MULTI - CHI P PACKAGE AND METHOD OF PROVI DI NG DI E- TO- DI E | NTERCONNECTS | N SAME
FI ELD OF THE | NVENTI ON [ 0001] The di scl osed enbodi nents of the invention

rel at e gewerald/n13so nul ti-chi p packages, and rel ate nor @Cparskelo0k@ssy to

i nterconnect structures in such packages. BACKGROUND OF THE | NVENTI ON

[ 0002] A copiinuing fo f _the m t i CS_| Ly, | EE
enabl enent @H}ﬂgmi]& ﬁgﬁ.‘%@(}#aﬁﬁ]l\?@fﬁ*‘%ﬁfg’ @VW&?%{I‘%{) eat er
density, higher performanceNpRRAONRECESSIN sSAMpart of this effort,
m croel ectroni c packages containing nmultiple dies have been devel oped Such
mul ti-chip packages (MCPs) offer the potential for increased architectural
flexibility at reduced cost HELD QFAdEENWENTIGNovi de appropri at e
di e-to- rgonnegt ensities
ot o R ERpRR L RUh S Rl SRR TELSE MEDE: o
number f relag rﬁ&’@@@ﬁichﬁﬁl% toviidbrdohricdt dtricheediandum pacha%eapabl lity for the
affected die interface, and thus | ogi c- | oi c _and/or logic-nmenory
conmmuni cations woul d suf By (K@ ‘ SEMHONE DRAW NGS [ 0003] The
di sclo nmbg . f:
foll owﬁngoﬁet gﬁ%@%\gééusto?g?\@&ﬁ&géﬁaﬁﬁ?%g{ﬁ&%n tllgggg %w%) %ﬂ%hggggiaé}ganyi
fi gur exhips (ke r«.felaw (08 dien;) Winiag prafd ddsitly) lﬁgherlp&rfohﬁancandldjlﬁ‘waf esplAan
views of a | ti-chip package according to va nts of th
i nvent iRgH; Ofr%@oﬁsf orfzjreicros ? cEOBicqiagkaEes CRRiRRg "«vf i dres 3%%& fieV@iﬂpﬁ
pac kag ESLQB nllzdl@chgpc?&‘ﬁ V\%r QM@)S? %ﬂ%f‘th%;ﬂ?)@éiiftlﬁ?fbtr nﬁfreésQ@ afcﬂif@é?ﬁﬂapﬂexi)@f%ogﬂ

FI Gs. harts illustrating nmethods of providing die-to-die
inter ccrndlwcd sostrbuaitardd 56 muki propae Iaagt@pa@tcah@tm@;lenmesnbwt demtitscsoh atwey
i nventipn;. [0007]. FI Gs,. 5-8 are cro ectlonal vi ews of | ti
backagdiitais YRP ORI EarhE U PR ARE i  ALn PiPAlr hes eTHgh drbeisBstny
accor dijpg sl @nnbdiRnk RN iR th BARBYid Capabilitysfor the affected
cross-sectional view of a nulti-chip package accordi ng to "anot her
enmbodi rﬁbmnt@facwﬁélduthuselngiCdnglc[aOd.Yog]oqu Bemogy ¢anmuiceigaiavauld suffest rati ng a
met hod of providing di 0 i -chi p package
according to another e ]Jffﬁuﬁdﬂﬁ)ﬁ(ﬁgq?lﬁgﬁlibgﬁ%wé

[0003] 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:

[0004] FIGs. 1A, 1B, and 1C are plan views of a multi-chip package according to various
embodiments of the invention;

[0005] FIG. 2 is a cross-sectional view of the multi-chip package of FIG. 1C according to
an embodiment of the invention,;

[0006] FIGs. 3 and 4 are flowcharts illustrating methods of providing die-to-die
interconnects in a multi-chip package according to embodiments of the invention;

[0007] FIGs. 5-8 are cross-sectional views of multi-chip packages at various particular
points in their manufacturing processes according to embodiments of the invention;

[0008] FIG. 9 is a cross-sectional view of a multi-chip package according to another
embodiment of the invention;

[0009] FIG. 10 is a flowchart illustrating a method of providing die-to-die interconnects in
a multi-chip package according to another embodiment of the invention;

[0010] FIG. 11A is a plan view and FIGs. 11B and 11C are cross-sectional views of a

multi-chip package according to other embodiments of the invention;
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[0010] FIG HAis a plan view and FIGs. HB and H C are cross-secti onal
views of a nulti-chip package according to other enbodi nents of the

i nventi orwpQOM15130G 12 is a plan view of one of the aeCs2dioez73h the
mul ti-chip package of FIGs. 11 A-1 1C according to an enbodi nent of the

invention: [O FIG 13 is | an. vi ew, of .an_activ e accordi to an
enbodi O of g 2 gaig BEW ¢ 08“ (4 B8t gifinghs YRR ot Beng a
met hod 19fa-PrEYEYRigg & ﬁlérﬁb&iﬁeh{ﬁf@ﬁ&ﬁ%ﬁﬁns ina mlti-chip package

according to anot her enmbodi ment of the invention; [0014] FIG 15 is a plan

vi ew of[0812}ul FiG. dBiipa pko kagye obaocatioe deg geoorditat then cervoduiane nf thefinvdngon;

geomot PR Iacaty dirit s Gart SIS ERbER AR STIROPHER i aheahicrctufe PoGa

FI G 1% mgltiacHip pyekiags acdo{dmgstor@btmge@bwh{eﬁdome piveitii¢h; ng die-to-die
interconnects in a nmulti-chip package according to anot her enbodi ment of

the i n\,{89|14]0nFIG[ 001 PRarview e Rireultiychimppckpes sacgrdie fol anger ampedimephel

dr awi nq L QULES,. illustrate the general manner of construction, and
descri pPI ons and details of well-known features and techni ques may be

oni tt ed00Is]aveiG] Inilesessasirhy codsgley bhguiltivehip [pekisgi gionetridshecoeisgy ided
enbodi nents of the invention. Additionally, elenents in the draw ng figures
are notVaﬁ@E%%la‘?derméPﬁW?1’@‘631%1854?El For exanpl e, the dinmensions of sone of

the, ef QUBINIS Rt 10G, LirBIcESn TR, 06, LXBAARALSALBA LG bR BRSHIELETPN o

to hel rove un erstan Ing O present 1 nvention. The
sane rafmnk&indép pwkagah@ordmgliofefnetl&nbmbo@nmetsofdhmutvenmdre sane el enents,

whil e ref.erence nuneral s but do ,not n cessa il enot e

i i | arlOB| Aveligrcsp B B g et Dl iy o i Bemion dpspe-hE Ryl »
and t henddne of BordsRBCHRS Ghdl HEéc‘PlBuéﬁsdaﬂd"détﬁf‘s &t REMRnowh f@a!ﬂl)‘res ﬁﬁ& tééﬁﬁﬂuésor

di stingui shing between simlar elenents and not necessarily for describing

a partinsyl dre smqtre@tnoalavoud clhnmsﬂaugf caiscwrgerthe Idlscwssmm ble thedégsstibasd t hat

h h h
Lt ¢ HERSTUBHT et Lol bR OB PO 0RURP Y Boan nFc AL THED BRaig 0.

capabl enceéssaper@hivAnol Ralkeguereanplof Her dlh{bﬁﬁoﬁshaﬁ Somk | dfsthe &l @her®y iDkHer Wi se
described herein. Simlarly, if a nethod is described herein as conprising

a seri d&gusss mepgs, cxdgacigiedetclaive Sacthet dpacnts tgrl@émmméwvnerr@pﬁtﬁnéln@o@f

neces e IR, B e Sl | R Rl LSBT Rl AR A,

st eps nhotdethe rsaine cldracmas, nwhity sipgiks irbfeyenloe numerals may, but do not necessarily,
denote similar elements.
[0018] The terms “first,” “second,” “third,” “fourth,” and the like in the description and in
the claims, if any, are used for distinguishing between similar elements and not necessarily
for describing a particular sequential or chronological order. 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
sequences other than those illustrated or otherwise described herein. Similarly, if a method is
described herein as comprising a series of steps, the order of such steps as presented herein is
not necessarily the only order in which such steps may be performed, and certain of the stated
steps may possibly be omitted and/or certain other steps not described herein may possibly be
added to the method. Furthermore, the terms “comprise,” “include,” “have,” and any

variations therecof, are intended to cover a non-exclusive inclusion, such that a process,

method, article, or apparatus that comprises a list of elements is not necessarily limited to
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added to the nethod. Furthernore, the terns "conprise,” "include," "have,"
and any variations thereof, are intended to cover a non-exclusive

i ncl usi orlvo0msi3sat a process, nmethod, article, or app&Catussomwioatos3s
conprises a list of elenents is not necessarily limted tothose el enents,

but may, i nclude other el enents not expressly listed or .inherent to sych
pr ocesShosreelRBANtS 4 PY @%,mwé%ﬁﬂ%r ﬁfage.nti 8% §TPrFHEY {igiegor ynbgkent: to s -
"front, srocdl@Ghothod, bRRE, or BaEAM." “over,” "under,” and the like in the
description and in the clains, if any, are used for descriptive purposes
and not[08EYesEhky fchys floft, dawbt.i birort, pdanmi&rp, T ‘Glotdbinve“qesi tiedes,” ahd thes t o
be und rst.oot that. %.he t&r.m% SQ used.are int ee‘réicFan eabl e under ag}g&ogri ate
ci r cumsbErlele SRHPHRL AT HR BB e h Y oF ! [RERTIREN C AT PHaY ARt ei n
are, fafec@Xailp!Br deRABMLSDRhaRPe FAkRIsRioal. Nelis B bR dteRBthhhaR thhase
illustrated or otherw se described herein. The term "coupled,"” as used

her ei n,soj uscdlafq Heckangerblesndsy appraprigicr deumptaneeinsich dbiati the smbeflisrants efal  or
non- el I . ) j ec SCJ i i "ad] 10" each
nener! SEL SRl aRNER s ROLEELS, A5 ETRES BRI By oA P ACEILR,
each otth&f thoe¢ illustrhiee os amierg&oalcadribed dicesin Orheateaa ‘@sugad;h aotubetl herai, is
appropriate for the context in which the phrase is used. Occurrences of the
phr ase defined av disprslyRriadirectiyesoanestefbinyn claetied Lamonyelegtnical grgper Hbjeees same
enbodi : : %qa ) | j.ment

of t herqaeg%ébr???l gfr%!n{_gst%rm i - H?iyﬁtqg\lac Cg-g?glrzeg 0 Wegl@ hgggaﬁglsntlt% gt\glﬂﬁ%a&?%ggéé’ first
si de, an appeosbrignigetosathsitie, oanad the téme gesdralercigitat orexitce ndscath otherhas fi r st
side to the .secpn side, a first di att.ache(fh(éo the fi rfsh sjde of the
subst r FPBIORHECAOL Ao RRtatan ayhish Hic RRSAS t5od- HacqufTeages Qf fhe pprapein one
substr %odﬁﬁ&taha’éin%ﬁmﬁ%@e%ﬂﬂy L0 rdfhetotthd S SdfiSo@hedthe substrate and
attached to the first die and to the second die. No portion of the
substrate i s under neddHAREHPESGRIPTH Hd & € d connecti on between

the fir ie and th econd.die. Alternati eI tebriderra e . di sposed
e cdi02q) T DB G RERT e Bl puetiod Ak Sin pb e RSB Y Ryl The
bri dge HmihgGomst difdlta O?ﬁosii&g to¢endliige, and aRiyd bide @k acbeds frem tiefisudigs fat e
usi ng wi rebonds. [0021] Shrinking die sizes coupled with increasing die

per f or thhsecondaider erfisht dicditieehadetot thatfirgtheduehtict pbwrate hed eoreehdindilisg
di e-t O'at L ShdgMfoClhE ORNPER JRUBE sglgstjrar{'gr RASE Frids aﬁ?%etgetoefﬁgetﬁ}rﬁds’i%es &Y g2l
manuf acturing 1 ssues nust be addresSed i n order 1o acconplish this goal.
One suchbsteseiand attidhed do filid fitst die anther #ivtsetondf dibr N6 glortivgh bMthersubstree isS

within an organjc. substrate nmaterial. In order to overco this proble a
sili Cor}midﬁrtnggtgdg%prig%en&“\kp&q@ge creates a connection between the ﬁrstra?e and thepsecond M

die. Alternatively, the bridge may be disposed in a cavity in the substrate or between the

substrate and a die layer. The bridge may constitute an active die and may be attached to the
substrate using wirebonds.

[0021] Shrinking die sizes coupled with increasing die performance requirements dictate
that the density of the corresponding die-to-die interconnects must be increased. As may be
expected, several manufacturing issues must be addressed in order to accomplish this goal.
One such issue is the difficulty inherent in fabricating interconnects within an organic
substrate material. In order to overcome this problem, a silicon interposer sandwiched
between the dies and the package substrate has been proposed. The use of a standard copper
damascene process allows fabrication of lines and spaces of submicron dimensions.
However, the large silicon interposer area and need for through-silicon vias (TSVs) make this

approach an expensive one, thus negating the perceived MCP-derived cost benefits.
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bet ween the dies and the package substrate has been proposed. The use of a
st andard copper damascene process allows fabrication of |ines and spaces of
subm cr orwOi2onsizsns. However, the large silicon interpesgusariea2ndsl need
for through-silicon vias (TSVs) make this approach an expensive one, thus
negat i e percei ved -derived cost benefits.[0022] Enbodi nents. of the
i nvent ﬂﬂﬂiﬂnaﬁmémﬁgﬁgtst ey PP nemabldepeioncalie lmfe%q%fé SHEH TS effflesent s

an accergl%_ @darl IRCRYASE ﬁhpr%‘é;@rherﬁxdv% Eﬂ%ﬂg‘v‘fé@h‘ﬁl&@b’ GRARIAL ib? riﬁakl?ﬂ/g f&ki ng
use of silicon bridges (or bridges made of ot her rra%erl als) that are

enbedded silizonbridgesdohbudges ndde op athcagetaiabs thatbes. eriftredded brarddgfeshedde thet o
support_only t ense die-to-dige interconnect fromdje .edge to die edge
ond” carrE e BERET ) i i o el ERE AP 16 rtsS Meref Gish fncth BoB P F con
bri dge GoREEPto deSRAge!and ARIBRsdGIRERI nfueh shaVet 8GRNOIAA intdtpaddi Thon to
greatly increased conmuni cati on bandw dth due to high density I nterconnect

st ruct wileon tatdge doresit $lsof clinnaaten fnegednfordyp Vatesbnadpgb| la dddponviereadyenbl y
process . N Yt O e U ST r
Fechnol g5 oo ERligh ) tBREkY e eab< s b il bkl 36w,

f abri caint@diraéntd/oPhehavdniign tyyr Saecablecithpidedt 3sahlgy ipfdeseodoe¢dt 1esnsi ti es
that would in turn_enabl e MCP-type cost savings, nodularity, and

ar chi t d¥fthFuaihe mpadyityiof siligon progessitednglogguch potential benefits incl ude

i mpr ov ti ' ' ULd b . . $ o ion,
the. abiTIE) o B R R R B R RE e lcBloPo PRI R

opt i m amgreeeddntaindican-di¢ igeicopnasc elssesesothatdivesid nc curpormablienyl(H-fyberdosty or

i nconpat i bl e desi gn et hodol ogi e potential .to, assepbl.e nonr.ect angul ar
or | GEVIRES SRR, o R SRl b A P et PORT B SEAERS A AT
differ 'i?%r&\%ﬁg&fi&e aﬁ"clf‘@af%} ﬂﬁfi%tifoh%@z_?dgé a@%’@%ﬁ?‘égﬁﬁiﬂﬁm}f{ﬁe hIMEND] @hbAS O

enabl e e precise alignnent o ridges, including silicon bridges, to a

packagevithibst single. paskage ditd gsingnifferayt dpginiipgbsiliaen (¢mothérd proesates om di€s an
overal l. wel | -defined bu field for .subsequent .dig attach, especially in
o ew o Resfigh e o ek Sy SR FAVEReiE B Tl o BB e
Fur t herrg@h@ul@norORrEl SsubyPgicdlensd byilifpyo abmbicr @S 6r dfc XISt WY defféraiy t
designs with mnimal nodification, and many avail able pins at the

di e- padicigiés. spd ethesce may enabl e sinple protocols and good i nput/out put

