Docket No. MRe~na3@BBB0dentegrate Circuit Devices with Stacked Package

I nterposers TECHNI CAL FI ELD [0001] The invention pertains to integrated
circuit (1C) devices that include nultiple, stacked package interposers.
BACKGROUND OF THE | NVENTI ON [ 0002] Advancenent in |IC technol ogy continues to

al | ow reducqﬂtgg SteCiFEft Delides With'RAGGH PUIKRSE PntefpdsBRUL / OUt put connecti ons
to the die. Used Th a package in order to electrically
connect a die with outside circuitry, physically protect the die, and/or
di ssipate h f ie, as well as serve other purposes. Corresponding
to the redﬁ%ﬁ@gﬂﬁggb | C packages containing dies may al so be reduced
n size. TeARgNg SRl iflentidh HRARNS WidRHEPcintiiCPRe A ThATRICIAR: HTNPlCC
and i nput/ou putpconnectilones de %lromtﬁ%{di grto h)e) package scubstratg.
G ven t he sctckedjpabiage mierpaseksage substrates coupled with increased nunbers
of die input/output connections, a significant challenge arises for
desi gners of package substrates. The scaling down of substrate size reduces
the availa tﬁ&) Lﬁfﬁ conductive connection may be nade
fromthe di ?f% e @fs:!tgﬁg?ra em@ﬂﬁ |Nﬁgly, a desire exists to all ow
decreased sufght e siZémneerhéini [Cehasisgy gontimestogiiof edadddydi¢ kieesawiah | abl e
area for conductive connections between dies and the substrate. BRI EF
DESCRI PTI ON ltyreaseg nprivsnEsputootnt sraeetionsdo teghel Riastaze often hpusediipent i on
are describ 1 t Lol | ows n j i Ngs,
c?a?eﬁ%’gﬁe% B élgétﬁéﬁgﬁ%nlg%éé a ng with Jufdi arcﬁﬁf};? gﬁgﬂ\?vé/dégfq)ég{e@t%g

[ 0004] Fig. om Vi ew I'S a sectiona

convent i onaldié,Gndfeadissipete HeQORSh thd die, & Wwell & el dthdIPurpdseyy Odrréspoidifg to the
conventional | C package. [0006] Fig. 4 is an enlarged view of wre
connect i ons reduasd die sizasgkr Backages coptginia dics may alwo hededucgd in figegyquirng. 5 is

o aspect | oA pichs fubiacs SEELG U il MauRtypbn RRRAASH BERELRY, O
a sectional Mhdréth tidNdik to BRGPaDeIGBR . NGiveR tHRNREING dARPETHacRige MBstrates

i nvention.
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 IC package.

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

conventional IC package.
[0007] Fig. 5 is a bottom view and Fig. 6 is a sectional view of an IC package

according to an aspect of the invention.

P02.doc



[ 0009] Fig. pgraw.Nai22t30% view and Fig. 9 is a sectional view of an | C package
according to a further aspect of the invention. [0010] Fig. 10 is a

di agrammatic 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 (fopegyot herfpoard a%Ectic{nQPviE%szf an4Cpasmigk @tcorliA@ 3¢ hndthét-aspett bBthd

hi gh I evel block diagramof an electronic syStemaccording to an ‘exenplary
aspect of tmevephesent invention. [0013] Fig. 13 is a sinplified block

di agram of a npl ar, nory devi ce... TAl LED DESCRI PTI OF THE .
PREFERRED E NTS 19[{%)%Ef]"‘ g &ewfmgtfd i a@sﬁﬁmﬁwfé@m%@% Geune,
sectional Vvi@Wwrgthe® asgeeiy@Rt iRRatiod. C package presented as exenplary chip
scal e packaging (CSP). CSP is characterized by a die size that is very

cl ose to the[08lBkt r at Figildds aDiagranmeti¢ viewyqiiacaiippter dddstrabog ars exengplary
t wo- di nensi on area, ?%%h as shown, by the dashed lines for a substrate 14 in
Fig. 1. Gen@PBliqajion of BepresepEinVepliont s not nore than 1.2 tines the size of

the die. Themiv\ei’ﬁﬁ S (E%é ltlhé’aibméﬁrlfiésg%}n@ﬁé&fdggzﬁgfcﬂ%%#?éé 6f {Bgﬁndth%{aagﬁ o%“ﬁe

use in CSP. er, constitutes one po e application In

potenti al adwaRigatleeomapwer.eadi |y apparent. G ven the description herein,
those of ordinary skill can appreciate that the aspects of the invention
may al so be Hmﬂ ed t digtiZqs ahgh levg)iblockdiagram of jan glectraip system jaccqyding toan 4y
(BGA) packag ' : . [0015] In the context of the

pr esent doc%%%ﬁ?tﬁf%ge@g&%%é%%%ﬁ@é@@ﬁr efers generically to the materi al
whereon a di 018y be &ig.cched sfraplifistleblodk dingrhfa dfanleagmplafy mémoryedeviad

i nterposers that are known nay be stacked in accordance with aspects of the
inventions or custominterposers nmay be designed specially adapted to the

| nvent 1 ons. AR RTINS PPFERRER A dORAEFES 1o one type o

i nter poser typic aving a non-ne I'nsul atrve se and netal lic,

conductive r[814ng sudhgasshoaRpeotoiibeiew.and Fig. 2ehdwt bas&ionabview of@nmonl y
known in the art, refers to another type of interposer that is typically

et al | i ¢ andopvindgealilGeackngerpresppied apayerpplowy ahép sealamackeging (¢ :hkeitist o an 2

P02, €00, Dol 5L TSR A 08h IEI e BRERETR BTG o

| eads, an i efih@Pssits tvydiihYiot 8RR, ficB@é\siiswibpiteatashdddiMes fotREsubstrate 14 in
Fig. 1. Generally, a CSP substrate is not more than 1.2 times 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 in accordance with aspects of the
inventions or custom interposers may be designed specially adapted to the inventions. A
“substrate,” commonly 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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of connect opeckeASpaRBGs Of the invention may also utilize other types of

I nterposers. [0016] Figs. 1 and 2 show an I C package 10 which includes an
encapsul ant 26 encasing a package substrate 12, a die 14, and physical and
el ectrical connections therebetween. Notably, portions of encapsul ant 26

are shown C&t&ﬁl‘é@ evidt, fidh-ash dritd élR:Wltgloafﬁi. WAl m%? LRGbRdefehE td éscxﬂh%on q

connecti ons 4 contains ‘integrated circuitry shown)

pads 20 t hainsteag ob ping |fmvmmierhdrlrlead§rmamtanmsaf mgy tdy rupoﬂFa BGA or ﬁmﬂherﬂ@oﬂvﬁ typeus
provi des access to bond pads 20 durjng wre bondi ng processes. Package
substrate 19 C%nsvpaeésn?sﬁ Sf&af‘d@vmmﬁgasf Iroaheeher tmqwiﬂ@e@ssecrﬁ enabl e

