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APPARATUS AND METHOD FI ELD OF THE | NVENTI ON The present invention is ’
rel at ed tvoOoamosgssar at us and net hod for increasing the rel PERIUSOL/HSahd
performance of an el ectronic device enclosed within a flip-chip Conmmonly
avai | abl e el ectronic_devices exist Wthe formof a thin sheet of 1o

sem conduct or mat er IGQPACKAGEPRESSURE REIFHASE APBARAT S ANRMETVIQR sposed t her eon
by way of various photolithographic processes. To protect the circuitry
from damage, the die is often enclosed in a package designed to facilitate

t he attachrﬁg-quﬁpﬁﬁ%Igd;@f@}{]c device to a printed circuit board.

| nprovenents— al characteristics, as well as increased ~ 5
flexibility in mpeiesefnmyaRlioiR ralatbddb anSipparatiiomt] Meefdd ealrcz@dirghr ough

t he use of packages such as the "flip-chip” or "controlled collapsed chip
connect ison"th¢ @liabpity kad pevthiroandeygfian glecronistdeyicatesclosed withimeaBipedhipl umi num
or other thermally conductive material that seines as a heatsink (also
known as apfﬁlé%e-spreader"), and a substrate nade of an organi c conpound
that incorporates electrically zo condMﬁ'ﬂmm"mlﬂmn als used to provide

el ectrical connections between the die tboard to which the
package is gkt aahaedsrblguhe 1 is a cross-sewrsb®nal of a prior art package
of the ball—grrd—array type. The exterior of package 100 is conprised of
lid 110 (al so kainadslyaiailabie gleatrenic ledice S@iistad ele fofrh Jf HShin shebisdfr ate 112
and seal ant 114 di sposed between z5 |id 110 and substrate 112. Ther nal
attach R16 semiadndeston materatpdl diecwith aleriroric conwibtytdisposbé thereon by ay30 and
lid 110, which serves to aid in cooling_ die 130 during normal operation of
the circui tquaapgf)ab@rahm@gmréqucwe%%fq Profest thegircuay frepedpmagsnttl e 130
t hrough thepmal attach 11b to_the anbien i I, 2/.05~~8

PCT/ US01/ s (é%%’fgﬁﬂ%@ﬁ%‘i} Y7 Prckags Aeppi @36*?1%?%‘3‘@6%‘3&?% 4hthe 50 ang

sol der ball :11%%- - attach die 130 to substrate 112,
with sol dere?%al éé%ﬁ&ﬁggﬁi@?tﬁ‘gcﬁ‘égﬁﬁg connections between die 130 and
substrate 112. Puipsévenientdihlelédrieal Rignbl @ractdristics, abdalichswhdrBasednduct or s
formng electrical connections between solder balls 122 and sol der balls
124. Solsderfldxitlility ihPbwien conaingetion aal die simeekaviedesn benlized throuphk theawse 112 and
circuitboard 7.40 when package 100 is attached to circui tboar_dulgo and
thereby, f otfmaekages sucheas the Mlpctip iy "suttielled callapsed shimernnertion68hr d 1 40.

Fi 2 1 i i f th i K i di
Fioure 1, wekeabuiihEmbedly fodGed Bonale il BRBEPHE PRBLELE i (n 2x
nurber s th%ﬁg&ﬁﬁ@g@%t ?%3&@% ﬂ%&%‘il{?g@é‘o iRy Abplred: igr8a®rgf package

100 of Figure u e been a I1d and thernmal attach

cor r espondi g1 4 subshidtelh@d@sithri fganmlcompbant tHakbncorpoimestelacatioallyof Figure 1
have been renoved fromthe package depicted in Figure 2 to allow the
rel ati ve posintlictiveoma@rialsrused éorpramidieeleatricaliconecgions 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
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~ 5 be seen. As shown vl Figure 2, the exterior of package 200 is conprised
of substrate 212 and sealant 214. Die 230 is substantially centered

rel ati ve woo0yoidss ate 212, and is attached to substrate 2PETRISQU/MFderfil |
220 shown protrudi ng fromunderneath and just beyond the edges of die 230.
Seal ant 214 is disposed to cor r_eS}l:)ond to where the lid (not shown) woul d
meet with SuBungding theextesior aklid 416 cUnderéilli 128 and goldgr ballsskR4aleo 212, As

ur ounds. dSvit ChoWPREAHC i bRTBePae e i s it AR A nbr ocen 1) ne
s that a GREDIE!Leffical rhALHERE bBRIMRGH: LitPald diRRdhel 5! ERbaAd f1d Nal - can

prevent differenceés 1n pressure between the interior of package and the

~anbi ent  ai ris & piineethelidigt ahd & idbcorduelor OforMingdeledtfigsl c3ARedtionsbbriea
equal i zed This becones especially significant where substrate 212 is nade

of orgari c setdegtbhbs 127arel scdderttalls 126 Solderdpils bR4eform eddocd)icogneartioss ure from
“the anbi ent, air surroundi ng package 200, and then rel easing noisture into

the interi dietgeerpsitheligle Hgand siyenitboare dfdihen packagg 189 is atiached i/ 05- 4-t 88