175 950, SEMAA, o S SO0 BRI Sy g G,

of a h i p-C WTe asse ive es)

wher e tiheluding silscohl briatged)itp acpavhegd egbstrateaudtealignnsie ntyobe S8parthntin thedi e

and i's c?éa%i%nco ?urll ggérglcli Wbe){l-c\ilgﬁrngc? &rl]rcrilp %ie{defcog lsellbste((]?uetntc1 giepa%tgé(lggegpescya?lgtilrl %}e%v' ofT he
the high interconnect densities targeted on the silicon bridges. Furthermore, an on-die type
density may allow reuse of existing circuit designs with minimal modification, and many
available pins at the die-package interface may enable simple protocols and good input/output
(I/0) power efficiency.
[0025] Some embodiments of the invention make use of a hybrid flip-chip/wirebond
assembled active “satellite” die (or dies) where the die is flip-chip connected to at least one
processing unit die and is also connected by wirebond directly to the package substrate. The
processing unit die is assembled to the package substrate using flip-chip interconnects. The
flip-chip interconnects between the satellite die and the processing unit die enable high-
density, high-speed communication between the satellite die and the processing unit die and
also (where multiple processing unit dies are involved) allow the satellite die to play the role
of a high-speed silicon bridge enabling high-speed, high-density connectivity between two or

more processing unit dies in addition to providing the active functionality of the satellite die
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processing unit die is assenbled to the package substrate using flip-chip

i nterconnects. The flip-chip interconnects between the satellite die and

t he proceseizag/i¥msd di e enabl e hi ghdensity, high-speed ®cmusni10A2708H
between the satellite die and the processing unit die and al so (where

mul tiple rocess unit dies ar i ol ved) allow the s eII te die to play
the rol'8° ?Oamﬁregﬁq%@@&e%ma% g‘@@’“@ O SHPCFHGR 1S Pseaie I grs-aiensi t y

connectgy b&x)&erb&eth‘(\@ﬁrnt LR RE aRP Eﬁﬂi%‘r’ QB&ER ShAGoHA! IT/O dk @8ntkd] s@ﬂl Eélﬁl@cttl\gty
providing the active functionality of the satellite dieto one or nore of

t he proges éiongthahpltonieé by thith@ipwhiregrondctpos teticiporrssting viiedise).edd witk thti e

allom/for ower ve er allow additional 1/0O or
cont r ol Tl s SRS hot LG e it HIAEEPE i Ged by the 111 chip
connect[pgze tRefelith EQ{OQ&:@&% Aehviigs, FUGE (), 1BABndM ¢ Brt f1gn SRRQGF BRMLIS-chip
descrlbed above, TSVs are avoi ded altogether [0026] Referring now to the

dr awi ngeckaReck00 pgvordipg t@n@f@@ &H@O@mmts\/p%\wse siventioruprd FaGi g bat kenge 100
di
accor 'sggnon%l VAL Qs8I0 Hﬁ | netf;f’zdfﬂ%éﬁ Ha%' fgaé%‘lgg Lo at%cérﬁh to _an

crosssecti onal vilew, taken I°’p package

100 accaitdiditgerit@fahe ﬁmaﬁd@m(rvhe»@s‘ of b@rdspyedifig orvss Gabtons oﬁfFIGgrlrpeap@ nai ng
Cross sectlons of FIGs. |A and IB would be very simlar or identical to the
cross SRl Ga veBpsigtilsg of flcpfiegl to the gresy soctin fiamléf@d iy FHp 3.) Asallugtraserhing G

2, mult hi 1

opp05|#gG§|%§ 11%§?g§% g S|gﬂagggﬁaﬁgt%ggﬁéﬁg%ﬁ?%%%¥5| Eﬁg%§h§%9§ 5@ 112

V\NUhl t |h - clmlpar{)?p;jmgg sicO:OlHzléand]lersldedrfﬁrthesesteadsjfrem]ﬁdb ?&ogidhamzlli&?étl{mm oft
| C are, a e O SI ae a ri e a acen

o askiso B0 2tk RaiaiSoss din o0 i o Dbl B TR h et e © Stdsp 1 ag

i 11 ust r&tsﬁgstra@éqgl@%na%rﬁrh%% 140SA ;b%éﬁ%té‘?deoﬂ3 SOtk QM0 @hd %Hg’éhfeﬂ% @icl10 is
underneath bridge 140 such that there is an unobstructed path to dies 120

and 130120ramdm@theolr30aAsrrl@sg‘atbéima@ fartlgerfdascuspeil dglowl 20 pOandg@uhmtecHé)at es a

GPe" 356" Qo B ATRER R SF ol R ENGR KO st 2b i 1A Rl veo"

traces drlaldtgn@bbitough fctrhﬁld%el 1dgeBMt i 1 PRESaRE a RbARICLIbA{EE S @R BRGHrical or
structures on the dies [ In certain enbodi nents, as ment i oned above,

bri dge opmealcf@ﬁpeqt@wréhﬁr llé@rbetwqm dior 2Brand gléss 1 3t by @saé@mn&@ls%léalbi ﬂlﬂdé@fn
process ﬁs {r’cﬂ}éubé i Esatrh%q‘?ﬂég’ tﬁ%ﬁgﬂ“%ﬁ@" tr%%g it 89%?%&#1&&52@ K4 Ogy

line widt are reva using exis i'COn process

are S|gmmtm&ﬁnmhhe maller than what is possible using, for exanple
currently avajl abl e technol ogy for cop i nes in polyner yers. .Thus

di e-t o-l H?‘% li nkregegidinerbadimayts s @%@PF‘E&?%V& Riitge Hfcsprapresss él? icom nligdp when

sili Conbrﬁi EQQ{%%S@& %eéﬁﬁ%jsﬁl&ﬁppwegs@ tédﬁ?lglo'gg)tl?féfﬁmgp&ﬁfaﬁée%, and interconnect

pitches and line widths that are achievable using existing silicon process technology are
significantly smaller than what is possible using, for example, currently available technology
for copper lines in polymer layers. Thus die-to-die interconnects may be constructed with
much greater density when silicon bridges are used than when such interconnects are
fabricated within typical organic substrate materials. Speaking generally, embodiments of the
invention employ silicon bridges with high density solder bumps and fine lines, with the
latter being made using traditional silicon processes.

[0028] In some embodiments, bridge 140 can be a passive component, in that it has no
functionality other than to provide a high-speed, high-density signaling pathway between dies
120 and 130. In other embodiments, bridge 140 comprises an active die, having its own
functionality apart from a bridging function, that constitutes a third die (die 120 and die 130
being the first two) of multi-chip package 100. In such embodiments, bridge 140 could have a
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fabricated within typical organic substrate materials. Speaking generally,
enbodi nents of the invention enploy silicon bridges with high density

sol der buwposmdiisone |ines, with the |atter bei ng nadePa3iusgomnamss i ona
silicon processes. [0028] In sonme enbodinents, bridge 140 can be a passive

conponent, that. it _has no functionalit r th 0 pr.ovide a

hi gh- spfgé@n eﬁ‘iﬂblﬁg é%fn@rhr@ PGRRIY; Mgt a‘m&é P%@gwsg'n%@px%bp AMareeneeety n

ot her %ﬁ%‘dﬁ&ﬁ %are’%ﬂdjg&hn%@t%rﬁoﬂmﬁdré@%n e rhé %ﬁie%@pfa&?‘é? RBe hitscONm. )
functionality apart froma bridging function, that constitutes a third die

(di e 1Z0urtadnatce sd@0 eb]@pchlgletntse comldsmeduw)naoﬁfanmlrmg @mepsepaahagﬁeamc& an
such enbodi nent s (ﬁ éﬁ 140 coyl d haye desi gn . enga ed for %?
assenblYSHLH “8% Qv &1%?%?%%%% GFSFH PRRAGER; B 4ARIEP 40 FRBREC Vlé%a‘”glads
for w raabmre peRBRaRt irNgic ROSRBLRNRA Bye sih e figl &lid BAVin 28 10041 hbBBoACt | Ve
die. Furthernore, such enbodi nents could reduce manufacturing expenses. For

exanpl efunqloﬁﬁbfdeé@lsn@}lfﬂlﬁmtlngﬁfl@ nresquforiany whlitmek sg@pesanss ral susleiobiidgen

addi ti th anot her processing unit die could be served
by a SS%nh&p%Rﬂ% ehéﬁgwﬁa¥%ng fast | ocal nmenory functionality, thus

el i m ng0020y tAe aﬁ@dmbw‘ tlamyctaxéouléloamaule aoapesilicon ds, sutb aatib¢ idibgeanwoul d
provi de both functions. [0029] As an exanpl e, the active die can he an
act i ve SOPIIIS®NOWFe, SCBYCanduCting: rpacile wh conplive grsBides ppabnatiieang

mat er i :%?r%l%’gﬁxg g@@?' hgd%'[yabﬁl%f"sﬂﬁaﬂlgas%ﬁhco n%ﬁ@g%ﬂ&‘ieﬁa& Wil gﬁ ool any

ot her em co ing material or co tion of sem con ctlng
mat er i eslemicohtiucttmgghatbmls Allﬁsmgh ppiis descwiption $vild froti tivee tootime meknadferened &r ence

to an "actjve silicon dle it shoul d be understood that ac ve di.es, of any
o Cabl B SBCoEt G it PuR SF CombTRAL A JE ey BF afls Al 6 ULl

cont enpkaE@Adudtingshaeigl cﬁ'c%ﬁlbﬁﬁnb}ﬂ dematend drbatso %ﬁ%m?fa?edr ﬁfs%ﬁlﬁqﬂsto%eher ein
as active dies, no matter what material or materials they are made of, have

their owdelfstmdt ihonhathiat yraapefetred rt@rherehmas adivei digs,tp awtttengvlat bnatdtgfé emnd

provi de conn tions e er

brbod ARIEAS Pie R B ity P B baching AR wieBit IR aheir dBiEShetasge 117
I n Fl Gbridge afdlgRovideoohficctiBng Bét@aabthedisd.r at e edge because it lies along an
i nside perineter of substrate 110. In contrast, ge 117 in FIGs. IB and 1C

i s an d99#Hnaln thopdusirated cathgdinpava deeintarsqctian 0§|Sldﬁ laangd §idsiZdé gueatésnast er of
substr alyEe :H? ' Ad I]% ! ?éé ¢{7 ?snﬂlogllté}ﬁ tsugf Jfa% ed Boe%glgt I:,Ilg’iles %Tgf aff :IT§51de

constitu es a port|0n of “an out sl erine Su
per i metpefinichatof Gubsttates L0, hie sordtast, @ﬂges ubsinr BB, lBQndm ils @nicRtciud sﬁlmstﬂmr

enbodi ment (FIG. | A) side 213 constitutes_a portion of an |nS|de(Perineter

of sub<dgad ECABY it klesealon% alb&uf pgrimeter of substrate 110. In the latter embodiment
(FIGs. 1B and 1C), side 213 constitutes a portion of an outside perimeter of substrate 110,
i.c., a perimeter that circumscribes all of substrate 110, while in the former embodiment (FIG.
1A) side 213 constitutes a portion of an inside perimeter of substrate 110, i.e., a perimeter
that circumscribes an internal feature of substrate 110, such as an aperture 119, but does not
circumscribe all of substrate 110.
[0031] As illustrated, dies 120 and 130 are arranged such that they overhang an internal or
an external edge of substrate 110: a portion 221 of die 120 overhangs edge 117 and, similarly,
a portion 231 of die 130 overhangs edge 117. As suggested above, die overhang at an internal
substrate edge implies substrate 110 has an aperture, such as aperture 119. In at least some
embodiments this aperture is slightly larger than bridge 140. In cases where multiple bridges
are desired multiple apertures may be provided, or smaller apertures can be combined into a
larger aperture accommodating multiple bridges, depending on design requirements.

Overhang at an external substrate edge implies that dies 120 and 130 are mounted near the
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that circunscribes an internal feature of substrate 110, such as an
aperture 119, but does not circunscribe all of substrate 110. [0031] As

il lustratwo,20t/s$35020 and 130 are arranged such that thegTaseraay3an
internal or an external edge of substrate 110: a portion 221 of die 120
over han e 117 and, simlarly, ort|o r han s edge

117. Ae%glaag%@g%%taatwsvghe% @ avew%eﬂ@ Afe P§211§ ?féﬁe béf’? a}%eeleofgeét Ml i es

subst r g1 H0whas, & GRERAn4 @mo@th'crﬁaﬁ%e ap&sidrUfhn deegired' Rvifth &R Sk g R
embodi nents this aperture is slightl'y Targer than dge 140. In cases

wher e rmipaétpl/@ toniing e ver elctesriyr éd:rmaﬂl mnapagn@p‘erandrtbs likay Thesepisonh desy, or
smal | er rtures can.be conbin into a rger ert r.e acc ting

i t 1 pineeBPb deS G RR T ThO et Gk e ST P B M MR 16 exter nal
subst r g9g37dgR mdiPbd &&ntil #GAD &8at HEOp&Hidns 8O dik ¢ qzmaﬁ@tleol tﬁh@%&eﬂlﬁ?é&%age
substrat ea(perl phery, as discussed above and as illustrated in FI

certainld e%thahemnect@m@ bryégeh kY, atolaitionfas? loandy? Hatrespeethighy, ¢estained,
whi ch SR {&% é ﬁéet%ielk Eg\?iﬁé,hlrfl&hrs%tﬂepgftclpﬁ\gﬁ o Q%% nY%a{m&t@%ru%teg at the

managerren ese | ssues’ na overc ng a

sl ot t echopaskegagdghsiti@iseofsdieh 126 ahdaBo shm\ﬂs bdihsfr'sit&ﬁt wi€h wheOBxR) bdeh s@ﬁly be
seen in FIG 2 that the port| ons of dies 120 and 130 .t hat overhan% edge 117

(and t HRPVar@aEbHhbe Peghesdhirareaehiaumble bath withinmd quiyide oblriggegl 493 one
respectd 'd)’rnexﬁoﬂ{eaﬁﬂe f%l‘?hﬁ%@gt@étEﬂbg%]téroﬁt%ln@avlh rofUss SRk oI tch

than do t I nt erconneiét structures at t non- over angli ng portions of dies
120 ancfoﬂr&ﬂi scplarasely Sromonisd sdaesttpivaht intonfaats tarhe hmemvsmadglagqmmomgﬁrdiemg t he

pi t ches .t hat chievabl e both within and outsid bridge,140. I n one
Prbod: niai and RAF REBHGIE e dbbraoioed Trties” i ST GBI HeH dgabprtons

221 andjed3ped e N H@v%g’sz?%e%l%‘hy dBGl@f‘héc@%aﬁgﬂdlﬁﬁ‘av@'tﬁ&&rﬁé‘ﬁl?dhfaé‘%ﬁ&é’{t the
non- over hangi ng portions of dies 120 and . "Regar di ng these interconnect

struct vhesther t‘ligh putl’ beern@mepfoﬁe@tltrmatnor hioyél diether ‘ichande perki intefsoﬂmavtl ng a

" f h" d Ll h h h of
ot oy Rifrost SecRbri e RS A biafnd lonrel s wkeh®nd G, B 1 gfty FESitadpil®

pitch” ihRdt@hEQRNSGktusds! REEhYTESadheER SRAr finy/ pttahfe iltORoHRIE srGQaics Hae,Pirt Ch as
each of the other "coarse pltch i nt erconnect structures. Rather, each of

the "f meerlgl tacprich ihasris ofres tham apy caf ihe s charse Pifich” driarsPBRCCt ArBEES, PHat i s
finer H@l@l(ﬁgyg%h %eﬂ*?at ofid ?ﬂa?r x%ttf%}n oln*'e]tlr?tref:cgﬂﬂeec?t %rﬁét[ﬂ’ecgou nt%§hetrrﬁfe{:trlcal

i ndi vi c}ual varl a 1 oNns - nmay erconnec ure to

anot her51gxﬁhﬁgta‘nak;ejls fir givakd rage- @ncab ylateecofneéctde“ﬁseﬂdbe Hrilgds ehab nhewaothaect s
for silicon bridges has shown %hat si gnal i ng[ wi t hout repeat ers |(s possi bl e
at rel eNGRINGEH P% TERCAGTR ISRASH le@ﬁg%lﬁ%am dejipitice gnd avey lengihs feguirggo(e-g., up

m | |1 Mg} eqs) ml'ﬁqgétEﬂs))anldhﬂl’onhlﬂl af Leaskt Yie Qrﬁp&ﬁhfgﬁptsomceo%? Al &l e

t hese
interconnect structures may comprise flip-chip or controlled collapse chip connect (C4)

connections. (The “flip-chip” and “C4” labels are used interchangeably herein.) Because such
connections are well known in the art the details of their structure and manufacture will not
be discussed herein except to say that the manufacture is transparent to the particular
technology used (whether reflow, thermocompression bonding, or some other process).

