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M CRCELECTRONI C PACKAGE CONTAI NI NG SI LI CON PATCHES FOR
HI GH DENSI TY | NTERCONNECTS, AND METHOD OF
WORMIRADGIURI NG SAVE FI ELD OF THE | NVENTI ON ThePCT/US2009/038708
di scl osed enbodi nents of the invention relate
generally to mcroel ectroni c packages, and relate nore
particularly to electrical connections within
m croel ectroni c package BACKGROUND OF THE | NVENTI ON
In orME&FROBLEQRR ENéCB ERGFaRON T ARG SILIGPAURSETIHES FOR
uni t e
il ¢ e N S AR PR XM, SRR PACT RN
or other mul ti - chi p- nodul e (&@NF fornat. Thi s
devel opment, along with other factors such as the
| ong-standing trend toward increasing mniaturization,
is leading the nicFEﬁ[b@FﬂﬁEﬂU&TWﬁHONtry tomard a
situati y
2 Suft Bkt A Erets T BukBRTRuRCeRRRTL fi Gubdytidonic
padkﬁgetsj aldt Rlte @ofcOparp@ilariyi tol ¢lemitict Cémtl(ﬁlﬁ valitten adgeelaﬁfomc
into the avail abl e space. An insufficient
p%%%%@r of die connections would linit the bandw dth
capability for the affected die interface, and thus

| ogi c-1ogic and/or_|oai cnrenory conmuni cations woul d
suffer. The(ﬂMﬁ%@FGBgBPH59ﬁﬁ%EQ$%@u?K%ﬁary i ncr eases

in 1hQeens tdhahdd paimesRl cofraPbrdchRingOMtit mﬁ@dproducts are
col | .apse chip connect (C4). interconnect andt

ing{spuRgly iegratiig il e yithia %QPUb@Ck%gﬁdéwadeebx Hdg preother

|
oL, Ao T SO A0 BELEE s,

lopgistangyag Besnd dewad daersasedmiviamizations a8l lppgingf the hicroelectronics
1n$dv|8 ttlh/qwm a%ﬁﬁaﬁfoh %gwﬁiﬁﬁ ?trrhzeltﬂoqgn%e} ?&ﬁg& dlbl% t& ﬁpi Hﬁﬁ&hﬁ Bumber

) e‘accorrpanyl ng I gures ) raw ngs
ofhic chuneFiias (hegsgred byl iapntipiignt (dfo)merrimlﬂlmetee@nm@ nf die edge per
la&%&lﬁﬁ% ﬁle%%glpd{)gl Egcet Rn muﬁﬁ?e%ghm&' 199 {hﬁ CQI%IGCPOH? Iuolupcpl’lmlt the
IS Cross-section Vi ew O
bmdwﬁctbblcep}fo'rlmmlfor maaif&gted cfic FitdBacd, adctbndiagg-logicamd/or logic-
embodi ment . of. the |J1 rent i-on;
memory domanthniQlions Woul er. The’current approach of evolutionary increases in
I/O density through scaling of the controlled collapse chip connect (C4) interconnect and
the substrate Line/Spaces could well be inadequate in the future for at least some

applications.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed embodiments will be better understood from a reading of the
following detailed description, taken in conjunction with the accompanying figures in the
drawings in which:

FIG. 1 is a plan view of a microelectronic package according to an embodiment of
the invention;

FIG. 2 is a cross-sectional view of the microelectronic package of FIG. 1 according
to an embodiment of the invention;

FIGs. 3-5 are cross-sectional views of a portion of the microelectronic package of

FIGs. 1 and 2 according to various embodiments of the invention; and
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FIGs. 3-5 are cross-sectional views of a portion of
the m croel ectronic package of FIGs. 1 and 2 according

wo eoogasdoous enbodi nents of the invention; andFP@/US200%038708
a flowhart illustrating a nethod of manufacturing a
m croel ectroni c package according to an enbodi nent of
the invention. For sinplicity and clarity of

illustration, the drawing figures illustrate the

gendfl§h SnisrmBeweirrtddpdieting ¢ methodapi mgefagtingtg dmcraglectronic
pEhRIbSorihe WEll oA @3 ESBRA t echni ques may be

omtted to avoi d unnecessarily obscuring the

di sclipssinemlicyy anhelamte 9 nilustreticanthediraveing igoes {lhetrate the general
m]gﬁ]ne? n('i-f{ %}Istr&ight 'aﬁcﬁ] a(ielséf ?Jlse gﬁ@t(fetallg 5fh %veﬂ rkﬁiﬂ_ﬁ@vf? Yfcatures and

res are not’ necessar) aw to scale

ehaacmeb anayt fhe @nitrehsd m@doﬁnr@oermrdujf dbkarieg ghe nlissusisont brféthe
deis %erglee%lbn’gnéegt\s/ (S?ﬁla %d%1 1|0rzf1 ; lly\(:/3 t %tsp 1tn E rgxlfn%lgh s are
nanneeaesmhly d‘r\mm td sosie. Fblnexaslqjm t}reeﬁmemnme omm’erodlt}fe eﬂemnents in the

i B} s URET SRR A 5B B o ki o
erﬁ&ﬁﬁiﬁérﬂsr bf the pﬁf’@&ﬁtlﬁveﬁhdﬁﬂ ITae sehe Ii’@“ﬂ%ﬁce n'ﬁh%ratlﬁfnn&ifferent ﬁgures
' " "second, third," "fourth and th
d?ﬂﬂ@ tg%éad’?q PEMSHS: atelei Sﬂmiaﬁ éefereaqen@mem&s 2RY, buaﬁ% nafsréeaessarﬂya
ddmte sethFdrieReHehs hi ng betvveen simlar elenents and not
necessarily for describing a particular sequential or

chr ofSItEigISc Arstor tepnd,’ |tth1r " tioune” tkls Bkoigdhe deserintine and in

thk @lafRs, $ny SEAuRN ?or'dﬁ‘sttlﬁ%ﬁﬁﬁ‘i{hgc%ﬂpéeﬁ sHRBEElcARRE Mﬂo@h@cessarlly
Ci rCUlTSt ances such t he enbodi nents of the

for dgseribing A paiseles tsaupnhelrasichroaplegicsl ordes bl be wrdgjsidgrdghat the
tefths QB eﬁ&h' Ebr&ﬁﬂ%{ﬁﬂl% eind} Nprg ﬁahét@ &l%‘aﬁl%ahéek Us?ut:ﬁ %&d the

or otherw se described hereiln. m | arl
cinkodifeendy pibted ihventeinndeagribed ﬂipnelnsarngfoae@@rpﬂeesamblesxf @psr,atlon in

