Integrate Circuit Devices with Stacked Package | nterposers TECHNI CAL FlI ELD
[ 0001] The invention pertains to integrated circuit (1C) devices that
include multiple, stacked package interposers. BACKGROUND OF THE | NVENTI ON
[ 0002] Advancenent in I C technol ogy continues to allow reduced die sizes
with increased nunbers of input/output connections to the die. Dies are
often housed in a. K y sconnect adiewth

outside ¢ , sas or di ssipate heat from
the die, as well as serve ot her pur poses. Correspondl ng to the reduced die
sizes, |1 C packages containing dies may al so be reduced in size, requiring
snal | er pdEKIPIIGADHERDes, whereon dies may be nounted and i nput/out put

connections _rmade fromthe die to the package sub te. ven the scaling

down of patilkk subskliedbyention papriay Ree LB EaC b S hde mapl

i nput / out ignificant challenge arises for designers of
Sk EPRREL Ribtpodtys

package su |ng down of substrate size reduces the
avai l abl e area on a substrate wher e conductive connection nay be nade from

the die to the _subs ate ordl ngy)s/ a desire exists to all ow decreased
subst r at e BAGRERPYH, ENJI significantly the available area for

duct t F | ON OF
o Draw NEBEDCSS) A @gérﬁ?@ﬁn it Enaiet BonAMRSH A% el aic bt T 8
bel ow wi t hindrefsed @ans®erstod idgi#/obiput oninegric@s o URady. Diesdtavfieighoustdilsd] Fig. 1

is a bottom vi ew and Fi % 2 is a sectiognal view of, a conventional |IC
package. [POSHRBE IEogler i ¢ cta%lbttqraﬁ%tw di¢ Bithontsidrotipraitng physraliyoralect the

package. C
packads. | 0088k oo rch AL OEIRCIL SRl MRS L MBS R,
Fig. 6 isredwedidicosiads, 10 parkafesaontainipgdicageny aaabdmmdmgdtxm siag, raqueag of the
i nvention. 1 [0008] Fig. 7 is.a sectional view of an IC package according to
anot her a§5@8’€1 pAckpggosubstrates, whereon dies may be mounted and input/output connections
made from the die to the package substrate. Given the scaling down of package substrates
coupled with increased numbers of die input/output connections, a significant challenge
arises for designers of package substrates. The scaling down of substrate size reduces the
available area on a substrate where conductive connection may be made from the die to the

substrate. Accordingly, a desire exists to allow decreased substrate sizes without decreasing

as significantly the available area for conductive connections between dies and the substrate,

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] = Preferred embodiments of the invention are described below with reference

to the following accompanying drawings. -

[0004] Fig. 1 is a bottom view and Fig. 2 is a sectional view of a conventional IC
package.

[0005) Fig. 3 is a sectional view of another conventional I1C package.

[0006] Fig. 4 is an enlarged view of wire connections to bond fingers in a

conventional IC package.
[06007] Fig. 5 is a bottom view and Fig. 6 is a sectional view of an IC package

according to an aspect of the invention.



invention. [0009] Fig. 8 is atop viewand Fig. 9 is a sectional view of an
| C package according to a further aspect of the invention. [0010] Fig. 10
is a diagrammatic view of a conputer illustrating an exenplary application
of the present invention. [0011]] Fig. 11 is a bl ock diagram show ng

particul ar features of the notherboard of the Fig. 14 conputer. [0012] Fig.
12 is a high |level block diagramof an el ectronic system according tgQ an
exenpl ary H8H8ct of Fithd lﬁﬁéémlﬂi viewridiaa AC PROGEg pegrding 1a apathey @P%Pﬁheed

bl ock di aﬂ’é’%\/@?ﬁ{ an exenpl ary nenory device. DETAI LED DESCRI PTI ON OF THE
PREFERRED MENTS [0014] Fig. 1 shows a bottomview and Fig. 2 shows a

sectional peoeyy of angzcsr;yan@pwwanlclcFlgaa:isa@ectﬁmﬁseietv&efa@acqzaemeafcyoramgp
scal e packagin CSP is characterized by a die size that is very

cl ose to thef 1§81§§@$P§Fb0f§hiéweml@ -si ze is typically defined as its

Fo. 1 oo v 5Hedn € phiptRRle RS SRR B huiek e R BRRAG 2,15

t he die. IPSiAEPE 6T the seht@vémiegnt i on described herein are not limted to
use in CSP.” However, P constitutes one possible application in which the
pot enti al {eﬁ)&l!h]nt ageSigrd is e dnickyliagsprashowingGavtiwlarfeaturge st hiepnotberbbasd o n,

t hose of a H/ skill can appreciate that the aspects of the invention
may al so B&¥ éﬁp EFRY hin smal | outline packaging (TSOP), ball grid array

(BOA)  pacjagzjng. a'Fi'g ROtisAhig lleVeIQ}lé*&rcﬁaginﬂQﬁaﬁ]elebﬂoﬁlh%?/ﬁ@:ﬂta@&‘érdﬁlfg thhg
pr esent docurrent the"term"interposer” refers generically to the nateri al

wher eon aemmpln&yaspectamfﬂmpreabnt owents@n.i n an | C package. A variety of

i nt er poser t ar acked in cordanevvltha ects of the
i nvent i onsﬁ’g gllcilusto ig. Ht’é? B&Eﬁ?]?@ ‘g\e&ﬁ%@? &l SSpUR QW"’QB%B‘?&E to the

i nventi ons. "substrate, " commnly known in the art, refers to one type of

i nt er poser t i cal havi n? non-netallic, insulative base and netal lic,
conduct i v&F Démmgg QY Y T HE RREEERRED EMBODIMENTS al so conmonl y

NIRRT
conventional IC package presented as exemplary chip scale packaging (CSP). CSP is
characterized by a die size that is very close to the substrate size. Die size is typically
defined as its two-dimension area, such as shown by the dashed lines for a substrate 14 in
Fig. 1. Generally, a CSP substrate is not more than 1.2 timmes the size of the die. The aspects
of the invention described herein are not limited to use in CSP. However, CSP constitutes
one possible application in which the potential advantages are readily apparent. Given the
description herein, those of ordinary skill can appreciate that the aspects of the invention
may also be applied to thin small outline packaging (TSOP), ball grid array (BGA)
packaging, and potentially others.

(0015} In the context of the present document, the term “interposer” refers
generically to the material whereon a die may be attached for use in an IC package. A
variety of interposers that are known may be stacked inaccordance with aspects of the
inventions or custom: interposers may be designed specially adapted to the inventions. A
“substrate,” commeonly known in the art, refers to one type of interposer typically having a
non-metallic, insulative base and metallic, conductive routing such as copper traces. A

“lead frame,” also commonly known in the art, refers to another type of interposer that is

typically metallic and conductive. Both types may provide leads for attachment to an
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2 external device, such as a printed circuit board. Leads may al so be
referred to as pins. Instead of pins for external |eads, an interposer nmay
rely upon a BGA or anot her known type of connector. Aspects of the

i nvention may also utilize other types of interposers. [0016] Figs. 1 and 2
show an | C package 10 whi ch includes an encapsul ant 26 encasing a package

substrate 12, a die 14,. and I cal nd el ectri cal necti .
t her ebet \Neféfprnwé%ﬁysuclba?Waﬂ@&rf%‘ﬁ %Quh‘ﬁﬂig e 858 08 e@l?tasmy in Fig.

| to allo nﬁead’bﬁ%ﬁ?ﬁ %ﬁieﬁ %d?laﬁcﬁie{ﬁﬁ@ér 15"19\?‘%@{1%&9&?}36@&%tl?e?'%@x‘vﬁ‘?pe

i ntegrate CII’CUItI’y not ‘pads 20 that may be viewe
t hr ough arfepemicng. Jéﬁpemts Ef the idven@or mayqlsbontiliza sthep types démtapesss t o bond

pads 20 dur wre rrocesses. Package,suhstrate 12 rovi des bond
pads in thé qug]m of 4*3#?38}%" %BﬁtsB“C A&H H'léd’ﬂ? B&Sﬂe"ﬁgﬁﬁgﬁi? n of die
14 to pacmﬁsﬁ#b?aaﬁg@s&&u et Wdreeﬁ; 284 gchamd a@ctheél%ﬁn&xlowe bondi ng.
Bal |l s 24 that m a“part a BGA provi de’ external conductive contacts

from | C pabt&eabewken. Nntabm;lbeﬂicme o82ncapsdmh @6 adi sholvh dud apay kabig. $ubsdtcvabte 12.
[0017] As readily

appreciated by those.of ordinary skill, anl ortlon of
the inputYiguobse! lectesh HleeicakRomBeRABanDif 1 QoptEiRg %ﬁ&r@és@@r@%ﬁ(w oWB) and
only a por %ﬁeanc ly be
pr esent ar‘gmg ofd p'{ct%%g t@%&%{qy@ g&g? bt es %FH’% cl e r exé)%"]ri%ﬁ @ﬁé of
probl ems enovides sucesk torbond pads20 duralg \pm:kaghmproc&sm Il%uckyge sabgtratd13how ng
ot her probl ems th conve tional gi ng. and Fj show ng aspects of
t he i nventR"@Wdgs kond padsin ¢ d“omaaf Wﬁ? bBa naé(%app%@wcm& esoldfie ¢ he
i nvention [ n
the 11 gur ot © Pk SREARRE 12 kil e bR i be Bl b vl AR, B M
i nvent i onsfotteaqrairtxdth BGAerayide extesriah cormiivavd agestafiomi€neatkige Ifayibe