[0033] For reasons discussed below, in some embodiments (such as, for example, where
bridge 140 is an active silicon die), bridge 140 is attached to substrate 110 using wirebonds
241. (These wirebonds have been omitted from FIGs. 1A-1C in order to increase the clarity
of those figures.) Only a portion of wircbonds 241 are shown in FIG. 2 because the
perspective of that figure makes it difficult to depict the full extent of the wirebonds. It

should be understood, however, that wirebonds 241 continue in an unbroken path from bridge
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i nterconnect structures may conprise flip-chip or controlled collapse chip
connect (C4) connections. (The "flip-chip" and "C4" | abels are used

i nt er charnyoabiwisigspei n. ) Because such connecti ons are welCT/useawn2i035t he art
the details of their structure and manufacture will not be discussed herein
except t hat t ufacture S ans arent .to.the rtj cu
technoﬂé‘@y ué@atf%tah@h@r F QO @Fcatonhsh ﬁi?e P eauiestiom bagcap orises sdlleask her
process),psth@0BR]. For reasons di scussed beIomL in some enbodi ments (such as,
for exanple, where bridge 140 is an active silicon die), bridge 140 is

at t achd@034 sﬁbgmmakwﬁdlﬂxusjmg WSVebaredscldd . in( Phidge Mi0r ebolodsththastbeibeen

omtted fro or.d to.i rease the clarity of those
PTur crdedhae R cipdHesh s haPF BE e Sl GROSe eBnel elele ookt ¢ ne
per specdiésvigsin flipbelip {fh&iioefabBkBandctiod fnf dr@et th allowdBPingdrfachy théplocessignt  of
the wirebonds. It should be understood, however, that w rebonds 241

cont i nuat andasatelip dekBQ apdtifhr proyiding mg@qnﬁ@et(wh@@bbﬂr@d)éorlsl@ -thriliobdése t o
create | eg (o) e ubst 1

sy MERR LAt SOHCSP L RubENIBE, Dohdasu oMe ot 10053 e
ot her hirbdigesémrtsl drcl & deresin desterdiheds,hapelied b}?h@uﬁbdxeﬂsl Ths tpaScEs &
connected to the processing unit dies using flip -chlg, face-to-face)
connectﬂ%ﬁé o] Gosloyayiest on ady gurgeort usmgversEqW@l& Resupplyc §§/%n<hawera¢mi

satel I Q h O?eraﬁfélf tIBP k}ﬂl'ygr\% &h 'ceﬁr?erciﬁgsethﬁe h 4 co%ﬁ?étfx? ocgﬁft}g

di e-to- unction or sone
t he satlmhtl dhb,eisdha thnqbrmctessumg)mm daasdwould urd tloanmeed tthe arfea,struﬁumeneqmmd to

enbodi nent g, su e nds. This r resents a. possiple St .

oyt g PTORAC RV ARG B E o T F eghendbt R oy RIS B DI and
ground GanRAast indRSrudt@t hal a?sE&'i‘ate‘dJWérMédagw%l@lhﬂ&%n NRedLORR H&&@H@ fhit
connected processing unit die, is that the processing unit dies would not

t hen nekd atelaemdrsﬁgmiéctamdytmmeascé@ progdssing wpribvestieAlsod rusechwvithdali 4 badeldite |/ Os
that ar ede the p essing uni. |tself whi ch addi ti onal
infrasfﬁ%ﬁ? (gﬁ 38@#@?8 ﬁVé¥%5§§n%BE¢a@Pﬁ%° 5 r ease the processing
uni t dij@o3s|eari@nNad i§ agvidheAMlsyratife i eRsiR I 309 cﬂm@\a&ﬁgmme-tmdfe iftefonndtsso, i f
used without a satellite die this additional infrastructure in the

procesgh ﬁgmdhrom/mk@g%w@mgeta anfcghediman of thg ingengion | dwrherempld, mpshadat i ng
a met h%o3r$ H)ré’sfrg %'oﬂ (Te %g qka%tdr%?%ﬁ?&%?ﬁt%eéﬂs%n TH tfémfah gog Ckﬁge

accordi'ng e i nven an ‘exa
r epr esaniiltischpo pidkage tn‘at & smnwn‘ @ahulti-¢hdp picdags $00 bmhdvﬁsml FISsi mAf hB, 1C,
formation of a nulti-chip package that is simlar to nulti-chi ackage 100

as shoviidiZn Attheggh fhese ﬁ@re&éeplgﬁdsl@gle A Eo eee hgstavor digy okher gasp ltmeéltSs. ngl e
bri dge FenNBCLiRG IBWJmeleé md?l B8R TR A8 frore than a single bridge.

[0036] A step 310 of method 300 is to provide a substrate having a first side, an opposing
second side, and a third side that extends from the first side to the second side. As an
example, the substrate can be similar to substrate 110, and the first side, the second side, and
the third side can be similar to, respectively, side 111, side 112, and side 213 of substrate 110.
Sides 111 and 112 are first shown in FIG. 1A, and side 213 is shown in FIG. 2. In one
embodiment, step 310 comprises forming an aperture through the substrate such that the third
side constitutes a portion of an inside perimeter of the substrate. As an example, this
embodiment may result in an MCP such as that shown in FIG. 1A. In another embodiment,
step 310 comprises forming a slot in the substrate such that the third side constitutes a portion
of an outside perimeter of the substrate. As an example, this embodiment may result in an
MCP such as that shown in FIG. 1C. Either of these embodiments may be characterized by a
lower cost than that likely required for a bridge embedded in a substrate cavity as described
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of the invention may involve nore than two dies and/or nore than a single
bridge. [0036] A step 310 of nmethod 300 is to provide a substrate having a
first sidwp20m0/68p3%0si ng second side, and a third side tratr/us2e10/02®35rom t he
first side to the second side. As an exanple, the substrate can be simlar

to subs e first S|de t he second si de, t he th|r S|de
can be H‘F’é?r]het‘f?inaﬂg%“piﬂé‘% Fapg} Yheigj cgaelesy fuﬁsglia&é of pher KR Sebpatos pe ef
substr elfs@d gii]c(ﬁ e@o@%etﬁg-&laﬁ Bd tﬂe]&lly@‘{fﬁbfe' dptibn S)@Q%M‘eﬁaﬂlﬂfé g‘petltlﬁ'es o8 sl 213

is shown in . I'n one enbodihent, step 310 conprises formng an
apert urag thbﬂeoahgdussddeamybsnmbe feroeld Wyhacchamecal lor dzdzes ddHingonstlingutaeging,

portion, of .an insi.de rimeter .of the substrate. As an exanple, this
enbodlﬁ%ﬁ@”ﬂ%ﬁmpggﬂ%fgﬁﬁE%Hrﬁfﬁl uch as that shown in FIG 1A |n another

enbodi MY037] SAQRpPILO FAMEMISTR it @ Bkded adFirst @t td Mot stdeRFRALBs@ME Budhhat
the third S|de constitutes a portion of an outside perinmeter of the

subst r ghet.a pegtign obfhenpsledicekicadebtyoai maredgeraf thedast 1d¢ of Be sMpraty s as t hat
shown ify {fnbﬁh gglecmﬁ'd hﬁ( el?ef sihPEF %o ﬁgbfﬂir fi&n Sﬁ ¥h03$ ENRIGCL LT A2 %Q%tﬁ%f e

| ower coOS require edded I'n‘a su

cavi ty sxam@Rrs thci ddgelefr ﬁlevﬁ*remdeh@frtﬁe @ubstratéeed ,be |sﬁn1¢zasesdgfm191r7e agdthelpesion
substrates qQr other thin substrates are to be used such emhodi nents may be

t he onlaf the Bt dicothet sriendadexpndeths peee cambresiniiap & prtign 8% 0§ dienl s Whidis e

di scus " s]-N med by mechanical or laser drilling, mlling,
routi ngj% s(?g?fp\fﬁsng?gvgunc ﬁ\g, etching, or the like. [0037] A step 320 of

net hod [8088]i sAtstepaiilacfhmethbd B8O idioeattach b secdnidrd¢ tsthddiretf sidchef thalssbstmtee such
that a portion of. th first e ext S on of t e first side of
et oDk ap paion % e fedngd if ST K oRe IR s e AE s e lgndibRlra! ¢
is firsgg &h@%\ﬁnﬁl@ thk @ecdn& dlé‘%arﬁﬂé’%iﬁﬁ[ar%@m)iﬁ) thtah% ﬁr@ﬂﬁm‘iﬁn thed imstasi de

of the substrate can be simlar to edge 7, and the portion of the first
di e t hanothet exmi@lbeh@p@*tlphef é@@ecmmlbdlas ﬁmn@rbewgncbﬁmtqdemcmue smildi ® 120,

ro ot e Rl g dit 38 T et Bt st P D . 3 TSR, e Sl iRb a0 1o

porti Orhn@f33'f0h1€1a§ eecv@ehtﬁlme@ Qg endpibewpnth tHiesaaRo6r ﬂfotﬁéﬂ%tﬁboﬁﬁhmﬁltﬂ@ def the
substrat e. an exarrg\o Jﬂét he second die can be simlar to die 130 that is
a

first sﬁﬁfeomnw o stsps P 3aﬂé@meﬁthe>smﬂﬂ #gep thaé cobinicy Heovop kempessna di e
t hat e’%ﬁgp&%mbﬁ;)ﬁ%’ﬁ&l tf{k“fmﬁféa%yc ?Jlg%)rée?gﬁl Hent NH2 rth!cth gff%m%{)dlﬂ{eﬁg %gc%

i ch ron 1s 1I1rs n one enb

330 maysOmer s frblii greknit ﬁt@rs&dﬁtﬂg}he cedreppitdhnMiCiPedis att@chOstepasTatdpe rane t‘dmﬂdme nt
the die attachrrent of ste %30 and 320 (or ggl the single step
conbi nd8a} RePiegssly Rastonsd &/ itdresperiyionsssh ofiish Oy ivdiug alct ﬁmg%?tlétaogﬁphseﬁr@er

sel T -al . GRoP WiderNRAsk phfi@h dnth@frs? FROYF IRbSHEN
[0039] A step 340 of method 300 is to provide a bridge containing a plurality of electrically

and/or optically conductive features. As an example, the bridge can be similar to bridge 140
that is first shown in FIG. 1A. Accordingly, in some embodiments the bridge can be an active
silicon die. As another example, the electrically conductive features can be metal traces or the
like as known in the art that are suitable for conducting electricity between one region and
another, or one component and another, of an MCP, while the optically conductive features
can be, for example, optical waveguides such as silicon nitride waveguides, rib waveguides,
and the like, or optical coupling elements such as gratings, micro-mirrors, and lenses.

[0040] A step 350 of method 300 is to position the bridge adjacent to the third side of the
substrate such that no portion of the substrate is underneath the bridge. This arrangement
allows for a mechanical decoupling of the bridge and the substrate—materials that have a
large mismatch in coefficient of thermal expansion (CTE). Furthermore, an unconstrained
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sol der self-alignnment occurs during the coarse-pitch MCP die attach step or
steps and the dies nmay be precisely positioned with respect to each other
by virtuewof20e/15i135gl e |ithographically defined sol der meshk/ysarmeT3dn t he
first side of the substrate. [0039] A step 340 of method 300 is to provide

a bridge. cont luralit | ectri cal and/ o tically conductive
f eat ur ldgwglﬁ ﬁgrpﬁ?l%geﬁﬁw%re%té%egﬁﬁw%& opld mave pahgyd G AERINEAOPIGHIE | s

first shayen i Fh@pltélﬁ mﬁ%‘c‘i’ﬁ@ RgtNod B(ﬂ) %ﬁ%o@ e”fﬁ@tu§e b?%nt?fn'délﬂﬁl &an be
an active silicon die. As anot her exanple, 'the electrically conductive

f eat ur escamnlabe toréillathet space aramdt the lirjdeeinathe kapovtnre or sloe oarthe difkat Aar@

suitable for con t|n electr bet we anoth or one
conponet AR aRat e Sarecmilished fine b PER and et SO Re R doBP B Tt ur oo
can be,[0bor exan® $60 @pﬁlb@lah 30BVEBHAERS tﬁélBﬂd?étosﬂhlelfﬁﬁtrﬂlé“ahd ltcdﬁlevs%\d@fgw des,
rib wavegui des, and the like, or optical coupling elenents such as

gr ati ngke thﬁvréb)ocwaﬁmg)ms eleatmall @nydisal apagiondetveqn thedirgfdigranddy Somd s to

posi tiop, tz@@ P(! h@? Al dosfidle &J‘ht{iar‘%hﬁ%ﬂ@%% dt%@%a@%?@et §AhE ﬁ%&?ng that

no pOI‘tIOI’l rate I'S under nea arra

al | ows 1feqrmahma6®(hﬁia§2&bnﬂﬂﬁt@ uplbiridge 0fst’t frecdss ifldge Iﬁﬂhduldﬂ& noted that because
substrate-materials that have a | arge m smatch in coefficient of thernal
expansiBrPorieaEyt thesphshaieris P@derawthﬁh@&ﬁ@g? dhiseBpfzaiget” paraces Bow arypdlerage

SL ress tﬁ@ [&gé IOE % #&ﬁ('t%‘dﬁﬁe'shtbﬂ?@é’l(gfﬁg% @8135&14?&% mEéle&)tn'sﬂagraﬁoﬁ ﬂfélllda% Pﬁg% on

e fine-pirtch joints not require the use o
under f ithinnorg ®nbapsivh@ageons o1 Iﬁlne{mteh spacce)naecm urbtaltihty, i uiée% rthtﬂmmgipser ture

or slot or e.li As an exa 350 be a hed .usi ng a
R P S A et H RIS (R SR S e e
300 is 4 @idklash éB@uE’éd A&, i Fﬂ?ﬁig% 1459t pidb&ss ey E&b‘léﬁh@%ﬁi@cﬁﬁg df &1csher eby
creating an el ec?rl cal or optical conneclt)l on between the first die and the

second witledicnot dicdtaclys 9f dispasgte 36@htmylthmm emy mtié"lcanomtqta@ ntdined Assomblyhe
backsi of .the. package te ridge. |l ast"

or ocesat oiic B ERGe b sFatenl oo B S TR R BBl 8RR o o
is undq&mgggﬁlgéleerM(QQ@nftgmaﬁonbr| dge last" process flow may allow the use
of a full-thickness bridge (unless thernonechani cal considerations indicate

bri dge [0MHni ligonw cmbodigneaht dgjed0 mMayr b japeonnlished upingrac SeHEEOMMERSH | i ty,
| At wh
o o SRBROLAL0 1 SaAE A Anch L 26! G R TEANER L EUBY ARFEL rrre

"bri dgead askfiovat Glceh:‘eSaer mwmﬂﬁ@doaq)rédaﬁ)nbbuﬂdmgwg:nqierd‘vﬁ@&ﬂ& prbsﬁreemagrbedl e

stacks of djsparate hei ghts wi t hout any nodification to the out]ined
assenbl §nirplhsd: wrth @ seldeiorefesyprarssy Oa%sﬁﬂat@amrét%mmﬁrmﬁa% ir%%weaslso

af f or dghl,gnasseBPlfoR i IHidRleohhHO8Rch Prétet. VER YRR U Rdid is

typically a sequential process; however, a "ganged" bonder can process several units at once.
Thermocompression bonding may in certain embodiments be needed to achieve the fine-pitch
interconnect because of its process flexibility and its better control of process parameters.
[0043] A step 370 of method 300 is to attach the bridge to the substrate using a wirebond.
As an example, the wirebond can be similar to wirebonds 241 that are shown in FIG. 2. Step
370 may be performed, for example, in embodiments where the bridge is an active die. It
should be understood, however, that step 370 is not necessarily performed in every
embodiment of method 300.