S€ chlcgsr &ﬁ& tl?a t ééég gﬁhﬁ&ﬁ dlaacthe%vgv\g ﬁﬁjedql%he @1&1&%%%5 atr)réethod

ecessarily n such ste
iSpEBCfrxbﬁdrbctelnamcbomrlslag r sefficst (festeps,ahedrdst epsuchmieps as presented
n ot her ste

he%em 18 nos%gpeﬁsarlfn tBe orgy ord%r 1n }ﬁcshr h stg;aseraaf oe Qeﬁf%rmeé) ﬁnd certain

possi
ofRhie tthied Nopemay h@sIberh‘éB)rﬁitlﬁl’michs eel‘talﬁ' other stigpe ndt debaibed herein

and a i.atjons therepf re int ed to cover, a
oSy $8i 408 M srehS ettt 6 5 G o SumoEr g tuce.”
“lakt, ah@anyovardPPR A, irbaitekiRIN tGRBa Aoh-tsdusdfe inclusion, such

el enents is not ne&:ssarlalr%ml imted to thgse el errents

thet, & HFRSPSY RItRRTe 2BtcHe 0T APRHRMY Lhah SOMBYSS e dptyof| plemanys &y not

nécBRHIG Nimiled 16 ok AENGRS Sut MBY ﬁl@mde 8thtd @érBentOot eprressly listed
apparatus. The terns "Ieft, " ight,” "front,"

oI o Y PIRFS, Ml AMicke ATABPAT U t he | ke i t he
des orcPkin1and “Fightherofl a6k, fopaNibotidhe W& £ @lier,”
descri ptive purposes and

the like in the description and in the claims, if any, are used for descriptive purposes and

not necessarily for describing permanent relative positions. It is to be understood that the

terms so used are interchangeable under appropriate circumstances such that the
embodiments of the invention described herein are, for example, capable of operation in
other orientations than those illustrated or otherwise described herein. The term “coupled,”

as used herein, is defined as directly or indirectly connected in an electrical or non-

electrical manner. Objects described herein as being “adjacent to” each other may be in
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not necessarily for describing permanent relative

positions. It is to be understood that the terns so
wa@is@d/1a0@7 | nt er changeabl e under appropriate  PCT/US2009/038708

ci rcunst ances such that the enbodi nents of the

i nvention described herein are, for exanple, capable

of operation in other orientations than those

illustrated or otherw se described herein. The term
phrysisalptoatct wigls cagh ethehdp elope prosinHftp seach ¢fherdorria ¢hq spmgrgeneral
re'gﬂ)@cfrea?eal e%&ﬂ@tﬁ&t ed aﬂﬂg C}ﬁﬂteeﬂo?%erdoﬁ%;(t RA'whl@ the phrase is used.

l'ectrical nmanner. descri bed herein as "bei ng
Otaudjcaese of thegshrasa Cin Qmewmbomnt‘b dwcichpdysitgagessaoit albtefer to the
sﬁ%é&ﬂ%ﬁ&@ pther, in close proxinmty to each other, or
e sane general region or area as each other, as
appropriate for the context in which the phrase is
used. Qccur w%ﬂ% di ment "
herei n do n% %@;@géﬁ#?ﬁu Eggglgggthe gane
enbadi orentmbddrhAdt LdEDhE)ES@hEﬁT I ﬂﬂnﬂBel’EHBnl[dRMh@Scd)rﬂprises a
ne enbaodi nent, of . the ln oelec roni
RS Teor ra BRI ety SpEEROBEEL R at o i
loesdadat ﬁﬁ silf&oﬁ pacis ataisd sreadrﬂ 1ntarcf)1hrfe8ﬁ stiubifrat @ B8 ad location of the
Etruct ‘ﬁ 3 first atlo he .silicon patch
d et 6SH Xtco “FHY:et eemé c gl IR (MRS o ﬁrSt
in@drcdnhiget StnlchGOMdBé SdonFildrdinRt @flfukC@dlchsh duct i ve
line in the siljcon patch connecting the fir
i nt Febniaes ofthyiertion Ay provad @é@b&f&nﬂsﬁtﬂéw&?ﬂ &t density and
thefefd#E t M BhidaR P AGRAED Hand/HIRO bR B hRuikatdRe bit&N diQNin a
may provide significantly increased I/0O density and
miqresiestropie Packgen. Speading| spnerplb embedimprth afihe irtychtisn embed pieces
of:s(?lm Rigadi 195‘ ﬁ}; VA& ben?TS aﬂdnﬁrﬁe 1ﬁ?§§ LBl RE 'ia”[tgplllg]é}ng made using
package. |ng gener a i'ment's of
tradatyanat $1b¢pne1rrb@@lsep| féisel@blafm@h lhp degic wi mhmhiyghc demsset tyaditional
nes, with the latter being
a%%ﬁ@§§§?%ggﬁ?§g??$éﬂﬁ &£I|ICOH processes. Assenbly
wi t PAt hie ckaogple aomlmmnmrlytechoenacapltct]sef t&OanhlqmrnmaB (hereinafter,

rglc%%gmory‘ R}“’ﬁ%ﬁ?%%ﬁ“ﬁe Dpce 0&}’1@ L ¥1elE%6n f/b dens r};(\_/} to? a@roxni%atel’y 28

I/Ohper minndr fagrer. If' thitsevaluss' war shmmik Yo, fmrteharmlelanemmmech@hd a?2

pdi e S asit Y St s BEEH BB AT o s ver.
Irexah o thanr&hly nhor@iséCéonanschiatian BandwidikAszhane/d halsit}{/ @ould

de sit woul d i.ncrease to a prOX| teI 00 | nm
Pigidc) egipefimepiy Oéﬁelwe&ﬂmt B2y lgo 51’.13@ L e ap ocesseh due

(a€ wmum b&dtth e MAGE At ilicSHFBcan temocv@gysm;c\br&i@gw bmbodiments

$rOV|de enbodi nents of the invention nmay al so enabl e
e riBNFRHO BB (2 el Waw & Bieky high dgpsity éa@fCOPWCE dietvyeep éoglc-

10%\ edl%ﬁél%l‘ Idélcq{lerﬁd)r!y'cﬁ@ rihlﬁr QBB the HWObRAWidth inter-connections
ccord enbodi nen
needed to meet future demand.

Furthermore, embodiments of the invention may lead to improvements in overall
mechanical reliability (e.g., reductions in bump cracking, ILD fails, and the like) because
of the reduced CTE mismatch at the bumps located at a greatest distance from the neutral
point (DNP) and elsewhere. As an example, and as further discussed below, embedding

silicon in a package substrate may, depending on the geometry of the embedded silicon,

reduce the effective coefficient of thermal expansion (CTE) of the substrate to a value that
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of the invention provide a new way to make high

density interconnects between | ogiclogic die and/or
wo ogba4dqmenory die, thus enabling the high bandmTiUk2009/038708

i nter-connections needed to neet future demand.