I nput/ out put nect i ' ' 22
that may be [Pg?ﬂed by?\[g 'rea'%%)n |ng. g%l%?g&ggq?ﬁg?&%lg@%e%%a cggsfu\{\%ﬁ%&
provi de ext efidasing @gadkipeisubstaont Batdie 14 lellpﬁysp@al Iﬁﬁ@eleﬂ:ﬁ)ma]ﬁcn)nnedhmsi ve 32

attaches d|e 14 to package substrate 12. [0017] As readlly apgremat ed by
t hose of or ¥ gw@m INotabdy ppriionsof eneapsyant 2oeare shayn pw @0 %ﬂwﬁé‘éﬁll@‘m

bet ween di e 1 t rnal
b A, 1 AR SH T Bl 0
sinplified withdioudpadsd( bt BhpBe ereu%uplmngm moapes'mﬁngor@m KgEl. eDFélﬁﬂg &6 eahsi N
conventional packaging. Simlarly, Fig. 3 show ng other problens with

convent i onaprqcyatqaaqugt%mdmagsm QUIQHg Wé\bph@n&i?fﬁ?é%sgs oPaqkﬁﬁe subspieilén are

simplified c V. not
necessari y?’f]oq/ﬁé)etsgg ? é ‘%hlg p 0 c goac?%%esr;sb‘g ggo ésrﬁ pi¥ 1npﬁt7($.1n%u fchbugecaon 3t e
However, as 10gyphkagdfibseatall @ avifhl @fféé NethasRes bé fetnetby wikyBsHdim) B4R thded
herein, certain advantages and benefits nmay be realized from enunerated

size ratios forpb@part gﬁ@BCe?nplmxde extereal candustive odntedinriromeltt packagend). sheci fi ¢

di Ll d h th t iding th
desi redposPaesiE 2 adiet i LhBEeEAE Sttt Ton. acpects of the o
i nvention arporyt |i maAseeadily 4 feaia@éda@dhgs@@ﬂdf@m&@ sk#lY QRIS pSrieof tHe t he

figures. Aspects of the mven?l on al so ap to I'C devices that are
i nt er nedi at mmldng@nmnmmtpnwbtzwmndwew fpxdqw@ ecsnbsttatwilﬁgnd:@tﬁpla@petcbm af the

packages. 8 g re es 2 wi, t h
Paspoct 1o eneralgmt otk ond itets s Sodin YRES gL "o
i ncreased nygHageSalRiw tleRel EqitAidon o??fﬁb@éiﬁd &MeduntdiRd ih 8518RnHbrE pAdkabine.
increases the potential for 'a wire fromone of bond fingers 18 to short

circuit to Smualwadentd showthgf athergrolilgms @nmeq@nvmloclakxmk@glmgamd FigsshBwn in 3

]ICD ?ﬁgg(r)(s:, Dg\(;g 3%&%3%%&@%55%&%&%?1“@3%@ ﬁgq@ggrowde cut- wlayg %l%nwts t33xspects 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 completed 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 increases 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
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coul d resul okdNoamistsosst circuit. To increase the margin of error in
processing and to avoid such wire shorting, the vertical clearance between
a wre and the substrate nay be increased. Fig. 3 shows wires 22 with

i ncreased cl earance from package substrate 12. However, i ncreasing

cl earance I Ipjgycdy s%@%?es@%o a uﬁb‘éﬁt bbfld BRRAS eéi‘fei’l“arnﬁﬁo?ﬁls%ﬁéxﬁﬁ%t%g c&'rlgoﬁeh%m

or near the Surface of encapsul ant 26, aS shown in Fig. 37 Exposed
near |y exposeuddwesultsnashortcasuit.t To mcpfaskdgenirgm ofreer infpoesdingging to avoid

i ncreasing cl earance het W res 22 a ackage strate 12 nmy. not
produce accéBtaBITe Shrtipgiae V?rtlg%lr?ieams?. eBASVITG aiibe Sghsiyate may,prjgcicased.

enl arged vi g‘{‘%\n sh%%re%%ﬁ%ﬂgﬁ@reta&d@&g de TN ac §ub'§trat§tl'2t ‘i-ﬂ)v%:Q'

Not ably, th re material 1n stitch 30 ares I'n the bo
process, as ineastpoleanancenabich rkamen maliowsitan expcmdd mnbs aB r;gtendmng lnmnﬁomanls ,

such as bond fingers 18, may result fromlncrea5| ng nunber i nput./ out put
connect i onsanHftg i@ﬂeﬁé en%@él&?-@.%gwshommt % 3EXRYs @maﬁﬁ CFP‘&GR&VI% can

over hangi ng Ev, olelgin ?@Qﬁl

W res 22 ané&gl gfp? gé?%ﬁlﬁf mﬂ}d&%g’ﬁngﬁg%\%%éﬁal ng ?gl tc résf are IB gk I ow
industrial stbswies Hsmhp honprodicecceepraldé rdstltpmcsoagespplidhiions are of a wire
stitch where bonded tQ a bond pad is expected to_be entlrel encongassed

within a bon038H. A ﬁlgt&ﬂhowaaiee aégﬁélr\ﬂ%@f Marep &y baaded tBé’ﬁB pagersdy akt eat e
a reliabili t}‘ltcﬂ%b'l\?dﬂblg%pé a@ﬁalﬁykﬁmh%b&%@ E\st&érd% kg)npﬂl@gﬁoc%gsd g%“' d
us rea n

unat t ach dufing subsequ manu acturing ppar e

fromFig. 1 coﬁvﬁrmbgﬁlpelatovﬁf }l@mebeilra@tﬁrea sﬂz8s bf)bcrrelqsaae shhleapmiall faipenyf 18, may
overhanging stitch flare is not acceptable given the limted area avail able

on package rewdtoraircreasingnyghys HdBRHAUIRN gonnesiens i8 Packaging. | Arseriingl,
descri bed h%{ch'hr?;O% g“h({u’ﬂ f I% & aﬁsé\%ﬁ%ga%gmgrﬂ&lﬁ rﬁ?lggﬁe L& E\Qangl% é’thkc%naﬁctlve contact

conf|gurat|ons to 1TncCrease ea av e

i nt er poser s.is Mad@bétleyn Olirek DD uhd boekagess b8 th Figad, |a@biverliah@1hg lsﬁtéhlﬂiﬁa igbklowpl e
substrates _and/or mnultiple dies. However, no known packages use nultiple

i nt er poser s iadustrial smqiqrdfpf% magugasture obIGraskages: Hie flane plenwiss stiteh vheea
avai | abl e fgagfl{iédot%t S0l & %&%{1 \Pps O,H @fegﬁoxﬁggs' %} w‘%ﬂ% Sl hekpﬁﬁcei{ s by

using the a Tonal |nterpo o A4t feStrith

[0021] |n ofRré@swekingifg Bdyond AbeRd palmafbrehfe HRUalbibity p’iﬁbl‘éﬁﬁﬂe@eﬁb%e ull
containing an integrated circuit with a first and a second bond pad. The

devi ce i ncl wrergth of pmgre tmék%rgiecouidwr@ﬁpdsémrng YORpeR AN Ysac REde

:\/Etzgr gg;gr re?cﬁ\l f Ipf)grtenf s 61% rFQé) sle nlla.& lm%g{ gigbo%dqpx&grs fk to gdu%gcfhe prggl%m ol\fo