[0044] FIG. 4 is a flowchart illustrating a method 400 of providing die-to-die interconnects
in a multi-chip package according to another embodiment of the invention. Method 400 is an
assembly process enabling the precise alignment of bridges to MCP dies first, followed by
the attachment of bridge and dies to a package substrate. This subsequent attachment of
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[0042] In one enbodi nent, step 360 nmay be acconplished using a

t her nroconpr essi on bondi ng process. |In another enbodi nent, step 360

conpri seswonrglisassgsol der refl ow process. As is known i nPChaISas/027085
thernnconpression bondi ng tenperature and pressure may be controlled; with

a sold refl rocess o e tenperature may be c ntro.le . As is also
known, iteend i espaéﬂf»ﬁvegﬁl RrGUBHDOE BEETCH ook grﬁ&@F&?F%%si on
bond'anbémEMPbﬁﬁhmeQmﬁ@ﬂU@ﬁkk%]n&ﬂgﬁéﬁﬁedBQWﬁM@dbuﬁm,Qﬁ@%ﬁ@xmbgﬂﬂﬁm,Can

process several units at once. er noconpr essi on bonding may i n certain
embodi r@ﬁtmamelsmée@wlqy@dabhieeaﬁeplphwhtn m@ulpﬂtnatmwuhtamumm qewtot bepawddedof its
process f|eﬁlbl|lt and its bet%er t 8égprocqss pah ers %0043] A
step 37090F HERCH HHEE &' §att S@ﬁ TB Bon¥ha" SBR[ U OUSTHY a

Wi T eboruénm&@raaéhsemmb@ 4600 @niM & Qﬁﬂﬂd:h@}ﬁ'f’babl@ag%' 500 a&lated VMef&@CH}QSfu?tﬂér t hat
are shown in FIG 2. Steg 370 may be perforned, for exang i n enmbodi ment s
wher e tiHestrgtaddgd1(s. &f, weich wee Q:rp%;s -septiongh gigmeg anulfiddinspaskege H\vwwerious hat
step 37Q_i . ess f. hod 300.
[0044) Tt g SRR R BL0REpo e I o RERRGL T OF RS

di e-t o-[045]i nAeezlﬂmme@hsfumrheﬁdemll belowhn&ﬂmad(mg&na@ﬂpﬁﬂom@stt@e arhinent
enbodi nent. of the invention. Method 400 is an assenbly process enabling the
preci sefalifgimdrmerdsy. Hps aiel apwmibp ofioss ok, bridges cSWé]éF Higst sRarsst Pdhnent
of bri Kk u )

of bri dg‘g&ﬁgﬁ etgl%t%ﬁ%ﬁea?eg bﬁ‘d% s{ @atﬁ ep a-E%?ebg&ggfgﬁegﬂé rgg]%tlt}fgl%nw e

bri dge-tonduiigest the rcstrlanmtem;tml tadcaumsmf teisimethed escrcend ai mors sfids cbtycti cally

caused b xed b , od. 400 S | oye for
! i Saeg e deais iR O Tea O B v GRS UHE A 4

over har}ﬁedﬁ‘éﬁ"calﬂr@fe‘?&ﬁc@ 'iﬂ‘ﬁh' ﬁ%@&%ﬁﬁ}a%n‘%ﬂ Q%ehﬁl;ﬂﬂéwaéhdqﬁﬁﬂ 1Pﬂ)r{¥1§ €hd ﬁ’nedﬁ%hg n
consi derations. Method 400 and ti-chi p package 500 related thereto are

furt herandldoa@f:lr pitehdiniencaBin s 1158®arahmst@1bs £nleth@mrms method 4B@pemiitvwscofate

mul ti- package 50 vari.ous par poi nt manuf act ur |ng
or oces SR RE, B BrourRabPYS (P hlst ks PRERMR biltes) DiRBRL ALY,
furt herm@eh@ml inhgiewo ereitbash balperBrRiihyd bompl s fohsuRtqiraharNittaeh. di es
to a carrier, fine pitch assenbly of one or nore bridges to the dies,
coarseIﬁ@h@ﬁeﬁggﬁwbdﬁwﬁﬁs@ﬁ@nﬁﬁkﬂhéﬂemdﬁﬁﬁntand brldge(s) to a package

subst 1 3yye and (@110 LiNdg SEPRAILARIS EAPGicGRAL EondRL EPL LkicAd¥RG! ages

of thi er ‘one or nore or e nt's
descri hgstifettei diesarsmtetﬂil@ﬁductlale|0Inrprélabﬁﬁy Tphﬁeqb afeka)gemsmbat doaiponasts af the
mechani cal reference in the nlxe assenbly flow, and that
forms tHE2PFRRLYpFUCARS AacaEdely g@y as %ltegffre@ﬁnéé £8 CxaMRle P Ay dig @1@5

Furt hergog&ondreichad b%ggmpﬁrtmrésﬁae@ﬁ\%?y,%@uo and die 130 that are first shown in FIG.
IA. As another example, the first die and the second die can be similar to, respectively, a die
520 and a die 530 that are first shown in FIG. 5. Attached to die 520 are fine-pitch
interconnect structures 521 and coarse-pitch interconnect structures 522. Attached to die 530
are fine-pitch interconnect structures 531 and coarse-pitch interconnect structures 532. More
specifically, and as illustrated in FIG. 5 and subsequent figures, die 520 has a portion 526
containing interconnect structures 521 and a portion 527 containing interconnect structures
522. Similarly, die 530 has a portion 536 containing interconnect structures 531 and a portion
537 containing interconnect structures 532. As mentioned above, interconnect structures 521
and 531 have a first (fine) pitch and interconnect structures 522 and 532 have a second
(coarse) pitch that is different from the first pitch. It may be seen that, as already mentioned
elsewhere herein, portions 526 and 536 are attached to the bridge (by way of fine pitch
interconnect structures 521 and 531). Note that interconnect structures 521 and 531 would
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bridge alignment in three dinensions. As stated above, accurate bridge
alignnent nmay be inportant in order to create an overall well-defined bunp
field forweubreguzsnt di e attach. High interconnect densiPCras2@ooensiiat e
this requirenment. [0046] A step 410 of method 400 is to attach a first die

and a seco ie.to a carrier, Wen placing the dies, suitable fiducials on
pr evi oJmaﬂ?M geesah%ne@ SHCQh SisueHERS e%%bmﬂ%t %1?16‘?“ P OTEMR SERGBICY ASh as

the c arerxidl%blea ﬁﬁé’m‘ﬂ? hb'l%%' fétrestall 'El%ﬁ%@l@ﬁ@ thﬁ%r&?pﬁ?ﬂ%s@ciat%@ ifil d Sisnthk& and
the second die can"be simlar to, respectively, di'e 120 and die 130 that

are fi risths@GblibciwecEIIE tWoAnatégalanot her exanple, the first die and the
second dj.e,.C be simlar to,.respectivel di e.52Q and. a_die 0 t hat
are t rdbFn o Byl e e SR CREG S Eiots a8y S RO ITERS e B ebnnect
st ruct Wn@odddnt M6 cEORT SANPHideS Bn iMEBHCAMBAGHrRHEUTHYY. &S andiamplel aechrek t 0
die 530 are fine-pitch interconnect structures 531 and coarse-pitch

i nt er conrrader mey hetmadesobgapenior ¢has BlsiPict the highdheimal condychiwteaf ithe FI G

5 and s hadr 8S.,... di rti 0 i ni i rgonnect
ot ruct aPBREE Bt 1EY] B30 8B BER AReePO bhARCPAR ROONBIII, I 57"

Si m | ardigs, 520 end 300 has anadhed tto earrkE3G 060l i AghdsitcemarAnkes07, swiiide tnityes 531
and a portion 537 containing interconnect structures 532. As nentioned

above, SOREse afraeel giorizes matsiabOIMyg thedtkehave a first (fine) pitch and
i nt t st . it i
| nter ng?@%ﬁ A s'Eé}I]BCAFZ‘&rcﬁsméﬁ@d ?(ﬂ?lsﬁgaﬁg@vfb&g%%%ﬁkﬂgﬁs? AR S8to Rid LBt BE. 1 S

differ romthe first pit e seen as al ready nentioned
el sewheXae lleat @ this gop dnlgnke 66 pAidinE3Gnard satittachade steachék Theisdgl Hump way

of fine.pjtch interconpect structures,521 and 531).. Note,.that .interconnect
ot uet i reredie BN Gon S SRk AT I cafpren Mgt pnidit fausibl i

rather fBan fsi dchfeQhel QcQIRNbEndEAS. USS M BSmAS, tBE bﬁ&%é"’@ehﬁbe Sifigr Erifigl p to
forestall the problens that are typically associated with a msmatch in the

CTE betM@ghattinéirst waowmireFiGl1s\. A00wiier Thamplar the dridgaparoec simifiat tar a bodge

carrier. 50 at is first show.i.n F 5. 1n one odi ment he carrier
conpr 1 40 Hr Fibab i Sh il TR phdecr 0. iy B mERSH RGP P, i ebe
spreades iiye RgidsRdEe Ol RPOBbodMch)Stdp 40D cdMigrided ubing hit@hmbsipradsion
conductivity of the copEer (or other) IHS, the package may be thermally

enhanc&wWnding praecse it belp brgfeepng, thg diegite sagp othgh dn Bglaer gnebogdtmerih estent o

ot or 28 R T P Y Bl Y g B0 To B R BB 8 s o

attach aat.bridge to the first die and to the second die. Note that in this
step onlg the fine pitch interconnect structures are attached. The small

bunp pil084PImed stqiiord methad 008 upay e RSN A s Bl Hirebstraigeam,

on-di e el G ASuBBYatP€10 that is first shown in FIG. 1A. As another example, the substrate
can be similar to a substrate 610 that is first shown in FIG. 6. Substrate 610 contains a cavity
615 that, in the illustrated embodiment, contains bridge 540 surrounded by a protective
material 612 such as an encapsulant, an underfill material, an epoxy, or the like. Material 612
may be compliant or flexible in order to mechanically decouple bridge 540 and substrate 610,
and its presence may enable undisturbed underfilling of dies 520 and 530.
[0050] As still another example, the substrate can be similar to a substrate 710 that is first
shown in FIG. 7. In the FIG. 7 embodiment, dies 520 and 530 form, or arc located in, a dic
layer 750 of multi-chip package 500. Substrate 710 has no cavity; a bridge 740, which is
significantly thinner than bridge 540, sits on a surface of substrate 710 or is otherwise located
between substrate 710 and dies 520 and 530—in other words, bridge 740 is located between
die layer 750 and the surface of the substrate. (In other respects bridge 740 can be similar to

bridges 540 and 140 and can therefore, in certain embodiments, be an active die.) Also in the

-12 -



useful for achieving successful bonding. As an exanple, the bridge can be
simlar to bridge 140 that is first shown in FIG [|A As another exanple,
t he bri dgwocar/tse3ssi milar to a bridge 540, first shown PPRTRIS®1082708Hhat ,
l'i ke bridge 140, may be nade of silicon and may, further, be an active

Cher mod3hio SELRAR SIS BB Eb LB BShHEHE b1 dgeland: £KLS 1 B8 peach

ot her. tnheqhhifific® HPOHMRNL & onthdR A0 1SR 'tlﬁ@l%ne% bf‘En@gesﬂi(ﬂ §lor "e?&rhﬁl
process or another attachnment procedure as known in the art. [0049] A step

430 of intetdoodecddB0uitsres d2prandisdée mays udwslt to diceshofencanwhikampdregnnehiestaghsts at e

can be m 0 substrate |rst shown I As . anot her
oo i eh 4 ol il N T S E A R A i R
shown igdoflefey. Gs RS bihaf @nfbblirk&i Al itRd CRbiY ofd Sort dfre dMirdtdi€onnect
il Iustrat ed enbodi nent, contains bridge 540 surrounded by a protective

mat er | #ruepEsS3dhSXs Sah @dééégraﬁmwnprﬁﬂ fligreleipfconnectianse A soulddie noteshdpat or

t he I| r 6 I r

rochani ety 8 ob8 b, TR Tl R it R ort e ® ik S,
enabl ed.lg\dieﬁiruaﬂﬂsedhruw;ﬂzddmgethdm(Es 520 and 530. [0050] As still
anot her _exanple, the substrate can be simlar_to a substrate 710 that is

first JABYM i4 WIG‘MQ of| methpd 490a3s to diasbdhadhst digi @yl Heosesped d50tq dem  or
o Losghathd o sy b Sthe B0 bl 2 LD PRE (BASAR 0. bRHRE L) Srcl 10

has no cavity; I's signi ntly t Inner tRan b
540, sidttaclod. Sisaer thec bumb pitdbs iy zha:rge 718s @xpemsivat p&kwnd@ldo@ceqmpinﬁet ween

substrate 710, and dies 520 and 530-.i.n ot her words, bri.d 740.i s | ocat ed
bt neerVGEDN bg B IBE AR R SlRUEGt PdradS UL Foliend e b iarrn feect
bri dge (401428 P&t haGt 8 15 hiflg8oRARnARdnd 4B said @@Qnﬁl?@ﬁ:@@o? or 4"

certain enbodi nents, be an active die.) Alsoin theFIG 7 enbodi nent, one
or nor endfodimendusiogweltratt Fldct ur es 521, 522, 531, and 532 may need to be

nodi fi i der to te t uce ckness o bri dge 740. For
exarpl d00§), oGt SrPETRTER et 44l [ R R
I nt er caRBRBle, ShisUBhiires aé&&@ﬁﬂeoﬁ%a pRYinpeeghtihg, E@hingn@xbﬁsen@d mdti éey to

acconmodat e the different package geonetry. As with ot her enbodi ments
descri elcties mpisrial aeoBervisy do-bending the canies fionsthe desuFKs Ssshows mpgti-cB®1, and