PCT/U SO | [5053G nor,pal e, .when the tenperature of die.2 i_ngreases,

noi st ure prcérs?gﬁg O%Hﬁﬁl?ﬁaqdﬁ%efem ’erf%i“grdeocfn EE&%&&H%IJWSEHT%W?SQQ causi ng
an increasgjciBsHasype W t hin package 200, and tending to push the lid and
substrate 212 apart. As can best be appreciated by reviewing Figure 1, the

pushi ng apart offigurd 214 R tepside ulist oethe sdrhe privhdft facksRnpadted I Eighde O from
die 130, thereby reducing the pressure normally exerted by lid 110 to
squeezelot heél mth tetitvots of packagai2f8 of Bigere3being fabelddew b 2xx edmbersghate

ef fectiveness of therpmal attach 116 in conducting heat away from die 130.
Thi s i ncr edQEresPOnst kstbg  xx aambsrsf thelgbeled disaisospackegs 108 ohBigustit war d,

I Vi b 1 . .sh t hat t { . f
i e 190" wni WheL Ry SR R R e B il g She e obine Plitlfafdr nat i on
die 130 1 HEASE P A P CF: | m nat i
i eposed o RS et ALl ot HERLRRS S T RN ecky Y RRAT A0 LOREEEY, ) e

presence ofdepnited i Bighfd D@ sV eeireldtil e psiieanoagher itome aateethelligl tbhat st eam
could be forced between either ~ s thernal attach 116 and die 130, or

bet weenist hdrersabn.af\t alodwil 116 Fignee 2,ithle &dtBrioiMbli packagh@83s tdmpusmdtafct bet ween
thermal attach 1T6 and either |lid T10 or die 130, and thereby al so reduces
the ef f ect isypbpEate 242 andaealent 244+ Ri23Pissybstandisdy centaredigkativadRy from die

PR S AR TR W e PR R
material, 'fP(ftﬁlufndeHle%Fl?QYd fust ngy%ﬂdgﬁ@?dr%@sto@ i iaggsgﬂgmaé h%ﬁigg,an%dw’e' ch

1
woul d bl ock e transm ssion o eat mdie 1 rough t attach

116. | n addiokiedporidtosmBasithalll endtfshewhs woatdimebn@ith sabtatdRid, 6oips &f
pressure and the presence of npisture, there are drawbacks arising g from
t he use20of lemduhbélidiesubstrade BF2. Sendhamin, aealantr2d4 id dispdsediih Aanaawees i n t he
rates of expansion and contraction 25 between the lid, the substrate and
the die. REPERRIGAD BHuekembngthabsyrreunds die 23& t enperat ure i ncreases, both

it erent rai et BIATTR @ BRBGRNE GG 21 hBbRRIRG oh bhg Dafe Fegpare " ™
materials y3gds ki niTiddided he HOatN i HRRI D13 Rt HAR pré¥int BitfePdfeBs I Ne
pressure 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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WO 02/ 0y-488 PCT/ USOL/ S(153G of sealant restricts relative novenent of |id
7.10 and substrate 112 nore than sealant with a pattern of breaks woul d,
and as awe8PHi8&kither |id 110 or substrate 112 can be c®GIAH01/80BoOW
outwardly. As earlier described, this bowi ng out effect can either reduce

the effectiveness of attach ﬁl‘%ﬂﬁ—. conducti ng heat away fromdie
130, or *carEHLES g e RO el AR Gorn e RS res gy ighin
DESCR! P! Oy OF Jht SRANANS0REc ARk 861, chaplH ehc Al Aduant paes, of ¢ he

present invention wl pparent to ohe s w of the

fol | owi ng geicRA eezbosda&cfénamgqa Puh W BO ands@b¥tRitd 2125 éﬁrtcr&§§ansife§fﬁé)nal vi ew

of a prior art ball grid array package. Figure 2 is top side view of a

‘prior art bppredgated baredywpackigge Whithdpashimg peart bOlid 11 aridsutisasteage
renoved. Figure 3 is a tog side view of one enbodi ment of the present

_invention viFRds osrpagty id dHkfrom dip 30, sharalgjeradaingdlie pis@Eiepormallyi s a t op
of “the pacRagloy BRRGdAD eSS smobtiha] mh?fcﬁé&%&%tﬁe?ﬁ%%m pPortions
PCT/ USOL/ 5Q28Geih tﬁenﬂfefcﬂl/%n%‘% ﬁﬂthgﬁﬁgl d4 UE' g iif BHm‘? ﬁgast qx(lro%gnatl on,

numer ous details”are set in or row ot SUGH 5t andi ng

of the presigot ThRMARLARILE PHANEMES N aldo ibd sﬁlﬁ@mae@bow%msmﬁga din
the art that these specific details are not required in order t ctice

the pr esentsubstvaaflida cuied shaps ehat exentssmesmh tenoetdrs of diei 130 wHigh' or
“controlled collapsed chip connection" (C4) packages for integrated
cireui t ¥ wehecase higditmceracking aad/rithingdaudelaninatiangensling & ¢lectritalo known

as an "org c la rid ar Particul arly, the present

i nvention 36’?1‘8&%‘2%&%“6%@%?‘}/?8% Ofc)]g'k‘?lfér(j‘ég’yt Ishoied Oﬁ‘é}‘? P‘d’ijf‘cérqfﬁhq ar ge

dies. Howeygr, as those skilled Wthe art will appreciate, the present

invention is also applicable where other porous substrate nmaterials are

used, or where SHBhhShedHRAVIHR HSRG FHARBhdPIcSEhdeDf tHottaRELkifd CUi try that
generates consi derabl e anounts of heat. The present invention is also

appl i cabl e cotvesréed tostqame kader pressute, hethas edamrrohldibe foecdd itwesosidat s. 15
Figure 3 is atop side viewsimlar to that of Figure 2, but depicting an
embodi nént thermal ettpeleEkbrand; dio a5Q, |0®|betWQe@ﬁhelmalp€t@¢dalﬁﬁ 8o0lb110FBus e 3 bei ng
| abel ed with 3xx nunbers that correspond to the 2xx _nunbers of the |abel ed

items of patKHGE BrPnéact brigifen thermp]attachsTigand ‘Iﬂlﬁh}‘@ 130 opdigt13Qcndd have
b lid 110 d th ttach
een a 11 ?ﬁt}glg 5]?5 q?cithc%g i._l%cet?feggﬁé’l%’ésog gélr}rgal a?tacf\ ‘ill co% Pﬁg\%ae@ aga ac

