THROUGH SI LI CON VI A BRI DGE | NTERCONNECT TECHNI CAL
FI ELD [ 0001] This disclosure relates to integrated
wa@Ro1000164% | C) packagi ng, and nore specifical | yPeDUS2009/048372
bri dge interconnections between side-by-side
integrated circuits within a dubstrate package.
BACKGROUND [0002] In I C packaging there is a need to
provi de sIAROUVGHIILICOBSVIA BRIDGEIXNTEROONNECT
configuration within a package and i nterconnect them
The package may be, for exanP a | ead frame package.
[0003] In one configur AEGMNIEFENAuct or dies are
packaged with the active side of each die facing away
the p [

A R e i s S S S
s;sessﬁdally té htiéggccinrmenneavnymytwren|sidetiyeddbinteliraed sironss within a

ﬁhe wi re dianeter and wire-bonding capillary too
Wgﬁ FCiPAGKa8ENdi ng pads that are |arge enough and
spaced sufficiently far apart to accomodate the
di nmensi ons. Thus the nunBRCKTROONEF connects i s
limted by the size of the interconnects. In addition,
| ead_inductance in the die-to-die wire bond may limt
B¥02br mancén Bf peakespachegéva decd enrorde spaicRpRUCtorghiesin a side-

B e B AR B I8 i BloothdcPupAl) Hidnclage may be, or
bﬂﬁ@ﬂhaﬂnaﬁﬁmﬁhpud@gmflguratlon, flip-chip sol derbal
packagi ng, the active device region of the die is on

urface facing.the. package unti.ng substrate,
3T omn PR CPia e o PTG U HES it BREBIGh dhe actve
a0 o8l WesRg atliad arsH: tcH ?&Qckh%e 8480 ThicRidnBELHOY between dies is

contact pad size requirenents. [0005] United States
Reltierd byovirgberbng 3o war] desig rukes émcatsmmldtvilmtgropmﬁctlon may be

B S 28 R i ioime ov i A d G BRI Eflir? Doql. requiring

bd)rﬁilﬁi% pidsitea rar@luaﬁgesaa@@gf iﬂd@)a&de@fum&itﬁgfaﬁ e tacBgmodate the
bea eads. The bridge is placed in a space between

dimensions corlduet B ayBber ahdintareonagetenis omitedebhahg wre of the
?@&QQ l ?@Qd@lﬁgn ﬂe'aa %Hﬁc&tﬁr&%' &l 81%' §d-t84% %\ﬁl’ 861?(9 L fay limit

rovi pads posi it
pﬂf@ﬁﬁhc@ﬁf tH&@aSl@[’gedQlemet Gurte@sore (gdbdi wire is a conventlonal choice

for wire bonding, increasing significantly the net cost of the package.

[0004] In another configuration, flip-chip solderball packaging, the active device
region of the die is on the surface facing the package mounting substrate, e.g.,
downward. In this configuration, interconnection density between adjacent dies is also

limited by contact pad size requirements.

[0005] United States Patent No. 5,225,633 discloses interconnecting two
semiconductor dies in a side-by-side configuration using bridge elements. Each bridge
element comprises a rigid silicon die supporting overhanging conducting beam leads.
The bridge is placed in a space between two semiconductor dies, and the extent of
overhang of each beam lead and adjacent positioning are selected to provide proper
mating with bonding pads positioned on each of the semiconductor dies to be

interconnected. However, no method of forming the beam leads or disposing them on



I nterconnected. However, no nethod of formng the beam
| eads or disposing themonthe silicon bridge is
waeleaolaserl. Moreover, handling and assenbl i ng PEHDS2009/048372

| eads may be difficult, and the bridge occupi es space

bet ween the two dies. Furtherfiore, as gold is a

preferred interconnect netal, there is an inpact on

theesiligdh &iridat icdisdlod. tl\l’l@reaﬁéirelﬁﬂdﬁﬂg RAE kagmblih®BGh lcads may be

There is a need, therefore, for a packagin

ikt @i and et brislps pEPHIHRS SRR AWFACBATWE éﬁsc%ﬁﬂbwe as gold is a
| r C

gllggeﬁ‘retdhiﬁ{er élggéc’)[ nIBnéetg]? tﬁe@% ésrag‘tg ﬁ‘ﬂf?a{cy g thE ﬁ%ﬁemaﬁ %8‘& $1$hd IQSSernbled

padkegeonnecti on between chips with a finer pitch than

is conventionally perm ssible with wire bonding and

i val ent _peam | ead ectigns. . .SUVWARY [ 0007]
W’@%t em aﬁgerﬁéﬁ Aot 6ﬂ Fr{oé‘*r’ B 8aTkagiRg 1pfcEronped] system between
8djd@nb¥erticHfdc i diguiat kiR dhe &dse888- pBcdNi fluces the cost of
sém conductor die functions as an interconnection