532 pohe gﬁa[rg%rs'oﬁ%lﬁ]&{/ﬁg?ﬁ‘é RricORNeLHRPS0s. 'éarﬁ&oéﬂsqn %G”’f’hl%g a} Bk E&lb‘g 740

my be enou requires 1ts own carrier In order to t1acl tate

handl i N@ot 1ﬁugratélbf laragha@rehbddindigs, Stichpasddenahe oatibiod a4R6k sp[r&ﬁ&l]steﬁ\%om‘) 440
of method 4Q0 is to attach the flrsiydle and the second die to the
subst r dtokpenfermed;agd dhesgrpsl iy PerEnenty Isliip8lagsth a 1arge pitch (outside the

bridge [§5€#) B §et another embodiment (not illustrated), in order to accommodate dies of
different thicknesses, a mix of single dies and die stacks, or die stacks of different heights, the
carrier or IHS may be stepped such that before bridge-to-die attach the bumps to be
interconnected by an individual bridge are coplanar. Suitable steps or cavities can be created
by machining the carrier or IHS.
[0054] A step 450 of method 400 is to attach the bridge to the substrate using a wirebond.
As an example, the wirebond can be similar to wirebonds 241 that are shown in FIG. 2 or to
wirecbonds 841 that are shown in FIG. 8. (The embodiment of FIG. 7 may also include
wirebonds, or in other words bridge 740 may also, in certain embodiments, be connected to
substrate 710 using wirebonds. Such wirebonds are not depicted in FIG. 7, however, because
the presence in that figure of carrier 505 combined with the figure’s cross-sectional nature
make it difficult to illustrate the wirebonds clearly, or because the wirebonds are added after
the removal of carrier 505.) Only a portion of wirebonds 841 are shown in FIG. 8 because the
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attached. Since the bunp pitch is large, |ess expensive pick-and-place
equi pnent can typically be used. The appearance of nulti-chip package 500
f ol | owi ngwohelopsiisor mance of step 440 is illustrated i nPETES2@0/021038n
enbodi nent using substrate 610 and in FIG 7 for an enbodi nent using

substrate 710. 52]. I n so e i nts, .st 440 | s Ilomed by. t he

r emov alPeEYCERE %fgﬁw 5@1“6/@1& & EQ‘E% EE qfﬁpéctﬁﬁg fiyld eét?ebﬁ& l?f‘sWéf&bwl{ﬂ Eta i ng,
cut ti NG @ HRIVARWBY,; hdWevBE kifdt Rxgrewﬁds%qfi ec%hﬂﬁ;e“iﬁtaﬁ ﬁlhﬁllokel?gatﬁtfﬁ)% Whigs:
de-bonding the carrier from'the dies. 8 shows multi-chip package 500

f ol | owidd§ tohsibsiaatoVdl0 mf ondalr ta ercaB0&n eteatrrqalalcom’stwrn bEiw@en Pridgy 0sandbe

<2 heub 8l bLASHY BUERhy gt oo FERRERREL PR RS R i

per manemtdcyivé efet 1t sﬁoﬂhaﬁqlndé@%a] hdv&bv)éﬁtthaa@ﬂ?hﬁl) i§ ABaHcBB Ay (Reformed in
illustrated), in order to acconmodate dies of different thicknesses, a mx

of S|ngﬁ@ﬂkﬁﬁﬁpd&ﬁ@ﬁdﬁém%hQﬁﬂ@Q or die stacks of different heights, the

carri en 8%54 H%[ drey ;be §Ito§soge§gor§alf0\t]e\& f 4 br% oL cefn]g aglga%et QTOd gco%&lgé B ghe

bunps t &rconnected an in bri anar Tabl e

st eps @mbdithértes tkamverti@r. @a;tﬂzldsﬂmtedr&chlcml mgnmlhechq;apaidkege 000 bbﬁpnie@@ﬁq A
step 450 of nethod 400 is to attach the bridge to the substrate using
wi r eborigbstide 3H) end#ping, @ ¢aVEY Wil P dBBIRE adéﬁrabby ofi nadp Q18 thereiny BSHHY azléla t hat

are shopoi ?Eeliglﬁ&i ?%QJbs{ere‘@lbeQ%ﬁ% d%ﬂhé\h@% g—fd% 9%“%% ah'd gb&l\,\%ggs cokhe

enbodi ment o al’so’ i nc e wre I'n ot bri dge
740 naynmhﬁphwmmyoéﬂmm$@6@mbmde@éam§bnhge94&nﬁ&hedxbnpkupakéﬁBana36mus|ng

or eeon b g e g g Ranay Ry, b R Re o trisetsaFing. pogvarionat. | "°
Cr 055~ 3l bR URE RBKSpbloddikhisubity FRmbibSb! AUSADSy BRESRIRES,:

clearly, because the w rebonds are a&led after the renoval of carrier
505.) Gh¢yk® portion of wirebonds 841 are shown in FIG 8 because

t heper ive of th t fi ifficult to i C he full t ent
of ¢ he WselnoaEncn et Al s FAGE: b Stk alrab st RBE ab dF il o5
cont i nug thdlll@srHebEmbRImpat A sfah @RAMplIcda®seA0 o1 @ EeID20,Idad €300 1Ad bAdEY gler to
create an el ectrical connection between brld%g 540 and substrate 610. Step

450 maycabé’erﬁefﬁﬂ@frtﬁe’@spﬁfcﬁﬁ’e@x%ﬁ@e 1ilQ, dirtidhi dersy, sitsebradachldOppll @§avhich an
et Yo gy OBLEE . SO0 DRUFXBongNAL R ADhBy W,
Cross- &E@tAsonnair by ke infthafigarttdie OO pncpateleagaréél&cae&wﬁdm% It of iigewdodi nent
of the sa:§ Eé/ag‘p ;51 Ip(ojli:ltlonAosf ‘t;rldlglél S9t4E) a}g ?dca‘lceg vlvzllthln cavity 915 suc htlherl)t t%g%lfl?raﬁtygoof joints
conpri
960 are aligned with pads 918, and bridge 940 creates an electrical or optical connection
between die 920 and die 930.
[0057] Die 920 has a portion 926 containing a plurality of interconnect structures 921 and a
portion 927 containing a plurality of interconnect structures 922. Similarly, die 930 has a
portion 936 containing a plurality of interconnect structures 931 and a portion 937 containing
a plurality of interconnect structures 932. Interconnect structures 921 and 931 have a first
(fine) pitch and interconnect structures 922 and 932 have a second (coarse) pitch that is
different from the first pitch. Portions 926 and 936 are attached to the bridge (by way of fine
pitch interconnect structures 921 and 931).
[0058] As has been discussed elsewhere herein, in some embodiments, such as, for
example, where bridge 940 is an active die, bridge 940 is attached to substrate 910 using
wirebonds. These wirebonds have not been depicted in FIG. 9 because the nature of that

figure makes such depiction difficult. It should be understood, however, that, in a manner
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substrate 910 containing a cavity 915 having a plurality of pads 918

therein, a die 920 and a die 930 attached to substrate 910, a bridge 940
havi ng a wode1@¥13sand an opposi ng side 942, and a pl ur alPCiryusediojooioat s 960
at side 942 of bridge 940. As an exanple, pads 918 and joints 960 can be

el ectrically nopn-functional. Pads 918 ma refabricated during .
convent¥BI! opift l-su%wpwolee%@%fsggwas @ﬁ&%@&ﬁ@%@a e Oegw?lgiwgrlﬁm on,
for examldeRhalAfiBh Hiddel 01D @' sublark 16 in LORRGD A LaE ARsHAL L At | 3

945 at least partially surrounds bridge 940 in cavity 915 in the
i | ust rtmtectndmslgd DA® and substratn 9éQanpl e, substrate 910, die 920, die 930, and

bri dge ca e.simlar, to e ctively uhs e 110, .die 12 die

150, “arBlSH B 48 M g2l CRESRUNE s SneBEnAOR, g EovidhE &gl v,
i n cer tigleRoARAE IR Mt R B kIO 1 GRMIRE thBn dfbbliEncit Bf tHSInBHtdAE ASEMN | N
the figure, die 920 and die 930 are attached to side 941 of bridge 940, at

| east axpopic orethor 100 dusy 19RESens al noetiareef wmenifactuEng pyocossshaiesiltshathe he
el 913200, A BLUANR MU BAFS SR RO M 98084, BERTT 5,

an el ectrica p con I on ween
920 hag).a portion 926 containing a plurality of interconnect structures 921

and a portion 927 containing a plurality of interconnect structures 922.

Si mi | arlPQ601q; As gxplaingd 1 fydoridsiildmbovkoRehipdi 1980 gepsrallamvolves ProHEBE Gonnect
struct 3 1 Ierat i Lty i ct
struct ﬁggﬁgﬁ%@ggﬂ%g?gggﬁgBnéﬁ%ﬂctur%%&gg%agﬁﬂhggﬁ-%g%ggg(#gﬁg%q?ﬁgﬁb)

pi t ch ahgpensihgrfianorge tcagity dlobupeds, 9k andplde ofi slve badgewithbackode sailepi t ch
that is different from.the firs itch. Portjons 926 and 936 are attached
ot he TPIIGwIEByeIy Wi Yoidrs SEreBa i i et S s o9 e G 1)
[0058](ﬁﬁh&ﬂﬁsQ@&ﬂn@hﬁﬁ%@&ﬁqSﬁ&%%%ﬂ@&%uﬁﬁ&@bﬁbﬁ& ,%R@ﬁg@ﬁ@%ﬂ&ﬂﬁﬂk@dkﬁUCh
as, for exanple, where bridge 940 is an active die, bridge™940 is attached

t 0 subsh matestiol glvasiage ofitlrie poragss isThetsi inireaddp rdeglablavte mdtipledeigdepinct ed i n

FIG 9 beﬁause tQF nagur ofzghatlfigure makes such depiction difficult. It
shoul d BEXERTFEF LB AUOHGRS P2 PaPRat , "in a mannersimilar to what is shown in

ot her fiogeresadasgsricngdotheic@iod, 104Te iyvts eevids « Qibdtiatée hivin@ pnRsekest pat h
frombridge 940 to substrate 910 in order to create an el ectrical

connectdndiwdpest prdsn Asrandyrenphe tha dubstipist angt the pads cqrobs simifar @, eepacyvely.
f'O“Bh%%%yhﬁigﬁ}&ﬁﬁ%ﬂg9?8HB{Q%%h&9€91?ﬂ1@f°Vidi”9 die-to-di e interconnects
-chip pa

ina mlti agé according to an ‘enbodi nent of the invention. As an

exanpl €006t hadtchOMI2ONEYmetpd ¢6@01s ta fpen hicanitpin thenmbstfaae tuchithg the padss

that r ea?rg le;[(psosle(? a‘;[ Q %oor of the cavity. As an example, the cavity can be similar to cavity 915
that is shown in FIG. 9. In one embodiment, step 1020 may be accomplished using a laser
milling process, a plasma etching/reactive ion etching (RIE) process, or the like. As cavity
915 is formed, electrically non-functional (dummy) or other pads 918 at the cavity floor are
exposed. In one embodiment, these were previously fabricated during the conventional
substrate buildup process and were buried by one or more diclectric buildup layers. Pads 918
may be made of copper and present a suitable surface finish such as electroless nickel,
immersion gold (ENIG), conducive to soldering. A minimum pad thickness of approximately
10 um may be desirable when laser milling is used for cavity formation, with the laser
operation to stop at the pad layer. Mating pads may be provided on the backside of bridge
940 and the bridge may be bumped ahead of time using standard metallization and bumping

techniques, perhaps at the wafer level. A solder resist layer may also be added to the backside

of bridge 940.
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formation of a nulti-chip package that is simlar to nmulti-chip package 900
as showmn in FIG 9. [0060] As explained in further detail below nethod
1000 genewel2bw/ismssol ves provi di ng a package substrate, maThiSRI10027985

otherwi se forming a cavity for a silicon or other bridge, dispensing flux

t i fl k ft th back | d
s 103er Ar gre SR ob rEpeir OBATR el e g. BACHn S B GGET DI
(unl esSoprcfRnaliap ifd s s uth L&A RhbAGHTRA bRAC AR n&h%zegﬂv does not

encapsul ation and assenbly of active dies. A poténtial advantage
of t hi sicpessaalysmicgn ttlhfanumben ef benps hyd ﬁmmabbe efopady| are pqealttmaagles)tm a

package and many substrat.es neI 1 0 1000
et 0BG s PR ARL R B8 B ety SiuEeh B e TR Wi o
exanmpl elidthe nidREfidaRGSnfl %ds D& taY A sCaNeenpdd, Thd Bﬁdgeoeanr&saﬁﬁltat Vcﬁbﬂd%
substrate 910 and pads 918 that are shown in FIG 9. [0062] A step 1020 of

met hod Y@oehaver inoFiCordnand cawithuy inwertrie esihvsimente be e ctivradict trd adeingy e
expose t Ie the cavity can be simlar
Sofhaa B3imfl L1530 e S5 DYGTY

to cavi enbodi ment, step 1020 may be
accorrpl[l)B@ﬂd Aswpgloaoloﬁwhmii ldmﬁgtqoplé)@eem brlag@inaﬁeaa\etycdﬂdrvgdgﬁemmm@ i on
etching (RIE) process, 915 is forned, eIectrlcaIIy

ke. cavity
non- f urf@ditlmpads tey G%Pﬁwh%r St@PH@?‘O M@eﬂatbs befig% toethe swhstryter Ingie eapbodinsibs ed.
In one i onal
subst Ao Eay T g S EnTRG R Ah Ry W R G u Wkl e NER o
IayerssoRbdﬁuﬁﬂgrmmbemdmade1bﬁnnmmpéokmnde%mhgmnﬁnaﬁédbﬁahﬁecempmﬁm&
finish such as electrol ess 0 0 ENI conduci ve to
ol der 1T ARSRRRS D Qe Basssodtran Breodbiving drb ROV HhkBap IS Heefts abi o
when |4§ﬁémﬁh&£@99fh%oH@ﬁﬂn&Qﬁnﬁ@%héﬁo%ﬁé@&E%ﬁ@mn&hﬁﬂtﬁ$§ah@§th@H§6ﬁ$'0”
to stop at the pad | ayer.” Mating pads be provided on the  backsi de of

bri dge Vol agpdittonel twi¢raiege mat,hebed@uqﬁ)édnamwelo(hemlmtems‘irmqost andawny”)

|l db h h f | d
fosi st A&yt sBemmpt oRuBY 2 RN e BT RE G A dvaT iSisTinb & G et ep
1030 Ofvoﬁiﬁh@%eik@éwsdlﬁalgghe@ hedEEMaf thn A chAMiand, Herms 16EeiEMB bridge at

corresponding to the pads. (Such corresgmndence bet ween bunps and pads nay,

but dodt etishedetreg lppa,tlonﬁeﬁhp renelting iyeiid opckgaerpebstiny mie thenrseppiicdpads

are equal rat her, the correspondence is such that the bunps
mat ch ﬁga(ﬁfﬁﬁﬁﬁgug&gé to the degree that a reliable nmechanical joining is

poOSSi bI[G()()S]AsAameIexaﬂmloé mdthed H00@ ge tec providde sifirs! dic 4l brscetg@ dic. As an
example, the first die and the second die can be similar to, respectively, die 920 and die 930,
both of which are shown in FIG. 9.
[0066] A step 1060 of method 1000 is to attach the first die and the second die to the bridge
and the substrate. In one embodiment, step 1060 comprises a flux dispense step, die pick-and-
place steps, and a reflow step.
[0067] As mentioned elsewhere herein, at very high 1/0 densities and very fine bridge
interconnect pitches, accurate alignment becomes important in order to facilitate a successful
assembly of the MCP (die attach). Thus, in certain embodiments, and as shown in FIG. 9,
joints 960 located at the backside (i.c., side 942) of bridge 940 are utilized to achieve precise
alignment of bridge 940 with respect to other package substrate bumps. It is well known that
solder self-alignment can enable ultimate component placement in the x and y dimensions
with a positional tolerance on the order of 1 pum. As an alternative to solder, suitable non-

conductive materials that are capable of providing self-alignment based on the underlying
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940, shown in FIG 9, and can thus in certain enbodi nents be an active die,
and the joints forned can be simlar to joints 960, also shown in FIG 9.

[ 0064] A woep101645300f net hod 1000 is to place the bridgecirrusehe/oeassty and
align the bunps and the pads to each other. Step 1040 attaches the bridge
to the substrate. In one enmbodi nent, the. alignnment .of bu and, pads to
each otHEACS ENSOR AHHCING S8 MIRIZAHOR RE aQE?SFQnaFI%@%BHEm%P%@F@eﬁ?o‘gﬁh @ﬁﬂgbq ef | ow
and joijptgformati on. Sol der self-alignnent of electronic conponents where
the surtace tension of the liquid solder is the driving force is well known
in the [4068] CArgfull0desiigmethodal Ol deto jtsaaht ther baggec & thpr ovbsttetesmsifig a

alignment .in.the x and i mensions wi.th.a. positional rance jin the

or der " orraoRic S st EPplh s ARG el vistings 28 SARE shdhfienc i n

the z difgenshon ebaits)saahabercagiiveVRIFY. €osttp A070imdyhBe pote@icdy @bume.