116, respec Wave been rem)ve rom

depi ct ed i RwahGH® dfe 13?0 Ald t@WaHTB?hd ﬁ(ﬁtl’d{ﬁlcﬁ’ﬂ%lé'd@gel‘Q{mgtoh‘?ﬁe'tem5 under
the lid to be’seen. As depicted in Figure 3, the exterior of package 3W0 is

conpri sed ebnpobisionalf ehadidl ateathsia) saedm segrast peridtrdee thetheigial 3ddch Al so as
shown, die 330 is substantially centered relative to substrate 3'12, and is
at tached t anatemial itealle thereby foamingigarsivithis 2benwl eHa¢hs11éHehieh 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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25 protruding fromunderneath and just beyond the edges of die 330. Like
seal ant 214 of Figure 2, the sealant used in the enbodi nent of Figure 3 is
di sposed WO 0o#488spond to where the lid (not shown) woul dPEEBISOUFESEG
substrate 312, so as to bond the lid to substrate 312. However, unlike

seal ant 214 of  Figure U2/115~. 1 PCI/ OSQOL/ SOS36 t he seal ant used
in this entbssalintredosts RiBtve m%eawnﬁﬁ%lfﬂ{ém HPPARI 12 MG UNIS i e 330
| nst ead, t | ant. | i [ 0 : nts,314ad, | eaving
st ead, EamRRLAR il PORSE MBuONEA SERLAN, SRATTA AR itk
bui I'd up Wihicsh bBBasl &6 b RitwRARKAAS e3MRr aésc@ibEQ,stHistbd?«‘;ing‘Bh%Hé& bei ng
turned to steam when the tenperature within the package I ncrease nay be
rel eased. Refheithemngdues iheusieytitemeksodfithéringl hetach 1Bie c3ndtistirg) Heavaway t hi s
rel ease of pressure, the lid (not shown In Figure 3, but correspondingly
shown ag | iftpm dée 139, &1 gay eausyg criagking end fersddlampnaionpu dieetPlavay rel ative to

"substrate t ssure exerted by the lid on the
t her nmal attmlﬁgiﬁiﬁcﬁﬁﬁéﬁi@?i%d?%&gﬁﬁﬁf correspondi ngly shown as thermnal

T \IlUl. TTOVT

attach 118 in Firgitgiol flihel AUGLSdifRlo A SO RiAINIR0 Lo the Tid

is not reduced, an ctiveness o _ ermal” attach W<conducting

away such hl?ghrelrﬁ tPERSEUIN&Tin thb A& in R¥ev bl QMBI HpSd et 8l ABER criptidi] BSSUT €,

substrate 112/312 is not caused t5 to bow outward,” thereby causing

substrate Mi¥tB12 to becone curved, and potentially causing cracks to form

in die 130/330 in the vicinity of the corners. Furthernore, disposing

seal ant10314a-d Figwe pds @ evass-aectionplrdel of p@sior st hall grivbarseapackagé.or mi ng a

| ess rigid connection between Ijd 120 and substrate 112/312, thereby

all owing a degrgbg‘ﬁf'gr‘%f‘ IR Y4 Weﬁéﬂ“wraﬁae@gvﬁa"fwaalmges»u&f%ee 20

112/ 312. Al | ow [ f relative novenent allows |id 110 and
ffg%‘g’goz ftstg a(qg\%a ?(gmgvec{.

substrate Xpa nd contrate at different rates relative to
each other in reﬁggmegqsaa);ma@%sv bibrieRMRSIddinh €ofl the pRb¥nf P t he
tendency for |id 110 or substrate 712/312 to bow outwardly This in turn,
serves to madusené perteaislof élfe piekagd eatbvedss in ef fecti veness of thernal
attach 116 and/or the earlier described 25 cracking or delamnation in die
130/ 3305 | n oneFigwsediise tap sidesicveef amether smbiodpwseichfithe prdsentiheendiognent s,
resulting in multiple, brﬁgﬁ. I g anot her enbodi nent, the sealant is

di sposed i Vith &g Partiony € PackRsEISIVEH i ng a conpl ete | oop surroundi ng
die 330, thereby resulting 6 WO 02/ (15-t88 PCT/ USUL1/s053C in a single
break. In one enbodi nent, the breaks conprise at |east 10% of the total

| engt h of what woul d otherwi se be a conplete |oop of sealant, while in
anot her enbodi ment, the breaks conprise |less than 10% of that |length. In
still another enbodi nent, the sealant is disposed in a pattern of snall
spots or dots of



seal ant | eavi ng breaks between the spots of sealant, rather than segnents
defining breaks. In one enbodi nent, the sealant is conprised of a

rel ati velwoft/esditgd e nmaterial permtting substrate 312 andPCRA&SVI/&S860t
shown) to nove relative to each other with a high degree of freedom In
anot her e"ﬁ@ﬁigﬁgﬁagéﬂﬁgﬁf t isto conprised of a nore rigid materi al
limting t 2 of substrate 312 and the |id. In one