Intéragrmcttometeniabsc end legaliloni ndqzreonn"éh@om betdgen dqhepm with wd@ser pitch

ugh silicon vias Vs).to facilitate
fhﬂ{l ’Fc8?ﬂ¥88‘t“?‘8‘ﬂy %‘J‘ﬁ ‘)’Fli’n‘g‘é? % 8“%% F‘B ﬁ‘tq“bVF‘ {qfePeam lead
{ndres R pime&t systen1|ncludes a first die having a
first side and a second side and a second die having a
first side and a second side. These die are provided
in a side-by-side confi guPANM¥MRA bridge die is
di sposed on the first sides of the first die and the

d die r heqlat h I:5S ' :
TR0 o g ARt FAERIPREL PRI Bt
padigagitiog is yiscbsed. nel thitdsseanigadkage dicofuocininaias an interconnection

e conductor di es .and_a substr.ate dj spose i.thin t
RS Geansr T ne b g UB RS i TS5 Mibdk Vg &Fsve) 0
ﬁ@qnﬁegﬁggﬁgxgh@nmgpth having a first side and a
second side, are disposed on the substrate in a

si de- by-side configuration. The second sides of the
fA008} and secwirgratPesiruit dridge lgtcmmnna@tesysmnbnmig@ma dirst die

b%e %g e?sctgs%%:o&hdt# ecoJB& gléie edsse% dt ﬁl & havm £ fd]{ ﬁ sﬁ? gind d g second

econ I e er conne

dide ahckctdie areponidcdiea s[déQerﬁdie Er&ﬁigfu@rt@gmmgnhgé die is disposed
outlined rather broadly the features and technjca
%%ﬂnﬁ% sideppf thedinsty @@éﬁfi théysesapsl gie- i hhobrdec disdptefqeanccts the

ARE 8lcl Sd (HesebAPELoN of the invention

[0009] An integrated circuit packaging system includes a package to contain
semiconductor dies and a substrate disposed within the package for receiving
semiconductor dies. A first die and a second die, both having a first side and a second
side, are disposed on the substrate in a side-by-side configuration. The second sides of
the first and second dies face the substrate. A bridge die is disposed on the first sides of
the first die and the second die. The bridge die interconnects the first die and the second

die.

[00010] The foregoing has outlined rather broadly the features and technical
advantages of the present invention in order that the detailed description of the invention
that follows may be better understood. Additional features and advantages of the

invention will be described hereinafter which form the subject of the claims of the



that follows may be better understood. Additiona

features and advantages of the invention wll be
waelesonidsexl herei nafter which formthe subject PET/UR®09/048372

claims of theinvention. It should be appreciated by

those skilled in the art that3the conception and

speci fic enbodi nent disclosed may be readily utilized

asc@idmsitshb@d Bm@ﬁfacimi By tidRs iskilleden eHchat tist FHECEdhcESRion and

for carrying out the same purposes of the present o

snegeiet prhodiments Aisgloseda ey bre rqadly jwididgedyes tthbass § modidying or

in.th i i i i
AR 0 BT SRR T SRR TR o,
Eahoildfatsb berredlized ap pendeldllcd @i the art Tihe sndvejuiabait doesructions do
whi ch are believed to be aracteristic of th .

nehAsapst Sigm tsamééné 8C9PE §% gKeion;ag actfagh ﬁ%ﬁﬁ&@pﬁﬁded claims.

PRERGLI %mrEQ?'lﬁfctblgt'felefebeé W B \GlarRRIRGE SF ﬁt@ ﬁtévention, both as to its

advant ages w etter understood from
bphhiawtiongardesctho g bf operviiver) tagetiet dethefdrther abgavmeadi alvantages will

i t he . acconpanyin igures. It is,.to be.gexpr.essl . .
ti bt PEUASORERRTLNE St Sierion Hatw peiEER § EBnnection with
Mot B ParlyRig EF’@[GQ% RO&RELO ExprbdsUs tifi @l dtosY, 3dhever, that cach of the
description only and is not intended as a definition

Beurehas Inronided d9r theepppessent ililysiretien ond dRRYrEFion only and is not

gt BRhet Shue NGt R RB B iy St on,

reference is now nade to the foll ow ng descriptions

taken in conj UBRIHIODESCRIPTION @CDHBDRAWINGSaW ngs,

in which: [00012] FIGURE 1 shows an exenplary wrel ess
odi_.ments of .the,.

i catjon systemin which e i
(08 on heh? BETQERMNFEIREERsIapdamol SrerRresqy fypayon, reference is
bR 2ol tht %M\%g SdeBerift s YARW iRfcoftjuhtYorP WitlA8e accompanying

i nt erconnect according to an enbodi nent of the
{nvwergsi mnwvhif0014] FIGURE 3 is an exenpl ary expl oded
cross-section view of an enbodi nent of bridge

i two flip-chip dies. [00015] .. .
IPRERE " ElGRECT oA Lo Pabl’ oF b8 eetbiRbyioq e in
@hichrenfol BANIEH the invehtisloal Bt edwarpesisipehpeesd.t wo

wi re-bond dies. [00016] FIGURE 5 is an exenpl ary

expl oded cross-section view of an _enbodi nent of bridge

199047 L onneEICHREWE e Hluatrates 1 gkt agve @ing S riidgeniterconnect
Qéc%rdiﬁé%%ﬂmtﬁdﬁf&ﬁo tﬁesin@ég%lg)ﬁenm ary expl oded

cross-section view of an e iment in which
additional dies are stacked on a bridge
[090&4c onneEIGITREABLED DESGRMpRIONexploded cross-section view of an

embodiment of bridge interconnect between two flip-chip dies.

[00015] FIGURE 4 is an exemplary exploded cross-section view of an

embodiment of bridge interconnect between two wire-bond dies.

[00016] FIGURE 5 is an exemplary exploded cross-section view of an

embodiment of bridge interconnect between a flip-chip die and a wire-bond die.