real i zed fr?m enunerated size ratios, positjons, and/or orientations of
conponent s9hegiie 3% aaches diediddpmaringe swesfalentler ent |y be nore conduci ve than

others to W(ﬁl‘#’]d' ng }\Q?eaﬁﬁg gﬁ%&féﬁ'bh\tﬂ&% o%%ﬂérv%fdlﬁgh@ld%g fon bfip@ddi ti on,

aspects of 't I nvention ted to co ages such as
shown in tlhputfdtgpln@snxze%apm:beiwem dietid alnd\pecit'ugo sulzheE Hpqndyorﬁy)a bQtidbe i tes

that are i n m L€ const rtlé(ft |tons1 ]C R i{ g oce .Q_;)erm ng.c npl et ed
| packageS g eRfse dRaer e prapd fypieally b geeshy WPREeh2 i t 1
respect t Ofehiifes@WaRScIOfrer explanation of problems encountered in convcntaonal packaging.
Similarly, Fig. 3 showing other problems with conventional packaging and Figs. 5-9
showing aspects of the invention are simplified and/or provide cut-away views. Aspects of
the invention are not necessarily limited to the specific dimensions shown in the figures.
However, as may be appreciated from the aspects of the inventions described herein, certain
advantages and benefits may be realized from enumerated size ratios, positions, and/or
orientations of components. Some specific dimensions may inherently be more conducive
than others to providing the desired positions and/or orientations. In addition, aspects of the
invention are not limited to completed IC packages, such as shown in the figures. Aspects
of the invention also apply to IC devices that are intermediate constructions within the
process of forming compieted IC packages.
[0018] As shown in Fig. 1, a large wire angle of wires 22 with respect to the edges of
die 16 may result from decreased sizes of dies and increased numbers of input/output
connections. The large wire angle imncreases the potential for a wire 22 from one of bond

fingers 18 to short circuit to an adjacent bond finger 18. Given the close proximity shown in

H
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die 16 may result from decreased sizes of dies and increased nunbers of

i nput/output connections. The large wire angle increases the potential for

awre 22 fromone of bond fingers 18 to short circuit to an adjacent bond

finger 18. Gven the close proximty shown in Fig. | of sonme wires 22 to

adj acent bond fingers, even a mnor msalignnment of conponents coul d result

in a short_circuyit. T0|nreaeth in of errqQr in, processi and to
Poncp:

avoi d suchi8wt P S@ﬂ%ﬁ“leﬁ acre RS SV Hh BUBENS & RPR P UPRPOER'S
substrate nRyq RRulthd & El?tﬁ? S’ﬁicult Hf DincrRaS 1 OWSn M6 QT e?rgr W 3eBedsBRE 8RS feigar ance

from package substrate 12. However, increasing clearance in such manner nay
result in sxhosiedshortgs tm eeud:aéntd:amgccobmwfeemmne andale sublsiats undydednatased.

Cosult i o BBk ot AL LR AR SRIICE HOPURSKR WhEate HERETEen wi r os
22 and pag lﬁ@&ﬁﬁlg%'&%ﬁa{g@é fh Qﬂ%h 'i‘i?fbfm@loﬁlaﬁ’ FQGH%e%‘i@@%@# &3 Eﬁ%l%lﬁ% L %ﬂgFt o

appl i cati ons enl'arged -view of wres
bond fi ngetear fi& atfaae oS&nchpiulé:ﬁaﬁ Ma@hyn Fighé. \Hxpesadatraeady exposed wirehcad0

e R it P RS Ao g es boag b P bR
i ncreasin I ng, Accordingly,
stitch SOQSlusrﬂ’ v%n% nlq%y 'ng’ ?%ﬁgtsapé%tea%ﬁé;%g@#gl ngﬁg %P nglﬁagéIS Even t hougb

conducti ve [&@m}act Fiz. datewbert margewﬂmoﬂﬁhrasnﬁz bomizdftd bowel AngdeBs [ hatkd 9. 4,
an over han g tch flare is bel rial standards for manufacture
of IC pac k@@@& THNataoly, the wire almr}ailrs%m@tﬁg 5 QUG (othe PenGE BRECTaE S
expect ed t&r@@nﬁ&ﬁéﬂlg%bxw NGQRRASS ehiutd Bzt 6?1“ Al 2 S”‘guchahs%%) WiShe f'l%rﬁ’m

over hangi ng beyon pad may create a rella 'ty pro ecr ease t he
pul |  strergtihfiofn mcwesieg bomier sazﬁdxmm/uhmuuommbacﬂnsdmpncrkggmgbﬁ‘e:qmelmtgly,

manuf acturin r eadi.| r.am enl enent of
bond fi nge%t§31§5 iSToeminE s SPERESPE PO esmﬁ*g ﬂ?ggélmséﬁfw i¥e Fantpgly
accept abl I | I

100201 Accsral e Ren s B RITHRLS B 1 4, SR DI M BLRREE AL ifotow,
st acked |mtieﬂpebmm:lards fpamaiciattare aofdf paghagesi OBS{lare dfrecwizastétch hdetei m t ed

o o5, el | BhLE o0 BACKSOR oL pRser sy 4, YaLLELL of kiown packpogs ate
B e
strength of a wire bond, and could unattach during subsequent manufacturing or use. Asis
readily apparent from Fig. 1, enlargement of bond fingers 18 to reduce the problem of
overhanging stitch flare is not acceptable given the limited area available on package
substrate 12,

[0020) Accordingly, aspects of the invention described herein use multiple, stacked
interposers in particular configurations to increase the limited area available on package
interposers. A variety of known packages are available that include multiple substrates
and/or multiple dies. However, no known packages use multiple interposers and/or multipie
dies in a manner that increases the area available for input/output connections between a die
and the interposers by using the additional interposers to address the problems described
herein.

[0021] In one aspect of the invention, an IC device includes a die containing an

integrated circuit with a first and a second bond pad. The device includes a first package

interposer stacked over a second package interposer, the first interposer including a bond
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and the interposers by.tising the additional interposers to address the
probl ens described herein. [00211 In one aspect of the invention, -,in IC
device includes a die containing an integrated circuit with a first and a
second bond pad. The device includes a first package interposer stacked
over a second package interposer, the first interposer including a bond 4
pad at an clevational |evel wi,th respect to the.die.whieh is different from
Br1 ol evarrbAu EvaionblEvel ViRt e clubR i b BL R Slbiaba e The
| C devi ce gfBGbHABRd thchided tin BRNUG iMRrpdseP! TIRAU QvicefinAiéefigt eorfutbivest
bond pad directly to the first |nte2£oser's bond pad and a second

conduct i veormetien fioontherdie’s firsidond pacsdisentiorie throfnst intedpesier’'s behy padandde second

i nt erposer's hond,pad. Accor.di ngl s nce ho ds, are_prowi ded at nultiple
el evat | ondrorAapanaitvg sorfiet oh M we A F S Re oS RIS Mt B pu
connecti Ofﬂﬁexfﬂ’o@él‘r § Béhddiaa. techilngly NiRIeRRRE PadFMe Brovidddodt dhulByRiclcvalighadr €a
does not actually increase (or even decreases), the wutilized area exists at

di ff er ent lesleby at irgmeasedviics maydye mewided farnnpwfoatiat conpectitrsrining ¢hecdio vaithe
cohnections. 1002 By . of., exanpl f eat ur associ ated w th othe
aspects of MEHRESTn Vr‘?_f’i’{)tr\??@( a&@?@fﬁ %E%I&‘Fér“é}l ﬂ"tﬁﬁéh’lncﬁésﬁééavwm%q‘?r‘?aﬁ%ss]’df‘%sent
aspect of iNged MULRkIsQMt UATLER RXhEEMs, WARH 1HS, adiRt irPsQEHaﬁﬁé otheRyisOEroRideg ent
aspect of the invention, the die may be attached to the fifst i nterposer

wi t h a nomoumsttions.ve adhesive, Tl-ie first interposer may al so be attached
to th I nt i th duct i ' . F . th I
conduct i velBaahect | dRVaY PORFEHRe dPIRS e e th AT SReENAT R BYDUEEE o may

i ncl ude widegsibeEraranh figltfbetisedRRA AAbteidnyY SsRENEhY fiveAGdi@dané exbhhs) aed
tape and/or paste. The die may be stacked over the first interposer, thus

fornmi ng angiegiilietstinithe pregrs espeseafdhelitivantien theedie snaydie attapliasto thafirsbr may

not include_other conponents.therebet n. ~Further interposer nd/.or, di es
mey be i ndPGRRITH TG AECHECREINTAAERTYe.“Thig irst It Phsst By a0 g FEhee P ie

i Nt er posersecyid iBREFHE: withheloReSiRNctiRYadbesivel PeiIRY, the sele €oARIctish connéatiaRt y of
structural features. For exanple, the first interposer may have a | arger

si ze t han frame theetio tritherfirgiravd seeondriternnserganaydacivgy wigs.t Bsamplenef ude a first
S e s Nekbals MEERIRIIBR AR AR BB AR B0t o
fromthe over the first interposer, thus forming a die/first interposer/second interposer stack, which
may or may not include other components therebetween. Further interposers and/or dies
may be incinded in the device as well. The relative sizes of the first interposer and second
interposer may be selected to accomplish a variety of structural features. For example, the
first interposer may have a larger size than the second interposer and the device may further
include a first BGA under the first interposer and a second BGA under the second
interposer. The first and second BGAs may form external conductive contacts from the
respective first and second interposers.