Furt hernore, enbodi ments of the invention may lead to

i nprovenents in overall nechanical reliability (e.g

reductions in bunp cracking, ILD fails, and the Iikéé '
mycelasd GRichpe thecdl ol (BTENATIBRGIER. Fhe tetctinniysthe effective
sdb@t?ﬁ‘% %q"Eaijias %e%ﬁ?o%hal%%%ﬂgg bfeﬁéi'm Inhgddﬂﬁ)ldttﬁ adl%sg hditioned
( DNP el sewher e. an exanpl e,
abﬁvs,en@@h@g lydichinn irestigesdehinpigr oithd feagmle llorw h Hp@rdk}eeg diclectric (ILD)
r
e e R ol Fe AR el warage,and
retihnmomfthem mtq:r&ne (n@EE) (’QFIMI fieswsl blstmgatl@btloy gswal ue
thangre cl os tches assoc at ed
di es.  The® ray u% ¢ SRS RS efl? eﬁa.nvv iCUEP Rl paglee

1@0eacesrding p@ﬁleﬁhbcmlﬁmm ohthnimsahtidae Ae fliubtsatédin @d@] I, nderotlectronic

P o lE O ena ey 0 P S ohF YA LBt Bebffge 1o

MidrbéRctlonl gaskab 1007 Rirtied doaPrisddag kietrdoindt8raanREC! at a location

ers, red post assenbly warpage d ..
14%%@&1&08 R I%&nﬁﬁﬁempme@? ek bRt o) M‘? & yilicanguateh
13 ahd g BIBktHedly ] doﬁd/uch@éﬁ figo 1 ﬂﬁeifl%[lfcbllﬂ PatBlo W20 SonhBRing interconnect
dramnbgl%@FlG. lis a &Ian vi ew of a mcroelectronic

SRR ontgrcemieat Hycws b erpdatthenty Bs iltupgated embodiment,
inkdddRAE Quctd® 131 Usbiabed pialityGor ilnteréﬂn%& alu@EhFe@Nb&ted at
package 100 conprises a substrate 0 and a silicon
loggftoaH 41 apd evdsechded siryetyepa? pame Oiaolurqmc ploafeeqonpashiteuctures
109?{9&( thgcal'lgﬁ) 132J r&s%rexgﬁg‘grﬂh@s%%lﬁghtiegtoﬁ [n%?%ﬁ@ét st ctures can be
structure 131 at a t1on In silicon patgﬁ
desrgnehtognaxdnize dte ngmbercaf imtercaigRctaoms they owkie pesible42 in
sili
50 FrihBRbER A B Lok BEAHLATbiakoiC AIRHEL b oo e
aI$tASLm10theee)§k131plea mdercwrtneﬂcsomwctl 3$tan<Uolt nfegcobBRt stouceme h32 can
GOk sl et o RIS RCoSTRRG MRt pd PBlr il
1n$drlouklhg1 fesurt, oaty el batdeﬂ)lcteditlm cansubélahuam digurd exdc imthec tliscussed
étructure 132 is one of a plurality of interconnect
Yuctures located at |ocation 142. As an exanpl e,
t hesfes @mdﬂliealemm@s zDﬁmdtliltoE ROMBAB! ccﬁlﬂﬁdﬂﬁb Uined 50 @ Well as the
X1 m e nu onnectlons

deS| r
Wt%v w@llﬁﬁggftwélzy %HV%Q%ﬁﬁFS@Hb 5&1 a&laey beqe geegter than

a@eo;@mmegd) 1 indiametefs JBEkhabdtDSicrahse), ahilk TRMVEpaki g tiveen (i.c.,
anot her exampl e, interconnect structure 131

tharm% roﬂl Htleast BpmBRIEF O adipcent péeraonpedt sHUGHip Y &Q Sigater than 80

mﬁ@&ﬂeﬁ v&ﬁ)l'l bé RALdiRF aphftBntlth K BersddofAOREn AR byt (b Biese pitches
cor Ilar conprises an interlocking feature, as
aigy fine Wi

hﬁe‘}jP steatiicprilyasrealiss dyneriat iy BerBleaith fuirgamevailable
tegﬁrﬁ)%sl%g copper lines in polymer layers. An advantage of embedding silicon in

rises an

substrates according to embodiments of the invention is that silicon processes have already
advanced to the degree that such small pitches and line widths are within reach of current
technology.

Microelectronic package 100 still further comprises a die 161 and a die 162 over

substrate 110. In FIG. 1 the outlines of die 161 and die 162 are shown in dashed lines
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bel ow. As anot her exanple, a wdth of electrically
conductive line 150 (as well as the wi dths of al

wa@Rowlaoel ectrically conductive |ines descri bedr/us2009/038708

herein) may be no greater than approximtely 0.2
m croneters (hereinafter "mcrons"), while the spacing
between (i.e., the pitch of) at |east one pair of
adj acent interconnect structures is no greater than 80

ingicatingngat they 41 lecatse overasdfiqoy pashdr@ ﬁltd fubstzatp &G gin ohpr words,
F%f g'tcfr%@@é d?ekfé!l anﬂ 1et1|8§ a ffttheg_g)férer t V\it Hﬁ?’oﬂﬂgr &dtlﬂfes) SO

are signi |cant i S possib
thay thi uederly e tdetpil avibe atﬂnelnt &entrﬁkﬂem@ylowroncldﬂ) prethe piep eésﬂlcon
p%t%h gﬁb‘%ﬁ?@ﬁg tu(lggéfgc%% (1)6r lg:ﬂlr?glg%[agl%é 2%% ésofhe %Pé% qf% lﬁﬁ %at.chl G960 that is
undevéintlpdn i s that silicon processes have already

adv aﬁ%eg fl&g déprllc S an %rlcaﬁlg ggrhd%gtfve hnm%% 1|1|1 aP 8rr111abeled pair

[ine W R Frent
oMnher@ehec s truenire (pﬁ?ﬂ:f(agéoc’hﬁ@l $41i dnld dhne lfﬁohelbcaamnpnt)semi farther

2 r s strat 110. FI G
aids SRt G pacs Y AR S it opetefes Teo. and
adlisdneddics me® i Mete alalk iony idaat oft fRMticaklEintcdah&d s@tic&tlires 180 are
silicon_ pat | n ot her word

h 120 and, substrate
ingjcgte fv“&eaptegtfeca.namtf@h - di aortééels% IGrCQnFes’ Stx}écrﬂges 180 in
thbr RA6ENbe CANE aRhtifidlc Bab&l dn @Y EiiRAS)of$Rit dpBéarsnde to those
erlying detall may be seen. In general terns

mf‘%‘éoa‘tl'i"% ﬁtf‘iczt‘feﬁ §8¢ that %f? abelsdl. As pp eampé%ueeth ewooft YWigon jpatches

11088 bedlifilGd s8R bACRI>®Nn %ﬂg emﬁo&lﬁ@ntaglﬁ@onogat&bi i BPHo not
patch 120 that is under die 1 al so depicts

ogrlap peieneh cagh phere Brddritt yeoid p%eltltlslsoeemﬁ weth iflggibgity that could
otBhaRel 6 DA £n09fer e%n@ﬂl@ ORPR She DF ﬁt&rc&'t{n%cc‘t §t§1@ﬁré‘srﬁ§@ can be

[ ocati on 141 and one rontlocatlon further
SI@elpll ot nteaehinedt ghadturs 13il @@d/Opatt@hememmucta@dlﬂ dwayet another

ﬂ{p?er ‘éeﬁbg%ﬁ&% At 140k Hﬂ?@sgé.ﬁ% to ﬁﬁ%?g (w Rf0a, dies 190.