[00017] FIGURE 6 is an exemplary exploded cross-section view of an

embodiment in which additional dies are stacked on a bridge interconnect.



[00018] Methods and structures are disclosed for
connecting two sem conductor die (chips), which are

w@b@Eomaeith a si de-by-side configuration in a PCT/US2009/048372

substrat e- based package. The connections may be
acconpl i shed by using a seni cdnductor interconnect
bridge die (typically silicon) to make contact with

bot h si de-by-si de diBETATHEDIDESTRIPTIEOBE bri dge die
has through silicon vias to connect contact pads on
each of the dies to the opposite surface of the

[390é8 L onnedtetinds aa@ sHpEures Rt e AislRpRecior (cppestipg typ gemiconductor
Hl%t @%? gﬁﬁfcgbgﬂe e?lh?n ar ﬁdé ‘B rgﬁfé Eéh FeR o‘ﬁt ﬁz[ g O%l{)éf]rate -based

con et we e throug silrco VIaS
pAdSRE The bmm&cmmmn@nhiﬁ mymphshetié;y&sm(gmrmmlmﬂuanr interconnect

0 i n_ which an enbodi nent of
E%S%?d\%? piealhg| YL |t8y@af3 ¢ Egntagt Mths Egthofslde y-side @is.  The

{dtdrbSineat l‘n{% e did BRArdugdNoNSnt iR dorAR: %oHt‘élbtt }1§ad§ &8 cach of the
130, and 1 and two base stations 140. be

fies dq thicz epbashiaturfagsi afathe witcelbasst bodge ldlec aint@nowst bmgs on the

have or e rennte unlt base tat
R fies: PRde, 88 q 15Ty Rt e O, 8RR PO AR R# dhpthroueh
Vilidod Vi®) bridge interconnect nultl-chlp packages
125A, 125B and 125C, which is an enbodi mnent of the
invention as di scussed further below FIGJRE 1 shows
FONRK o 11 RICYREnashowssm excaiplarieviies copapyeagion system 100 in

e
R ool AR g P e tion bl ol RSty GRS P purposes
a6 0Iukswativas FIGURIH drshodd Ghre¢ 0QOR1O]unlits IEDG]JRE dhd r@natdetwo base
uni.t 1 Wn as g nphile te eph renote unit
jaienss @hofﬂﬁ”‘gsbeareﬁﬁgmé%il L b @‘flre eé?l GORBHB1@tipR systems may
AR mdng HeNe @Sof [hikethd B8R §8fodseMRERoKMititd T2@ 130, and 150

w rel ess local |oop system For exanple, the renote
ingluds thmeyglbeiliced ViagASNe dridpamderbedaicipmnkioetap packages 125A, 125B

SHEI7AG” BEhaDAnkS STEp e pE RS FnsBor FcFrfid SF below

HRG@REN glﬁwﬁs%hw@fa [t 85ndl €280 RYnPadi REEBhtiody 1410MENthe remote
FIGURE 1 illustrates renote units according to the

vitici0n &30, ond  A@ andhiespise bak sighals LAY &onl ha r¢motaanits 120, 130, and
t.ed to.th exenplary illustrated units. The

h#QEQmesuuunmqgg suitably enployed in any device which

i ncludes a nultl-chlp package having chips in a

pi0deopy- si BeFI@UR Egy retbterunit] (03 showh @GyREmabile telephone, remote

illustrates a plan VI?M/Of a TSV brldge i.nt er connect

unit 130 is shown as a portable computer, and remofe unit 150 1s shown as a fixed

location remote unit in a wireless local loop system. For example, the remote units may

be cell phones, hand-held personal communication systems (PCS) units, portable data

units such as personal data assistants, or fixed location data units such as meter reading

equipment. Although FIGURE 1 illustrates remote units according to the teachings of

the invention, the invention is not limited to these exemplary illustrated units. The

invention may be suitably employed in any device which includes a multi-chip package

having chips in a side-by-side configuration.

[00021] FIGURE 2 illustrates a plan view of a TSV bridge interconnect
configuration 200 according to an embodiment of the invention. Configuration 200

includes a substrate 210, which may be, for example, an organic or ceramic substrate



configuration 200 according to an enbodi ment of the

i nvention. Configuration 200 includes a substrate 210,
wokiiohosey be, for exanple, an organi c or cer aPdTUS2009/048372

substrateprinted circuit board. Two or nore die, where

each die has a first and a seéond side, may be placed

on the substrate 210. For exenplary illustration,

pehted cirb@it boarltl GNE o2 mord @il Wheft €cB2k Anda 730 aﬁﬂfa second side,
shown Elaced in a side-by- si de coangﬁratlon

83y bapeaced op e gibstsato 200.aHer %@@pm Haden r@férrmeto FIGURE 2,

ﬁ%gg@ élj’ilé %2(%31% d23§ﬁ%ﬁt%}é(?\g% #ﬁalé:% ?9 sﬁgj)gasgcﬁvc%o%ﬁgﬁra 101. %)ne surface

afthcadiseZnand lZﬁKEnaaIy domasdt toa]ﬁd Bl&is’crytecwl@t hﬁtDSVe&mldally to package
electrically comunicates wwth the dies 220 and 230.

ugh silicon vias (TSVs) 270 filled w th conductive
nmetal, connect the first side (shown facing out of the