[0023] In the present aspect of the invention, at least one die has conductive
connections to multiple interposers. The IC device may include muitiple dies, which may or
may not also have conductive connections to multiple interposers. For example, the second
interposer may include an additional bond pad and the IC device may include an additional
die containing an integrated circuit with a third bond pad. The second interposer may be

stacked over the additional die and the IC device may include a third conductive connection

from the additional die’s third bond pad directly to the second interposer’s additional bond
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respective first and second |nterposers. 100231 In the present aspect of the
i nvention, at |east one die has conductive connections to nultiple

i nterposers. The |1 C device may include nmultiple dies, which may or nay not
al so have conductive connections to nmultiple interposers. For exanple, the
second interposer may include an additional bond pad and the |IC device may

i nclude an agddjti.anal die containi an integrated circuit with.a third
bond pad. PRfle 8@BFF@C‘?W‘&V%@é‘fle%’é’;’/‘%%g’wc&tg% ng};:gp:w@%gmﬁcpp@ngqmmeg and
the |1 C devih6einfRMe ahel1Wee meAhi rd conductive connection -fromthe
additional die's third bond pad directly to the second interposer's

addi ti onal [84} 5 pa@hil¥ltenshbe cormon ircthiewet to prorade mohipbe stecked subetrates,

addi tional, die and %g@ second i nterposer

.i ncl bal | . of B
(0024 Vil PSS R RroBEeS GBS HIE Ehe S rOTLsST HESHeTeopiee: Sapéiifeq e
substrat egg , dibStagkdd QY cgﬁ%\ﬁ'{i_ﬁilﬁzgtsa@?%so?‘égﬁgé@ﬁ1fbsh‘£le§ f‘&% Gkl hirfdc@orsect

el ectrical contact to the die. , | e stacked over a con\{entlonal
seri es of dteatk&dnsthbsiia atlgso thasopbdstrrtec Simdainedtileonmay He cemniop ik tlemart he

die only to the top substrate. Similarly, while it be.common.in.the art
o pr ovi ddoRTEHHPOIR SHERH fiebdie HhEnM Ao Br s e VB TEEHAHAE i t h
direct el ec%hfa'c@t%'ang%f@l‘i@ﬁhlt%@e &BY, Witht i@ die P hRiaphieSubsihied, diWoti,p! e di es,
mul ti pl e substrates, or both, underlying electrical connections between

subst r at esindentying televtrical yorprecvonddetwecelsebtratasahay dtmatedy powiderammlectiiiad t o

underlying substrates in a stack, but only through such electrical

Connect | oReTBTIRRAIPTE AE & yBCraYag S IraD B PRGN OLIg niER Pt ectical

subst r at eSond&hSn§ BEGRE thellubbieitss Adaqin 8RAA61E vplie d\hﬁg SBERHeE Ol rCQlYéeg{ ng
di ¢'s bond pads

conductive connections fromone or nore Irectly to bond

pads of muiffeyslfeom asfecpad ehsinvedioavpzevidingsonduatiye icontmatiod frelevine or tivee di r ect
connectiong .descri bed,.fo h; cts of.the inventign does not, necessarily
ot ech ude. (e S PROBREATELY Gy ELBR PERMUHLE REPPPSRET JarWG F HECCORPanEr Snal
type of corbrelBe db&k\16SRkctitiLIROsRETor (RARctd of thORvEhRSEes ASOREEssailyt he

I nvention, the die may be separated fromthe first interposer solely by

nonconductiredudetheingntive in devjoesdron fuier deplerding thecopvemiontl typs oksontacts

bet ween t le a i rSt interposer to separate the die fromthe first
i nter pose&.%t‘g%&rﬁlfl{a%??%’?&‘the first interposer nmay be separated fromthe

second i nt ggaSser solnahy plegert@BsRnofiht inv@ntion, the die may be separated from the first
interposer solely by nonconductive material, consequently, no conductive connections exist
between the die and first interposer to separate the die from the first interposer. Similarly,
the first interposer may be separated from the second interposer solely by nonconductive
material, thus further differentiating the conventional type of substrate stacks with electrical
contacts, e.g. a BGA, separating substrates, The first and second connections described
above between the die and the first and second interposers may include wires. A first
opening may be provided completely through the first interposer and a second opening may
be provided completely through the second interposer. The first wires may pass through the
first opening and the second wires may pass through both the first and second openings.

[0026] Figs. 5 and 6 show an IC package 40 that includes die 14 and package

substrate 12 from Figs. 1 and 2. However, Figs. 5 and 6 show a second package substrate
42, Package substrate 12 is stacked over second package substrate 42, which includes bond
pads in the form of bond fingers 48. Thus, IC package 40 provides bond fingers 48 at one

elevational level and bond fingers 18 at a different elevational level. Wires 22 connect bond
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material, thus further differentiating the conventional type of substrate
stacks with electrical contacts, e.g. a BGA, separating substrates. The
first and second connections described above between the die and the first
and second interposers may include wires. A first opening may be provided
conpletely through the first interposer and a second opening may he

rovi ded co t el u he cond.interposer. . T first..wres ass
P ougn 1 et 20 B e feble W g e BB R S PRET h g o BTt 538 e b
first and sieeoidMRERIHALE padd FPeBic s 85 borkl AkkskrH4S NAW AdpphienPAEHATE Féhet hat
i ncludes die 14 and package substrate 12 fromFigs. | and 2. However, Figs.

5 and 6 sistasked sueropstrpalbvageresiree beitveen hond padsikbalping tb srevanteviroshosting acked

d Kk bst,r at Mhich Jnclud ds, in.,the f f
bond 11 nQUFLVaRs SHRES! Done T K L iGTRY sPcha Dt P! Rl Bt e
el evat i 0n]cohﬁ)}]ﬁgbntaﬁ%ebﬁg%agir)]ﬁg?gﬁil&gtg& oflir{buBhg i erﬁdgﬁiﬂﬁti&r}ﬁbbl}:ﬁxg.a . Wres

H
22 connect b 6 pads bond fingers in a simlar manner

to that sIN@AbIR, wireRngls is ¢ssamirliy unbiangedin Big. 5 2ompanedl ée Figh dndowedtsr, Hovilif di e

14 to b fi A8. As i { Fi g. th ked, I nt
a1 ow nor et e Gart s tBRRLE 18 HRAGS irive Kptstionshed e Fipr el "
bet ween aginglesifedRad IRAEH: or INBAbA,8he ke 6f WAL fifed 19 Mmaedssmel bbengrgeads

acid a vertical conponent to the separation of wites W thout contributing

t 0 encapsub@revent presidnging stitehoflarb! (Jiven the incrgpised area availahiei far bgndprslhandged i n
Fig. 5 co ed to Fig., .l. .However. .it wlkl . be, apprecjated that, bond

[ ngers. adnanEny g SralpRdeialb apalimst brveSh bpnt g SRR EECRE: Gipls Sy et
desired, |fatsgRdns bd §blaekd M-Q,qlopﬁﬁgmsdeg%npf bond fingers 18 and 48 may be
enlarged "to prevent overhanging stitch are. Gven the increased area

avai | abl e {8R27bond paddgadandd, s 8@ pass tbragh enapening 66 4 sexohdpankege bet ween
bond pad spaci w re,angl e, .and/ or nd ad sjze e selected for an
opt | nom deUPgFALe 13 65 El AR hePoeirSiehite A hee PRE SUSRICEY, (ol Lef openi ng
46 in. Secc?%ﬁin%?@?ﬁ@@s%w@%abaé Qxcﬂéi'eaﬁ%ﬁﬁi to b3%oh¢¥nBigNOMResHapes &R | N package

Substrate 1, ening 42 and opening 16 have square shapes_and are aligned
to be condéignrieats ay ericeyRbisdlepending wpanghebertisular dicdpiseraseiaissignd dplliagivhg

spon, e RRLAGEHLTc S S BURIP L) s P UESIE AT SERREROBRRIEDS,
of a BGA [hally Sdof @B@A padvidoadeshl sordaaiteanhmctsieom ICpadaigage. 4Be latfiea sizr ger
St z¢€ of package substrate 12 compared to second package substrate 42 accommodates having a

BGA on both interposers, though larger balls are used on package substrate 12 to

accommodate the elevation difference. Smaller balls may be used on package substrate 12

by employing other known ball attach techniques to achieve a suitable standoff height. The

positions and/or orientations of components in IC package 40 allow improved flexibility in

locating conductive connections, whether external or internal (within the encapsulant).