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 multiple
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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pad at an ebexwatMmenadss | evel with respect to the die which is different from
an el evational level of a bond pad included in the second interposer. The

| C device includes a first conductive connection fromthe die's first bond
pad directly to the first interposer's bond pad and a second conductive

connection oé;pa% I: e i G@fcth" .
i nt er poser' I%{dbon Ig%égﬁ&‘/fz}:%?g‘?ﬁgféﬁ&gfﬁ?% cﬁ%n paléégﬁgérréelﬁgrrozr\g%gggvaﬂonﬁlulfﬁlpI e
el evat i onal of d ondlpad irdludadan elksedomd mterpaser. LEhPROTededintludes afirst Londuptive

connections fromthe die to the interposer. Evep if total, avail abl e area
does not ac%%&?qtgpmfffavéla%%e(s richvied Paéérrsgbe@;%be ﬁw&mt%rppﬁrfgvanépéfimm sts at
different e I - Whi MERE nat 1 ed
connect 1 one- Bt e e ediA ARR!aif 3 SRR Bl AR b TR e
aspects of inkepiserebbndpal. Aewedinglgdsiheys sond padghde previdedst nmaltipletdhevapoed ent
aspect of the invention to the extent they.do not conflict, In the present
aspect of tlgeelpApdReeeased arqaanel ke prayidsd fon ipprtipadpyt opnestipns ixem the dig (o Higer

with a nonC&%&ste.f.Vﬁv&q?ﬁﬁ%lva%ail%garfe. rdé%s ﬁ&td%ﬁgi filcr &o"i“le§9n Q&E%tgészgtpgd to

the second erposer w a nonconductl ve I've. rther,

conducti ve gtiliveéaida@nists dtrdofferehcel eliatiohs) which iy sésistidsepamting otheheise oevded may
include wres. Exanples of a nonconductive adhesive include double sided
t ape and/ or cqQeelONSThe di e may be stacked over the first interposer, thus

not i nel ude AL conBbNiRd G hPEL A SURTREL whh 3les el bt o Bl

may be i ncl ggkedbddheréia neight Kecusas wighl the B%ban lagpert bivthe sveatiofo thbextent théy do
i nt erposer and second interposer nft% e selected to acconplish a variety of

structural Regenfliss. Inthe pregentgseect ohiae igventien,ithe diepaayehe arirghedetodhefitshr ger

A e e R

i nt er poser . sebbd frtdrpéseaMithsekAOndUCHSe AdHesiver Fugkéretheableconduttive ¢enreeiéRCt S
fromthe respective first and second interposers. 100231 In the present

aspect of t fremithe digitp dhe first andesgsendointerpsersiiaay inghdaatirese Examplseeféons to

ey it o TGRS e o5 SR BB TS ey MG

exanpl e, thgve @Ot intdth6JeP ARG fobfihg I \GikARE imerpaselisetstdahtebuier adt, daftht he
| C device may include an additional _ die contai ni ng an integrated circuit

wi th a thir haponthagagt inthele sthes gempeneatyibergbetingon bBurther auRmasesy ard/ethdies
addi tional die,and,the.lC device my, i-{cl a.third cenductive connection
From the. adtiy PERH IR B Vi Ball R HRRuCybg dind BTG FRTBERALEr <
addi tional hedpgoder maYde@ekected 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 multiple 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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Docket No. b&kNo3@HB60spad. The third conductive connection between the
additional die and the second interposer may include a ball of a BGA
[0024] While it may be comon in the art to provide multiple, stacked
substrates, the art only provides one substrate in the stack with direct

el ectrical ?9@ ’gfc?ié third coRfuctive coﬂiﬂ:@fion i’étweg‘f HeGddiRaKEHe %Y&{he%ec%’&‘{@’régdogé]a'

series of stack substrates has electric connections directly m t he
di e only tontayendloge sbdlkoffaBEA.Simlarly, while it nmay be common in the art

t id i.pl e, ked di , the art | ovi d t.rat ith
A T ITO T I I A 2 I T TG
nul tiple Suﬁﬁta[rﬁtf@? R}rad?vridég%hl@ sub%fé%'tﬁ(él ﬁ&k%ﬁﬁ?fré&%lecﬁ%ﬂ@&ﬁ%c‘?%thgﬂtim

t
substrates may tely provide an electrical connection froma die to
under | yi ng s, bdlier sidcdsd omera amaektjonhliserienbf/stadked sgbstmtes hastlectricalomnnections

connecti ons et n the substrates and not directly to. underlyin )
substr at es. d‘l“ﬁ‘?tt)\'eig?fﬁé]éepihe og WZ‘#@OMSB t%@éepe‘gpgl ¥> VHiE it AT i%mr%%xﬁ the A
conducti ve i X.r - Qr -y i: hand
oods of |t 1 BREH Rl ARGAIAL Ak nl by ieS BRE BEiRe Wil el e AR
connect i ons cotactito hrylof the nmidlgpladjac Witlomultipde diey,antltiple subsigatesodr bthessari |y
preclude the inventive |C devices from further includi n% t he .conventi onal
type of convBE¥YINgeeciEeH coRRestigBsRetYeen Bipsizgies may nEimately Previeg prelectsralt he

I nvention, %&%e@{i&n Pl ?&B@J&lﬁ;ﬁ%&%&?ﬁtéﬁﬁ gfgu{cﬁt but'ol cﬁ&ﬁrsua%l%&%’icﬁy
nonconductive material, conseque , N0 conductive cornnections exl s

bet ween t he coireceitits Hetwéedn the beispaks tnd fotshfeatlptcurndedyiigaubstauast Mhid ¢onsépt

interposer. Simlarly, the first interposer may be separated fromthe
second i nt edp&defroBgispesss ofthe snestion providing eapdiftivg conpeglions fropmene or more

di ff i atii j | W dnGe
cont scte. | P ORREGORERL Biohd pURCo TR heAoer s BRSRYY, MU AE A TE

connect i ons ddeise tHeli@dct cinavaions degeibed foe thi sspadisof the ifivehfibn doeh 1fe edtsarily
i nterposers may include wires. A first_ openi ng, rra;\;%lbe provi ded conpletely
t hrough t he Practusle theinxentsedfC devires fropcRbciopelyiing thegonveationabizipg e contacts

conpletely 2 cond interposer. The first wires may pass through
the first tgg%v%iléﬁgméﬁgsﬁﬁe second wires may pass through both the first and

second openi [0935] [ 0026}heRirgsent &spactdf thesinommtidn, 1he diamkpbe séfardtbdfromnbt Gees
die 14 and package substrate 12 from F{@%s. | and 2. However, Figs. 5 and 6
show a secomnepassaglel sbipaencanductiyo matesiak sgaseguprilys ap gonductive eonnERERNsEwEst

recond acKigt ALY s T AR S B e,
| evel and baeldfiist ig@pesel hagibe dephiratt@ frofi the kevoal intepbsdraulely byMsedndtivonnect
bond 6 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