RRgel] of t lhlebI}Pdgedﬁf‘erédﬁh@crtC(Q@ nag thadl'n? 2118t bRd bNRcARE 48 at least
C|rCU|try on the dies 220 and 230 nt erconnect |ines

patfalin ovéréaps iand telsirdrllp fcommminivatasgeith tteedicoAR@ ond dde Through

3884 150 GRVPLELR, 115 SORSEHLED PERL G e T, AR chonn
fRAGI dut o FiNEddePBS tHRfbridpe isteROnReP dRNTH023Che han@ssircultss on the

i nterconnect |1 nes 272 may be appropriately re-routed

gt 2ehandraify brgeonarceidancs 67%911 dhefieshgiee oh thsHutdgrariRegonnect die
?ﬂg theﬁl % é%tt% g%dsggjléc&%n%gt%reeé 8%' \M%Ib lecl}ég g%gf For different functional

processin er nor e,
hpplieatannectierd i the ssp2dific Mamctsrisnot pat | diebe2passi 280 change the
net al |nterconnects t hey al so be npre conpllc

[§li‘éﬁl¥l.y

B STEQNNEF e 2d  ERRScIRPIo EsTquigserige §87r¥p?gﬁéﬁ]l0§ated by a
Ehan e 1n 6&5&5 ?nd RAPRSJCLSthAR fdr @P?Hg Iiegiasc%mpﬁg%ssmg.

act V|ces transi stors,
etc.) Al t hough not shown in FIGURE 2, the first side
Bi002hle bri Byehdrmber, wblﬂnelmﬁ inthireon24¢ loae 27 holaygeincipally be passive
addi tional act ve CI itr unr el at e

bk SRS S el ¥ S opecgwd oo 1Py prtgrnBets. such as
|IrhREncd7 dorapstehts Gle, Cr‘éélﬁtbiys QBpdctBrsbiddaRiucdLSr 6RNAESETe devices
die 240 may be formed at the wafer Ievel, including

figr. irepnpisierelogihaneraery) ctti)l 1Adthongh e@t sheve in FAGUWK g, the first side
Cf gl\é gos Scfge il ep%%r%c‘f% %&{ oa{n 1an% ude ad {tllol{lilaatcltlgg c1rcu1trya%mr81ated to

ﬂﬁhﬂ@kﬂﬁnaﬁﬂhﬁho@ﬂhﬂge |nterconnect di es 240. [00025]
FIGURE 3 is an exenpl ary expl oded cross-section view

of an enbodj nent of a confli tion 300 of bri dge )
Oﬁ)p%?‘]connegl‘e BESGRIBICE Mss 2 V? Rt SN on Hiccbridigeiiptgreonnect die
tgl"]de tlgey i e& Q@ tlflé Wféfhb%ldin%lﬁg% BRRhalde 0B AL hdtaPilled holes

secon facl ng
TSVs 270 using conventlonal sermconductor and metallization processes, after which

the wafer may then be separated into individual bridge interconnect dies 240.

[00025] FIGURE 3 is an exemplary exploded cross-section view of an
embodiment of a configuration 300 of a bridge interconnect between two flip-chip dies.
The active circuitry of the flip-chip die 320 and die 330 is on the second sides, facing
the substrate 210. Dies 320 and 330 may attach to the substrate 210 by, for example,

solder-ball bonding, or equivalent methods used in packaging integrated circuits.



the substrate 210. Dies 320 and 330 may attach to the
substrate 210 by, for exanple, solder-ball bonding, or

weouosvadeent net hods used in packagi ng i nt egr at BGI/US2009/048372

circuits.[00026] Through silicon vias (TSVs) 373 are
formed through the thickness 6f the dies 320 and 330
to provide for netallic interconnection between the

f000g6] si deShioapRWiich@¢iad gTSVs)i IT3REHdRmed khdtgh tHe@hickness of the
active circuitry on the second sides of dies 320 and

8139 329 and 339 tcmrﬁm@tforp@ﬁﬁlllwnt%wmﬁ@w@é@@ﬁ@nsth@ dirgpides (shown

[ PP MATE! a8 SR T e AT B A€ 320 e
8%0.ng net hods such as, for exanple solder-bal

bondi ng, and conductive paste. The contact pads 371

rped on the dies , 330 and 240 enabl e .conducti ve
E@H t be{:Wétéﬁt Rade %ﬁgr%tgﬁ ampﬂgﬂd%ﬁf the ppdgn grterganncet dic 240
SRNARANARREdEs oft 18 B&GL BYE afd 3301 drk Yali@Red, nfﬁddl'nﬁf b826bnded using
and 330 are electrically connected t6 the first side

oicthode sioahi abg €ori emamplm noldet-bali bo@la]nig ami] epeduchee paste. The contact
. . i )
B bl de BERG PRA e brbdotr e Bla it cPriggybereen the

SofrtespoIRliSd TN s 121Th €hE BB e Qtdnd ﬁﬁy agd active icirbuitry fon @Bdies 320
t he solder bal | s. [00028] FI is an exenpl ary

axbBYHaw ej@fé@@alb/e@mn@qﬁed/r%weoﬁrshﬁd@ﬁﬁdm bridee lafer@nnect die 240,
&8?1{3 tgoﬁ@&ja? eS ﬁg[bgar\?% ﬁ%d Ve %k@ul‘g)’gqg %g%gf%?ed\’\ﬁ%s ﬁl%%connect

rconn
ihe 270 C@itadvepadyl BT adit ishbivil ihtvecomas®ingstht heetibe ictigeitry and the
i nterconnect die 240 shown in FIGURE 3. That is, the
pldddells-nt er connect die 240 of FI GURE 4 may have t he

sanme features and arrangenent of TSVs 270, contact

RRAssB71, | piRrRENACH ohi RESnALR RFIEART | QB&Lde¥tion view of an

I npedance el enents and/or activé devices, also placed
ombodimehi ofst copifigeragbn #0@ oba bddee interemoooet thebeediteo M@ bond dies