[0028] Encapsulant 26 encases the package in a'manner such that die 14 is separated

from package substrate 12 solely by adhesive 32 and encapsulant 26, Both materials may be

nonconductive. Similarly, package substrate 12 is separated from second package substrate

42 solely by adhesive 62 and encapsulant 26. Thus, the stack including die 14, package

substrate 12, and second package substrate 42 includes wires 22 and 52 as the sole

conductive connections from die 14 to package substrate 12 and second package substrate

42,



of package substrate 12 conpared to second package substrate 42 accomobdat es
having a BGA on both interposers, though |arger balls are used on package
substrate 12 to acconmmopdate the elevation difference. Snaller balls nay be
used on package substrate 12 by enploying other known ball attach

techni ques to achieve a suitable standoff height. The positions and/or

orientatio f conponents jn | ack 0.allowi Qv flexibildty:.in

Tocat | ng. UMk | ve orRags oometheh ARERET HRFSentih sPTE MR TR e e

encapsul abitainidPPBlegritedpisedi aRith dGosM AL AseddiRl cﬁ@@dﬁﬁ@iﬁiﬂgrhxﬁinwgﬁmﬂbr such
a

that die 14 is separated from package substrate 12 solely by hesi ve 32
and encapsufruihwithe, bopdpad rder firal package isterposongeskgd oVEv@SEP8Iag fespnd, package

substrate 12 is.separated fro co ackage ,substrate 42.splely by

adnesi ve E30ues EFBAE A P SR PRSP R B o5 patkage
subst r at e ndgcondiei waaARLalp %bﬁmel?uﬁéstiﬁ@ﬁ&s%dna a8 dTse W Hevice BagGisb2 as
the sole conductive connections fromdie 14 to package vabstrate 12 and

second packedystizebstnegtion from the fio028]'s Persdopadi dirgetly taathatiinatriniggnser’s bgndt he

i nvention, an |C devi,ce includes a.figrst die containin n.integrated
ci'vout t  wipehoad Bsfnaand Ghul ESeRion il P froff ek Pl BEET i o
a bond padeconddn@ridsésSs bdRiGiedge i nterposer stacked over a separate second
package interposer and separated fromthe second package interposer solely

by noncont®38]} ve ndewirnb{ examitie.ifpaterep asseriatedovititiebenasposts op g invRRgORC

devi ce has, a first .con tive C ection fromthe first die s ho a

Gt oot )y fsSripst Bhreifiof B ¥EL SRR HETHERR AR e o Ronto e el ne ¥
connect i omot é@Miéthen S6GODA stilletherFodtgrepathyderged withltiige plagent agenelthe

i nterposer’'s bond pad. [0030) By way of exanple, features associated with

ot her aspéetestipr. Aeordingdnonsiraturgdbe firy die may be packegmvepthedsldnigrraset he
. : Lol
Daa tron. 2gFHq Lo fepRiE el Svirdie S B A7 00 e, BERR R apd' e

i nvent i on sedndan@ipigert hapbethfindtdy a addivoral baid ghdentdale doricd aakaghlear t he
first inter_pch)ser and the second die nay be stacked over the first die. As
i

anot her f éBifd,Feduetiye qanneeticn iEomm e ﬂﬁbdiye’sse"_éémnﬁhmdp@é@wmt%b@ RECPREI ude
O R A WIS o SRR
level with respect to the first die which is different from an elevational leve] of the second
interposer's bond pad. The nonconductive material may contain adhesive and encapsulant.
The IC device may further include a first opening completely through the first interposer and
a second opening completely through the second interposer and aligned with the first
opening. The first wires may pass through the first opening.
{0031] Turning to Fig, 7, IC package 70 is shown in sectional view including many
of the same features as shown in Fig. 6 for IC package 40. However. IC package 70 shows
second package substrate 42 stacked over a die 74. Although not readily apparent from Fig.
7. second package substrate 42 inciudes additional bond pads that contact balls 58 of a BGA
forming a conductive connéction between the bond pads (not shown) of die 74 and the bond
pads of second package substrate 42. Balls 58 also physically attach die 74 to second
package substrate 42. Given the increased thickness of IC package 70 in comparison to IC
package 40, balls 54 and balls 56 of IC package 40 are replaced, respectively, with column
bump 78 and colmmn bump 72. Similarly, an encapsulant 76 replaces encapsulant 26 of IC

package 40 to encase the additional features. 1C package 70 thus provides one example of
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i nterposer's additional bond pad. The first interposer's bond pad may be at
an elevational level with respect to the first die which is different from
an el evational |level of the second interposer's bond pad. The nonconductive
mat erial may contain adhesive and encapsul ant. The |1C device may further
include a first opening conpletely through the first interposer and a

d i ng | | : I ith th
Firet opdipido e nEr Y b SO ETRRATEIRRR o ERRL Spadklgd! 103, "
Tur ni ng t dpfekbser! makfagoRekag e 68 pbRicabefkecbid packiage BalistraicelR suitable dortgndany

of the same features as shown in Fig. 6 for |1 C package 40. However, |IC
package 7Mahows second package substrate 42 stacked over a die 74.

Al t hough n adi | y- j 4 7 . : e 42
i ncl udes aﬁéaﬂl% fonal Igiaﬁ@?%%ﬁ%sp%{}tg)?‘t ﬂ(?ol%%’ %%{m%%rff(gﬂgﬁ%‘ﬁfégﬁgﬁig%%é rq#eng a
conduct i vestaed e¢di dsephatoendit had hdinst paskige(meipostramtked bveli :esepdrarsdcdride

bond pads of second package substrate 42. Bal|s 58 al so physically attach
die 74 to reekaednteppaskiaginch dirseqnigias aipintegrqted clrewit Wb rdR88 #2d nEetihess of 1C
package 70_jn _conpari;son.to. | CK 40 AR . | s..5 I C
package 40‘111§F%°S gﬁ‘ﬁ%‘@%ﬁa bﬁsré%%@(ttﬁ}a/éeflﬁgg C%S\/ilst%a‘%gfiﬁ?r%gﬂﬁgi?rgl g]l'pg?\%' %oﬁ'&sﬁn bump

72. Sim | agonductiR cORERIDH eRRES f?&nrtmﬁﬁﬁeﬁ’magﬁuldﬁew% thé fitintppoicrge 40
to encase the additional features. |IC package 70 thus provi des one exanple

of 8 i ncorlwwdarayd mskedngl condygbive connasgnel gsisisvone therrseendatie’sthendpahdizecdye
and a packa inter [, ] further use of portions of second package
substratektﬂgﬁesfﬁcf’é‘gf’ggrigsraﬁc%ﬁghgg%ds. [0032] In a further aspect of the

i nvention, {@083] C devBgevayliflexsiepleafeaneanasatifed sithokied agpeets of iheipacaionsf i r st
die and a first package I nterposer stacked over separate second %ackage

i nt er poserdeserikad heran sygbtheised vithihe reserd @spact eluthe IpyenHon iibe gxtsathexde n

i nt er poserd . S A" I | il t i

i nt er pose rthg%]ﬁ!gt ﬂ%c%gg&gdc@?\?%ayc‘%ﬁaﬁ%%{lﬁtﬁ qtéifll;t% g &f@%}l};& 'g ﬂlg%ﬁﬁ i st PE(? Pléész‘;ebo nd
pad dir ectihy firsy didima¥ be attadhed s thedest 1aterfasadwith domsutidactbecdhesi oo andi thei firet

connection exists fromth ecqgnd die' s bond pad directl to the second
i nter poserl-ﬂgerwaanﬁags aft@@tsgfo SResPdgntegnosRpVED npagﬁnépgivea@@sw%_t@u&w,t h
ot her aspegt §o]@fcoﬁ§\.ﬂcti'v_9¥§1me'c95'§s fr&lﬁ%ﬁ{ ﬁ&%dﬂ&%@ﬁggﬁ%gﬁe bespustd kddpat he

present aspect of e 1nvention to the extent t
second interposers may include wires. The first interposer may have a smaller size than the

second interposer. The device may further include a BGA under the second interposer,
forming external conductive contacts from the second interposer.

[0034) The first interposer’s bond pad may be at an elevational level with respect to
the first die which is different from an elevational level.of the second interposer’s bond pad.
The first die may be separated from the first interposer solely by nonconductive material.
The device may further include a first opening completely through the first interposer and
second opening completely through the second interposer and aligned with the {irst opening.
Formed as a wire, the first conductive connection may pass through the first opening.