enbodi ment pack : fiJst attaching die 330 to
substrate 312, ?ﬁ2?§%®°$@$%§%§ﬁBﬁgéﬁggPQéﬁE&£ é%?%?@ﬁ?n’ oy grelpet ween
di e 330 anchre sSHIRLS 0RdeR-to -'p-t’@viéi@ﬁlltlﬂﬂbug‘@Uh@e&ﬂ%ﬁh&ﬁofq}lé EP&@ g On substrate
312 in the 15 four segnents 314a-d, where the lid (hot shown) is to be
attached t dnseritii diew8dd, it Will brappatehahorershillesiawhy amvehd tdhédeepedifc

di sposed on_die 330, where the lid (not shown) is to be attached to die
330. Then tdedails ate petirequived an preter éol prastisathstpreseat Bwention.a seal ant 314a- d)
"and die 330 (via.the thernal.attachéi"ﬁs those skilled Wthe art wll
under st and, the OFREFSEhIYSIERR csenso SRiFRagr sentrbsedlapredhehir zo
departing f n SPAVA i i.on... 1N, one enbodi nent ,  package
assenbl y eqctr(J)|ﬁf){érr(fs\tlr%)t?1 g@%)gﬁ atﬁlé%eﬁtf%ég }%Xéga t lgaéhtssvb’}c‘)(gr D2P AN g'i‘ﬁ?fthﬁﬁgﬁnbr oken
life is nmodiskd eQuéwa PhO@s & QLKA 39hn B oSS t -d. In
anot her enbodi nent, geﬂ?%éckage assenbl y eéuiEﬁﬁﬁﬁgfﬁggﬁffééﬁ%éﬂdesigned to
di spose t hd’astallarly, the psesahtiny ersgnemnicerns tkougk df Sucls pakkagéss forhole

enbodi nent, substrate 312 is conprised of an organic material, and this

or gani c'omatRarticilariyarge digsr Blesveyan as thase skilled én heswbyill spppretioteazor bi ng

noi sture fromthe anmpient air external to package 3go. I n anot her
embodi ment ,PTETBS IPEhEoR {salfea ﬁﬁ€#§gﬁyﬁPﬂ§rﬁ8ﬁﬂﬁﬁﬁ firate mateialapre put a
material t i [ . PCT/ / 31 suffers e drawback of
absor bi ng E%%%%%PgﬁmfﬁM%mgFéﬁgg%fﬁgﬁ#ngﬁéﬁggggg?émgi8F8PE?HEQHie W thin
the packaggehsrat@oRsidBmbAPRhY NS ohR&t. The bR&eRNHhEEL RN iQfalngn? pagfage by
exposi ng the package to steam at high pressure. In one enbo ﬁént the lid
(not shown)wihas tienpackagesrie be eséd irohigh hehtamwvhdnieatset hr ough, that coul d

al so serve to permt the release of pressure within the interior of package
300, buts which Kigurpé ibha tarkeide niswasimalauta thef oft Figuresh hat defdictivig ain  package
300 is installgq, eithgr for testing qr for, normal_ use. |n another

enbodi ment EBPAIERE §f4Be REeseRiHPYERTRs e Packrged0R cb Bigivre AREINBhe br eaks

bet 4 4 h i f. t
ol eace of MK RRARR IR A BREnk I uRORE TERRS: PLRK G Biote) 1 s a
thermal gr %@%ﬁ@ka\g’@ i2b@of Pigdhol, ekt &0RH 'ng?ﬂ& 2, WS WHSamRl e BbiRE Ndlanda

ther mal adhesi ve.
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
relative 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 through 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, so as to bond the lid to substrate 312. However, unlike sealant 214 of Figure

5



In one enbodinent, the Iid (not shown) is nmade of material capable of
conducting heat away fromdi e 330, such as copper or alumnum In one 15
enbodi nerwQ ot/be48d4 d rel eases the heat conducted away frompPETAISBBSBH
anbi ent air surroundi ng package 300. In another enbodinent, the lid
conducts the heat to other thermally conductive apparatus with which the
lidis in coteteplantysed insthis embadimgrt doss nes farnsen wabrekyn linethatpi pe, or

th | electri | er. | nmbodi t k 300 | bal | id

ar fégjpgﬁkiséé“ ;g%‘?eé%’os da?#ﬁ?laeeaef%rﬁt ?ﬁf@%@ﬁi@f‘c} o ewlr%a?\es%éﬁfi?{ 'mitz L
shown in e ol der. pal | s o]
Fi gure 1?/ \I,%y%ag,ot%ere gﬂg‘%}j‘ieﬁ%ﬁw gg‘%aggg%t%‘e‘?@cg *Jﬁfysﬁi‘gerﬁ%‘(‘}k g’?‘rﬂé{/} package