SONE I onal erconnéect

st r ot ma@se 1Bfgeamenbemd b.ﬁ abetdcaMyt ¢Dnelucrtiefﬁ dmencachn uﬁrelﬁettically
c?ﬂuct*ve llnesel SS ﬁlg% | ?]53 elletgeac!c’ r E():a% (f W‘S:hl I}reuec tbgcrlscge stlhﬁ(o)l% ha{etches,
eimbling adry igw pftclt mewell aeppe&ﬁlhghoﬁnil'@' inteasendctit Ehe BON@bavior of
thtrutctures 180bthat are.l bgled. %s an eﬁaqgte, each

SN STCORIFT CHh PR S BE I S TSP R IHAGH NG YroCepss-

pat ciIG12Gs a trdssosRetichabach e Aicro@édirofio Pagkage [IEBtalleKhl@Hg a line

not rlap.or. tou ach ofher, jn order t
H&&Oéfﬁlﬁaﬂ S@%‘B‘F éﬁsﬁ@ haIF | WRI Y ﬂt silieap it 320 interconnect
stRicR@SsWI33 Einll @S lat resphRtidNRESRAS %ﬁﬁmi B2, @@@tﬁcaﬂfﬂ&oﬁﬁuotlve lines

i nterconnect structures 180 can be sim

it Soritadt! 8hg [i2: oo  padivenslmbron thé?ScHHne@tone of additional
disd VUL FHY Qark$ % FIS 2Y8licdMIcR&M 120 and 170 are shown with cross hatching

marks. It should be noted that the cross hatching marks are not shown in those silicon
patches as they are depicted in FIG. 1.

As illustrated in FIG. 2, electrically conductive lines 150 and 155 extend into
silicon patch 120 to the same depth. On the other hand, silicon patch 170 contains a pair of
(unlabeled) electrically conductive lines that extend to different depths within silicon patch
170. Either or both of these arrangements, or some other arrangement, may be used for

clectrically conductive lines in silicon patches according to various embodiments of the
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exanpl e, each one of dies 190 can be simlar to die

161 and/or die 162. In practice, |arge nunbers of
web@atitdoenl | y conductive lines such as el ectriBel/U§2009/038708

conductive lines 150 and 155 will be densely packed

wi thin the enbedded silicon patches, enabling very | ow

pitch as well as very high density interconnects. The

RC behavi or of these interconnects can be nmanaged

inugnti@g Inoag pmbeshaentsthe deshothneitiepntnatcheithppsbies iéin substrate

Ky Be%w&n% ﬁnﬁﬁeﬁl‘r(ﬁdﬁﬂ'm(‘!hﬁé@’o&f m croel ectronic
pac age en al ong line IT-11 of FIG 1.

Vi si éurihnr Ftllu&ratezi aridGs @bsuhsmte 110 @onteing poenl atehs) having
thl%%ﬂr o blHE h{%%%@leﬁg ﬁé Wheﬁp ?(%ééﬁﬁfh‘% si‘l?égn @‘&toﬂ g'f%?:fsﬁeglléb\égded

ocations ect y con tiv
in1tb@ wah dtdjb6ﬁ1,t tabeer lrﬁllerahal()le\z ancmanpif: ladtdi tatenial 210 can be a
I(_)olrnleC flseld atterla?gr':tfllbgkezgrg\qldﬁlg ga OchB %shlofgﬁut ﬁ%nnf%tbwtg} SO as
tosjsmwde i st‘uhs&bu‘f% bleateeh itig siti@mk sf. 51]1¢0nslb‘a¢n]nleﬂ 12@ ambti 2@ and the

0 %F@% 8%1 %6];({ S}S}% g%tslci[ﬂn@gatg?eré lﬁg 8%?1@%53 ﬁ,\q"%r fa ei1al &@ serves to

mitidatésthe aéel off ICTH Gres? expdrikaéddi 8ah Iby t@ORMd6H ipyehdsi 41&Sby the
atch 120 to the sane

50 and 155 extend into silicon

SR hduccn el Eto‘?ﬁ&‘ratcﬂiﬂﬁ‘d%e%?hﬁ %0 aBHf‘léh 170 contains a
pai rSt%fmg with akedusfdtt & ot Higaltdny it GRIYABCHEsbNE td m&ﬂfontﬂéﬂ:t that
extend to different depths within silicon patch

theipgasaiice of sibeanrpatshes Ha<ead A7¢ Wrigksiter 140 val r ﬁﬁ‘etheﬁﬁ@the CTE

o BLUHLARAE TR FromMBYalBE o B 8oL RhteS! BChdrs GRE 18R PEYGLdrdeK elvin
lines in silicon patches according to various

(rempdai(wthrus thefsilichiepaichent tb @rvalup with e stlifod aptakasof appieximately
IQ@P?PHP]‘K t(ﬁ?e §étﬁdlm QQE& BEhet stﬁﬁgﬁ?el WHE embgéﬂiea silicon (S)atches

substrate 110 nay be between approximtely 70 an
deperdsomghe geomptry phide einp¢dded siliccmel Sererlib@nefizs ofghi sedugtiaa in the

ﬂi%gv&ﬁ@%ﬁ%9%T§g$%Hkm{QEmﬂﬁhﬁ%%BQaVing therein a buffer

materi a I con patc (as well as silicon
pat cln th7 G)lustrsted rﬂmﬁ@denbnt nmichelegbilic adgkage N0 tforthanf fogrprises

f
elgcqncallg clon(?ucp NG @r%es 08K sﬁ?@@siratfe lkﬂr‘} {Pﬁr pl]lirr%{)(s%g 0? mmpéiml‘g?fg Hkse are

I'’cone- based mater
demnqzd dsacrimieatia g irosubgtwitd hl OcoiroeClding ctoymecsm tasn}tthln@bm\mcdﬂad in

buf f bet th il tch
5 SRR SIERC oAl PR s A Yt S HRAF GomEghon)