[0035] Even though the first interposer may. be separated from the second interposer
solely by nonconductive material, the first interposer and the second interposer may each
include an additional bond pad.. The device may further include a third conductive
connection from the first interposer’s additional bond pad directly to the second interposer’s

additional bond pad, allowing increased flexibility in designing circuits on the interposers.



not conflict. The second die may be attached to the first die with a
nonconducti ve adhesive, the first die nay be attached to the first

i nt erposer with nonconductive adhesive, and the first interposer nay be
attached to the second interposer with nonconductive adhesive. Further, the
sol e conductive connections fromthe first and second dies to the respective

first and |gggpnd 'rﬁlg zﬁﬁrsﬁshWa{ g%é{gﬁnc‘!‘ﬁ E@c?lon%]h'\ﬁc\t:'o?ﬁﬁ Id::éﬂél{ag%ﬁrf\”ay

have a sma Ier size t econd i nt er poser her

i ncl ude aclmwndefckémevéiﬁmi@@da ND#k 8905 efid 84]5 QrenttBched ey :Ita:lesw@ﬂldﬁlofﬂliv}e
contacts fromthe second interposer. [0034]. The first interposer' s bond pad
may be at ™Ay ke eapsendusiivel Bieb4ang Sﬁwck%%%é irgt package sybstigte & whighis in fugn,

di fferent %m%'a ng’{]elbggo\s{ﬂ dJa‘c?f?:fée § ﬁéﬁ% ﬁ}z '$1| AR SR lb%teﬁ{e%ﬁsd?{ effa ng”ﬁ!rstpad-

The first I nterposer so

nonconductpbm;zre&txsmaad 82 arkhen stihekioe | MR Yetwgeh Kiest paclclgb debsarafel 82sdndajeednidng
conpletely through the first interpgser and. second openi ng conpletely
t hr ough tmécl%@éﬁbstram Hwarpe apgcoarpghed Wirehl (nrroride sendissng ﬁ@fmecﬁ%’rsned as

2wt el LS pRANGNELCYE) GRA98) LAY AT DaLERHARMN S Bhciagent o

[ 0035] Even Irrst’rnterposer epa at ond

i nt erpOSersubaﬁdtewxrba/nﬁmanﬁuattbmxmenFags Sahé6f Wisés 1|0r4t;e,smmrghamd t he
second interposer may each include an additional bond pad. The device may

further i wePRiBe 8§ qomnl@elddhwsb fiyss Packagn sehstiate &2 ohe PPRIING Y& Eompletehhoser ' s
addi t :,ilolnglklln %8&9 gc%ﬂd giacél?z%fz lsMbsDﬁ pﬁ p%gglggéjaécgésetro Wesl%ndsl{ad%ﬂ%n% W&aﬂongﬂl@d

pad, Rg5T et ea €si gning circui

inter poserEst] [ 00364 tfé g, viéw @ﬂ@1g98§di‘!@\ﬂ4alimvm ®ith 8ot pads 90t seeaﬁd vi ew of
all 1C package 80. A die 84b is stacked over a die 84a. Dies 84a and 84b

are att acegKagerHbgei0Zis shogn ‘W}ﬁ kand pady 8% andh ok wiirst Paﬁéagqjl@stgﬂa P

stacked o i S

Second. pacRowh i bARGHRI 85 WIRL S oullec 40hE Radsi0,oié MiTko peaaees GLE"
package subedndqﬁaekaig% sabstrae Iﬁﬁh‘éh:mwdae R4 hdvat mﬁncﬁvermhnmmha@ensubtﬁt rate 82
and second e subst t e .nonconducti ve. rovi de
conduct i vét %E?Fﬁ %‘PB?%S a"f %E%gﬁs %&w(’%‘éﬁ CAIREGHPN tgRNAMEr %fzefge é‘%t ly to
bond pads 1ﬁﬂ3ﬁ§os§1@o‘ﬁ?91nglfea§édra?5a f&?%ﬁfﬂ%ﬁds%?ﬁr [y Fsd PhoRagBBRLaBTR{ AT 1O

wires 22 in Wres 10 ass ough“an ‘opening 86 conpletely
t hrough f |semdgmkmeubstb93e 162 for@2mulfpleape straciglrﬂﬁmqmmpdnetoedther Icrpanla@les second

package s ugsttursg aesm]g e su%rst?'gtle %?;S)ro%? ¥ 1rsec% gontdugtngocmmgct]onq'uom 2 Bie Stac ntoI ad
single substrate. In the event that it is desired, wires 100 may also provide a conductive
connection directly from bond pads 108 of second package substrate 102 to bond pads 98 of
first package substrate 82. IC package 80 thus enables significant flexibility in package
design. An encapsulant 1 16 encases the dies and interposers while balls 94 of a BGA form
external conductive contacts from the package.

[0038] Figs, 5-9 provide a few examples of how a stack of multiple interposers may
be used along with a single die or multiple dies to accommodate increased input/output
connections. In addition to the advantages mentioned herein, an increased area for bond pad
placement may allow use of larger wire diameters, Larger wire diameters, in turn, increase
the margin of error during encapsulation when wire sweep may be a problem. Larger wire

diameters provide increased structural support for wires so that wires remain correctly

aligned during packaging. In addition to potentially larger bond pads, the increased

10



t00371 In the lop view of Fig. 8 die 84b is shown with bond pads 90, second
package substrate 102 is shown with bond pads 88 and 1108 and first package
substrate 82 is shown with bond pads 98. Wres 92 connect bond pads 90 of
die 84b to bond pads 88 of second package substrate 102. Thus die 84a has a
conductive connection to one of the stacked interposers; and die 84b has a

conductive_conriection to apother,_qf t stacked, int ser Al i,ner eased
Aea for DERRORE] By b0 ANRY hertiacky By eRL SR Lo S ePUBARE S ReuiY bn RS F G
package syphsagatReddderl OWidar ek ichh fnftoe &dlABKity.n conparison to other IC
packages that use a single substrate or provide direct conductiyve

connect i onf0038m a dikvesttheuehawmereys agvanageglexiss fpstackedintgrposereofdbeipet hat
it is desi o WM 0 i de. i i i tly
fr om bond “poae o jieplo e RuhAg) SR, FIRHE e YFeSRR0 TR OB e L,

package suhsiposdie nfdht ihtolPesdddena QrdchssssteRabhpareditgBinizlcciattipdsesxiPatkdgky 1 n
package design. An encapsul ant, 116 _encases the dies and interposers while
bal | s 94 &fight mea atsorhe somendiphhighero Nyitben inserposer se3tendy smhighes compresgdo

| nt or poser sieyrerRet Ao ik ROHP RGPl S BB o 0

accomodatgelpdsérs afi@ dssobipted/ Vit fidked $RBIPRSrE OIS enhBliléibdet eshdudtivdhe
advant ages nentioned herein, an increased area for bond pad placenent may

al | ow use copndcippefon dies @i cagenterposer] sicheptantipkdisgdyapipeesare pyick lash. i ncr ease

the margi n gfaerl o, ULl D0LELLERRSUALL N MIEh ke yeep may be a pr obl em

Larger wr S provi increa Str ural” Stpport for wires so

that wires[00gopi n coxn@bér advamhgostadridus hspactd o€ krdhwaitioh maddtlud®enabling
potentially |arger bond &%ds, the increased 10 interposer area may al so
al | ow wi dép BgTaasedn pait pEEN! PIeupddH heldhe meaufasturingipresest In theeonveaiiamle

|t er poserslidalod LAGE DR lad L MYRCLERTAL L bbYy plPARRk 1GUED GG o

nunmer ous advant ages exi st I Nterposers associ at ed
W th the aspebdleomayibe activaal iocichizes better pldcesiemdcdutaeyinderisitingdhé loajstosuch
stacked interposers mght involve additional process steps conpared to

si ngl e i nfeHPEIBIEIMIPYK agFurack by il 2l spamay feseass LHdhEINsA tha S X4aPTOCSHPE her |

7L P g0 AUt GG LSRR BT A AR FLPSHORE Sonf VRS

associ at ealloimtprostssiak edth the &rcats deasurenkyctivnted| Mhgs,dispett ofabhe thvehitiaremay
allow an increase in UPH along with accurate bond placement.
[0041] Fig. 10 illustrates generally, by way of example, but not by way of limitation,
an embodiment of a computer system 400 according to an aspect of the present invention.
Computer system 400 includes a monitor 401 or other communication output device, a
keyboard 402 or other communication input device, and a motherboard 404. Motherboard
404 can carry a microprocessor 406 or other data processing unit, and at least one memory
device 408. Memory device 408 can comprise various aspects of the invention described
above. Memory device 408 can comprise an array of memory cells, and such array can be
coupled with addressing circuitry for accessing individual memory cells in the array.
Further, the memory cell array can be coupled to a read circuit for reading data from the
memory cells. The addressing and read circuitry can be utilized for conveying information
between memory device 408 and processor 406. Such Is illustrated in the block diagram of

the motherboard 404 shown in Fig. 11. In such block diagram, the addressing circuitry is

illustrated as 410 and the read circuitry is illustrated as 412.
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connections fromdies to one interposer, such potential disadvantages are
much |l ess significant conpared to the potential advantages descri bed

herei n. 10040) Anot her advantage of various aspects of the invention may

i nclude enabling an increase in unit output per hour (UPH) of the

manuf acturing process, In the conventional circunstance where bond pads are

act i vat ed 1B42Eh ovd7aey RUEF EERE atAFALREnIo RO R boes 0 EnaSReTopdiya "

feat ure mayenh P et CEeREYipleh sihgletinding SnediiRoty eERIBINIPH) ghd émi b Hinext r a
processing tine needed, Aspects of the invention that al]ow | arger bond pad
size may AoMP@EYpeefiesdDIMMS)imoay b eed 41 thed mplarperdation thetattidizes dg tegelaings of

deactivat ed. Thus, aspects, of the Lnvention. | n,iacr n UPH

aong v t R RBBRE Tronetndly GO P ol W 2y S ELERRS o 2 1y oy
way of exapRbes thatbrobidle differv@in@hodd d¥irkatih@fom &R Witatiormémeily fls af genmput er
system 400 according to an aspect of the present invention. nmput er system