6
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P02 doc DocketetNMoR2iisp2- 3056 pads 20 on die 14 to bond fingers 18 in a
simlar manner to that shown in Figs. 1 and 2, but wres 52 connect bond
pads 20 of die 14 to bond fingers 48. As is apparent fromFig. 5, the
stacked interposers allow nore space between bond pads, hel ping to prevent

wire shorti pads es\GieN 436 bas®fihgd?® N8l idasigilaf hinférth @i Shoveh RVEis.anald 2, euel s
of bond pads add a vertical conponent to the separation of wres wthout

cont ri but i ngvires Séserpsstibend pads gP o Hienkt. to byod dinegrs 48 e iaappasentdroosEignbithe | y

unchanged in _Fi g.. 5 conpared to Fig. ,1. Howevear, .i .11, be apprecjat.ed
that bond f FROPUNGERIAR E% hreshRe trbat 08 pags delting oSy B BB ShitpEe
angle i f degtfRen alijasd® BEn@padsn The différent. elévabondl 6veds ofond phd Ry Svekcapnd 48
may be enlarged to prevent overhanging stitch flare. Gven the increased

area avai | alspmpémant bothd sepagationmnd wigisfwidroahcordtibyting tosatapselatpr proklepag. ance
bet b i . W . I .0r.. band d, si b d
For "an op | e R aelis S AT REA Fig S GormBead FE o Wowetsint & ©
Openi NG 46 i3 apteitaRAAIARE ingdsbaB il 18 AR MOVdd dssct [potiEIOHARE Wirel 6 i 1

package substrate 12. Qpening : nd opening 16 have square shapes and are
al i gned to lbegledidesired.i nste@l hein alditipastharsize odibogd fregers 18and 48 neyibeanlasged

d di t h ticular dielint. desi.gn. Adhesi 6 t agh
package Subdt Piven et ie SR . XyS R fcrerargd Aa 4SS Kt boRd piS@Riana
ball's 56 of &G dpvatbi 16%1sSh BRlanGBNEL B/cﬁld%ﬂts?%ﬁ&,f\ﬁ%gﬁ, BRGEABEAA0-

The | arger size of package substrate 12 conpared second package
substrat e 42adsize maydetselected fomap eptinB@Adesigtbot h i nt er posers, though | arger

bal | b te 12t date t I ti
it foronce. BRI e “baF FiEnaghbh Wee 2pp HE RS aeA e 9oy PogkAgE oy  ng
ot her known shgdylai At AGKeIf £ERRIEH DPedific 36 M B¥Kage SibstARNS. ﬁlggﬂﬂl@f@ ahle' ght.

The positions and/or orientations of conponents 1n | C package 40 all ow
i nproved f | epeng il6 havesquhrchhpasgnd ardaligned ¢ bocomeentrion Othestshages andxt er nal

or internal (w thin the encapsyl ant). 0Q28] Encapsul ant 26 encases, the
package in AUFHRFREP a@LF@HC‘i‘YPj’It?e E?F@nézi‘gi“?[’% ﬁ}?&d@t’%ﬁm ‘ﬁ?t}%rﬁ%\s@kgﬁ%g% u’gélﬁs%YFe 12
solely by agheghMRes ?gclégg sEBiEaRsY! §R co%@g{:lgeifg sliBt e @.SB{%)S#B% a ]%(géoagg

nonconductive. Simlarly, package substr 2 I's separat
package subdbladeof 4BGopmeividelexteantl eendieti€ cantacte froapl€upawkage2d). Thedarget siee

3271 ncl Udes ShPRGESs RIS QTR 1 3rond Farse SHUL GRS DRHA BRIBR S 14

to package §{&Lh¥oth ihterpsiersS BoAPH 1RAG HAEEaRHREd bR bickagesubirate 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.
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P02 doc DocketetNo2bs22- 3056 [ 0029] Accordi ng to anot her aspect of the
invention, an I C device includes a first die containing an integrated
circuit with a bond pad, a second die containing an integrated circuit with
a bond pad, and a first package interposer stacked over a separate second

package i nt efopgsier an%@@ﬂﬁ{%b%oﬁlepaep%a%ﬁﬁ&msmnﬁgK@g@diam@maﬁﬂegaﬁpétﬁiey
by nonconductive material. Each interposer includes a bond pad. The IC
devi ce has somtaingng anciotegtated viecuitonitted bpahpdd, erseeond di¢ ¢antaining'ag integrdtedad
directly to the first interposer.s bopd .pad and_ a,second conductive
connect | on_ FISHH 1ith aeed Rebra i ums R esd MimesEt 1P ET oY e seodielingeond

i nt erposer’ ?aaagéixﬁagpse&%@gapaﬁ’a\fedkﬁumqhe §cRNW bSokab€ Ritéth8ser 8s1ERAyat ed with
other aspects of the'inventions described herein mght be uséd with the
present aspaonconfluttive matemalt iEach inderpbser encledes atbong pad TheolC dondd hasta, firktn

ddition, stil th f eat . d with.th t. t,qf th
add L on, S eauret, Logtutes o e ueed MU LA, prgseny sepect SLuthe
first inter ?9& §hd a §&‘3}p& @gn(ﬁx%ﬁ%‘gorgie?t#e}?ﬂoﬁ%é§&85@Qie%vl§fndtﬂri}g )c/ﬁﬂgétﬁt to_C{hé‘l- As

anot her feature, the first die an second i nt er poser ot’h i ncl ude

an addi t i onaécondmterpaserzztwbndipaddevi ce may include a third conductive
connection f the fiyst dig's additional band padq directly to the second
nterposer sI9030 £ ondly wehel ‘B‘é‘H‘.P?eﬂf%at‘PieF g%sowﬁfteémgggbersasaﬁﬁﬁofgtaa INEYUIRE at
an el evat i oleribk@Kelein¥nidht bE SRRt fheldiésehd dspbot O et &liohSo Bel i ey iHOM
an el evati ona%cnl eveFlJelc?f t%?e second1 I reltﬂ(gr Soses?'%q’goned pad.0 T eenonélo%ﬁgg)i ve
mat eri al mayotomtfldtn [adddison; atib nthee ieatyssimapn be usethwith Gedeesentaspagt of thet her

socond open TGN RELBPEIhPBR AL AR BEs Al Tt of Sesked oSFna Y R

second openi t h the

first openipg theTngcrrfg die ﬁ'rkagi‘tfe% cﬁ@d’o@ﬁstﬁe ERE 8id0 IAsteB‘ét}ﬁfef FeaturORROFiRY diel-38 Fel
1g. 7, package S

Turning to 0 1s shown in sectional view'including nmany
of the sane stemtluntespoas séyobath inclidegan Hlditmmal kondaad age thtGdevideuwrayeincluti€a

package 70 sho second package substrat.e 42 stacked over,. a die 74.