Elébtaltﬁly&fonﬂdcﬁvélmf@ Q30 tnla Be infxtiE d@lictemibetiond andl iB&hM@Scations
of CTE tress er.i enced

t he | evel b
a%vegﬁ% g NFIRS A0 Hatigh SLULFHe, ?rh‘é“%%Pg@gP%}f P2ElRES ¢ 135 fe an
cxahipldTeREBELR daﬁdu&ﬁ%lhﬁe@ e20 Way B@b@\frérélinés andl stduelg rﬁ\dytﬂ'é fewer

the subject of CTE nmi smatch, may be usef ul

innaHpbeH ﬁmﬂ/@f ebeetae of Hee b}gé%re%@nbfheglmv% 6%%6\1@@%@ §izg than
cl8AHcaliy QohMicBWP R At ohd A sWiclvhich edUurGtibh@ ffolecdd Y&idadE for

high-bandwidth, high-density bus interconnections between package dies). It should be
understood that some or all of electrically conductive lines 220 could instead be used for
other purposes, and further understood that electrically conductive lines 220 could be
located outside of the silicon patches, as depicted, or within the silicon patches.

A feature 275 in FIG. 2 comprises interconnect structure 131 and further comprises
an electrically conductive structure 231 as well as (in some cases) various other additional

structures and/or details as will now be described in connection with FIGs. 3-5, which are
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of substrate 110 from a val ue of approximtely 17

parts per mllion per degree Kelvin (ppnf K) (w thout

wo b@ogidonron patches) to a value with the siliBONUS2009/038708
pat ches of approximately 10-12 ppnmi K. (The actual CTE
val ue of the substrate with enbedded silicon patches
depends on the geonetry of the enbedded silicon).

Several benefits of this reduction in the effective
cropbsetiarpkvicTofithe i disatehportion pioniseelspbunc packagend0 according to
V'cirloluéJ ﬁﬁﬁ&ﬁlﬁ%t@&ﬁﬂgfn(}?{ﬁton fﬂe&r (fé i€ G n%mn&u@é}ﬁhm ﬂ-lpegause the

er conprises electrically conductive |1 nes
srga]bssqahet@ that figuicRloes pai repalyestrof theiripdlisednt and aiShé)@@auaﬁr EIG 2
b
e G s e e
2o Stmitaky, cﬁmamrﬂstta@lsﬂmlt etcalepibei in FIii. @ndedbedmeitttd froml FIGs. 3.5,
connectl cal | uct jve | ines.220
Af PR RE: e ot SRS 23C st B B8, o eBgony

mmaad@dnaac@ﬁﬂumgummedeslgn requirenents for

ol cchiFs SanbgPES AR BEDR a0 BB Fagdropytitenveen

cladiflcallgtSconth@ive fmyrcOetemaicturd 1 U e kleatfiddIBr conde@hd S@ructure
of the higher current theﬁ@@ ft carr | ar in sjze

23 1h gh SRIIECPYMR RFVGeT SARRGE P oF Qr @C%fﬁﬁgtl%@‘c‘%%% i BRy be
fo@ﬁedfﬁfﬁﬁg RRRG RBQVRs, iRF@atieS @i hafufdhed nhandw ekt to self-

gh-density bus interconnections bet ween package

altﬁnése)ﬁ e HERIPESBUE H@FE o0 that soms of al | of

el ecitil CAlillkuGROAMCEY&IihbMes: FARC AMrebrinBat &ﬁ@mﬁs@ 131 and
used for other purposes, and further understood that
clegtaeadlyj conducyive e 2k are pressed w@etheruingsuple 2| wyatselg facilitate
aitaLiSh B8ndihe. LACaS ELINGRD PR BRI Shoh Qeenbicticand
the silicon pa?c egﬁﬁAtfeéﬁure 2?% 8ﬁ9t > %ﬁ%lséEMI
cliangethe _@mmlelcg state b gteny i thGvingml the ﬁ‘tehfél’ stl@lgtm:w i s es an

el el Cﬁaligllystr‘i@g] HCthE AL Wikt fudefRodtClibucRe (51 and
sone cases) various Other additional Structures an
eldcetiaaillbfsomhlcmﬁd jtruntow 136 adeprovidbedith mtabkieg tfevaumemutlh as those
formglgca d a/etamltke 01r61.!tr S{Kﬁl ‘21{,81 szle %t Ip?‘gt%lils(l:o\lll ﬁgion 1nter£816160t structure
1 Blcis degdgrred td Ht meor anmpSnleg’rﬁZﬁhthrEakb}f C(tnki&ctlva‘s‘emi’.ture R31, thereby

) se details are not .inclu IG 2 b

indsn e T i 3 G Spragt sk PGS S5GE At sxdwpFy BseFettie may

1nﬁﬂ”1i@¢er thie Netight b nofadhel tab s;ald@ecf:auﬁ@ Hifg jodndds Man efip@dyp® of

eneral enough to many. ssi bl e

ma‘:%lﬁ 8% PR Ee Yo pasy (8 Sepe regogtie pRy2 Py of Gydinary skill

indgd at 1 s that are deplcted in FIG 2 may be onitted
fromFIGs. 3-5. As_an exanple, electrically conductive
st r UdCup & oqvehar l%létré‘i“}ﬁ 3 mpthed 60 Qfrpanufagiufipe a microelectronic

p&@ﬁ’é@%&érﬂﬁg't@taﬁ reGdOMafht @%H%%ﬁt@onl%lsteﬂ: ISFB oBmethod 600 is to

| ustrates an enbodi ment in which a sold bunp 310
pqogldp acnbsgratehayipg a pilicon patch embedded therein. As an example the substrate

can be similar to substrate 110 and the silicon patch can be similar to silicon patch 120,
both of which are first shown in FIG. 1.

A step 620 of method 600 is to form a first interconnect structure at a first location
of the silicon patch and a second interconnect structure at a second location of the silicon

patch. As an example, the first interconnect structure can be similar to interconnect
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electrically conductive interconnect structure 131 and
el ectrically conductive structure 231. A solder bunp
whedmaemoropper pillars (or other interconnectPCT/US2009/038708
structures) nmay be formed using known processes, is
relatively easy to manufacture, and lends itself to
sel fal i gnment, anong ot her possible advantages. FIG 4
illustrates an enbodi ment in which interconnect
stgrchie t Uraad fiiseagnd 1PiseRnericiustyrecam Be similgetogateigemnggtetructure
123 Bofl PRI IRAM RO ﬁefﬁg' N such a way as to
facilitate diffusion bon As an exanple, this
pr ockskp 8y of mered HP(kisde telaethcztlkyrqoen@t the dirg njersprnggfestructure
iHe t s StL .n the joint and the
aod\}ee F al ?Mslt regbg?uetrcg&ﬁ&ﬁ% %% c%I uést rates an enbodi ment in
whi ch stept @ odnmetiodd &10r 9o Lprcmdbfialﬁandleecb\ecthm foral loyation and a
se%g ndd (H%:: t8{é Y% Sste]cr; ggl:llodc:a elgr% SfAulSC %re?iarg]t)lﬁ Otéeg ?1 ?Aﬁ]can b% ﬂmllar to die 161
ard:klheieﬂoﬂd- dld: ka-h YeGimilar shdiam6?2, ibothwifi which areoffired shbl\sn orF1610.