-wher e substdthésvisd Buildup iR ek interiorof paelapb 00 fs DyestRof HoidtASbeiss t her
indirectly through a socket attached to the circuitboard, or directfy

t hr ough Shol tegnegl ol steaeh wineo tighteniperaturewithbotie pacRegelincremes emyds ment
circuitry cogpri sing the core logic (e.g., random access nenory controller,
bus interfd€ka8d 0 device interface, or tiners) of a nicroconputer system

is di sposed on ur.face .of ,die, 33Q.. | n anothe WO 02/ 0S-1-488

PCT/ uspo hOS3G e e?)@a.’“r%gé{?f“’%‘r‘}fE%P?‘%&‘%‘Hﬁ%??gﬁﬁggéa%%‘ﬁmé ISdF‘tSE%fs%fi ng unit of
a mcroco i i £ di . Fi e4d4is a
Cop o do viieRlre R RAYAG sfbRAGE FHln00s b tolAGRrindll ShoWflas TR 6 Lo

of the pr e%@treil?mmtic@nsedﬁb%rp@sﬂed swiy falhwRtolabstw 1 3y Abt gcpat e pattern
by which the seal ant may be di sposed to correspond to where the Iid (not

shown) Woulrdsuleéhe piessurs ebataddieth iz, orsiheabermml httach (roe shdwin roFiguhst r at e
412. Although the patterns in both Figures 3 and 4 are both substantially
rect angul ar; PetrorIssRaRdngly shewnsasthenmal altagh tleagdigoe 1 thatgendunds cor ner s of

the case o epcugbEaBR I Eho R ietitieashiedbtaring Berledhsari thbet o
Wi th 4xx NYRReta atihat h‘%r“%%@%wéfﬁéﬂﬁ}%ﬁ?ﬁgmﬁé of the | abeled itens of

package 300 of Figure 3. Just at would have been a lid

and thermal att addv, bpalewppis @ldase in fledsle, 30Bstid1e1 1BI3104d @tkaddd
respectively, of Figure 1 have been renoved fromthe package depicted ii

Fi gure B t do hbwowtiviael, théraby vauspegssubsoatedfl 263 12ab bet@ns cuvddrarid 5 the lid to
be seen. The invention has been described in conjunction with the preferred
enbodi ment Pofentially syysiag erackato fatmdn dies! 381 3¥ringhe visinitymfdhe raraeisons,

iati d i1l b t t h Killed i h t in light
o he for egoi niUHBEIERSE: ToROTE SGIAN 2B s PEREBv Y bTARBSESBkE 11 o | 1 1 he

t, that : i : | | i th
Conbi nati ofee S Faeeryana R Sl PRl AR MR bl SRR Al Bencs of

the presenthdraveallowihgdl @egd@sel reeide imbviehnt BEtwa¥h 1i@f110ahk sGbdtfhi@r ray and
pin grid array packages carrying a die on which is disposed electric

ci rcui t20y. 1/dd2eAllowheg poee dagrek of ealativermbeeragytialloatsiliel 110 aad25 vari ety of
package types and to a variety of electronic, mcroelectronic and
ni cr onechafiksiratggld/342 to eynapd @gH conBagas diffarentiatenrelative to edek otliened in t he

in response to changes in temperature, thereby reducing the tendency for lid 110
or substrate 112/312 to bow outwardly. This in turn, serves to reduce the earlier
described loss in effectiveness 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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context of packages attached to rigid printed circuit boards that are
comonly in use, the present invention is also applicable to packages being
att ached wo oybrtetss 9 WO | 12/ G .t.t88 PCT/ USQOL/ 5053C of fcarisbhi/sosamt eri al
or other surfaces providing electrical connections. Al so, although the

present invention is described in the context of packages with the seal ant
be di sposedniarfuéé]‘éhb‘?ga Paf F?‘W%’(’S‘f%ﬁg‘ﬁ? gfea 5 EQ1BPHSe 2tHeash ABB efithe nvent i on

is appli caqbf‘alg\ﬁ ?LB%hE?&Bﬂd”bﬁh&Q«iMﬁl %&%g&gég[&ﬁ@%ﬁ ‘Idﬁ@%{spggd is

regardl ess of er the pattern in

i nfluenced diptidienthapaedt, tHeWeAlstoaliseess ArSLPS b agfleggtm%-sﬁh“deed, the

seal ant may be disposed i 11 circular or other polygona tterns, or the
*seal ant mayariothatiespusétents the sehlantisidisposéd mpatteraton emall Bpstslok ABLsSFIMENt S.
Furthernore, although the present invention is described In the context of
packages t F5flaBhipvEE baeakss hgtvaeas the spotanf salasitgethes than sgments definisg

di sposed, the ,present invention is applicable to packages encl osing

mul tiple sepa? te dies, and/or dies conprised of smaller dies. 10 WO

02/ G5~~88 CLAI Mg, W@Emioﬁdﬁll\e%itﬁﬁg Séﬁéntﬁ)g({r%tjglliée]d/osf%ﬁ% aEiP{%lé’ tﬁqxgﬁc kage,

conprising: a substrate w th an inner surface to fs to be
attached, fratetingpeneitRglsubedte SONMRE HHeQRB(nbREIRHER) b %&%ﬁ%@fﬁ?aéﬂet ween

the die and the exterior of the package; a lid wit'h an inner surtace facing
t he inner $Yhdragith ahighdegrabef freddem. aindinedel @nibodirapas @ soghmern t he
substrate and the lid in a pattern with at |east one break in the pattern.
io 2. THe &ppurisedef pmare zigid mataxiabHmiting the rplatike gwviemeat blsubsgated ar r ay
package. 3. %’he ?}pé_?lﬂ%at us of claiml, wherein the package is a pin grid
array packagsang! apparatus of claim1, wherein the die is attached to

the lid, and ~s i : y he, heat .a fromth |e. b.
The appar at us OPIi %Fea%%gaéﬁ%lgﬁgék%ggg@(gwg) ilﬁ{)}l)eefof?eflé’yﬁ@é att{?lcg}tﬁﬁﬁﬁ? ﬂ‘(&-p lid. 6.
The appar at¢isuliiratd 2thbreWBERINY SIRIARPIALLIBC iR MBh L %@gel . is

di sposed bet ween at he i dr%nd theﬂks%tb%% rate is tg %\ggls\%%rﬁopgf) y regc %ngul ar
pattern 203 and sidestate 30adtheaadaiireakld ther'be d3posidnat Albderaef310liRtKA 6,

wherein the rectangul ar pattern has four breaks, one in each side of the
subst anfi af®yr segperisgidfard, pheretha 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

shown) 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
specifically 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