400 i ncl udesice. Poaistdy madod oy the Phge medernpariider Pege madpaperdieaisds 2 RRANEarboar d
402 or ot her_cpmmyni cati on.input device, and a ber hoard 404, Mt herboard
204 can_ oL bTHR BB AR g i Bra Bl S PEVEER Frsdiiin MRk

| east one difEdBAYcol RN SBhéBBay. YRADEtYredRY tHea o4QRdGRNnEOTsTESBoN 35 Blgadspect s
of the invention described above. Menory device 408 can conprise an array

of menory 2gélhtput while that polamndy aesghsede coupl ed with addressing circuitry

for accessj i ndi vi dua| r | 1S i h . Eurt ry
cell arr ayt[@gﬁj be cd@l’b%@%ﬂﬁg? )gﬁérogglgvxgﬂsgt l fL,F)?tfeﬁéchééagawgéutﬂ@%@)fnb%ﬁqm&ﬁga
nenory celadigws fh@ ststed esemesiopNslrdyeatdras tCbeé hvalabRs batput hftdraBeladddgssed
conveying information between nmenory device 408 and processor 406. Such is

i |1 ust r at eglimn baseesn sloiked!i Thif mamery canfineressstspmechBEmItien spesdAbyn Fig. 11,

S . . . R _ r
the'read ¢y uit4 FEFERAcck AL BPLA Pofbtht i wpich MEHE] GipdRaGdl o1
of the i nwesititdion Beidioty dey.iGthediEneaive Cyet ©f forickstinclade SPRAM, DDRuUl e.  For

exanpl e, single in-1ine penory dules (SIMvs) and duyal ill-line. mepory
modul es. ( DHRANL S PN BN sl Rd ec BERAM 21 16l ¢ AeTsFD oy SEAMgr Fast
t eachi ngs pf ., 4de present invention. The menory device can be incorporated
into any of a variety of designs that provide different nethods of reading

from and wi0ddhg t o Ripnd Ylustedtéssa dmplilied block diagram of a high-level organization of
vartous embodiments of an'exemplary electronic system 700 of the present invention.
System 700 can correspond to, for example, a computer system, a process control system, or
any other system that employs a processor and associated memory. Electronic system 700
has functional elements, including a processor or arithmetic/logic unit (ALU) 702, a contro)
unit 704, a memory device unit 706 and an input/output (I/0) device 708. Generally, _
electronic system 700 will have a native set of instructions that specify operations to be
performed on data by the processor 702 and other interactions between the processor 702,
the memory device unit 706 and the I/O devices 708. The contro! unit 704 coordinates al)
operations of the processor 702, the memory device 706 and the I/O devices 708 by
continuously cycling through a set of operations that cause instructions to be fetched from
the memory device 706 and executed. In various embodiments, the memory device 706
includes, but is not limited to, random access memory (RAM) devices, read-only memory
(ROM) devices, and peripheral devices such as a floppy disk drive and a compact disk CD-

ROM drive. One of ordinary skill in the art will understand, upon reading and
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device. One such nethod is the page node operation. Page node operations in
a DRAM are defined by the method of accessing a row of a nenory cell arrays
and randomy accessing different columms of the array. Data stored at the
row and colum intersection can be read and output while that colum is
accessed. [0043] An alternate type of device is the extended data out put
(EDO nenp

avai l abl e éﬁ’%{}t ﬁpgélial?gfsc Oglélaeaﬁ’éfr ed%ﬁheﬁ Wﬁd ﬁlgg{aﬁgeoo%gfoglgg% Ecﬁﬁpgb]ﬁenory

call incr %@%@11@%1&%6'1@&]&&@@%%%@1@@% by allow ng shorter access
signals w thout reducing the tinme in which rrermr?/ out put data is available
g

oi | a menoldp4Bus. Ocher13aﬂsm@nmahﬁsﬁbblpylpé@gtam@lféev bsle\m%.@rgjmamf\zvmm

SDRAM SLDRAM VRAM and Dir (
Saeh  nefOrrIarpBameRmY SN phl ey Seig . RIS AR of a
hi gh- | eVe'dechfSBE 2 h@@aa@ﬁlra)%/@frm@liﬂl@r}edm@@lUMHH&SQ%C%HE@W%@W@@& ElEduitPni C
system 700 of the present invention. System 700 can correspond to, for

exanpl e, #08oePuineracesss tieenitrp 8@60‘@&@%1@@;&1&1@! ciegurefl 2 for coahyllmg loperatigns, em

t hat | t d t t 7
funct | ona PR ISR SR8l g 2 FEOREL SERems O MR B BT SO AL L)
702, a Corstlﬁoénd 4Rkdrs €9, sush BB ht gél\ébﬁ%ﬁdfﬁtémﬁgﬁg%ﬁﬂ?ér la memory cell is in a

i nput/out put’, (1/0) device 708. Generally, electroiic system 700 wll have a
native setlowﬁhamhdsldmonahu:mgishw orsipedii ly-thogshokt acmasonidocting stater The bdtratad dat a

by the processor 702 d ot i nteracti,ons b en th cessor 702, the
morory e JPRer SRS 336 qeh @omen SRl HEno o0, BB RSB P R oGy

coor di nat egfeftdice v@ﬁ?%eat:h 9@4 %}E‘pl@ﬁ@&%s{ﬁ@ﬁrs?Q%rdlhﬁ%ﬂ?ﬁﬂ&éﬁ gemiicesgPrand
the 1/0 devices con i nuously cycling through a set of operations

t hat causerovidingube samad wordimefwitle heldest psheirauitey 8% %fospyodding the Hidgearith
ted. t h but i
e ot abes The NS 00 o Mo PR 20k S aBem S arbRfi EREPH (e

devi ces, aReksBRigi pheral devices such as a floppy disk drive and a conpact

disk CD- ROM drive. One of ordinary skill in the ail wll| understand, upon
readi ng antP0#8] conprErremamaty davies 2§§¢ftm§rcentr@1mnaém§/24oﬁromﬁbe popersen ¥Ped

el ect r i Calovexo alﬂ?lpge&trget%fhzangrp ﬁ‘lt])és Th% ec':rr)]r%e\rl%Q %bf%[uesgd {9 stloﬂectla?a BaBRAM

cells
accessed via I/0 lines. 1t will be appreciated by those skilled in the art that additional

circuitry and control signals can be provided, and that the memory device 802 has been
simiplified to help focus on the invention.

[0047] The various illustrated systems of this disclosure are intended to provide a
general understanding of various applications for the IC devices of the present invention,
and are not intended to serve as a complete description of all the elements and features of an
electronic system using memory cells. One of the ordinary skill in the art will understand
that the various electronic systems can be fabricated in single-package processing units, or
even on a single semiconductor chip, in order to reduce the communication time between the
processor and the memory device(s).

[0048] Applications for memory cells can include electronic systems for use in
memory modules, device drivers, power modules, communication modems, processor
modules, and application-specific modules, and may include multilayer, multichip modules.

Such circuitry can further be a subcomponent of a variety of electronic systems, such as a



[00451 Fig. 13 is a sinplified block diagramof a high-Ilevel organization of
various enbodi mnents of an exenplary el ectronic system 800. The system 800

i ncludes a nenory device 802 that has an array of nenory cells 804, address
decoder 806, row access circuitry 808, columm access circuitr y 8 10,

read/ wite control circuitry 812 for controlling operations, and

Lo out R LY £ 135 PRI S5Yb5 PR bHEIE LRI AR

Nso uc ermning
whet her asgag@gyngﬁhhﬂj@“hﬁh@g_IOMFthreshoId conducting state or in a
hi gh-threshol d non-conducting state. The illustrated power circuitry 816

i ncl udes ptWd?] suppl i wwinpdianes yitB g, statpiecilieinyengen hapbeeprdsserifieddn nguage
reference voltage, cireuitry, 834 for ., pragvigdi he first wordline wth

bul ses. oot s she Fo oacivu e HBosteel oS ik tiRbResfdes, anc
circui try |RR&vEkhap HRVindémibntif Bodlichitéd¥® thé SpeciMUlea®ses shbfn 4@ HESBAL sk 0
includes a processor 822, or nenory controller for nmenory accessing. [00461
The nenor yhelggreehagen disstased sempisa preferssil omsofgnuting thennveatipn btestent. 822

over Wri or tal.lization li.nes. The ry device 802 is.used to store
data that e IndRloBes dRGHERE Al in Ao T B Inle R S atio it st
skilled inchheortht a%{l@fde@%hﬁé ?ﬁbprizﬁﬂg%ﬁhip&éte@ﬂﬂadé@fﬂahéﬂ wih @edcetriRnfbe
provi ded, and t hat e nmenory device 802 has been sinplified to help focus
on the i nwegntvalasts.[ 00471 The various illustrated systems of this disclosure
are intended to provide a general understanding of various applications for
the 1 C devices of the present invention, and are not intended to serve as a
conpl ete description of all the elenments and features of an electronic
system using nenory cells. One of the ordinary skill in the art wll
understand that the various electronic systens can be fabricated in

si ngl e- package processing units, or even on a single sem conductor chip, in
order to reduce the comunication tine between the processor and the nenory
device(s). [0048] Applications for nmernory cells can include electronic
systens for use in nenory nodul es, device drivers, power nodul es,