TS ot Rt dnerrar didgs icrd! GEaIRHRGHER Sine as e

%‘geelntéﬁé’mﬁl@@&ﬁg 230 dRSwRin FIGUREES 48& i8Ntle 3ot aRErconnect die
are attached to the substrate 210. Wre bondi ng

%ib(h aEIGUREM mey houe @%ﬁ@mh@amrqssatndsar@égermnttqﬁ d S}fSe%?O contact
Pa S %ﬂd 14%900%()% ?&e@%np 00{1 07?3% 21%"119 a%iaﬁkéle%;‘e%tﬁ fmd/or active

conflgura
thies, ﬂsceplaéleZiCbn h3Giranidic A thdwitge ¢xbicdsiccpaid48 6 FAGURE 3.

corresponding | ocati ons to enable interconnection of

f@bégig;%egémﬁggdgﬁswﬁez go ({] gieg@lgO taIrI(ri 91% I%)o%hhgavgra 1rst side and a
second side, where the second sides of the dies 420 and 430 face and are attached to the
substrate 210. Wire bonding connects contact pads on the first sides of the dies 420 and
430 to contact pads on the substrate 210. As in the flip-chip configuration 300 of
FIGURE 3, all three dies 420, 430 and 240 have contact pads 371 at corresponding
locations to enable interconnection of circuitry of the dies 420 and 430 through the

bridge interconnect die 240.

[00030] Active circuitry on the dies 420 and 430 are located on the first surface
(i.e., facing away from the substrate 210). In configuration 400, because the active
circuitry is on the first side, the inclusion of TSVs 373 in the dies 420 and 430, as
shown in FIGURE 4, may be optionally included, or may not be required.



[ 00030] Active circuitry on the dies 420 and 430 are
| ocated on the first surface (i.e., facing away from
W0 baosessi rate 210). In configuration 400, becBUEES1008048372

active circuitry is on the first side, the inclusion

of TSVs 373 in the dies 420 aid 430, as shown in

FIGURE 4, may be optionally included, or nmay not be

[®ouiy ed. [ BAO3RE Bl @Rl Sexicpainy eé&}@ﬂ@d@ﬂr Yrex¥RE@Ad view of an

cross-section view of an enbodi ment of a configuration

spbodment of ¢ agefiguittianciithelct bydeaesercennect betpeehs Bipechip die

§§(p afid! ﬂlet \I;}ﬁe Woﬁc? dEeoﬁ]éjO. d'A% fbﬁglate% Ea{é %1 ay be rnad;e for relative

npensat i on nay madeTPo el ative erences

dﬂf&rdnbeﬁnrtﬁs ﬂnckbla!;d bhlbbdndhk¢ightt ctceteposition tho$i Irsttlsﬁli&s bﬁboth dies

first sides of both dies 320 and 430 at the. s

prel} @?ﬂi 3cpirthe a%m%liﬂ?laﬁt ofCORPFFBHPT At APRTARTEALE aﬁ%fgeces between flip-
h,e“ﬁ‘ﬁ% clahll RGN dRidOHE RN mM & %e&?ﬂﬂgd q}ltﬁ%eﬁi:&lcé REFIGURES 3

sa as described wth reference to FIGQURES 3 and 4.

#al 4 eXanpkanplehthefflipghphdip 320eha8 20tiVrasiraxtry desposed on the second

C|r ui try. di osed o e second side (i.e., [
SHE T el B ISR rod Db o PaB G et Wt bt J88h Wayggnnected
B/SneR0NRAS 891 bR tIEOMtsBSiHe RASRIIRAL cBfhdchsnd forlthé bﬁ&ié’&n&&connect
facilitate connections to the brg@ge i nt er connect

die @40THAcwirebdsindic 3@ anatdf}e other hiyed, ek @crtlmmdultrtyahsmsed on the

ugi imﬁia (CI r& alé#nfgg atyﬁS (P g e%tg 21@’ rnnglly%@t {’GHI%I%I'G 'the TSVs 373.
IR el I the T:dilﬂacT PNGs ﬁﬂ%onh&&écﬁ@dhe Eéiﬁfe%ﬂﬁhl@(ﬁ]tm@alﬁfﬁsﬁﬂdlent.
connected to the active circuitry may be sufficient.
EHPOSZ] FIGURE 6 is an exenplary cross-section view