an ohefimritssomeRod il it fo aFryedunGaedi ol BB i pihe fr
inZa3donnédi efredyte itd bR loBRKi TAPnE hﬁﬁbbdﬂﬁﬁeﬂltnhaj’ 6SNE@GIrises providing a
st rﬁct,urfs t Oget her. As an e

his. tech ue y.
RS ERE B e TR SEHEBr T HEGIS Snd BRIt £ ardoder Join
bdIRbdGtht Gikdd REbctridBRYcRAHRER e biyR@Se @hd tHItBE iGbMgbct structure As
features are al so possible, as will be recognized on

ath gKpe-othe offis ﬁ%?tf/lcaéw pondpgfivesirugiure o) e wmjly © cloctrically

cdldfMRRaftcthrk |2‘3Ji5tﬁr§tts'hB‘\9n & PRt boxéis @%&fexﬁmw@@w {dr foint
m croel ectronic pack a%e according to an enbodi ment of

canthe il it sodder bumg 8 Ep Tigst shaytn idi oﬂllewthesembocbm@vq ep 650
c%nsp?g%yé%l h@é’e‘tﬂ%g tfe Sﬁrgt' Eabtri a&c @orﬁﬁaﬁg%ﬂw{u&e raﬁ!i Tthe first

' the substrate can be simlar
lnmymmCéS@CM@mm@brﬁm@r@laldllfélﬁmnrb@nd:ﬁle@hﬁWb@l SI m lar to

siligcan t t

Fl Glﬁ% dlﬁ@}eﬁben;l‘%)gan&? tﬂe ﬁLst y?%g%\n?(g%%rgét %rhr%?ng 1ht|3rlock1ng
fetuteeand dinni@cst elaitmqaﬂy oorslugtiveatriigturs thad othatl imgerlaking Iﬁ@lture As an
bl s BRLNGANR, REGRN Gl & SRARPACHHn LN SIS Hhe Bir

ocation O i con
intdnecling hturataarbeeimié to spemmgtizr);ebomlanf Wkicls hiai sham tnoFIG. 5. In

i nterconn cture 131.an he second i.nterconnect
g TR Sl o St fepRe R HE aB TR0l fO e B EE Gha the
third Znteddking @fatosbli ch are first shown in FIG 1. A step

630 of 0] o e ectr cal l onnect the fjrst

i nt eﬁ‘é@ﬂﬁé@?‘g gl@f%&%?@ﬁ@ tQ Algetird ysf@%%t ﬁ?@@fl@&ﬁﬁéﬁﬁhe second
in$drédn@édd sBudtre QA CRhOSRET Tn SncSEtd difht, Odtep®doNa™ HE0630Scan be

to provide a first die over the first location and_a
performed as part of the same step, and can in the same or another embodiment be

performed simultaneously. In the same or another embodiment, step 660 comprises
providing a second electrically conductive structure at the second die and providing a
second solder joint between the second electrically conductive structure and the second
interconnect structure. As an example, the second electrically conductive structure can be
similar to electrically conductive structure 231, first shown in FIG. 2. As another example,
the second solder joint can be similar to solder bump 310, first shown in FIG. 3. In another

embodiment, step 660 comprises pressing together the second electrically conductive
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second di e over the second |ocation. As an exanple,
the first die can be simlar to die 161 and the second

wat@oaaobe simlar to die 162, both of which PCPUSINE 038708

shown in FIG 1. A step 650 of nmethod 600 is to

el ectrically connect the first die and the first

i nterconnect structure to each other. In one

enbodi nent, step 650 conprises providing a first
stalctiEe ran athe yseeandl dirtorqopaecs tsiruetigr &1 atdet He form st diffusioanpond
thRfB¥%vdiNg a first solder joint between the first

electrically conductive structure and the first

i nt dihconhiffoents tmbedimen. this sepond xiatepsiornect erudtineshas a second

ctive s - e ; an

By Bt AL 0B AN oG, ShPhl el & fourth
infdriGekig fe@tslr'an/@i Iale rexquegpﬂhe sedohe ifiterlakingofedtere Gaoibet simdar to
pro?rumngﬂjer d et IT% ] n’érrl{ rl?oc néeflaglgé can ﬁ%lsllmgl%rsv%porpgnmg §:‘ZO ?Both of
whmgemhﬂmwhheEIGrsnnehmeﬁbo@akhqumﬁducmummq$$¢umﬁbcbngﬂw

fi.rst inter ect. str e in order to form
SE0% et b o O e et iagHOK e el or ont
enb o st be dnkdersfobd Sifat the F@ELMpREGE afel illtiditativeofas eﬁlbodlment
ilrst interlocking fe turg ﬁnd the first electrical
R JUERtPetsaneionsh andmay be plifreddn VAT MEYk Hgo‘ft sagegfib the

soBpe aNtheXaRRlid. Ak hgt bhd Slanipltt &p esxkaﬂworfs&@t%o endsad pRfformed
simlar to rotru5|on 510 and the third interlocking

PHAP H}e@etfafrmaﬁ@e <istapIO4P- Iflzf?ﬂlﬁbéfﬁYdﬁg‘h% fst dig g iyt Honnect

stAlcRirS RME thdsdebi@ die -andl Thel RESnd SHRRIMIEBN trucRtERaP BO cR@Acally
conprise interlocking the first interlocking feature

copnectedyie caell othieribefase thedikitapd pesand jnéerconnent stiuchpes ¢ clectrically

G%B&Q&ﬂngggihﬁﬂto el ectrically connect the second die
and second i nterconnect structure to each other.

| n ohithcaahtdiinrention kes bgenglegrigadivith eqfcreBO te enscifie embodiments,
it Qrﬁﬁ bO Eﬁ%gst@o%r@%&e le J‘ﬁ tﬁ@%‘%‘th%% \%?i’ou@ghgngeg Mhaybeldifle without
performe

ane or anot enbo
dwammgt&mdhslsmrltlcn stChpe s;)érﬁee anveanot Mercoemephdi thentisclosure of

emﬁod er{?s ofc t%gri)rgveﬁe n 18 %:/rllc{j %noqge 11&1%‘[?31(;3 0‘1% lt}%gstcé?ecoafl gé{ 1nvent10n