The precisely aligned bridge naﬁ_then be encapsul ated, thereby Iocklng t he
I

bri dge cxemples ingrelgdimpsts sderertbe brigesisiap pstiverdie. It shoyld bhendeyseddd hpwevaage
substr i .di t . . A step 1050
o et i TRg DL e SRR Bertpd P ch RN oo 1800, e hp o
the fir906%i eFl@hd 1Ahie asR@onidwdifea mahi-&ep phckakan 10@acdoedipe el arvahyoditiest 920
and die 930, both of which are shown in FIG 9. [QOGg! A step. 1060 of

met hod of6bomventi. sresserctianal yiews forgive difaronhembediBigatsdif ényld-chiepaskigfge and
the su )N - , e : i f4 B st ep,
e pi ok londeh sndR g IBURAE M, ) PACR O FOFRG) 1B Ad i (S REREER &1 ¢
her ei n,ind&1Gyerh-hil Ghmultecldppackaged 180 domeriyesfa substoate ddé0,i ant eticorineett20

pitches, accurate ali nt becones inportant . in. er to facilitate. a

B lccesstaricddedbit TpnacBhrzcorEdity | 17hGe F1En | LRbER e SO ion s,
and as shewnl MAs 6F aBivd Ad1$20GRat! RCAFeAY FIrNBILBRAKR! fEpbdesPas RiMe 942)
of bridge 940 are utilized to achieve precise alignnment of bridge 940 with
r es pecttranspagert prand zokasgiee slidh$t I0atverigumpatached fosaotiet Idik hbAhusimge Hpichgr

sel f-al i gnnment enabl e.ul ti e c nent. placenent .i he x and

ai reneicoHeeA Tl BEORRieB ke B P S BURER P e RuRaEPBEhay AN s a0

al terngbomg tas seAEBE, sconli ih afak efifeac mudttiehih VeackBEEN 160 Ss tahaéxaddife GRpabl e of
prOV|d|ng sel f-al ignnent based on the underlyingsurface tension principle

(mini mi demenstwhedh e satsHite Wex gipemblerl g apbrdidngynnes it attaghsd the sipdeion  0068]
L0 AR EEL N AN 5k 0, MR QUL RARIR,AE, BRSNS 10
are shamp cdnhnectivity between the processing unit and the satellite die and further allows for the
processing unit die to utilize the functionality of the satellite die. In cases where high-density
interconnects are not needed (e.g., because of the functionality of the satellite die), the flip-
chip interconnects may have a relatively coarse pitch. Additional connections needed by the
satellite die such as, but not limited to, power and ground connectivity, may be provided by
wirebonds located on sides of the satellite die not obscured by the processing unit die.
[0071] In certain embodiments substrate 1110 contains a cavity in which active die 1130 is
at least partially located. Such a cavity is visible in FIG. 11B and examples may also be seen
in FIGs. 6, 8, and 9. In other embodiments, (see FIG. 11C) substrate 1110 has a first side, an
opposing second side, and a third side that extends from the first side to the second side (not
identified with reference numerals in FIG. 11C, but such as may form an aperture or slot as
discussed above), active die 1120 is attached to the first side of substrate 1110 using flip-chip
connections 1121, active die 1130 is attached to substrate 1110 using wirebonds 1141, and no
portion of substrate 1110 is underneath active die 1130. These embodiments are similar to

those described in connection with FIGs. 1A-1C and FIG. 2. In each of these cases, such
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FIG 2 or to wirebonds 841 that are shown in FIG 8. Step 1070 may be
performed, for exanple, in enbodinments where the bridge is an active die.
It shoul cwbeowwidessst ood, however, that step 1070 i s not PORASERN2T095
perfornmed in every enbodi nent of method 1000. [0069] FIG. 11Ais a plan

view of a. nultl-chlp ack é&go a cord % @¥ a enbodi E’Of t he
i nvent i GHICEAEEUSEN ¢ & thab ovsaoha re LS ies RO VoD with
mul ti - ghi I%uﬁl%cﬁélgeof]ﬂi@q)ro&@ﬁﬂg hﬁhecﬁesain @rdcir rt‘@ eﬁa@e 'prJ:hﬁ% hidrAspedd ehlgﬁtom in

FIGs. 1IB and 11C lustrated I n A-1 1C, nult |-ch|p package
1100 cattpsslt}sc@smactmbbtme sdtalliey, dlaancépltqcvsemgl wititioas dastrabdddibrdio. subst r at e

1110 usi flip-chip ections 1 i FI G se are Vv bl e |n
Sorti ol0B%s' ARG, CYIMES S SRRt AT bhdageong BrunTit Geftnal Pirol

pur pos Qﬁf)eﬂ?}? ré:g%rnq;odafeartsew&@manveadlel 1aB0 a6é1bWe adl & Adr86n ofhichite R atdoached
to active die 1120 using a flip-chip connection 1131 and which is attached

t o subdebaice Assows ithegoverlep Bemiers cama a ppiooloyerlay O(f&iytlﬁed@eé h2G and hB30
fi
satel | PR ek OB <P AR Sifhsloh BRUTHAIPHE el o TRyl aRY] rohipg i

onpackagehé lllfc@ﬁ@ts of vk othbdie fdtceto-fRue ﬂlpachlpcblawgemhataélé@mlﬁywr optically

hi gh-density c%h speed flipchip connectivity between the processing unit
and t he00§1&ffcéf‘hq ey idees dnaadh gthere Refgrmingmeainoto the dlystraied sabagimant.tfligichin o
utili Zecohﬁ'@ctlfoﬂrlqgﬁ %‘?Acla{c){ dﬁf 6%181? 1334 %thl'ct\ﬁrg)'o ds E 1C%%%-?ta¥‘1’{b%rt% J}'ng? Qtens' ty
i nterconnects are not nee because o e functionality o
satelILMéOdn&%untHé9fllpch|p |nterconnects may have a relatively coarse

pitch. ti onnectlons needed. by atellite die such but not
Pl it ed00BH HBB G Bt e i | 1AL BeAchrGu SavEy W e

| ocat e%l@%oﬁhﬁ?ﬂ ONdtb &t 8hE E&lgé@f A9 c AL 1 PISTUREWn Y hﬁﬁﬁg Wcﬁﬁ%&sﬂoﬂgoﬂm' t
di e. 71] In certain enbodiments substrate 1110 contains a cavity in
whi ch ew:mhmdch lo 90hB0 (non-iHlustrasedt erplendimnents ythico gat mdre Sucbpmd UBNS trsayﬂx

vi si bl n FlG. 11 B exanpl es al so_ be, see .
ot her. o sHorveh BRI PR heg CR a3 MEnRET T Cad g st
0pposi nghiesa it sil@gle adids, aviitH ey Bk @S sindBtas e@aaryﬂ@hfofgmp&ﬂﬂgc&e@@ndﬁigde to
t he second side (not identified wwth reference nunerals in FIG 11C but
such ado gaprorinaely r29épped&/mﬁedle edgt)otorovwr gad geagd a@mﬁeylonswnmwndpléchl 120
is att 0 SUBSt Ctions
1121, g%?&%gh aéQ§H%J Eérﬁ I%E%at%ﬁgég@?f%ﬁ%%fq%%9u3|ﬁaaﬁfphﬁbn 141
and no geodpitatde obfevenlistoraile It ShOuld sbeuttiigeat thaaahd Maustthton] 13Q. allTbL ste:
enbodlnents are simlar to thgose described in Eonnectlon with FIG. A 1C

and FI @llugratipps gglefedrior iags. dades, et &itci Beitingy endyhes, n0§r13t1%trateéind t he
like t(f)b?ﬁ o*aﬁﬁaﬁs éﬂ%l%t'dl&% e %%vcmugl%r&dr@ﬂdnﬁ r%\xerdfl %*am&)ta

field the proce nit dies in order to enable ip, |gh speed
hi ghdersiving no such rows), one or more sections having more than two ercbond rows, longer or

In

shorter rows having more or fewer wirebonds, wirebonds along only certain sides but not all
sides of the active die, or any other useful wirebond configuration.

[0074] In one embodiment, active die 1120 is a processing unit die such as a central
processing unit (CPU), a graphics processing unit (GPU), or the like, while active die 1130 is
a satellite die with functionality such as memory (including volatile memory such as fast
DRAM, external SRAM, eDRAM, and the like and non-volatile memory such as flash
memory and the like), graphics processing, voltage regulation for power delivery, radio
frequency (RF), or the like, including useful combinations thereof. A satellite die according
to various embodiments could even be a microelectromechanical system (MEMS) chip, a
sensor chip for use in a system-on-package (SoP), or a photonics die with optoelectronic
functionality. Active die 1130 is sometimes referred to herein as a satellite die because it is
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connections between satellite die and processing unit die as described
herein. [0072] Active die 1130 has a region 1138 and a region 1139, where
regi on 1186 208/@Ms0ver| ap regi on | ocated between acti vePdTaS2@802706&! ow)
and a portion of active die 1120 (above). As shown, the overlap region can
be a partial overlap of active dies.1120 and 1130 such th he | ower die
i's not CBREIE dPy aNIBER eStaFe t%EV%p%?tl%aEt.y THEL oY apicr zé?énﬁhagﬁﬂa@ t he

locat i i RfdiRARs, ActifPiR F1306ndPaka®e chbhhdieMoPine QRRRCIHOAFudciBhality with
el ectrically or optically conriect the active dies to each other. \ﬁef erring

agai n tanctduenére|aglsir rdagse@oernsditadmt FIG. ilpAchi(p iocddeionitoractiveadici d 20 obat ed
in region 1138 i| i rebonds 1141 are tached to active die 1130 in
regi on ‘41397 e[r%ggsﬁa&ilwe 'S P ?da?éﬂoré%%‘d?%%we Qbettith%éatﬁﬁ%e $iE3e™ &
at t acheflayt fotsdib&titAkCorldpkRalis ichinddt HRROAESldidd to Bittheothfidbr anBtHRH S rdf

active die 1130 is shown as having a double row of wirebonds. In sone

(non- i Iaps pF ateed)oteash@dianbindgs beiveen droserebvardicaibridmesngy thalyispexplained
fabric yul ti ple rows, however, may not achi eve the sane fine

pi tche%ﬁﬁﬁ/&el%ggregelgghi evable with single rows, which may be as snmall as a
pad pi t[0073)f BS%.mMD (Larplaspandiongctive dixpl 030 aedoediyg 29 dnoadbddimenli ef edge) .
For power and ﬂround connections, mninum pitch w rebond capability may not

be needBrdAB- The pralacel agtismdiond 139 isslightiolpeser jn Fl4. hafhapdt BoaddCanl ¥ior

even f r : hhlwstr at.:on,1~hi [l of
the il ?l\tjlg?ﬁgét ?glrslﬂgétrecz?g;ﬁrlgdqtg’o%er e?fns,%ogfsgér}g{e (lﬁlgtelel%ge §tao?%g8€ilr2nb% .K“ﬁ‘giaa and

t hat noeetidn 102r &tednedddiomentssa phiyaleppif dyp-chipecoancdtener 28bbitieg wi firetbbond
rows (ipcl.udi ng enbodjnents havin 0 such rows), one ar e section

navi ng ST BRESCD0 Lo BigHE FongaWoiOr-<om Shbets doal e G HERE o
fewer whrgeonds) hi¢ihgRaRESHPIQRAY At Ys GRS tidinnhs i@ Sdabity. e Iﬁ%ﬂerlﬂeﬁ‘ﬁﬁl of
the active die, or any other usetul w rebond configuration. [0074] In one
enbodi rmedtlowacdénsgy doencktions ran be psakasseasssanndepaidmgsarc heasnetianghtyr eff
processipg anig3éCPU), a graphics processing unit (GPU), or the like, while
active G 9£433Ps a satellite die with functionality such as menory

(i ncl udiooms]V Olnadhie | iBuRAEY ¥YmBotimeaS rédsoi 1PRANLrtex tedhpaisesSIRAM R DRV thand t he
| i ke and non-volatile nmenory such as flash menory and the |ike), graphics
pr oces SoAtginsviopluediey pedinrin eennestionsomds hdeinkehifd dersdiyghatriaglsedesy tharr) , or

e g, S5 R TBLHAAT ESR  SSAE FuB AR
chip, ace@mdsdehsichiThefcofindtsiond i aySms toé Modd oPackagel 1030 P02, and &2 hedndsd €S
die w tugec? ?ot gnealb?ecécrti(\)fg id(i:e 1120 access to the functionality of active die 1130, and vice versa.
In the embodiment of FIG. 12, section 1201 is located between section 1202 and section
1203, though other configurations are certainly also possible as will be readily apparent to
one of ordinary skill in the art. For example, active die 1130 may have flip-chip connections
of only a single (high) density, only a single (standard or low) density, one section of high
density and another of lower density connections, with these arranged in any suitable
configuration, etc. Also, it should be noted here that any one or more of bridges 140, 540,
740, and 940, in embodiments where those bridges are active dies, could have the features,
configurations, functionalities, etc. that are described above for active die 1130. Similarly,
any one or more of dies 120, 130, 520, 530, 920, and 930 can be similar to active die 1120.
[0077] It was mentioned above that active die 1130 may be connected to one or more active
dies in addition to active die 1120. In some embodiments, as also mentioned, active die 1130
acts as a bridge between active die 1120 and those additional active dies. Examples of this are

depicted in FIGs. 1A-1C, FIG. 2, and FIGs. 6-9 if the bridges in those figures are assumed to
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functionality. Active die 1130 is sonetines referred to herein as a

satellite die because it isconnected to, and may share active functionality

wi th, actwoeodis13020. I n certain enbodi nents, active diPeTAB3@omex3nl so be

connected to and share active functionality with one or nore other dies
to.active die 1

(not illustrated ip FI |A-1 1C) in additio 20. In
cases Wiet@\F SN A0 1 et nfFOE LGN HBIEUPh AR Hhacthe DS the
sat el | ighefl QidBA0AbcIFBN MO hn BhBGdiHcAA the RlveRRSd. Cal |y connect those active
dies to each other, or in other words nmay or nay not act as a bridge

bet weerl 00T s eAadtistratediie §1G .nl 3a apmvendie 18B@coinprissx pl ragioad 388 senesimilaeroei n.