Odfbodi nEHIUBE Giscamexrgumawi %fﬁssemtl@rh vighi eh a%uemb@%@ent of a
&ﬁ? FatfBRT GRS hionak lgés@son@"’gr Sltfo‘ﬂﬁl dies (340 (Where for
| strative purposes, only one die shown
dhuaciked mmpdshe ooly cigedik 6@ ns:simmx)tar&:h;tﬂack%d@n thibridge 1nterconnect

t 640 f. I
A r ot deiimeogiegnogieegul « RGHoRI R esfdogingloey or
640r BRRAGAI R the M i 40t pshRs, §81Q otift3 @ik 3RD U IV ddtaining active

active devices.” The interconnéct bridge die 240 can
flovatasd d heonteeronngsadiy dg7dic@d0tche ifdludst cogtagepads 371 on the first side

th correspaon ads 371 cin .
BBl PE S o SRR APREE A T AL itE b B o he i
640 | Digtedid BYS nff4nEOMYTESY £674 ormeitb@ s cdd@ds pis3 70 oniHsides of
sides of the die 640 to provide interconnection

et die rf0t treprovide ripsraoaaection; kegacan teznregngect bridge die 240 and

{ '%‘ér%@%@t.‘;ﬁ%sa@f o@d/?% ﬁmgﬁ%ag féJcH@; br?rﬂl"f‘é tdfy | SR Tof RO die 640.

Ekdnﬁlblb@ﬂﬂfunbyomhtﬁ bethdi dic 640 mdlmiel.tdemﬁi@ﬂﬂélyy, aepléfiers, logic, etc.
etc. Stacking of ad itional dies

[if
g‘ggkllél% '@§ 54*%0%%@&8 4 ruet thy mtargen%ﬁ% Hay4Qgay be considered,
Q&Blsdn‘?%foeﬁmc@&fégf}ﬂ ?t | Vgﬁlg ARGk r&@% Jretdﬁo(;b%%?ﬁg@gmgre%% bonding

ot her desired obje Wer e
is employed to interconnect pads on (vertically stacked) adjacent die, the disposition of

circuitry may be on either the first or the second side of the die 640.

[00033] Numerous advantages may be derived from the embodiments described.
Using a bridge die, the interconnect traces may be fabricated in quantity at wafer scale
using semiconductor processes. Metallization thickness may be on the order of a few

microns or less, with line widths suitable to advancing technology nodes such as 45 nm



is enployed to interconnect pads on (vertically

stacked) adjacent die, the disposition of circuitry
worepobe2ean either the first or the second si dePOf/Us1969/048372

di e 640. [00033] Nunerous advantages nmay be derived

fromthe enbodi nents described. Using a bridge die,

the interconnect traces may be fabricated in quantity

ald Wed. eThSERtak nla§ RO BETh&OHEH C (imfFQCe wire bonding between

Metal l'i zati on thickness nay be on the order of a few

pHbsHaRY substandiabmatgriphsavings Mgy dersalizatit abl e to

advanci ng technol ogy nodes such as 45 nmand | ess. The

may : t t.o: g0l j
(o g- bt aaohaly, A2, 80hélng RARRECY 'Bnfli] $hickhe betveen
sducangsomay pads ropad subsalate [ 00 08ddnsAtici vt lemalih partwortke size of the

bondi ng. reqyi.res. a, m ni nrum spaci ng bet ween adj agent.
G i td 1Bivize SABLPF (B CORESLy ASENG agch A ticeigtgroonnect
{riccR@htthe bAdEN G 34 F&ssic, ki nksd ﬁft%c&ﬁ&cﬂé?ﬁgsibl@. uftBermore,

bonding. In Contrast, a very fine pitch of ' '
withewrorbosdingt carbeborgh ist hecobplidhpsl didevidwallyo sdictdae, with a bridge

ki ng dense. .intercponnects possihble..Furthernore, with
et Bshang b B BT BORS 1SoRBRSIE FUAeM ABFORIapbsment and
phRIBascioldsih BE | fdgexdnplEr &dvresiiow.mul ti pl e bonds are
acconpl i shed with one chip-level placenent and bondi ng

net hods such as, for exanple, solder ref|low [00035]
K008 hler mor Burthgiespes, avigreied pifcdycdarnulii-chip; gonfiguration has been
i gur at h revi qus|. i 0 Il .e .
BRTRLAY BLHRTRT REETAUR % SheOSRARRTLS et vncriy
impiteoetnd ed répdadeepiradending ewbide diakgng wdei dfecximitigngntise pads. A
f. . exi sting contact pag)zaY,A bri dge i nterconnect

P o¢ P H B A FroP A FcTedu 4R Nty obfissembly steps

AsREHRkBSepRgt WA &d R 't@a%ﬁ%ﬁrcﬁé lafbhértbond steps

to a single die placenent. [00036] Still furthernore,

wire bonding typically involves a loop in the arc of

(09836J r e b8tlvEetharmorchpmatibegdipgdgpitallyadudlyesomlaop im the arc of the

m. ni.num r equi £ ed.. di st ance tween bondin ads., As a

PR R 8 et M e Al G PRERHY RS dMare between

: P gddsy Ash Rb@hwibeefictavd fR$ dehalepérfsitahéd/@specially in high

i npedance increases with frequency. El ectromagnetic i

pnegfl devises Fheid inHective dapeage Hecregrge siithalipqpcaet. e Elasiromagnetic
Lee ) Chin i i1 ‘ o
AR O RAR gL BE y ekl O RA ARl e Bios within the

pachage.t Ogieti hebridge efi¢icthadigsadi it camncand nmaychbe pliced close together,

package utilization efficiency,. The bridge die may be

ffsaa@na IR g RAsK RS U ATy cREY-t ERC gﬁgge dic may be

%fg%%;q%?c@ NGRI1, PRER ScotREbniRiglA shErtdre Al ESthe bR then would be

required with wire bonds.