I ve stru
amhmomdnﬁmhdbn)memnm@e&memmanQh&ehmmmpebédmnnﬁmhMyﬁmube

conducti ve, structure. e SecC d .i nt erconnec
i RRG e R MIR HEindl B B e R n e B EDT FRg o one of
odpadUkili 1heths taftUiE thill Be €Dl Eppatcii that tht m@baednromqiablyages and
reondu $»%F stru ure 23 éﬁ first shown in FIG

ﬁmfss ?rﬁ‘é‘ R BnimRlenesd 108 wric es@odlments and

thai l'tﬂe| &redotheS BkElREiob WITteRdid, off thesd c@bOMRAD dobGnoBnedefbarily
anot her enbodi nent, step 660 conprises pressing

repEsSRL ASPMPIRE dgserptRn @aE@WSﬂt&%?m‘gpdeBmct i vestructure

and A BRIt CEBANARGAtSE! HEd YSIRtdM @ HEFIcth® nbR Bren
a di ffusion bond therebetween.
described with regard to specific embodiments. The benefits, advantages, solutions to

problems, and any element or elements that may cause any benefit, advantage, or solution
to occur or become more pronounced, however, arc not to be construed as critical,
required, or essential features or elements of any or all of the claims.

Moreover, embodiments and limitations disclosed herein are not dedicated to the

public under the doctrine of dedication if the embodiments and/or limitations: (1) are not



In a different enbodi nent, the second interconnect
structure has a second interlocking feature and the
wa@ewondsoet ectrically conductive structure has BCT/O820091038708
interlocking feature. As an exanple, the second
interlocking feature can be simlar to protrusion 510
and the fourth interlocking feature can be simlar to
openi ng 520, both of which are shown in FIG 5. In
expiebly edhtimed nie pie, claimsp agb (2)cn oF GrgPotertially eapiveles 9f express
elEB@n@W(E%n{lQ{l@[{s iR ﬁl‘élcﬁ%g ﬁﬁlte%g d@d@l‘iinet&% Jli%:iéﬁt@.
Interlocking feature. It should unde?stood that the
foregoing steps are illustrative of one enbodi ment of
the invention, as nmentioned, and may be altered in
vari ous ways Ww thout exceeding the scope of the
i nvention. As just one exanple, step 650 and/or step
660 may be performed prior to the perfornmance of step
630. In other words, the first die and the first
I nterconnect structure and/or the second die and the
second i nterconnect structure may be electrically
connected to each other before the first and second
i nterconnect structures are electrically connected to
each other. Although the invention has been descri bed
wth reference to specific enbodinents, it will be
understood by those skilled in the art that various
changes may be made w thout departing fromthe spirit
or scope of the invention. Accordingly, the disclosure
of enbodi ments of the invention is intended to be
illustrative of the scope of the invention and is not
intended to be limting. It is intended that the scope
of the invention shall be limted only to the extent
requi red by the appended clains. For exanple, to one
of ordinary skill in the art, it will be readily
apparent that the mcroel ectronic packages and rel ated
met hods di scussed herein may be inplenented in a
variety of enbodinents, and that the foregoing
di scussi on of certain of these enbodi nrents does not
necessarily represent a conplete description of al
possi bl e enbodi nents. Additionally, benefits, other
advant ages, and sol utions to probl ens have been
described with regard to specific enbodi nents. The
benefits, advantages, solutions to problens, and any
el enent or elenents that may cause any benefit,
advant age, or solution to occur or becone nore
pronounced, however, are not to be construed as
critical, required, or essential features or elenents
of any or all of the clains.

-10 -
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Mor eover, enbodi nments and |[imtations disclosed herein
are not dedicated to the public under the doctrine of
wale@baatonon i f the enbodi ments and/ or |imtatiBEEUSL29/038708
are notexpressly clainmed in the clains; and (2) are or
are potentially equivalents of express el enents and/or
limtations in the clainms under the doctrine of
equi val ents. CLAIMS What is clained is: 1. A
m croel ectroni ¢ package <dmpM3ing: a substrate; a
wik! & ¢Rndat.ch enbedded in the substrate; a first
i nterconnect structure at a first |ocation of the
silicon patch and a second interconnect structure at a
SGiCOR%&S }oﬁﬁ %@80 rls gon patch; and an
electrlca |ve in the silicon patch
connembﬁn@:the flrst |nterconnect structure and the
secgﬂgu%gter Qnpe 1%%& to each other. 2. The
n1croeﬁ SHe pagiage o "&'4i m 1wherein: the
subsd fist mt@aninaat REuauneedk ﬁravlbmagloa olf tifef ﬂhcomalia&:hiaaﬂ a second

:and the silico s enb din the well
il e T W BTl B Ty PagRgnd
M craell@aicadptedpaiiage ithe siliddmpalsbh@nicting i fir@astrconnect
one of e first and second interconnect structures

ST BT ?I’élége SECRYPisTCopiert SEHCtulE 1o $36k oficEr oel ect r oni ¢

package of claim3 wherein: the copper pillar
conprises an |nterlock|n%>feature 5. The
miZer HsIeieioelsiraniqrnekagg of gpimk | whefeivher ei n: a width of

the gl QelidtC alnkdnCORAHEH g HubREmhSrilltetdigahgr than
approxi mately 0.2 mcrons.” 6. The mcroel ectronic

pac khgaliesn pefchjingmbetidedin dre edmdidcat sythe hulhgsvateriaj.ne in
the substrate. 7. The m croel ectroni c package of claim
lwherein: the substrate has an effective coefficient

of3. t Fermmtockestpramspackagofof gamwewherappr oxi mately 10 ppml K

and ARPIL ’éhé"@% ﬁleyﬁrl'tzaerg%é%drS gltte'gccgﬁln&rt %ﬁ’lla'ﬁlteg %Qljnﬁrises a copper

package conpri sing
pillar.

4. The microelectronic package of claim 3 wherein:

the copper pillar comprises an interlocking feature.

5. The microelectronic package of claim 1 wherein:
a width of the electrically conductive line is no greater than approximately 0.2

microns.

6. The microelectronic package of claim 1 further comprising:

a power line in the substrate.
7. The microelectronic package of claim 1 wherein:

the substrate has an effective coefficient of thermal expansion of between

approximately 10 ppm/°K and approximately 12 ppm/°K.

