst ant i glably e GHIRE HuBStantRAk B tAngulat patth@. package of claim 1, wherein the
substrate is susceptible to absorbing noisture, and the pressure existing

bet ween the su $ Q.11 S.; ?F&H 0D} §iihRin? 61

rel eased withi ?f‘ﬁgb%é‘?gg%‘ieﬂﬁﬁ’%%ﬂ%% Z]%effg e aJhl%cgieulplﬁgpécizzrlnverteng‘g/0 st eam
11. The package cl.ai,m 10, erein.the substrate.,i rise organic
mat eri al . O%Q?egt?wﬂea&'hwﬁg’@a WO%Q%TS%@P@M%S‘H’F%“ﬁ@E& i ug"el%r to the
substrate using a controlled collapsed chip connection. 13. A nethod of
rel easi ngppHe®@sure existing within a package, conprising: attaching a die
to an inner surface of a substrate to formelectrical contacts between the
di e and the suligt Tird gackaicsyfehiimd , sdhateamtheablmitatetib susceptible toabserbingof t he
substrate in a pattern having at |east one break in what woul d otherw se
be a patt gidisth@] Md e presstidEEKAE Betweersthe Esisiaiea8d tHrdid idiag a resnit ofoupl i ng a
lid to the substrate, with an inner surface of the |lid facing the inner

surface fHoi 4 Sb%.g@?%lrg?stgg '?%m e p%gfagé%ﬁltﬁégubgﬁaﬁp Qt'fdegeﬁé’n%ﬁvehg& td nner

surface of 't

s

steam.
11. The package of claim 10, wherein the substrate is comprised of organic
material.
12. The package of claim 1, wherein the die is attached to the substrate using a
controlled collapsed chip conmection.
13. A method of releasing pressure existing within a package, comprising:
attaching a die to an inner surface of a substrate to form electrical contacts between
the die and the subsfrate;
disposing sealant about the inner surface of the subsirate in a pattern having at least
one break in what would otherwise be a pattern forming an unbroken line surrounding the
die; and
coupling a lid to the substrate, with an inmer surface of the lid facing the inner surface
of the substrate, using the sealant disposed about the inner surface of the substrate to

bond the lid to the substrate.

12




further conprising disposing thermal attach between the die and

surface of_the.lid to use the lid to conduct heat away-fromithe-die-.-.

The nethod of claim 13, further conprising nodifying apparatus used to

di spose the sealant in a pattern form ng an unbroken line to dispose the
seal ant in the 14pTh¢ giethold fichimtiBefusthel eagtrismgelidposiajg thanmabwitachbefivden

ot herwi se be a pattern form ng an wunbroken line. 16. The nethod of claim

13, furthehe §RWRE R iffer'sOFhed 46 tAONA RPuIGABOR doldud: B8itiandy fiol temtnner t hat
a vent-hole torned through the Iid is blocked, thereby preventing the

pressure exi stiRgM {0 ' fﬁ{]ﬁ? he

vent - hol e. 17. ﬁhgﬁ\éa%%glrggiogglagﬁqgflgﬁﬁ]%(%mp\?\ﬁggg?% @g’g%alﬁﬁcguég@()wtpri ses

applying hegat to th exterior .of .the ckage. b of . exposin he

package t@I@P%%Fé?a?‘fﬂtghaB?%@W&@%ﬁmgﬁwos&tﬁ?f‘f{)a%gj,mﬁkérei n the

substrate is susceptible to absorbin noi sture, _and the pressure existing

bet ween t ipattemthevingthe atheast ore Yreak insvhat wauldothgrivisgtbe arﬁﬂwmgiaﬁg

rel eased within the package by the substrate and being converted to steam

- 19. The mahb@#tewfingl ai m 13, further conprising installing the package for
normal use in a manner that a vent-hole fornmed through the lid is blocked,

thereby prevenygnthehsthodbEslaim 83 HiitBdricompyiking inktdllie: e phcige foravstingi ng
rel eased through the vent-hole 2G. The rretphod of claim 13, wherein the die

21, *an ap it bhel BB UABRCRNE einich d Pugt BT, bROEE MRS Afs g BRTTPT 7

with an i nner sur.face faci the ipne urface.,aof the,substrate; 13
pressure exxst%ug mtl?in tﬁlegpacﬂage om ei%g released ghrouéll the Vent-Hote.

bond the lid to the substrate. 12 21/06/ 2005 14. The nethod of .cl ai
8 o5
15

17. The apparatus of claim 16, wherein the testing comprises applying heat to the
exterior of the package by way of exposing the package to steam at high pressure.

18. The method of claim 13, wherein the substrate is susceptible to absorbing
moisture, and the pressure existing between the substrate and the lid is as a result of
moisture being relcased within the package by the substrate and being com_rerted to

steam.

19. The method of claim 13, further comprising installing the package for normal
usc in 2 manner that a vent-hole formed through the lid is blocked, thereby preventing the
pressure existing within the package from being released through the vent-hole

20. The method of claim 13, wherein the die is attached to the substrate using a
controlled collapsed chip connection.
21. An apparatus, comprising:
a substrate with an inner sﬁrface;

a lid with an inner surface facing the inner surface of the substrate;

13




21/ 06/ 2005 a die on which electronic circuitry is disposed, englo
between the substrate and the lid, and attached to the inner su%]a;f:ﬁgéfzq(}ué
substrate which provides electrical connections between the the and the
exterior of 'TH& Ppackage; thermal attach di sposed between the die and inner
surface of the lid; and seal ant di sposed between the substrate and the lid

to bond the [j h strate, . reln,t | | W a
bt torn with adle PR Gl Suir R, ARIOIE DARbed the ShERAS A IR
break in the pattern remaini ng subsequent to the subsirate and |id being
assenbl ed t@g@%ﬁéﬁ@h@?%@n o %’F‘Ehéirﬁqu‘Q‘ih,PfRHé‘P%?lﬁct{‘Fﬁg pattern in
which the sealand is disposed between the |lid and the substrate is a

subst ant i alcbyneciensdetusenrthpdictand thesixtanionof thepaekagene break. 23. The
apparatus of claim 22, wherein the rectangul ar pattern has four breaks,

one in each diefalttatihdispoded batvide the/die ead mnetsuafacpaf thelid; ad4. The
apparatus of claim?2l, wherein the die is attached to the substrate using a
control l ed cglalARaRHosel HRVRAMREfb@Pate 44U the 1id to bond the lid to the substrate,
wherein the sealant is disja_osed in a pattern with at least one break in the pattern, with the
at least one break in the pattern remaining subsequent to the substrate and lid being
‘assembled together.

22. The apparatus of claim 21, wherein the pattern in which the sealand is
disposed between the lid and the substrate is a substantially rectangular pattern with at
least one break.

23. The apparatus of claim 22, wherein the rectangular pattern has four breaks,
one in each side of the substantially rectangular pattern.

24. The apparatus of claim 21, wherein the die is attached to the substrate using a

controlled collapsed chip connection.
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