Al t hough notthiF&eRpdugti gattonsromyf fif.st dig s aé‘é’é’@ﬂéﬂ&&él?& élrge}fvstprt%& ycapd

i ncl udes addjd.i b t.hat > %(% f.ar.p
conductive g%t%{;?gg%i Sognefagg)tnazg(ﬁnldt g' gglﬁgﬁ%g tgﬁ%%%rtss @ﬁlg\?é?)dq% iaetagzmgﬁlgmtﬁhe
bond pads déveseithnespoetak algefistubtistwidtleisdifferSal fram a8 ebdvationahfevelaf thy sebhdic h

die 74 to second package substrate 42, Gven the increaged. thickness of |IC
package 70 ilwe@@ﬁﬁ'ﬁaﬁ@gma@oﬂenoweﬁaggemte%%hm%y aomtaip adliaive and gneapslent.

package, £0 PN ISRURE iy SARPSGANIEL Y Yobln SOl R P ALY By
t o encase t laseeadl dpeninglcofmpidtely elwrougliCtheaedagantéthastrumdmliguediwith dreefis anpl e
of 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 includes additional bond pads that contact balls 58 of a BGA
forming a conductive connection 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 column bump 72. Similarly, an encapsulant 76 replaces encapsulant 26 of IC

package 40 to encase the additional features. IC package 70 thus provides one example of

8
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8 P02. dac Dogketo NHge30ML22- 3056 i ncorporating nultiple types of conductive
connections between a die and a package interposer, making further use of
portions of second package substrate 42 suitable for bond pads. [0032] In a
further aspect of the invention, an |IC device includes a second die stacked

over a Sepa'i&b?&r&tlr%mﬁiti%le&?ﬂe@oﬁcbﬁ&ﬁctil%‘%Kﬁ%tibﬁgl?ét@@e’“‘ned dielAGhGHcIer @
separate second package inferposer. Each die contains an integrated circuit

with a bondirgemposeEamnking durghep oseof portidonsdd secondqradkagadubstrate 42 swtablti fer bend
stacked over the first interposer. A first conductive connection exists
fromthe fi P& S die's bond pad directly to the first interposer's bond pad

and a secondigggguct i Vg a GRS Gbpeeilofthe Hhvenfib® BhiI0RIcoRE Atdudds @'sScdiAne Pad
directly to the second interposer's bond pad. [0033] By way of exanple,

f eat ures asstckal @dr aiscparae fiest dasapelc Srsvpackhge interposer stacked dasica sdpachthsacend

m ght be used with the present. aspect of. the invention to the e nt they do
ot conf | | CPAkGE IEBBHE HAGh fig FoBBIS EhAREA S IEHE YR rord Fedu Rt o
nonconducti Yﬁexﬁg%‘f%é‘lﬁdes A4 fphd S The kst TRYis BRcRd Aebard & ih{&gpdcsbf. SA first

i nterposer w th nonconducti ve adhesi ve, angl the first 1nterposer may be
at t ached t o coiductiee onmhectidreexpsts fomatht tirstaied © holubpadudireatli ésthe dirsthntetgoser’s t he

sol e conductive connections fromthe first and second dies to the respective
Tiret and  DORORET M 21958a& FNdNEY Ve epeRiion RS romitBe focp dser&@ng@@ rdlrﬁﬁit/
have a snal g(%{he%hg&dti f%PszE&esb&ﬁm)a'ad i nt erposer. The device may further

un

include a B er the 'second 1 nterposer, formning external conductive
contacts frofa0BBE sec®@ywanbdexaampie, fedttloSddsodibed fvitlsdthemdspequostthe inventishspad
may be at an el vggi onal el with respect to e first, die which is

| t
di fferent fdgHARR LIS b Uresuih B nrﬁ@ms@esm? thetiygsion to thersirat gy do
The first dig &mﬂi&? THE B@!{Ioﬁg%gp lfnﬁff) g Eaz?ch%li to’ e'ﬂ?gt%ﬁf)gfgg a él%ﬁl:cﬁld%ctl?ye adhesive,

nonconducti ve naterial. evitce may further inc TSt opening
conpl et el y thy firsglietoey Be atathédtbahgpfiseintaposer sethatcapinoi vigadhesipt, aindlthe first

t hrough the second interposer and aligned with the first openjng. Fornmed as
a wire, the intprposerapnabrcatiaghedigihesacrath iniepossa vathnongonsinctivroadhesive. Bpdhsrng.
[ 0035] Even 5 i 3 f . d
nterposer Ty ot o e AR R A e I O DOERERAT

second i nt erspasdrinteEwsaadiny ihcladerdres nTladflist interpdsebaiagt havela sthhkerdexeithan tiay
further include a third conductive connection fromthe first jnterposer's
addi ti onal IsesrRdinienessre ckheydeyise may fugherdaclpeg a Pows andes the;ggond BEeaPOssHNd

pad, allow g n6 LeRREH Sddidlifl dnktattd AofleR! LAt pGMEL S on the

i nt er posers.
[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 first 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.
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9 PO2doc DobdetNoNa2-3d5.22- 3056 [ 0036] Figs. 8 and 9 show a top view and a
sectional view of an |IC package 80. A die 84b is stacked over a die 84a.
Di es 84a and 84b are attached with adhesive 106, which may be
nonconductive. Die 84a is stacked over first package substrate 82 which is,

inturn, stppigd overigesanmo pRRkagh sehshaalectkiRl vl FHRaEI ekt Robet ween

die 84a and first package substrate 82 and an adhesive 112 between first
package subditer84bes 8ackaddvera ded4aphodsfife and 84b ret attatitl wily adlesneri®6athichi ve.