[ 0075] FI.G is.a plan view of. active die. 1130 accordi,ng,to an di ment
bt 1 b TP R Pl sRurdRley WM Un gk GriboSiddt B PHite Bt ey TRER, &
12 t hanohtaidsS sdchiofd @201,H082, A% 1203)Sdakcht RtdiMing | e deurds €8Hd0 BorhpSienef
active die 1130 has a section 1201 and a section 1202. Section 1201

cont ai risseibsdiabare-tElegricelly pndéen eptiselin serdustise bridge Hasisnkp 78, hrcht exdendsi ty
and segt| c al I j fl.i hi. P, 1.0 1 (first
Tt r oadead bR P ReBn S btk SrashoRof tRupe BERRAC A H Pt
densi t yan clbe@ridul gheptidenodnhsction bebaswardickethat hig naipee by @ise dinlisy. Thest as
necessary depending on the functiognality of active die 1130. [0076] .In the

. 30. [
i |1 ust rigsedrc dpbevert F1G- ddi by e fouekaraplecimnpitachektopactize dicohd 253 hat
cont ai n§ i fiaf I {27 chi ect | I At by it
t hat igﬁg%ggJﬁggé&%%gnlghej ﬂ?E%Pééﬁﬂﬁﬁ§5§ﬁ§agéﬁﬁé{ﬁq%ﬁgﬂgﬁ%%%ﬁ%%x??&ﬁe ¥he
sanme ascove digddf@ntially simlar to the second density. The connections in

ti 201, 1202, d 12Q3 to,. l
oot vo laPio1 1756 048ty SOVAEAT Ihetionk it edbdad iRl ooty idng Enada ce
versa. ih@r&ﬂﬁe&mpginﬂ_ﬁﬂkh% %agch(%eh&e?eorcﬁﬁ% td N eAdBdinichit bP Rt BYRRINVER NN

section 1202 and section ' ough ot her configurations are certainly
al so posginpleemgthodi 1400 beayrresudi ihyan Ao B seeit astthatwhewofin 6Hali N4 yAs MICP such t he

art. For ampl e,. i di e.1130 .have flip-.chip, connections of only a
o gt e e RTBE R PG Y RS P PR K o Doy SEBRE PG B sfine s 51
of higmoogmﬁﬁnﬁe@ﬂ@n@agﬂﬁﬁmg@ﬁﬁk@ger density connections, wth these

arranged in any suitable configuration, etc. Also, it should be noted here

that arl§0%He Orstapoldd Ot miatherh&E)01i400 PBWEIC FaBstraindAS40 cxamplentbe dhbristes
where tHp%E s}?ﬁi'la‘iigc%ub%{rgte%%{)X?it‘%‘é sglt%gvn%ﬁ%‘gﬁ. [rve the features,

configuratrons, functionalities, are descri bed above for active
di e 1130081 nilsasp y420aefymethed A0y & atfactiaeBrsl 28ivelBO to HiOsubSBle uSiAQ,a and
930 can_be_simlar to active die 1120. [0077] It s pentioned above that
act i ve HP DB ¢RCHON: 638 SEEBPeoths ABStSFtivbiis aa@?hev@st ft'lp-chlp connection

can be similar to, respectively, active die 1120 and flip-chip connections 1121, both of which
are shown in FIGs. 11A-11C.
[0082] A step 1430 of method 1400 is to attach a second active die to the first active die
using a second flip-chip connection. As an example, the second active die and the second
flip-chip connection can be similar to, respectively, active die 1130 and flip-chip connections
1131, both of which are first shown in FIG. 11A.
[0083] A step 1440 of method 1400 is to attach the second active die to the substrate. In
one embodiment, the second active die is attached to the substrate using a wirebond such as
wirebond 1141 that are first shown in FIG. 11A.
[0084] FIG. 15 is a plan view of a multi-chip package 1500 according to an embodiment of
the invention. As illustrated in FIG. 15, multi-chip package 1500 comprises a substrate 1510,
an active die 1520 attached to substrate 1510 using flip-chip connections 1521, an active die
1530 attached to active die 1520 using flip-chip connections 1531 and to substrate 1510 using
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dies in addition to active die 1120. In sone enbodi nents, as al so
mentioned, active die 1130 acts as a bridge between active die 1120 and

t hose addwoOi2omalsizet i ve di es. Exanples of this are depi eCedSeonobr@ss | A-
1C, FIG 2 and FIGs. 6-9 if the bridges in those figures are assuned tobe

active d| 13 further. il tes ossible c uratio r an
active %IF? &S‘%mﬁ@ﬁ M @ctiye 193@55@:88?% gl éu%ﬁra&enﬂééﬁg ofﬂptc ®

i nvent 'c%ﬁnec[tlggg %5 1A§nd hﬂtéb’ﬁ%di% ﬁéhdend@'l@% %%ng%ﬁfolclﬁ{fb %rﬁeé{?@%@ 139DPALBRS @
region 1338 that is simlar to region 1138 or exanple, in the illustrated

enmbodi n:b@tlSE(bgﬂ decttigdly, arldikeontiegllyo pornE e8¢ t@@nm‘aa dis 1§é@twla)ﬂ1sctm2ﬂiy ani@2, and
1203, f eat d
e oot r(GURH G SO Ot e S Eab BERRRER rCRERaFs A wt ena

bet weenssafide® BodinDhctivedian 524 384 aswb.t he correspondi ng section of region
1338, provide an electrical or optical connection between dies that are

bri dged0@§5]acin| the ilgysgated Iobotiveand agtize digs d SAGend hdvthhave rFgions sl sastiensaoul d,
for LR tQns
1731, 15 e RpryhR 2 AEUE bR (IR Wb b E R AT RFAMEC, e
die 1120. FIGO7OA-FIG with itk dedthewcloadted iihl thob¢ atgibgs andeidedons] 44Hd die
providing die-to-die interconnects in a nulti-chip package according to an
enmbodi ridAtacKFisigofithRpe ftatyrs. bamZambR a3 met hod 1400 may result in an

MCP Suc[?oﬁﬁ'efjﬁu Ao @O S glg%uﬁsﬂrﬁ ¢ 1640 ¢ i 3%5‘6’3? i @ﬁ&ﬁb@&@%gs% G 1B

may be sl ng arret simlar to net met h wth the
second ad |1®sﬂ31mmg1}o]|mcatbdacﬂu)ch [a0R81DY isnc tvmnbl&aﬂriBIC&lf 15ttt keain Al thaly detsoerpinovi de

a substrate e subs rate mlar to substrate 1110
st 9B i SO GbedGaTt SosFus 1530 bt Tl oidBuat A TE TR0 ¢ ach
a firstgRChhy §tlﬁfc?518@tﬂah€xt§1&tﬁsﬁdrﬁ“ﬂ?e 3} fbe & {h'ersééonWs'ld% (Qﬁ‘dlpascrﬁ%nﬁﬁﬁl' an. As
an exarrple the first active die and the first flip-chip connection can be

si mi | arapedyrerossipe as dpealsyed dove ectdicedids1P@0and 11515@ pregitfaghed do thecfinisonde af1 21,

1900 LouPBtET 1306 SRCHB oGl ot wbifind 15T i Rl ie R e b, TReE

second dniioRirhitd afconsresdplitily iGstAfc®¥ARIT €15 bitears 8aANEH @Cthbdeddcebanth t he
second flip-chip connection can be simlar to, respectively, active die

1130 arv@nnfrqtlpndwﬂpFI;@h el Commd AR L. Inseeh of thake ehscar wichi qattics agruics FI G
LA LOREL 0 ALAR O S MORAShUBIASED, LR RSP 1
t he subsbeaatiag ugiindicd in beleend siabdle @sp-chip, high-speed, high-density connections
between satellite die and processing unit die as described herein. Some examples of MCP
package geometries showing such partial overlaps are shown in FIG. 16, where the
bridge/satellite die is cross-hatched and the processing unit dies are shown plain. (Package
substrates are not shown in FIG. 16.) It will be understood that the illustrated examples
represent only a fraction of the large number of possible configurations.
[0087] FIG. 17 is a flowchart illustrating a method 1700 of providing die-to-die
interconnects in a multi-chip package according to an embodiment of the invention. As an
example, method 1700 may result in an MCP such as that shown in FIG. 15. Described below
is a “bridge last” process flow similar to that described by method 300. The FIG. 15 structure
may also be manufactured with a substrate having a cavity similar to the substrates shown in
FIGs. 8 or 9. Process flows suitable to manufacture such structures may proceed along the
lines of methods 400 and 1000, with a third active die as discussed below standing in for the

bridge of those methods.
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wi rebond 1141 that are first showmm in FIG 1IA [0084] FIG 15 is a plan
view of a multi-chip package 1500 according to an enbodi nent of the
i nventi orwoAsivisiasstrated in FIG 15, nulti-chip packag@CIABRoioonss ses a
substrate 1510, an active die 1520 attached to substrate 1510 using
flip-chi onnect i 521, ctive di.e 1530 attached to active die 1520
usi ng ﬂp&fﬁﬁchﬁa@oﬁﬁ@& Tasttod 5200 i e pray e b Sipisele Bi‘@eﬁ%fpﬂamﬁi‘laé%%’ir&? 1541,

and an @gthi (EnidirSo dARBaRtba6 heditPoRH RS FI@t®, 1510 using flip-chip
connections 1551 and attached to active die 1530 using flip-chip

connect[0PB8Y 155%p KEX ofemdihed 1500 i & &tasbtar fishhétyeahdto theopibsteat luging a

connected to active die 1550 via el ectrical.ly and/qgr thcally conductive
br1 dge T gt Redich: 43 30 s¥ule Ry e i R a0 eSS AP TelediRet e s
a bri dgan ®eRneitditededfetiivgy dicase d22G2aRAd H3Pbhip [EARRLiohd 2N ebdth loesthiat ed
enbodi nent, active dies 1520 and 1550 have regions and sections the same as

or si mdrashoven mHdGeldescri bed above in connection with active die 1120 and

h i Gs I ' Yoy i.0Ns d
et 1 or@Uch ot gy 1080 LR B ch AR PR W LIRSS IR |

[ 0086] skeomieftipaship enocioneAk anskiapleathe sddhd acvy &k Bsn Be siamiat Yo adiivediech
active die 1530 is at |east partially |ocated. Such a cavity is_not visible
in FI G158 apdithesosapd Si-ehip cpanastian cih bepiagilar ¢o flgo-chip gognectigng{ g both

enbodi gggﬁchaggﬁ(g\;,@;ﬁlﬁji ~has a first side, an opposing second side, and

athir e that exten romthe first side to the second side (such as
may for[f02 apetdpuiBiOosf mbthbd d§00lisoustel tibtve) actisetdiove e dastldsPiOe died 1550

are attached to,the first side of substrate 1510, gnd no porti.on of
subst r ;ﬂsglglgf%rﬁ* g FROBEF et &0 &?@nﬁ‘%s&?e_ i BeriBe aPasstien 48 ot
expli C|Stﬁhﬁaﬂtb{fﬁﬁ_gﬁgtscgg?é&ﬁofi:%g;r}ggg% S}gﬁﬁll SIPGl &8 to those described in

connection w ' . I'n each of these cases, such
cavi ti d9094pehtstapels/50sif mrathodahitPOtih e dtidel thhtirdhotisediche theatcedrd sotivdides may

partially overlap ,wi th the b ield of the pro ing.unit dies in order
P nantstnery Sonrh it iy kRScBHER A} fh Exonly s B 30 e tshectisBrednhed) [t o
di e andipflacessipndhipBbincdiichsass Stedmet hdeoRarial FG. Someyviex aiErthed fivedR
package geonetries show ng such partial overlaps are shown in FIG 16,

wher e tafachndte befhsthe dirstiane th secprd aqtiys sligsapchleasamsedhe Hardpcsive g qogtains t
di es ar - LAl . C t e . Sh i.n.FE It
wi pereaa S AR BB AR R T R S S8 AN ola Shitn Il o1
of the 15anhgehodutidr inbEreidys sdsbite irc thiaf firgiugirat honscorld0BiVE dids Beirle/cledridally

flowchart illustrating a method 1700 of praviding die-to-die interconnects

in a mArdior centisalha crarRstedc Epcashgthes attcrrtsdy nikthads 11Hk comdeeludn. atas an

additional step that results in such an electrical or optical connection.

[0093] A step 1760 of method 1700 is to attach the third active die to the substrate. In one
embodiment, step 1760 comprises attaching the third active die to the substrate using
wirebonds.

[0094] Although the invention has been described with reference to specific embodiments,
it will be understood by those skilled in the art that various changes may be made without
departing from the spirit or scope of the invention. Accordingly, the disclosure of
embodiments of the invention is intended to be illustrative of the scope of the invention and is
not intended to be limiting. It is intended that the scope of the invention shall be limited only
to the extent required by the appended claims. For example, to one of ordinary skill in the art,
it will be readily apparent that the multi-chip packages and the related structures and methods

discussed herein may be implemented in a variety of embodiments, and that the foregoing
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exanple, method 1700 may result in an MCP such as that shown in FIG 15.
Descri bed belowis a "bridge last" process flow simlar to that descri bed
by nmet hodwBQ010/iFids0FI G 15 structure may al so be nanuf aeCurusdomiortosa
substrate having a cavity simlar to the substrates showmn in FIGs. 8 or 9.
Process .fl ows suitable Eo nanu&ag@ure suych structure ngé.g%pceed ong the
lines SHSHEIMLRE FoE™RE Befs0° Ipegtst eSS anAc PFSresatie T s @uSSBR el ow

st andi n@séihtioRlorbtPolidIdgRLOdIntARSe Met hods. [0088] A step 1710 of et hod
1700 is to provide a substrate. As an exanple, the substrate can be simlar

to subdf0%ile A8diGondht bepeltvownther mdruGagess anfl CO8FionA tet probkTBOhafe hednhod

1700 is,to..attach a first active die.to the suybstrate using a first

11 p- cHIepHIBHN B0 Sariand aRCUS ptoihet { P PRRRR, Bt Gsathie: o

f1i p- chirfbleMBNE@tdng l&adht BE cRhf¥hisahatiBay ERSOESY bMRKY, adegithie oflidud&2f and
flip-chip connections 1521, both of which are shown in FIG 15. [0090] A
step 17BOuUIPr hRsemednory Pootiogneasl, heweavrd ac st nbr emsiryed e eriticgl, reqigdbet r at e
usi ng i.p-.chi 0 i n_exanpl e, the second active die
can be%ggﬁﬁﬁggm%%%gg%P@%nﬁfggﬁgébggﬂgégﬁgmggcond flip-chip connection can
be si m[De96]t oMokdoper; Rinfhodingiae tnd hisithbbds disclbsedolicrvii 48 nat dcdibarad té theFl G
15. [0091* A steP 1740 of npethod 1700 is to attach the third active die to
the fi rpligandgrethgdoctiiienef dedigstipy if theperpbediments redior dinitasionsn(1aesspPle, t he

third flip.ghi.p; [Kol3 L lar £ ps.ehi ' 1
that ardrERous i RCERERE B EBRAD b B S rpb@ghly CAEU B ORGR L el
t he t hiand/oatitviitagonk i@ thoclhings weleothd dactrine ef diqevalsitng a fourth flip-chip
connection. As an exanple, the fourth flip-chip connection can be simlar
to flip-chip connections 1552 that are shown in FIG 15. Wth the third
active die attached to both the first and the second active dies, and
because the third active die contains electrically and/or optically
conductive bridge traces as descri bed above and shown in FIG 15, nethod
1700 inherently results in the first and the second active dies being
electrically and/or optically connected to each other. Alternatively,

met hod 1700 could include an additional step that results in such an

el ectrical or optical connection. [0093] A step 1760 of nethod 1700 is to
attach the third active die to the substrate. In one enbodinent, step 1760
conprises attaching the third active die to the substrate using w rebonds.
[ 0094] Al though the invention has been described with reference to specific
enbodi nent s,
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it will be understood by those skilled in the art that various changes may
be made wi thout departing fromthe spirit or scope of the invention.