communi cati on nodens, processor nodules, and application-specific nodul es,
and may include nultilayer, nultichip nodules. Such circuitry can further
be a subconponent of a variety of electronic systens, such as a B
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clock, a television, a cell phone, a personal conputer, an autonobile, an

i ndustrial control system an aircraft, and others. [0049] In conpliance
with the statute, the invention has been described in | anguage nore or |ess
specific as to stnictural and nethodical features. It is to be understood,
however, that the invention is not limted to the specific features shown
and descri bed, since the neans herein disclosed conprise preferred forns of
putting the invention into effect. The invention is, therefore, clained in
any of itsyéers: or nodifications within the proper scope of the appended
clainms appropriately interpreted in gccordance with the doctrine of

equi valents. 14 We claim | . AnintegratMcircuit device conprising: a die
cont ai ni ng an ilnt egréth Bdemated gireuipflavicecomnrsingand a second bond pad.. a
first package inger er . st [ : i nt er poser,
the firen & DERERER g bR PRt Bhest TR AR An S R SORMBRRIPRE, o Wi £

respect to the gOfiset yekede inferpokef Steskeblover PBpaniteiRvat pakake nttpdseRfithafikond
pad i ncluded in the second interposer; and a first conductive connection

from t he dnterposeripgudipgndopd dadint ecelpyatiosak Ineel prithstespechtoghp disavhish bond pad

and a secopd conductive conneection.fromthe die s. second bond pad irectly
fo the sedmierentirapsnEiratopiipiis oW imlnghle o i Shnd A lRE el e
die is attached ;8 édnguétiveSdonheitRhIRMR thedié’ firRMRGAPEYElréME Bdiesisve, the
first interposer is attached to the second interposer with nonconductive

adhesi ve, laagosties buidgpad and acerand copdvritveiconnectipp monhdedieds sesond bortd pask  and
second i ntgr r I L€ device of claim!|l wherein the die is
d%e?t?igo t?lF ggct%:c’l u?tgr[p\é’isér ssbongb%ﬁl

st acked over n oser. he device of claim3 wherein the
first interposer has a larger size than the second interposer, the device

further conprising aHel desiceBBAlaimndewhdrbia the digtis andichedashe fisndntarposecard BGA
under the second interpaoser, the first and second BGAs form ng external
conduct i vaoperndaeke adhssive.ribe fiest enpress 15 attashechiothe second mtepess ety s. 1 5.

The devi ¢q,,QlorfechBivR ARMGE Sl thd'Go18 EGRAEr L THBARSHS HoRfhiddfStothe RWhAS ONa

second interposers comprise wires.

-

3. The device of claim 1 wherein the die is stacked over the first interposer.

4. The device of claim 3 wherein the first interposer has a larger size than the
second interposer, the device further comprising a first BGA under the first interposer and a
second BGA under the second interposer, the first and second BGAs forming external

conductive contacts from the respective first and second interposers.

" S, The device of claim 3 wherein the second interposer includes an additional
bond pad, the device further comprising;
an additional die containing an integrated circuit with a third bond pad, the second
interposer being stacked over the additional die; and
a third conductive connection from the additional die’s third bond pad directly to the

second interposer’s additional bond pad.

6. The device of claim 5 wherein the third conductive connection comprises a
ball of a BGA.



bond pad, the device further conprising: an additional die containing an
integrated circuit with a third bond pad, the second i nterposer being
stacked over the additional die; and a third conductive connection fromthe
additional die's third bond pad directly to the second interposer's

addi tional bond pad. 6. The device of claim5 wherein the third Conductive

connection conpyi Sesﬂ? %teziileLgoiai&SB e %ﬁhzmc 1Q§?gfﬁ%§ﬁg%ftllgh?§t &Ll&)}qﬂ?re' n

the die is separated oser noncon

mat eri al . s8lelylbe noheoonaectble aadian 1 wher ein the first interposer is separated
fromthe second interposer solely by nonconductive material. 9. The device
of claim1l wherein the first and second conductive connections_ conprise
wires. 10. The Hevi thezﬁeveqeaqulagmfluMmém the BpT IPIRGSH 1F papatateshem s

conpl et el r the first int er and a second opening conpletely

t hr ough t%%wélgog%&pqsﬁ{%qj%logernonwl Y rflatewq\’ es passing through the first
openi ng and the second w res passi ng through both the first and second
openi ngs. 11. The deVhedevide ofloidim Il wheehy the Giekt yd Secohill Rosditiee patleagms 12
The device of claim| conprised by a nenory device. 13. The nenory device of
claim12 @Qﬁwrlsgé‘dleby a conputer systemw th a mcroprocessor. 14. An
integrated circuit device conprising: a die containing an integrated circuit

ot et nched + o2 SPECANRNVARY skl (hpRRG 28R bBLRAPOSEHIA ARKARLOY !

and attached to a s € sec om t he

second i ntigg ﬁmmte@akalayidlaxsemquradm@tcbmldmyeimagh tifehecoxﬂlxﬁtet;ﬁwgtrﬁtfasxked
over and attached to the first interposer and separated fromthe firs

i nt er poser~ises| pASHn jhrpuzic Bedusttaperingand theagecond wires pasging frapglobeth th%ﬁ,ﬂsh di ng

a bond pa ional level with respect to the die which is
di fferent %f]ratg?n‘%a}ilﬁiogﬂcﬁ?@% onal level of a

11.  The device of claim 1 comprised by a chip scale package.
12.  The device of claim 1 comprised by a memory device.

13, The memory device of claim 12 comprised by a computer system with a

MIiCroprocessor.

14. An inteérated circﬁit dévice éomprising:

a die containing an integrated circuit with a first and a second bond pad;

a first package interposer stacked over and attached to a separate second package
interposer and separated from the second interposer solely by nonconductive material, the
die being stacked over and attached to the first interposer and separated from the first
interposer solely by nonconductive material, the first interposer including a bond pad at an
elevational level with respect to the die which is different from an elevational level of a
bond pad included in the second interposer; and

a first opening completely through the first interposer and a second opening
completely through the second interposer. a first conductive wire passing through the first
opening from the die’s first bond pad directly to the first interposer’s bond pad, and a second
conductive wire passing through both the first and second openings from the die’s second

bond pad directly to the second interposer’s bond pad.
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bond pad included in the second interposer; and a first opening conpletely
through the first interposer and a second opening conpletely through the
second interposer, a first conductive w re passing through the first

opening fromthe die's 'first bond pad directly to the first interposer's
bond pad, and a second conductive wre passing through both the first and
second openings_fromthe .die.s secon bond pad directly. to,the second

i nt erposer's biﬁd pade® E@Cﬁgfa%?‘g@a’i@@@ QF S(B:F%’Idrﬂnffﬂ"\ﬁﬁ%‘%liuﬂestﬂ’ea Hosak

i nt er poseg, i _ L, si3ond pad, the device further conprising:
an addi tifc’)cr’llg é?g%i%eﬁ%?ﬂ‘?'%“gﬁ%}”ﬁ%‘@gr ated circuit wwth a third bond pad,
the second i nteepdsenalligd coitabiag ke dntepmtedanatui tvtithchtha dtbond Iped ,abielsecomhal

die; and a condu%tj ve bﬁ\l(%1 of a,BGA fromth_@ additional die's third bond pad
directly HTPRRT DeREsHRTkehp e gad aifached iRyiheiadAlionplaties F9d. 16. An integrat ed
circuit device Sk ROy ' o -2l Nl 4 d j I,GHe T Wi th
a bond pad; a Saggfgi%:'t 13% gglégﬁ? gﬁf%gmaﬁeﬁgglgg?gt@‘gsg?lrdcﬁl}%n?%ﬁaidﬁqgﬂbtgggé pad; a
first packagedimtpoposaddétamekimdidpedr a separate second package i nterposer
and separated fromthe second interposer solely by nonconductive material,
each interpose i nc] udi ng .a, hond pad; and ,.a first conductive connection

r

fromthe first '8ie §'U8FF@9%%FH°‘6‘?W I COARES i rst  interposer's bond pad

and a second Cﬁ’?ﬁ‘k{(ﬁiéE&ltﬁﬂﬂig%ghﬁggﬁécpﬂ?chh%iﬁﬁﬁg&% fie' s bond pad directly
' ond pad. 17.

to the second interposer’'s The device of claim 16 wherein the
first die is attsacmddii¢ corthiminfiandhtegratesk prsdrwitivg bimdyiconduct i ve adhesi ve

and the sol e conductive connection romthe first dje to the first
i nt er poser conpr i@@‘\ﬂﬁ%ém‘?i@?cr%iaé@?’?@ q;par@}%eﬁqrﬁqux}s@&eépwrnqﬁsr ™ st die

| s stacked. ayaLq kB the S&lond MiEHBEISblel IitendNive alridi] AbInt8pyler ein the
first int eH%oser rhas 1a T%)Pgér ?ieze tﬁéﬁ%t’ﬂe Islecond i ntrzar’poserl, Phe devi ce
further cowdisg mhowrd pad;ghdarray of conductive col um bunps
a first conductive connection from the first die’s bond pad directly to the first
interposer’s bond pad and a second conductive connection from the second die’s bond pad

directly to the second interposer’s bond pad.