W 104 id ti . ti f bond b . of di
B e P b U7 RSBl S D

manner si m k@gr Qi §e%§nc?§acikﬁgé:§1ﬂ>§trat5 18 .dAﬁ-adK%sri@esl OB RESSdiE Ba oM AR
opening 86 conpletely through first package substrate 82. An opening 96

conpl et el y padkagaugibssate 88 cing an kdlgmsiveuld 2 thetween 2 packagedabsteate 83 and secotk bond
pad during wre bondi ng. L%g 7] In the.top vie f Fig. 8, die 84b i.s shown
with bond pa&kagmu%été@grw? i@d@@c fiYent Wirgp 304 pray ndRetyCISORRECHARS 88
and 108 andgfi ﬁd{@t - i {r.es 92
connect bonf ggg?dg%aﬁggﬁfe 6ﬁ?%9g%%%k%%%§ﬁggﬁg¥w&?gggnd Zgﬁggﬁmgggétrate

102. Thus dswbstdie 82ds aanamadsintilay & wibew EXini Figs. Sandbe Wires b4 past dokegh an
i nterposers and die 84b has_ a conductive connectjon to another of_ the

stacked i nPBSHRERG complgtefythyughdustnagkage spbyieateidh afia openipg g0 comaletly 1 i r st
k b . [ £ i
P aek i n° cotbiiebind Bt 80X BUFideY Aodct Elotng Bond Bd Al irdbdnall

provi de dire@o3monducts the tepnicacdfifig &, dizr84d idsleovei witk bond pads»H0g secdhdgl e
substrate. In the event that it is desired, wires 100 may al so provide a

conducti ve PadgeetstptedO? dvshoyvmrwishbenshepds 48 gnd 388 ard et packapasubatjate 82 is
substrat e 1%o&€uﬁp%8n&’§9cfsl9%’?.\girres %2 E&&e&%%gﬁgﬁdéé'@éf&i%tsﬁg‘?@bo a‘&é‘ﬁk% e 80
' ckage design. An e

t hus enabl es signitican exi y 1n pa ncapsulant 116

encases t heseboad padkdge RitsrpRSIORs This die 8d4ahhsa 8dnduktive Esphettionto onx bétheal
conductive contacts fromthe package. [0038] Figs. 5-9 provide a few

exanpl es of staekpddnternesers and dif §4bdias ajcapduchiye eprnegign topmothee af tiestgked th a

single die i phe:di . , i
connect | ons RO yftreSed frel S IR 30 E1s bR GRNEA L RAdaE Wb¥hare 82204,
area for bogetopd@ackapesstttate 10RYord maipks die@tack af g&hparisof t6loMBEICpsckagedr ger

wire diameters, in turn, increase  the margin of error during encapsulation
when wire sHigdpsasinge subsyiatpranevide digest copdustiveipemmeeionirpmadie stapkenlyde ad

sLrvclur el SRR, BLOER AR LR MAAE AT SIS o b lggy 0
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 116 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
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10 PO2 Cocpbsecioeti2Nms MJ22- 3056 i nterposer area may al so all ow wi der traces
bet ween bond pads and other circuitry on the package interposer. Wder
traces can inprove reliability. [0039] Even though numerous advantages exi st
for stacked interposers of the type associated with the aspects of the

i nvention heggihBseriafea %“zhgo Q%W'W@Jr?fa@&%ett\b@éndﬁﬂﬁrba% Qtlfti(&ﬂer RLRHPASHES

m ght invol ve additional” process steps conpared to single iInterposers.
Package heipatkagermyerpbsen. Badstmamehedn immbres relibitityher, i nt er poser cost may be

hi gh t ingle i . Ho e t he physi cal
Const i nt o WOSRar oA P AYPEh aey gty o Hackd Helayier of e etce
| nter posers QAN sl ERihe BRSNS NeeinCRURRAA bOURASB] (haPSich 1aBRE

i nt erposer, such potentia vant ages are much | ess g I cant conpar ed

t o the pot emitempbseasinagit agedvedekiitianabprobessateps coParo] torsinglh émtepdvarnt Bapkagd
various aspects of the inventjon.may i.nclude enablin an increase in_unit
out put per REigAt mEjp o 56 SomEWhah st EP%’ w%efésgg.cm? ayihe EPmPYRAfO

ci rcunst ance; : ; i . | ocat or
Feature of  Snil inErBR, BRRELFNCAINT BRI Srkfpin® RORGoRd SRERRRL. D¢
accuracy. Aditenpatersiand dssodimedmath stdoked imerposeys ontp enatdingclinecooondudtive it al so
may decrease UPH given the extra processing ti,gerdlineeded. Aspect s, of the

n

i nvention t KARNe&TPRS{Im digsto 8BS HitgReses; sugh pals wdpanegen gremueh lessy

processi ng W ”Q&% i : . aspects of the
i nvention rr\éqftn %‘%F%\:fé n |cﬁt:?rtfé§§(§atg§t§al%gﬁﬁ%g\éggg%ntb %&]g%(?ﬁlr ate bond pl acenent.
[0041] Fig. [0040] | ust rAaiotiser gévimitadel of vakiyuspeddd oftha ipleatiomay riludeyenablyngof

limtation, an enbodi ment of a coané;t er ?‘Kstem 400 according to an aspect
of the pres@ntingrease it Myhoutpeines hewr (LRI ofthermenyfaeturing grogesse An therconyentipnal

e

m cr opr ocessxife Biddeomayp bé adtivdaddao pcliewsbdtieg plabérhentadclirady. | Aablating theltecavsry
devi ce 408. Menory device 408 can cp%i se various_aspects of the invention
described dertue MayHRINQVeRSgIAEY 408 1t @kse radheicrease i Hhgiven, thefexira peacyssing | s,

i vi dual SR DEE) f e R i RSB BBl el G Rl Yl PRSIy, 1

coupl ed to allo®galoceksiag withite locetat foagire déattivited) Thes, aspREBIOf tikcinvéntiohhgay
addressing and read circui trﬁ\; can be utilized for conveying information
bet ween nendHywdaaneeass g URhhalpng with aseuragdondplasement; | | ustrated in the

b ook gt gy e FPARAIRRIE RARIHYLPo Pl ul B i,
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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illustratedpagivMR2aned the read circuitry is illustrated as 412. 11 PO2. doc
Docket No. ML22-3056 [0042] In particular aspects of the invention, nenory
devi ce 408 can correspond to a nenory nodul e. For exanple, single in-line
menory nodul es (SIMW) and dual in-line menory nodules (D M) may be used
in the inpl qoueazat! onyg patictlld dsp€8S of A8 ihRAGHA, SOy deViRs 408 ERPOOTSPURIHOLLN.
The nmenory devi ce can be incorporated into any of a“variety of designs that
provi de di f memeny moduleoder exammle,diingle in-lima megiory mbdwlgs (SIMMsiang dnel indinef t he

devi ce. One such net,hod 1 age node eration. .Page de erations .in

i ar o BB (MM RBY Y e a8 e e fhas Whles A i of '
d dom i i f ’ : th

and randon y,.a¢cR86in0ehtiod! Tfh%rn?é}ﬁor%%'e%g%%rgge %E?%ﬁ%gt%ﬁnf@%@aﬁ‘%ﬁﬁ' &t the

row and colu Intersection can be’rea m iS
accessed. [ 06idis that prdtide didfeecrtt yeehaalf ofl eaading fram tahé weiting el ednabay eclisutf phxt

(EDO nenory that allows daja stored af a nenory array address.to_be

avai | abl e a8e¥¢R pdre é?etg‘i’fLIS age duatle QPSTALRR. Bage mode pRETagoBgin arﬁﬁs‘\l\fff%r y
can increas i i : i r C i S
o thour | r eqteRy ARSI GOR SR B0 BY o it el a2 80 e BT o SUSEIRG
menory bus. diffehan calubmisndthevardyyDat stired etvthe esw and tolden Shiibetida¥an bePeIM