7
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WO 02/ Q .t.188 PCT/ USOL/ SOS3G 8. The apparatus of claim 7, wherein the
four breaks conprise a mninmmof 10% of the total |ength of what would
ot herw savde2/e334asnbr oken substantially rectangul ar patter RCTAISOTHES36

apparatus of claim6, wherein the rectangul ar pattern has four 5 breaks,

one in each rner of the substantially rectangul ar pattern. 10. The
appar at us cﬁ”?fofsa' ﬁ]dé?wgwgﬁ"giags‘?rﬁg‘gfﬂﬂw Pedkeneynpedigent the prckage of 10% of

the total | ] Y, . i unbr oken.substantial ly

rect angul ara%ggio? g{r%‘;]c_hW%\i}Fh ihe ‘gaﬁgé cﬁ{s‘ﬁ@é&% p}g?gﬂ)ﬁ%ﬁw\ﬂxgort&eﬁx Her Qtﬁ’s?t rate is
suscept i bl eadcRage 18y @R thE pABlagE 6 SeadRE hidhEpRELSSUr € exi sting between
the substrate and the lid is as a result of noisture being released within
t he package by thengeahdbodimentathd liddhotgshowm) dns ede bomsteasmt-hblks, The

appar at us (%fgr claim 71, wherein the substrate is conprised of organic

materi al’. (fgmped therethronal, thas geuldralso sgTva te peymitithe reledse ofipeesiwreat t ached t o

‘th b : I | | d chi ion. 74. Th k
of crai m 1V GREr Al e G i B 00 s PR B iSRG shedrsultPlthe extor i or

of the packaghed¥n Wc@a&%%kﬁ%dorlg irts@f1eBAGHRAY Fort tgstﬁ'Fg[ecﬁirf?]la}éo%rié% Elaslg,;ﬁs sure. 20

' zo 15. A nethod of releas pressure existing w

conpri si ng:anbther elBodah&it, the4Bith43GL Wl ho R0 fek¥met thafelh At gR, AidthbO an i nner
surface of a substrate to formelectrical contacts between the die and the
subst r at e; bigaksdsiweprssealaahsegatents 31aS1id asr the sokasensiprovided lrst rate in a
pattern having at | east one break 11 What woul d otherwi se be a pattern
form ngOanr?}ﬁ%ﬁqu{é’ﬁeslSFffé surrounding the die; and coupling a lid to the

substrate, wit hh? 146&“86 1%1%%,338 tl*(l)efrmtél1 z‘i:‘\tta!cil'lgn{)ﬁs ioln té{]aeg{ﬁ?xirﬁg surface of the

substrate, using seal ant "dI sposed abou €8 t he
substrate thikRaAGnbhRr khfboliinddiethe YRS 2k Rach is a thermal adhesive.

In one embodiment, the lid (not shown) is made of material capable of
conducting heat away from die 330, such as copper or aluminum. In one
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 In one 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
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16. The method of claim 15, further conprising disposing thermal attach
between the die and the inner surface of the lid to use the Iid to conduct
heat awawoopossusgse die. 17. The nethod of claim 15, furtheCcTasnpsissé ng

nodi fyi ng apparatus used to di spose the sealant in a pattern form ng an
unbroken line to dispose the sealant in the pattern having the at |east one
break in weatbodbuént, Grdwdiryicgmphising a-CeBIRERTOEISAIEOH ofgp RIFTOTBRRIKER | i ne.

18. The method of claim 15, rth rising installing the package for
testing |n%“ﬁ%dﬁ@’rsl’???é‘torha%Tcel‘l’gflée%@prred through the l'id is bl ocked,

thereby prevent kgl B PIBIN FefXiplihi thidliledidd, RAEKROAHAMDEI NG

rel eased t hroug e ven The "apparatus o al m

wher ei n t hepfiRalhag &@m)ﬁies@& RPN Fidigal i§ prdvitedetotsBbWn eqfertuhe package
by way of exposing the package to steam at high pressure. 13

0210S. 1L 8paReit byS@hich(hd6ealdnt nidjebeardishostddd cotrespord3p wikree ehenlld trot

'substrate is susceptible to absorbing noisture, and the pressure existing

bet ween théhQkaWPHFbmﬁﬁdNﬂhéub$ﬁ“¢%ﬂ%§’ﬁSVﬂ§Wpﬁh6PdﬁBF§?%FﬁﬁﬁE%ng rel eased

The. mot hoa AR Ny K81eHo Pt Hak (A0St rarhg Tre B eong eny iRl or =
nor mal use y, iy, A, Bf tﬂggez{lmtm?zeé'l@@e 400hke Jt%ﬂ@(ﬁn&t&r&'t'ﬂ@s&%?anln'aﬂ ' s bl ocked,

t her eby preventlng the pressu isting wt t he package from bei ng

rel eased t he@wghulhhisateentinkteh@of Belng Ahhe BRIeb aslirofhe¢h&d shphbkagetB@0ei n the die
is attached to the substrate using a controlled coll apsed chip connecti on.