[00037] A yet further advantage is the efficient ability to include in a single
package two or more integrated circuits that require different materials, process flows
or technology nodes to optimize the “system level” performance afforded by the
customized benefits of each chip. This enables higher level functionality in a single

package.

[00038] A still further advantage is the ability to include functionality on the

bridge die, which cannot be enabled by wire bonding alone.



[00037] A yet further advantage is the efficient
ability to include in a single package two or nore

WO pa1egezted circuits that require different naRPEr/U81089/048372
process flows or technol ogy nodes to optim ze the
"system | evel " performance affPorded by the custom zed
benefits of each chip. This enables higher |evel
g(lﬂ)ﬂ@@] onal MayyioT the Sirig |a@vd¥1@dféé§g§ply[\9ﬁ@ﬁﬂ%p -Aig bohding is used to

urther advantage is the ability to inclu

p%ﬁkégq Hriegrated cRuit Weshr By gepkaneentig i TsHY scam Aldr-chyg dies, fine pitch
Q391 f the sane

e e R T L e S A

package i ntegrated CIrCUIt dles By inplementing TSVs
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thedapphedodi clamist hbort exteprae.t althgpugh encadh @psiptipn thaal’@den used in the

F5RS e ch AR e i QTS BRRER S ocrions.
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i nventi on equal |y aEplles to wite operations.
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he process, ure CONposI t'1 8n o

aRbindion BANS, arfr&tfbmlg tan\da§tn€p1$1caeﬂ&@ biag ndy bd€ormed in other
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femalsr angd n pasfety qﬁ@ertssnwaéuqtﬂr QiRP PYHrPsdPEss, Sit-a4aN, or other
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mah:ellalss g ael & arédineryi kil in fhb erttveillnned&ly amyecﬁx&e ﬁppi thedisclosure
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What is claimed is: 1. An integrated circuit bridge
i nterconnect system conprising: a first die having a

wo prshoxsietle and a second side; a second di e, hBWI/N§2089/048372
first side and a second side, provided in a
si de-by-side configuration with the first die; and a
bridge die, having a first side and a second si de,
di sposed at | east partiall yioamMmbe first sides of the
first die and the second die, the bridge die
electrically_interconnecting the first die and the
second dPdat s clapmed Bystem of claim 1, in which the
bridge die conprises bridge die through silicon vias
TSVs h ,f: BN F1Sd id e 1.0 the
géconénéﬂgghggﬁ?%gﬁ%%9%%%ﬁgﬁg?kgﬁg9%$%%ggﬁgﬁgiTsvs
bei nga firdt ldechawirtghs fmst sitl¢ axbd sewnsd side;connect conducti ve
lines on the.first si.de of the bridge die to enabl.e .
he': Abwions fifebt g S s and sl SitechBridRe T HoE-by-side
vl e vatH ®eeirdidee; hia t her conprises active _
circuitry on the first side. 4. The systemof claim 2,

i n whit bidgmdicdravingrafisbsidaend psagendpide bsposebaideast pratially on
f e.bridge die.contact a L respondi n ne .or, Nore
B G SBER SRR PEb- BB TR, SPGBl

ds on st Si a

BeaenthetligsSthe First Tieargiytaé sdvond diel ai m 2, in which at
| east one of the first and second dies conprise: a
flip-chip die h vjn?_circuitr di sposed on the second

i de; Thneystam pt iy Timwei¢h Badrifge fiecempeisgerisiee disghrough
o FRL PR i Aot b syt DL g B i e
dienthe clirideetdie/€S¥s being fitlyd emthtrivgalbeaand ts catmeatfconthective lines on
flip-chij ie to one or re contact pads on the first

e SRS A0 g priche RS 5 e BR e BRI RGeB i of ol mim 2

in which at | east one of the first and second dies

gONPr TEESysknt 68E1hTnY 2 Ah YRRGEH ORdEOGicliftiRdr cohmPes@factiBecircuitry
die. 7. The systemof claim2, further conprising: one

o thediret stedmt act pads on the first and the second

die. 8. The systemof claim7, wherein the bridge die

furthep, %%F@Pﬁ bF&8Sm 2, in which one or more contact pads on the second side of
the bridge die contact a corresponding one or more contact pads on the first sides of the

first and second dies.

5. The system of claim 2, in which at least one of the first and second dies
comprise:

a flip-chip die having circuitry disposed on the second side; and

flip-chip TSVs from the first side of the flip-chip die to the second side of the
flip-chip die, the flip-chip TSVs being filled with metallizations to connect active
circuitry on the second side of the flip-chip die to one or more contact pads on the first

side of the flip-chip die.

6. The system of claim 2, in which at least one of the first and second dies

comprises circuitry disposed on the first side of the die.