Accor di ngW9,20toms13f0scl osure of enbodi ments of the invenPCorusealoiontoahded t o
be illustrative of the scope of the invention and is not intended to be
limting. It is intended that the s f the invention shall be [imted
only to the extent required by the éggﬁﬂged clains. For exanple, to one of
or di naryhski blairhdy &khe art, it will be readily apparent that the multi-chip
packages and the related structures and net hods di scussed herein may be
inplenentédx%nnmivhmn@tyﬁﬁmoembsmgnents and that the foregoi ngdi scussion

of certain of hese enbod does _nat nece il n | ete
Gescri pti on o ORTRE SELBR G I ilo e he PooBapaind f SRS TOE el AEi

ot her aEyRMAUESsideddhs Mcdhd 9ids; t o probl ens have been described with regard
to specific enbodi nents. The benefits advant ages, solutions to problens,

and any el erfefitst gic afasheshtosthe Hist sigs o thasebsirae brechasreondaHy atiachgd fo dre

SO'Ut'QeréhéﬁﬁH§mﬁ{rQ%CﬁﬂF nore pronounced, however, are not to be
construed Aas cri |ca} tequired, or essential features or el enents of any

or all of thebiidgi aipacentO096d thvklr @d ef the subdia®dnl staadhell ol the fiagtidinsnd to
di scl osed hereln are not dedicated tq the public under the doctrine of

dedi catthosecend dife wWhistsodneeRttON{dhe ruhsrrﬁretlévp@ﬁrgeaﬂr the byidge gael veieprinéhy v
clai rmdorldl%etcﬂt%teg & ectlaﬁge&%%n eSSl digh Hﬁ%ts@él{nd%é y equival ents of

expr ess enents an Imtations In tﬁ% clai ns under the doctrine of
equi val ens. CloAitihdsl Yhpovidsngetliaitomelik igercdnnedts nuilat muleihihpp paddkeggehe omplrddsi ng:
a substrate having a first side, an opposing second side, and a third side
t hat exXPBRES™Eromthe first side to the second side; a first die attached

to the firstyrdiidfetfsublibuSHihS A3, fn 9%URY iduAdAGEAHR ShOMb St

side of the substrate and dge adjacent t6 the third side of
substraﬁémdﬂﬂoaﬂha@nédukéoﬂwée@nnbm¢ﬁ|e and to the second die, mhereln no

Pt on o comeREE B Rk e PRSP ng PR P ML a SRE b & DO QUGS

of pr owixetindgbeiodd @ edi:€of the €k QIIBREtE JubstdatdfUl ti - chi p package, the et hod
conprising: providing a substrate having a first side, an opposi ng _second

side, and a AFlAg i geontaic ixthenbist sidernfithe sibsteste sydethabamesticeebile si de;
second die extends beyond the edge of the first side of the substrate;

providing a bridge containing a plurality of electrically or optically conductive
features;
positioning the bridge adjacent to the third side of the substrate such that no portion of
the substrate is underneath the bridge; and
attaching the bridge to the first die and to the second die, thereby creating a
connection between the first die and the second die.
3. A method of providing die-to-die interconnects in a multi-chip package, the method
comprising:
attaching a first die and a second die to a carrier;
attaching a bridge to the first die and to the second die;
providing a substrate; and
attaching the first die and the second die to the substrate.
4. The method of claim 3 wherein:

the substrate has a cavity therein; and
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attaching a first die to the first side of the substrate such that a
portion of the first die extends beyond an edge of the first side of the
subst r at evoanteasiisng a second die to the first side of trha/tsedsoersE: such
that a portion of the second die extends beyond the edge of the first side

of the substrate; providi.n bridge containing a plurality of electrically
or opticall fﬁé&lﬁa%@}ei tyat 41%319&%?008@&?? fecie ﬁ‘d”?fH@ Gﬁmpa]@%s laé%éﬁ? Bidg ne
third si@gn@fe dhgysubstrate such that no portion of the substrate is
underneath the bridge; and attaching the bridge to the first die and to the
second di &, A heltellripqackdadgerngmarisiognect i on between the first die and the
second die. 3. hod of providing die-to-die interconnects in a

RS heee v

mul ti-chip ﬁf %ﬁ;conprising: attaching a first die and a

second di e tOfigst @& htkRhed & HRCKIrAde df Bid Santrhe dnldes fddosd dii ertaned k@ titche
second die; providing a substrate; and attaching the first die and the

second sdifacq of thhsulsiets; thetferst die amehshaseprshdigflopmniag i dde {diyer f the nudi-chip

substrq%ﬁkﬂgslﬁkcavity t herein; andattaching the first die and the second
dieto e substrate conprises locating the bridge within the cavity. 5. A
mul ti-chip pabkégeattohql tosthe (irstadis wind tto ahe sdvand ri ands loch@d detvecchithstdiedi e
attached to the surface of the substrate and a second die attached to the
sur f acd2Y¥ apfhEhesyraes oftthe sybslalei rst die and the second die fornming a die

over 1 Shoymittagpaeckgapyand = b dae e aches fo he f11st dhe an
substrate. 6 substrt tontaihing spackpyevicgaphirslitngf padsshérsing at e cont ai ni ng a
cavity having. s BLULALLLY, B AR Sl Byl e USRS, L e,
first side angiRR HAPRES MG SRCARInIpPSsin@Rond side; and
a plurality of joints at the second side of the bridge,
wherein:
the first die and the second die are attached to the first side of the bridge;
at least a portion of the bridge is located within the cavity such that the
plurality of joints are aligned with the plurality of pads; and
the bridge creates a connection between the first die and the second die.
7. The multi-chip package according to any of claims 1, 5, or 6 wherein:
the bridge is attached to the first die and to the second die using flip-chip connections;
the bridge comprises an active die that constitutes a third die of the multi-chip
package; and
the bridge is attached to the substrate using a wirebond.
8. The multi-chip package according to either of claim 5 or claim 6 wherein:
the first die has a first portion containing a first plurality of interconnect structures and
a second portion containing a second plurality of interconnect structures;
the second die has a third portion containing a third plurality of interconnect
structures and a fourth portion containing a fourth plurality of interconnect structures;
the first plurality of interconnect structures and the third plurality of interconnect
structures have a first pitch;
the second plurality of interconnect structures and the fourth plurality of interconnect

structures have a second pitch that is different from the first pitch; and
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a plurality of joints at the second side of the bridge, wherein: the first
die and the second die are attached to the first side of the bridge; at

| east a pwotoonsedsot he bridge is | ocated within the caviPCy/tsaclo/oeteas t he
plurality of joints are aligned with the plurality of pads; and the bridge

creates a cognﬁcti on. betﬁn the first die %{;d Bhg econd die. 7. The
mul ti-chip pacREYBOROBSPAIIRGhIS PARiPnSfe dfeshsfstothe Bridgs 6 wherein: the
bridge i sqat aghigsh sPplobRlifd BRlto i iR dRANE aSRERNhiHbEcKdpE Nle frﬂe!tlﬁbh&h' p

connections; the bridge conprises an active die that constitutes a third
di e of dohwriswigt i - chi p package; and the bridge is attached to the substrate

using a wirebond. 8. The | t.i-chj acka ccording to either of claim5b
or claimé M%Ylgilﬁg:a *R%raﬁ%%vtm%? Bf“ﬁﬁﬁyak?rﬁﬁ%@egw Ton containing a first
plurality offoifingl£eMAECHn Gl BEtkE SucH thad ti%E fAIRHarB UxhbRd AONFIBLNbAGhA
second plurality of interconnect structures; the second die has a third

portiorfagdyitai ning a third plurality of interconnect structures and a

fourth porti .cont ai njing.a ralli ] C ect structures;
the 1ot pitoufif el dadint SR pRIGSbltndRbinedd BGRBEET Dl Ll iy o

i Nt er connectpladingite beidge matie cavifyl andtalighing hhe blrepssadahepglsus ahdhtothef

i nterconnect structures and the fourth plurality of interconnect structures
have a secor¥oyiigr fimidic pad ggoond diss al?‘fom the first pitch; andthe first

portion and 1 hi 1 r t i . A net hod of
b ovi ding. diegar oy KL AT SR RE bRt et BB et ho

conpri si ngo. Preowettodgccardubhext angtod chams Ag3, ar Plwndreadint y of ermbedded pads;
of the cavt ()¢ b0 RRESE B | GHES R THY BUNDS e Hor B <Copf SEpEHUIEAM o ¢ he
pads; qja@ggggg the bridge in the cavity and aligning the bunps and the pads
to each other; providing a first die and a second die; and attaching the
first die arte bhidgesiectimeheditethedirstvic bnd webe sevdnd i wirtgslipachin condectinme;
met hod agcor ding to any of clains 2, 3, or 9 wherein:
the method further comprises attaching the bridge to the substrate using a wirebond.
11. A multi-chip package comprising:
a substrate;
a first active die attached to the substrate using a first flip-chip connection; and
a second active die, wherein the second active die is attached to the first active die
using a second flip-chip connection and wherein the second active die is also attached to the
substrate.
12. The multi-chip package of claim 11 wherein:
the second active die has a first region and a second region;
the first region is an overlap region located between the substrate and a portion of the
first active die; and
the second flip-chip connection is located in the first region of the second active die
and the wirebond is attached to the second active die in the second region.
13. The multi-chip package of claim 12 wherein:
the first region of the second active die has a first section and a second section;
the first section contains a first plurality of flip-chip connections having a first density
and the second section contains a second plurality of flip-chip connections having a second

density less than the first density;
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the bridge conprises an active die that constitutes a third die of the
mul ti-chip package; the bridge is attached to the first die and to the
second diwousiogiIshi p-chi p connections; and the nethod PaTtusee1000T9PF i ses
attaching the bridge to the substrate using a wirebond. 11.A multi-chip
package comp strate;

substrate ust[‘?é %?8“?% ?ur? ct E)OTBPﬁ“L‘?S @c}hﬁié?‘i%gﬁltﬁ/%ﬁgh’gmgt ttgﬁg pg{gfl “Vé)qg]l%

wher ei %hﬁﬂ‘@orﬁ@&%@h@«ﬁhg\é%ﬂ &‘en!sﬁ itk aahesk £t &éh%lt{z'arnat active die using a
second flip-chip connection and wherel n the second active die is al so

attached t o thhirss sdnsion at lecat¢dbetFhen thelst¢ondhiegiquarnkdlethald seétainm 11 wher ei n:

t he secon di.e has a f egion. and a second region; the first

regi on is?%\aﬁg’ fl'%lf?%agf% ¥ #C&%{P]e{jl %h?r\%len t he substrate and a portion of
the first acghé VebseaR handfitsheids e&PBppdstigPscebiddsia®nmact tharl dige e akeadd n the
first region of the second active die and the wirebond is attached to the

second faun iheefingt €dq to thhecosed vide regi on. 13. The nulti-chip package of claim
12 wherei n: Qﬁrsﬁhét%ec{%%‘a?tacl%dt&ﬂ? FECIRYARL LR Hee :{b‘["‘s a first section

and a secon Sectl Section contalns a plurality of

flip-chip camwetionosthlavistgteds fmde&?ﬁea&EﬂhSIséanal’adtl\teMieSecond section
contains a_second plurality of flip-chip connections having a second
density | é%sTl%eHﬁ‘hltltqli’é’ package ofeghaimy U fuRBCH Gonaprisingyi on furt her conprises a

third secti Qa!‘tgirgaa%t&é)&teaa'ttgéheﬁ b thd ﬂxg@fr% A% @ rdfdlblgﬁ% d%ﬁgé’d%ﬁc&zhé}%ﬁl

having a thir ensity less than t Irst densit first section
i s | ocahesechrd astonr dleheomlecmﬁd: fastciction d&nd thehhlrtilacm‘d: dection. 14. The

mul ti - chi im11 erein: the substrate.has a first side, an
Toposi o D PR RN el PG d P Fudcotnirts o Ponub-ci arest ihf erisdhe fo
t he se%%rging‘; the first active die is attached to the first side of the

substrate; and no portion of the substrate is underneath the second active
die. 15. Therevding-achbgraseickage of claim 11 further conprising:

attaching a first active die to the substrate using a first flip-chip connection;

attaching a second active die to the first active die using a second flip-chip
connection; and

attaching the second active die to the substrate.

17. A multi-chip package comprising:

a substrate;

a first active die attached to the substrate using a first flip-chip connection;

a second active die, wherein the second active die is attached to the first active die
using a second flip-chip connection and wherein the second active die is also attached to the
substrate; and

a third active die attached to the substrate using a third flip-chip connection and
attached to the second active die using a fourth flip-chip connection,

wherein the second active die connects the first active die to the third active die.

18. The multi-chip package of claim 17 wherein:

the second active die has a first region, a second region, and a third region;

the first region is a first overlap region located between the substrate and a portion of
the first active die;

the third region is a second overlap region located between the substrate and a portion
of the third active die;
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athird active die attached to the substrate using a third flip-chip
connection, wherein the second active die connects the first active die to
t he thirdwaecvivesiztbe. 16. A net hod of providing die-to-dce/usatenemahects in
a mul ti-chip package, the method conprising: providing a substrate;

attachi ng a |rst ive die to the substrate u5|n irst flj

connect i on; ?@%F&H ffé,pah@eceaﬂ%?t@eﬂ% RSt dn i iR o8 %# therseern C&Vaéfeng a

second afnld'tlﬁ’e &&Hblﬁbrﬁ%‘@@%b@fbth@@&oﬁ&faé‘&@ QNYid e séc%%@@é‘gléﬁtahﬁe die to the
substrate. A mul ti-chip package conprising: a su bstrate; a first active

die attac hedht fDLIﬂ’ﬂhéhBﬂbEﬂ qoanectiogiintpcated i the third ypewniql thsoyeaent datine die. second
active d| ﬁjn t he act ve die is attached to the first active

die using Q¥RE@%ﬂ$%ga% Wgﬂ‘ghd wherein the second active die

is also att aﬁ@ﬁ@kt trecgutmtﬁyb&bﬁ@a@ hagadirst stdionthndGtse¥éhddic6rig; t ached to the
substrate using a third flip-chip connection and attached to the second

active di e ub¢ Hrdgcgionof thefsee ¢ pasciothird sestion, andladpeitthsachenisecond acti ve

di e connect %hé E?st fsécrt faftitaln\é%ﬁjr V\ﬁplﬁ&llwh'gf fLE Cilgjc h&\:ﬁ% ghgwaé'g ﬁﬁémi%nsqyl [ st

mul ti-chip p erei (T ve

regi on,and tﬁe@afodd rsé@lotﬁmonalﬁld; @sdcbohd @lurelgry @ ;fliploRipf gohaéctiodghaving % @cdrid St
overlap reglon | ocat ed between the substrate and a portion of the first
acti ve dnatly kﬁ@hW%ﬂPéhﬂéﬁpﬁﬁ’@g a second overlap region | ocated between the

substrate ang, %19@ éf?):ﬂn&; (if\e a L &lﬁﬁh 611% ﬂhﬁcﬁlg ecoﬁﬁ s fllla{flﬁgciq'tlﬁrd

connection i's | ocate e first eglo econ actlve ie and t

W r ebontdnsisy ard thehﬁedrth cetthm emtomda afcurth/pludalﬂy ioff fhﬂneh@emnelctmglhawngand t he
fourthj;li Chl nec% ?@?I l.ocated in the third region of the second
active 'g¥ dﬁ@l the ¢ Hl‘%nﬁg’ckage of claim 18 wherein: the first

regi on of 2@hﬁlesfgglgrtqulgb&kggesopcﬁlh{gwﬁggﬁﬂ on and a second section; the
third region of the second die has a third section and a fourth section;

the first sebe¢seondentivd dis eanfpriset clpttucallyi eyomfcally icpndiistipe troegserxtdéndimg
havi ng baetvfféer S[fle grst sectugn and the third section; and
the electrically or optically conductive traces connect the first active die to the third
active die.
21. The multi-chip package according to either of claim 11 or claim 17 wherein:
the substrate contains a cavity; and
the second active die is at least partially located in the cavity.
22. The multi-chip package of claim 17 wherein:
the substrate has a first side, an opposing second side, and a third side that extends
from the first side to the second side;
the first active die and the second active die are attached to the first side of the
substrate; and
no portion of the substrate is underneath the second active die.
23. A method of providing die-to-die interconnects in a multi-chip package, the method
comprising:
providing a substrate;
attaching a first active die to the substrate using a first flip-chip connection;
attaching a second active die to the substrate using a second flip-chip connection;

attaching a third active die to the first active die using a third flip-chip connection;
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and the second section contains a second plurality of flip-chip connections
havi ng a second density less than the first density; and the third section
cont ai ns wothiodiybural ity of flip-chip connections havipog/us2eiioe3siensity
and the fourth section contains a fourth plurality of flip-chip connections
havi ng a fourth .densi | ess th n third density. 20. The mul hip
package of aﬁagﬁv gﬁw frdiggtive stec Raseqetd et élecb‘ﬁlﬁ&%geu%‘“i‘ efLPrC Pal Iy
or optigahldoropguctive traces extending between the first section and the
third section; and the electrically or optically conductive traces connect
the first aaﬂwdan@ﬂ@thmdaﬁewuhrmdha@ﬂmVewdle 21. The multi-chip package
according to either of claim11l or claim 17 wherein: the substrate contains
a cavity; and the second active die is at least partially |ocated in the
cavity. 22. The multi-chip package of claim 17 wherein: the substrate has a
first side, an opposing second side, and a third side that extends fromthe
first side to the second side; the first active die and the second active
die are attached to the first side of the substrate; and no portion of the
substrate is underneath the second active die. 23. A nethod of providing
die-to-die interconnects in a nulti-chip package, the nethod conprising:
providing a substrate; attaching a first active die to the substrate using
a first flip-chip connection; attaching a second active die to the
substrate using a second flip-chip connection; attaching a third active die
to the first active die using a third flip-chip connection;attaching the
third active die to the second active die using a fourth flip-chip
connection; and attaching the third active die to the substrate.
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