-11 -
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w@bawakdovy of

a first die and a second die over the substrate; a
silicon patch enbedded in the substrate; a first
i nterconnect structures in the sPCT/USW09/038708
pat ch underneath the first die and a second plurality
of interconnect structures in the silicon patch
underneath the second die; and an electrically
conductive line connecting a first one of the first
pBurénigrgelegtropistpapkagn eBISEE uct ures and a first one
of thepseeond plurality of interconnect structures to
each other. 9. The microel ectroni ¢ package of claim$8
wherasfimt di¢ drel asygbeidrdag evecthaselististea wel | havi ng a buffer
mat ey . i n; i.li.con patch is enbedded in
t he %%@#n%g?gg%ﬁ?m?£9¥ﬁ£§%ﬁ%#%r material. 10. The
m craBtseplurabify ¢f ipeoloaget gfuctolrai imtke shemgiarch wdgpeath Ay first
agfactedy niRh PafePOlie btk St MR E moan e
sepbuut dit;iahd es of interconnect structures is no greater

ol aith SGHENS] gt JHR TR BTp AChAR bt (R FET ity or

in€@&inhbct k@wtlture anldhefisibdne X Banstd pdiralke bf@@dtconnect structures to
approxi mately 10 ppm K and approxi mately 12 ppml K 12.
ez"?ﬁéhﬁ’fcroelectronic package of claim9 wherein: each

one of the first and second pluralities of

i nt erconnect structures conprises. a copper pillar. 13.
THe Hhedrigorseteiackiss okelae HIVhe®isi m 12 wherei n: at

| easkhc ABSrAE cdnltBnsCOPAEKavRIclol RFS: AR RRSn;3Rd
interlocking feature. 14. The m croel ectroni c package

of cthasihsonpaighds anbedded i dicvdfadjagent & e ppfferapatgyial.
conductive line is no greater than approximtely 0.2
m crons. 15. The m croel ectroni c package of claim 14
f UPt Hermiconsetiaiiqypckage oboleim 9 vhereinh t he substrate. 16.

tAh gEJ n'g)t%glgg ﬁogtg%gl? F‘@i%%sg rohg| gaifa Omcﬁ 50%&11 ifetdoRCE st%%@%giﬁ’at least

one of the first and second pluralities of interconnect structures is no greater than 80

microns.
11. The microelectronic package of claim 9 wherein:
the substrate has an effective coefficient of thermal expansion of between
approximately 10 ppm/°K and approximately 12 ppm/°K.
12. The microelectronic package of claim 9 wherein:
each one of the first and second pluralities of interconnect structures comprises a

copper pillar.

13. The microelectronic package of claim 12 wherein:

at least one of the copper pillars comprises an interlocking feature.

14. The microelectronic package of claim 12 wherein:

-12 -



10

15

20

25

30

providing a substrate having a silicon patch enbedded

therein; formng a first interconnect structure at a
wo poogti4doorat i on of the silicon patch and a secpemusS2009/038708

i nterconnect structure at a second | ocation of the

silicon patch; and electrically connecting the first

i nterconnect structure and the second i nterconnect

structure to each other. 17. The method of claim 16

f ur theidtle ofpie dpdigeally rC@WLGIIYFg lige fsi posgregipeie thgy @pprokignately 0.2
mideg 8t location and a second die over the second

[ ocation; electrically connecting the first die and

the first interconnect structure to each other ; and

electrically connecting the second die and the second

i nterconnect structure to each other. 18. The nethod

ofl5 cThei micibéleviineuaepankage loéclhim thfutthiercompesog:ng the fir st

di e gqgw§ﬂga&j Sbtra;[erconnect structure to each other

conprises: prOV|3 ng % first el ectrically conductive

Structure at the first die; and prOV|d|ng a first

sql d i.nt. bet ween the. first electrically conductive

Rty e TN TR R Rl e R A Tt
el ecirovigiak b yulsamo @stindgsilidum @&ﬁ@ﬁﬂiedﬁee tlefdh;t he second
inte canne;; structure to each ﬁJ co
bratt

pr oViPHTAG 2 T8RSN RICIUEA T ay Wrg%éflesilﬁ‘fj’é‘tﬁﬁ"@ and a

sc@bnd iR 8RR NdArudiugs ataREtoRl Weéhlinngd tik RGP Pstcis@hder | oi nt
bet ween _ the second el ectrically conductive structure

and Ye&icaly sonpertingdhe BishBéareaneqs suntee pod theecond dngigonnect

Mg£u§g@hgygghﬁhereln electrically connecting the first
die and the first interconnect structure to each ot her

conprises: providing a first electrically conductive

Stlﬁuﬂe%ﬁh&ltoftcﬁﬁnflb“ﬂﬁ%heldéo%l r3fg. pressing together the

first electrically cond uctlve tructure and the first
i nt ereodingct fisst diecover ghe &t location and a second die over the second

location;

electrically connecting the first die and the first interconnect structure to each other
;and

electrically connecting the second die and the second interconnect structure to each

other.

18. The method of claim 17 wherein:
electrically connecting the first die and the first interconnect structure to each other
comprises:
providing a first electrically conductive structure at the first die; and
providing a first solder joint between the first electrically conductive
structure and the first interconnect structure; and
electrically connecting the second die and the second interconnect structure to each
other comprises:
providing a second electrically conductive structure at the second die; and
providing a second solder joint between the second electrically conductive

structure and the second interconnect structure.

-13 -
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electrically connecting the second die and the second
i nterconnect structure to each other conpri ses:
w@e@wildiony a second el ectrically conductive stPOLUS2089/038708
at the second die; and pressing together the second
electrically conductive structure and the second
i nterconnect structure. 20. The nethod of claim 17
wherein: the first interconnect structure has a first
interlocking feature; the second interconnect

St1o UetcUh&n Cghﬁqggmgehpterlocking feature;

electrically connecting the first die and the first
i nt edletimally toneetingtthe farst dic awlcthe Grshwterepongst pteusgure to each other
c@ﬁﬁ%%@ing a first electrically conductive structure at
e Tirst die, the first electrically conductive
st r uct ur erhvadinggfist ¢lhitrichlly sowhicocksimefufcaatha fiest denehd

interlocking the first interlocking f.eatur nd t he
i ra | nogoroe A Bl HPLFREIL rfR FyBUR bt i
incocunead stngtirileangdecond di e and the second i nterconnect

structure . to each ot her conpri.ses: praviding a second

of ectFTISANY Soriaritidha e esogand RS Cop s g 1o cach
ofhbrecoapeiond el ectrically conductive structure having a
fourth interlockin ature; and (nterl ocki the .
second i rpmfﬁ%%mﬁgﬂi sl G S SRR AL 10 sccond di and

i nterl ockirdd@ing @M@ the second electrically conductive structure and the

second interconnect structure.

20. The method of claim 17 wherein:
the first interconnect structure has a first interlocking feature;
the second interconnect structure has a second interlocking feature;
electrically connecting the first die and the first interconnect structure to each other
comprises:
providing a first electrically conductive structure at the first die, the first
electrically conductive structure having a third interlocking feature; and
interlocking the first interlocking feature and the third interlocking feature;
and
electrically connecting the second die and the second interconnect structure to each
other comprises:
providing a second electrically conductive structure at the second die, the
second electrically conductive structure having a fourth interlocking feature; and
interlocking the second interlocking feature and the fourth interlocking

feature.

- 14 -