23. An el edtentnifpadiageci®) of biguré 4 beigg lzbebadbwithde nuinttieraihat mmspgud f ace; a
lid with an i nner surface faC|Qg the inner surface of the_substr a die

on whi ch elf@éltefi’?@ﬂ nurghere gf theylak e%ﬂ%‘ﬁ%@%ﬂ“@&ﬁ:?@s‘g& igHe e distafavi ‘L
P Aty iy vk ) TR
the packag Ez‘mdacﬂgn%ﬁ aladt 114, %&gé&ﬂ/eﬁﬁw\/ﬁ Ard PRave B RERvEN Goklihel 1d i N a
pattern with at | east one bre attern.
package depicted in Figure 3 to allow the relative position of other items under
15 the lid to be seen.
The invention has been described in conjunction with the preferred
embodiment. It is evident that numerous alternatives, 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
20  invention may be practiced in support of other combinations of functions in a
computef 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
disposed 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 present invention is also applicable to packages being attached to sheets

9



20 20 24. The apparatus of claim 23, wherein the die is attached to the
lid, and the lid serves to conduct the heat away fromthe die. 14 WO
U2/ US- t 83vOPEYHIBBL/ SUS3G 25. The apparatus of claim 23, WRETAISN1/E1%86 pattern
in which the sealant is disposed between the lid and the substrate is a

substanti al IH rectangul ar pattern with the at | east one break. 2b. The
appar at us ©of e;mbliemwztsnabmeﬁb@ﬁu@h@%@evamﬁlawlﬁak@@w% A% breaks, one

i h sid bst ant t aLt The, met hod of
claim2s, e ieryegs aen o kAR RE e backlend i BB o1 e

Cg\ |9| aRZEdAE%]]&A?g}ﬂ%%KEQ% aA %él\%stdﬁ;%tﬁ‘&y\r&tﬁ%tﬁ& paﬁ@éﬂxﬁ%&p?%%nt invention is

» M y{ upkf a\ WppRdba] eajthal ]ﬁeaieeﬁil}nal]uel?ﬂ]m]ﬂa&] ﬁﬁa]yczﬁ];pm]a@,a]aga]dm]; of] ca] ca] ca]c
a] ca] ca] ca] ca] c:aJca]ca]ctalcaljcalcaljc@!'y <*~j{c

| wr mgb] X] ] c‘d]eclaa]ldhup@&]ma]m\el]lda]fmaﬁ]f@la]l@a}‘cfw]oé%&] @ai]lﬂae}rtcaii byjtheshade®d] ca] ca] ¢
“ay ca] caj ca ca ca%lca] ca] ca] ca] ca] cal

L1 " #o#$ /ot th gubistaly @éUPEaI]‘a %él%%ﬁaﬁ]teéﬁyc%ﬁ] %‘31]’%55]16%] ca] ca] ca] ca

* f * % +@_+

o)) o ek Sl S BT LSPSEL AP PR SRERd sl ! O
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a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal | <<=C==>7?b??7?? @\@x BBDD\ DDDIVEEEEGF
FF2GGG30G whattrohiddirsaiticis]disposed, dbg prepentjivegriiondappalicaklectapagkagsp ca) ca) caj ¢

ﬁgiﬁﬂa]l\/rcﬁﬂ]\ﬂf/g}qﬂ %@%&% %f% *{3‘2})%1%%?%‘%15 ]@Z%%ﬁr&é‘]‘%‘;a] ca] ca] ca] caU
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SzZ10% & ()-10% & ()-M10% & ()-3+10% & ()-OFti K- 110% & ()

10% & ()-&10% & ()-Y10% & ()-10% & ()-'10% & ()-1 10% & ()- N iK- sO
10% & ()-.10% & ()- ,S10% & ()- +10% & ()- f)10% & ()-''10% & ()- vy

mMo% & ()-M\



}si KsO 10% & ()-910%v&' ()-10: 10: 10: 710% & () - 5&10% & () - 3910% & () -
,2L10% & ()- MyfH 10%& ()-M 10%v& ()- 10%v& ()-L ! 109EE& ()- @O%E ()-
10%VE () WOOBABINE, () - <*~i K-S2' 10%VE ()-0 "109V& ()- . 10VKE/USPLSIFEOAVE. () -
3+@LO%VE ()-y) GLO%VE' ()-' 10%VE ()-ghij{ci KS2' 10%V& ()- @ 10% & ()-9

"10% & ()-10% & ()- LOMLOMLONG: 10%V&' ()- 4109v& ()-cN(fHf 10% & ()-M
10%&'()-3Qé%%§( -Y 10% & () - 3ml0fV&'() flOfV&'() '110% | & () -

(X [i K- @- 10‘V/§<g$a}sq‘i’al 0%.& ()-.310% & ()-, 10% & ()-Y

+10% & () - @ 109 %;() [i K@-
10% & ()-10% & {) - " 19 @fgp/mghé) 10°10°10°5210% & ()-310% & () -
ah! fHY 10% & ()-Y 1 %&' 109&"()-10% & () - &ML0% & ()- Y

Y10% & () - 10% &a 6nibdtiuite WhHEH alﬂlﬁB{er&iu(l Jacd @y WlichQx die 1086 &' athacked, forming

210% & ()-110% & ()-2z10% & ()-Y 10% & ()-16EL v | K-K10% & ()- 10% & () -

910% & ) - electriisd errpcti@uOiaighthe sabstwt, pebyepspthe dje apd the exterior of
LN o 1096 & () y10% & ()~ 10%SS& ()- 10% & ()- "10% & ()-

Y10% & () - 9B &g‘f) AOHSYERSE ' 7' i K-5mL0% & ()- 3 10% & ()-F 2210‘V & ()-

*010% & ()- S) al 9 o
10% & () - QT i f‘ﬁ ““3?3#%5‘5‘}@85&?%8 the jnier gurface of thesuPErate Mdos & () -
&10% & () - 910%&1&% dl:QJo%@d bOrven thé fut@ratekamidthe lid in a pattern with at least

one break in the pattern.