- 17, The device of claim 16 wherein the first die is attached to the first interposer
with nonconductive adhesive and the sole conductive connections from the first die to the

first interposer comprise wires.

18. The device of claim 16 wherein the first die is stacked over the first

interposer.

19.  The device of claim 18 wherein the first interposer has a larger size than the
second interposer, the deviQ"e further comprising a first array of conductive column bumps
under the first interposer aI;d a second array of conductive column bumps under the second
interposer, the first and second arrays forming external conductive contacts from the

respective first and second interposers.

20, The device of claim 18 wherein the second die is stacked over the first die.
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under the first interposer and a second array of conductive col um bunps
under the second interposer, the first and second arrays form ng external
conductive contacts fromthe respective first and second interposers. 20.
The device of claim 18 wherein the second die is stacked over the first die.
17 21. The device of claim 16 V\,herei n first die and the second interposer

both include add] t| naI t he devj.ce rther athird
conductive conrfectio UEHE”% SFhegeia: f&“&hﬂﬁ‘?({ ﬁlﬁéF“{?gHBtnB%‘f{e‘o}?(%éct ly to
the Seconqm'-i{?&@érpé’(ﬁﬂﬁoﬁl ﬁgﬁjd fﬂdo fald dég%q"uﬂ!?@(iomi?isingqmﬂg\ébﬁcﬁlcﬂ(re 9&:@:‘&3@101116

wherein the tirst 1nterposer I's at | evational level wth
respect t drdr ﬁla‘ﬁnssdie’dladdmlclkbqnsl midfditectdgnto the senoad instrpesdri scdditidneltgindof
the second interposer's bond pad. 23. The device of claim16 wherein the
nonconducti®e materi al conpri ses adhesive and encapsul ant. 24. The device
of claim 16 wherein the second die is attached to the second interposer by

a BGA that inclydes THe1SeeUFdHRANGUGHIrYR (RONRE GitdiBBserZbond Pad feiage of
claim 16 wherein the first die Is separated fromthe first "interposer

sol el y by ahevational letel withirespect talthe 861 dithehideisi differeht ﬂbmlalmeleﬁlammmMGWI othe
first and second conduct; e gonpections conprise wres. 27. The device of
clai m26 i $958R< EBFFBPTLS \r[P@ gpf‘?]rst openi ng conpl etely through the first
interposer and a second opening conpletely through the second interposer and

aligned with the firple SRFRY I Whdrsih thd ﬁ&ﬁ:oﬁ&?&i‘v@%a&é}w!&%ghk&% fir St
openi ng. 28. The device of claim 16 conprised by a chip scal e package.

The devi cendbésiet @ichent@psudmpr i sed by a menory device. 30. The nmenory deV| ce
of claim29 conprised by a conputer systemw th a microprocessor. 18 31. An

integrated cir CZ% t C%IC%OO cEalm l%herem the second die is attached to the second

interposer bya BGA that includes the second conductive connection.

25.  The device of claim 16 wherein the first die is separated from the first

interposer solely by nonconductive material.

26, The device of claim 16 wherein the first and second conductive connections

coInprise wires.

27.  The device of claim 26 further comprising a first opening completely through
the first interposer and a second opening completely through the second interposer and

aligned with the first opening, the first wires passing through the first opening.

28.  The device of claim 16 comprised by a chip scale package.

29. The device of claim 16 comprised by a memory device.
30.  The memory device of claim 29 comprised by a computer system with a

MICIOPIOCcessor.
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a second die stacked over a separate first die, each die containing an
integrated circuit with a bond pad; a first package interposer stacked over
a separate second package interposer, each interposer including a bond pad
and. the first die being stacked over the first interposer; and a first
conductive connection fromthe first die's bond pad directly to the first
interposer's bopnd paq and a second conductive connection fromthe second
die's bond pad ng re&‘l‘?‘%’@te{dﬁé‘c_é’éé‘ﬁ‘r‘l‘ﬁeic?m@’rlﬁﬁger' s bond pad. 32. The device
of claim31l whejeiRnghe sakeddvél zfasdé_lp%‘afétﬁ@f:&l@peatcﬂ dw"&mftdéﬁifﬁé aflifte Whleh

nonconduct i ve adhesive, the first e Is attached to th rrst 1nterposer

Wi t h noncarictudttwiiea bacthpal;ve, the first interposer is attached to the second

i nterposer with onco(r:]ducti ve adheEi ve, and the sole conducgtive connections
fromthe first AfEtPREGRE MF@EsH stacked oYes a seRarpigectanddincieg 1RIEGINE: cac

I nt er poser:s; | i ' ;A e ISt

 nt or posor TG0 LiRFidiy #fondid oHaCEK: OF Bing B Slel BE B AubfiBecy A
further conpri sifigstaommatiue denettien femahel firsn iy’ pbael padatiracigto tuetfrstnal

conductive contacts fromthe second interposer. 34, The device of claim31
wher i n T PEFPRST SPERLEAL AR 961E SRBHELT S FBNEH from dhscerrd dise b pad

addi ti onal g i ; conprising a third conductive
dlférlgi%t{? ﬂgy sfeI:clﬁﬁi in} \rf]'}tJ&s%r E'ﬂ[’;},&"gﬁd_

connecti on Irst er poser additional bond pad directly to the
second interposer's additional bond pad. 35. The device of claim 31 wherein
the first interphser The Borick phdains3 htvherein ik evatndakals dttevield twitienfinsedipedth t o

the first die which is different froman el evational |evel of the second
i nter posermogwseﬁif&taaaahwe, %ﬁéﬂa@fz SSARENGd taithe BT ARGPRISH lOREICHTS | s
separ at ed ] : - : j erbal . 37.
g e ce L B g St BRSSOVt AmBER U B LS 7

second i nt &lhesiveramsichekole bynduetivo nchmettions from drei fadst antike@dhd dibstodbei ce of

claim 31 wherein the first gnd second conductive connections conprise
Wires. respective first and second interposers comprise wires.

33.  The device of claim 31 wherein the first interposer has a smaller size than the
second interposer, the device further comprising a BGA under the second interposer forming

exteinal conductive contacts from the second interposer.

34. The device of claim 31 wherein first interposer and the second interposer
both include an additional bond pad, the device further comprising a third conductive
connection from the first interposer’s additional bond pad directly to the second interposer’s

additional bond pad.

35." The device of claim 31 wherein the first interposer’s bond pad is at an
elevational level with respect to the first die which is different from an elevational level of

the second interposer’s bond pad.

36.  The device of claim 31 wherein the first die is separated from the first

interposer solely by nonconductive material.

37.  The device of claim 31 wherein the first interposer is separated from the

second interposer solely by nonconductive material,
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39. The device of claim38 further conprising a first opening conpletely
through the first interposer and a second openi ng conpletely through the
second interposer and aligned with the first opening, the first wires
passi ng through the first opening. 40. The device of claim31 conprised by a
chip scal e package. 41. The device of claim 31 conprised by a nenDry

device. 42. The devi ce of m 41 co rised b ut er stem
with a mcropr écersrgﬁ} deﬁ‘§e oiﬁlaf'ﬂgim%ﬂﬂ?ﬁ 18t A S&B?/‘?‘jc‘épnéﬂ?r‘rfg‘rei %"i“ﬂ 110G5
second di gopbaskfeover and attached to a separate first die, each die
containing ah integrated circuit with a bond pad; a first package

i nterposer stacked over and attached to a separate second package

i nterposer and 3§epaﬂ3ﬂteistvrcc@ﬁ¢l@he 38 dentimyt compeising sftisiseneaing @thﬁrﬂdomgghl ve

t I t die, be t acked th
"t or posefieiat wdsiisst e ¥ Fe ARy ComPRin Lol BESFER) b Ren b duct i ve
material, gf; dfukrﬁlﬂhe'ﬂ}heéﬁ%ﬁﬁ&r tHe'TﬁEtWJi‘ré%)a@sﬁQﬂﬂo hhatfiran eﬁi'n@Vat' onal |evel
with respect to the first dié which is different Troman élevational |evel

of a bond pad included in the second interposer; and a first opening
conpl etely thrdlgh tlhe deviceof thaimBpesapriantbina seiponae ppenagag conpl etel y
through the second interposer and aligned wth the fi rst opening, a first

conductive w rg pasz'l %Fthrog?g gi first eni n m.the first die's bond
pad directly t&} beidexice phElapp 3d gpmpris Hay! méi?\ ®¥Second conductive
wire fromthe second die's bond pad directly to the second interposer's
bond pad. 20 42,  The memory device of claim 41 comprised by a computer system with a

MICrOProCEssor.

43.  An integrated circuit device comprising:l

a second die stacked over and attached to a separate first die, each die containing an
integrated circuit with a bond pad;

a first package interposer stacked over and attached to a separate second package
interposer and separated from the second interposer solely by nonconductive material, the
first die being stacked over and attached to the first interposer and separated from the first
interposer solely by nonconductive material, the first interposer including a bond pad at an
elevational level with respect to the first die which'is different from an elevational level of a
bond pad included in the second interposer; and

a first opening completely through the first interposer and a second opening
completely through the second interposer and aligned with the first opening, a first
conductive wire passing through the first opening from the first die’s bond pad directly to
the first interposer’s bond pad, and a second conductive wire from the second die’s bond pad

directly to the second interposer’s bond pad.