7. The system of claim 2, further comprising:

one or more contact pads on the first and the second die.



one or nore contact pads on the second side of the

bridge die corresponding to the bridge die TSVs and
woppostees t o and corresponding to the one or nRCEUS2009/048372

contact pads on the first and/or second die first

sides. 9. The system of clainil8, further conprising:

at | east one additional die stacked on the bridge die,

ghe arh¢ asim endaddldi whasialthdibeddewié Rethee edmpriseh:ng

passi ve, active and/or interconnect CIrCUItrX 10. The

syst ePOPr BIgicANRCt Rade PBithe SeRNdideigfethe pedgadic corresponding to

C [

LESUEEURT R PrBUROE 3 SO PilobAfhe I ol BF B0k (LB pacs

&edmddmdmdams&imdﬂm:ﬁmtﬁgaated circuit packaglng

system conprising: a package to contain sem conductor

gies; ﬁ substrgte dj 1§ ﬁed wi thin the package for

ecei VIRYYSEHPEIAT S TGFRG QEIPTISNG 1 st di e having a

fi TSt a8k oRNSH R HAS B3GR k&tPon WRBHRLE dicNelat Tealt b &ddiSional

di sposed on the substrate with the Second side facing

tieduthidysomatieing passeco adivdiasdioavitergorneti ¢iguitgi.de and a

second side provided in a side-by-side configuration

B e nahEnslsrt bt € (e e TR ERB Bl s "BRBESs fow

thdbBtdiférent fedid a@r&febsdﬂ@zv db@es baaﬁhggo ﬂlefﬂrﬂti‘a&ldﬁalr de sebshdadics.

second side, wherein the bridbe die is disposed at

| east partially . on the first sides of the first die
Ahd t N8 183 cickit RSB SYYEMFOBIIATEr connect i ng t he

first, hﬁmgggiﬁﬁgkggﬁg@ﬁmﬂ% %% The packagi ng system

of cla m 1 ge di e conprises bridge
diet hs@sg’ategilé.posahwuhlasm( ﬁaié‘k(sge for orretving deimeindsétdedios;

the bri.d to econd side .qf the .brjidge die, ..

the of i e A Ea S potabT ul S RIS 5t fig R disposed
to COBIE‘&fétsuEth@éJ\Q/Ith‘t’l?e deb&ﬁﬁs@@fa%ﬁ@ thd wstrab de of the
bridge die to enable the interconnecting. 13. The

pack ag bergnd ylist h;imngfa féﬂs‘aslda 4121 a jagomhiidd ptorvgield rm d gilediyeside

oo ST o bt BRIl 3 i b L Ryt win
tRIsecondi®Ghcipaef s%BstHﬁ@ apgcond si de of the bridge die
cont act a correspondl n? one or nore cont act pads on

t he f#pgdesdigdnvare & st sife and asrgondsidpdvhfirgs thebridggglic is

?ﬁé&%@ :ag%aszi)g}tlglg% %&1 éﬁé ﬁﬂs{‘h&@s’ oftﬂe ﬁ’g't 8Q | tlllees%%ncpﬁg, tﬂg bridge

die interconnecting the first die and the second die.

12.  The packaging system of claim 11, in which the bridge die comprises bridge die
through silicon vias (TSVs) from the first side of the bridge die to the second side of the
bridge die, the bridge die TSVs being filled with metallizations to connect conductive

lines on the first side of the bridge die to enable the interconnecting.

13.  The packaging system of claim 12, in which the bridge die further comprises

active circuitry on the first side.

14.  The packaging system of claim 12, in which one or more contact pads on the
second side of the bridge die contact a corresponding one or more contact pads on the

first sides of the first and second dies.



dies comprise: a flip-chip die having circuitry

di sposed on the second side, wherein the flipchip is
weouphex4i o the substrate by ball bondi ng, sol BE&r/UR0np048372

bondi ng or conductive paste; flip-chip TSVs fromthe

first side to the second sidelbf the flip-chip die;

and the flip-chip TSVs being filled with

et al The pidkagiag kesten B elaim ¢onduatith/ & 1bdsnese GMhé fgst and second

second side to a one or nore contact pads on the first

dictleopritche f|ip-chip die. 16. The packagi ng system of

cl ai r

seoon 7B AR ARG 80 letfecrd e, Wiy the -

shigés @fuptddeao thessubdivate T valp ek, @gld&ylslmmb@fduﬁ:g ad gonddstive

further conprising: the first and the second die each

Hﬁﬁﬁng a one or nore contact pads. 18. The packagi ng

syst emSpOéhlﬁ VDb HMREGER b &é"cb&gﬁdéihﬁhé Wi - Gﬁ[o die: and

one or nore contact pads on the second side
of t hhelflip-dip THes lpong BEpbwdh n@tatlhzattlbes tor gonlgect domdufﬁ\/s lines

e RBRTRuE bt PR RS TR o b Bo T ol o chip dic

S|des 19 The packagi ng system of claim 18, further

CONMPI ThE patkagihg sPash 0PbRiIMdd] nivaiel atdest shastkad fig ahdSecond
bridge die, the at |east one additional die further

disrepPsbngrpuEs fisposcd enithelimheifopt thadi: connect
circuitry. 20. The packagi ng system of claim 11,

M‘ere*rﬁ {)&?{g&b%?%erﬂb?c in 1 30F LG &h }ng\% a process

ow t rent ron1a proces
cor r ethedistiang thoscctred dicresth laaviligos ond@ rs@e enoltachi pads.

18.  The packaging system of claim 17, wherein the bridge die further comprises:
one or more contact pads on the second side of the bridge die corresponding to
the bridge die TSVs and opposite to and corresponding to the one or more contact pads

on the first and/or second die first sides.

19.  The packaging system of claim 18, further comprising:
at least one additional die stacked on the bridge die, the at least one additional

die further comprising passive, active and/or interconnect circuitry.

20. The packaging system of claim 11, wherein the bridge die is fabricated using a
process flow that is different from a process flow corresponding to the first and/or the

second dies.