10 2. The apparatus of claim 1, wherein the package is a ball grid array
package.
3. The apparatus of claim 1, wherein the package is a pin grid array
package.
4. The apparatus of claim 1, wherein the die is attached to the lid, and

15 the lid serves to conduct the heat away from the die.

5. The apparatus of claim 1, wherein a vent-hole is formed through the

lid.

6. The apparatus of claim 1, wherein the pattern in which the sealant is
disposed between the lid and the substrate is a substantially rectangular pattern

20  with the at least one break.

7. The apparatus of claim 6, wherein the rectangular pattern has four

breaks, one in each side of the substantially rectangular pattern.

1



10% & ()-&10% & ()-Y10% & ()- 10% & ()- s!10% & ()- ' 10% & ()- 9ml0% & () -
++),s,,-\-. i K KF)10% & ()-M 10% & ()-9%40% & ()- $10% & ()- Y Y'Z10% & () -
s10% & (WOBLOMw®& ()- ../i//////dYNCF)10% 10t 10t PCT/US01/50536
10t f 7s10% & ()-510% & ()- 4s10% & ()-3 S2S10% & () -

010% & ()-/01s112V2aBYNCf) 10% 109%& ()- 109%&' ()- | F109& ()-3 109&' () -
109& () - 3! T&M 189& (}Theae\m@vsséel@méf‘yé@%q é['e@&m(hr?aksl nspa 10%(&') (3/- Y

e Y R A L
Jaf ba o%&' ()- f 0! 10%& () - 4 o
voose: (3 HRE i AR e g ol (1 e o) 1%

; dEnDCF) 10% Y s109%& ()-3109%& ()-Y @O%& ()- ss10%& ()-109%& ()- 109& ()-
;3 <I <<=C=dEnbCf) 10% F | % 109& ()- #109%& ()-!109%& ()-,
1098 ()-"! 109& 9) - 109 gpparatus of claim 6, wherein the rectangular pattern has four

5 breaks, one in each corner of the substantially rectangular pattern.

10.  The apparatus of claim 9, wherein the four breaks comprise a
minimum of 10% of the total length of what would otherwise be an unbroken

substantially rectangular pattern.

11.  The apparatus of claim 1, wherein the substrate is susceptible to
10 absorbing moisture, and the pressure existing between the substrate and the lid is
as a result of moisture being released within the package by the substrate and

being converted to steam.

12.  The apparatus of claim 11, wherein the substrate is comprised of

organic material.

15 13. The package of claim 1, wherein the die is attached to the substrate

using a controlled collapsed chip connection.

14.  The package of claim 1, wherein the package is tested by applying
heat to the exterior of the package by way of exposing the package to steam at
high pressure.

20
20 15. A method of releasing pressure existing within a package,

comprising:



[)mow&' ()- M0 109& ()- ’?’?’?@\@1BdEYNCf)10% 10% & () - F

710% & (WOBUOSHES () - PCT/US01/50536

10% & ()-"910% & ()-910% & () -qBBDD\ DDDABYNCY) 10% #910% & ()- 3" 10% & () -|
f @0%&'() 10% & () -y10% & ()-s! ! 10922 DVEEEE YNCY 0% & () -
, 10% & ()- | *atk # ylie tppnguper suyfage %}6‘1 sgateto %’655‘3& l‘%‘ contacts

FF2 %,. 10: 10% & () - 5F10% & 310% &
210% & () - E’E ﬁ%ég&d{% a“‘lﬁ%fké% %??KaB?C 10: 710% & (§)f310% & (§) !
AQO/‘((& () 9% é:)) 1& &L A0 vl AEAXME sudfakkbiirKaKidtElAa poktern
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1" 1 109@'5( ) -inbogign(ljnd surnguiging) the vig @og () - Nl 0CO0OO00Ph @

coupling a lid to the substrate, with an inner 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.

16.  The method of claim 15, further comprising disposing thermal
10 attach between the die and the inner surface of the lid to use the lid to conduct

heat away from the die.

17.  The method of claim 15, further comprising modifying apparatus
used to dispose the sealant in a pattern forming an unbroken line to dispose the
sealant in the pattern having the at least one break in what would otherwise be a

15 pattern forming an unbroken line.

18.  The method of claim 15, further comprising installing the package
for testing in a manner thata vent-hole formed through the lid is blocked, thereby
preventing the pressure existing within the package from being released through
the vent-hole.

20
20 19.  The apparatus of claim 18, wherein the testing comprises applying
heat to the exterior of the package by way of exposing the package to steam at

high pressure.

13
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5 21.  The method of claim 15, further comprising installing the package
for normal use in a 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.

22. The method of claim 15, wherein the die is attached to the substrate

10 using a controlled collapsed chip connection.

23.  An electronic device, comprising:
a substrate with an inner surface;
a lid with an inner surface facing the inner surface of the substrate;
a die on which electronic circuitry is disposed, enclosed between the
15 substrate and the lid, and attached to the inner surface of the substrate which
provides electrical connections between the die and the exterior of the package;
and
sealant disposed between the substrate and the lid in a pattern with at least
one break in the pattern.
20
20 24.  The apparatus of claim 23, wherein the die is attached to the lid, and

the lid serves to conduct the heat away from the die.
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27. The method of claim 23, wherein the die is attached to the substrate

using a controlled collapsed chip connection.