SLDRAM VRAM and Direct RDRAM as well as others such as SRAM or Fl ash
menori es. [ eedaytpy whilethat ¢alymn isaceessed.si npl i fi ed bl ock di agram of a

hi gh- | I [ i ' i .
cyotom 700 dPVHHe. pr oS HlemelhpPUR ARG R IR R0 08 SRR BO) nEfShy P ©

exanpl e, a alowsidas sdysl R DmENETeas addresy tode avxiddbidras Qltputaftyr hehddressedt em
t hat enpl oys a processor and associ ated nmenory. Electronic system 700 has

functional ~ &plaparhas beemelpsed; hbis AGINYY €31 HICTHES SANE POFRMUBICAING] Peedi Y ( ALU)
702, t . Unj i Ge .unit. .706. i (110
fovi co 70, b deecss BRI G EcHEle iR IflcR bRy bt Bith i 1O

i nstruct i ongvdifible GReReyrobey. Qithed ARernatiRetypaesf dek teslinefudd SDR A1, DBR
processor 702 and other .interactions between the processor 702, the nenory

devi ce uni t SPFAMPSLDRAN YRAM pedDirpgd RDRAM casivellas athgrs suchps SdkMiardilash
all operatigns %f the processor 702, the nenory device 706 and the 1/0
devi ces 708n§§/n°nc8’nti nuously cycling through a set of operations that cause
i nstructions[obgdipe ferghad ifistiates ahempRiEd Bloclediagam/ s HphLleEstighkidatidnof
vari ous enbodi nents, the nmepory device 706 includes, but is not [imted to,
r andom acc e ¥erionsranbpd{mmemg oban ¢xsaplary elegtromic yystemp ) 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 control
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 1/0 devices 708. The control unit 704 coordinates all
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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(ROV) devi cesketNam2es | pheral devices such as a floppy disk drive and a

conpact disk CD- ROM drive. One of ordinary skill in the art wll
under st and, upon reading and 12 P02.doc Docket No. ML22-3056 conprehendi ng
this disclosure, that any of the illustrated electrical conponents are

capabl e of i f i . i i i
sinplified %“fﬁg‘%:rk é‘.“g‘%%%a‘%%“"’as“ﬁ% 3&-? %@@?&%ﬁ%ﬁ?ﬁ%ﬁ%@% ‘%I%Btssja?e tapaBle
enbodi nent sofdfeimnfabrieatipd trinclale DRAMIicellsyst em 800. The system 800 i ncl udes a
menory devi 02 that has an ar.ray, of nory cel]s 804, address decoder
806, Tow acdé‘i@?ci rcufigr egonmplitied hlock dgzen of 3 E@flﬁyﬁ@wpl@@aap qrious
control cirguity; ing: " i

circuitry 8%#6%§%n§r%$$x§g@%l%%%g*cuﬁt Leglﬁg%c huedﬁgtg ’5“0%%@?%%?’?‘“816,
and sensor sdé242, 802uhit Ias an urray of msmosoeedlsi804, atidiess dectiden806)ebwaccess tiecuitty

cell isina _lowthreshold ,condr)cti ng state or.in a hi gh-threshol d .
non- conduct $0fy celugineaccass sirevitry Kl p sread/write gentral cirewtry 8y 2 darcongrellngoperstnas:
supply circuyit; ErCLt rQvi. di f ol:
ciroultry. st PP libalth 14, HHE lord dpHE 0D e RLRLESESM Ui BR, o

for provi dgrg ahfheers66®@20, sumehdb cix@entiséntoplios @sterngifthgoilicthdrtarierB88 detlfis in a
providing the bitline with pulses. The system 800 al so_includes a processor

822, or neniowtheesholdnionductingstate apinyg high-tirsgioldnor-coulgrting gatge e jllustroted e

802 receive LI i, QN 8 from . 0l ol Ver W F4:ng. or
recal 1 zat s BRnegn 8 R Pyt AP EiRS 388 3nefied s Blmbidiith °!
accessed Vi gefdreflcd volage, cirbuityl 384 T6r propidat !t Sgst Wor@Rsits hlses dirbuitry 886 &t
that additional <circuitry and control signals can be provided, and that the

menory devi pevating thaseesadiwordiinpwith palies, endheirgnitry 888 fasprevidingribe hitlingwith

[ 0047] The valrio illust 0t d .sgls(?ems of this,disclosure ' intended to
brovide a  BUNEr areavEPARale B prpessiot g pampmeRLcpeener HAMERy  Ces
of the presggesdikvention, and are not intended to serve as a conplete

description of all the elenments and features of an electronic system using
menory cel | 40048je of ThemsmwirndeyicesdG2 teceives ¢oatral signdls 824 fidmrtbe arogessohdd2 t he

various el ectroni.c syst an..he fabricated,in si-AGl e-package.prqcessi ng
ini ts, or Sy ighe B Beflia ot ey, direngRogieyie 24 e W sOreila Ba Re
comuni cat i giteldeARiPROWRES K RE1I bBapsReiaRd by tHodeRilFENR e HethhCAldstional 0048]
Applications for nenory cells can i'nclude el ectronic systens for use in

nmenory nodutisenitryend eantedl sigaals capbaprovidediandghatghermemorydévaer $deasdbeen
processor simplified 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
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nodul es, andocepplMizatss on- speci fi ¢ nodul es, and may include nultilayer,
mul tichip nmodules. Such circuitry can further be a subconponent of a
variety of electronic systens, such as a 13 P02.d. Docket No. M 22-3056
clock, a television, a cell phone, a personal conputer an aut onobil e, an

i ndustri al r t 9 e
wth the st SOBFeReley B, Sty ot B GERb cAPuRE S ror it tn buGRERLGhBOFT o
specific aSSyﬁmﬁtmnmmmﬂabnabdwﬂgthodlcaI features. isto be under st ood,

however, that the invention. is nq@ imted to the speC|f|c f eat ur.es shown

and descri be@04%i nce It pemplinnce rtB‘? ?Faﬂlﬁteséllleo‘@ééwt@@rﬂ?ﬁl e Grsemmbad ip dayagss of
putting the i t: ainmed in
By of i ts TISPREEr el e B kol AU EUEC BuleR: LR Bl e

cl ai ms appr apweadrethyt theiieptied Bthot imited o dﬁrﬂip&lﬂt fdatdrbaaslﬁmtahurdemfbed since
equivalents. 14 PO? doc Claims W claim 1. An integrated circuit devi ce
conpri si ng: the mgaas @@mradmlﬁgedammm@ gredereed forms of putiipg thednygntien intpglisctsecond
bond pad,; t 0 ckage
"nter poser, TPRENEhIEE REEAYR. BHRRAT aBf AESRuBIE pRhaHiRRAR GipIR BeRR
level withs¢gpepEeic dppehded cﬂhlﬁls\abp@bnaﬁlydhfe&]%&atm Bmmaaalae QiR dutiahe dfevel
of a bond pad included in the second interposer; and a first conductive
connecti on fa@ilers. die's first bond pad directly to the first interposer's
bond pad and a second conductive connection fromthe die' s second bond pad
directly to the second interposer's bond pad. 2. The device of claiml
wherein the die is attached to the first interposer wth nonconductive
adhesive, the first interposer is attached to the second interposer with
nonconducti ve adhesive, and the sole conductive connections fromthe die to
the first and second interposers conprise wres. 3. The device of claim1l
wherein the die is stacked over the first
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i nterposer. 4. The device of claim3 wherein the first interposer has a

| arger size than the second interposer, the device further conprising a
first BGA under the first interposer and a second BGA under the second
interposer, the first and second BGAs form ng external conductive contacts
fromthe respective first and second interposers. 5. The device of claim3
wherein the second interposer includes an additional bond pad, the device
further conprising: 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 fromthe additional die's third bond
pad di r&i@'l”}sto t he second interposer's additional bond pad. 6. The device
of claimb5 wherein the third conductive connection conprises a ball of a
BGA. 7. Wecthemice of claim1l wherein the die is separated fromthe first

i nt erposer solely by nonconductive nmaterial. 8. The device of claim1l
wherein the first interposer is separated fromthe second interposer solely
by nonconductiye neAlerm@grailéd Qirchiheycilgye @gnqj‘nsqhgi m 1 wherein the first and
second conduct i\the cOPRARGHE AFSitOGRITEEiMIUIEFith IDfirskhen davdd® f b6h@i m 9
further cemprising a first opening conpletely through the first interposer
and a second opeRsNPaERARE Ghelrposb PERIKR A B S£GaPArAt SERAFEpacklige f 1 TSt

Wi res pas%t@@péé@@‘t‘tﬂ@fi‘r@ﬁlﬁtbl‘ seraRENIdMg %n@oﬁ@%a%egpaﬁ Ny DoAY A
through b ékff)éedtrtétth@ es\ﬁ ;s cﬂﬁ%ﬂérﬂgﬁom Ldn elg\t‘ft iIeNT16GePbf & lRina 1

device of claim1l conprised by a

conpri sed g}g n"\c 6‘338@8 Bternd
memory debice e if The [ubs o ibﬁéﬁoﬁ FmLS AN PR R AR o
dﬁb{u%' KB hbSI ng:

system V“tr’ié‘f"f‘stm PR ESH
a die contgl, Q"s%%g%'&%ﬁc?%r aogﬁﬁegfly‘fb”tﬁe‘é‘e lefrﬁtosép’ t?or?oeBBB pad;

2. The device of claim 1 wherein the die is attached to the first
interposer with nonconductive adhesive, the first interposer is attached to
the second interposer with nonconductive adhesive, and the sole conductive
connections from the die to the first and 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.

5. 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.

7. The device of claim 1 wherein the die is separated from the first
interposer solely by nonconductive material.

8. The device of claim 1 wherein the first interposer is separated
from the second interposer solely by nonconductive material.
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a first package interposer stacked over and attached to a separate second
package interposer and separated fromthe second interposer solely by
nonconductive material, the die being stacked over and attached to the
first interposer and separated fromthe first interposer solely by
nonconductive material, the first interposer including a bond pad at an
el evational level with respect to the die which is different from an
el evational level of a bond pad included in the second interposer; and a
first opening conpletely through the first interposer and a second opening
conpl etel y t hiSoughThleedsecend élatreripeterginahti first andnskmdind/ eonduetivepassi ng
t hr ough tdmnrfaatsinsopempnigef woest he die's first bond pad directly to the
first interposer's bond pad, and a second conductive w re passing through
bot h the firstlland Tdecoadcepeni!lags o fuothdarheordpassgeaedoatiopenthgad directly
to the semonglatalyethposgh'tbebiinsd intadpoddr. adthe skeasoraeopeniigacompdetsher ei n t he
second i nheo pgis ¢he iskclondeis te qrosaddihte forsalwiben@apaihg threudruvhedirsur t her
conpri si ngperdngagith th ®Bakoduevicentpaissimgtaought mgthathed gt aeud §eddrich a third
bond pad,opédiagsecond i nterposer being stacked over and attached to the
additional die; and a conductive ball of a BGA fromthe additional die's
third bond pad1.di Téetdigvice dfheasecoodmipnisedpms erdrdpaddilé ipackbgbond pad. 16
16. An integrated circuit device conprising: a first die containing an
i ntegrated circui t Tivet e @ ckorfdc/pad;1 eowecised oy e mentayewjcan i nt egrat ed
circuit with a bond pad; a first package interposer stacked over a separate
second package 3.i niférepmsaenoyndesiep arfatiaidn fli2opo Mheiseddpnd datmpuissswystanl el vy
by noncomdbc mieropabeesadr. each interposer including a bond pad; and a
first conductive connection fromthe first die's bond pad directly to the
first interposkt.' sAroimdepeaiednereuitdevicd aondustiove connection fromthe
second di e's bodk padiadnimgcahyntegrates sigcohdvitmadirpbaed' s sboaddpad 17. The
devi ce ofpadiaim 16 wherein the first die is attached to the first
i nt er poser w tehfiranrawidige interpaieestaeke d vehansioh taclosditie tal yeparadeinect i ons
fromthe §écatd gaekagetihrpoest andtswpeoatyd homptihegevbndsnterposer 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 directiy 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.

15. The device of claim 14 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 and attached to the additional die;
and

a conductive ball of a BGA from the additional die's third bond pad
directly to the second interposer’s additional bond pad.
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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

| arger size than the second interposer, the device further conprising a
first array of conductive columm bunps under the first interposer and a
second array of conductive colum 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. 21. The device of claim 16

wherein firstqdi e ARAntdGra386 ¥ uitl dE\BERRIBRpRQKY: | ncl ude an additional bond

fﬁfsttgleedgvg b wdw%m&m% aﬁ' Reb a0 CoreG AR efg ng Ct'sgp fromthe
addi ti onal bo rg@?}? % é'%?é) ke Fer EE u‘:f%ég{é b? 9{3
oo o0 f daidle e j; Ergp o i poser
o pa s gﬁ“ Whit C”ftuie%e*@ R W
d qibe, ’}t ng Fﬁ8 V %Cﬁhq E\h h
eCond i e e ﬂe%#o oyt %&Pé%% TS ANt Rk ce

i nt er pos © ??\'tee? '?:glé t'V€ach

Célv [
mterposéioqr\"?(?%ﬁ’&‘l néOQ‘ H@n%%%oﬂieéﬂd BHYS i’ﬁg HEPRYS s"t”é%ﬁed over the
fromthe first die's

bond. pASterpgaﬁ 0 768 Jnubh iR B b RIREahaP Bl SRirhegensiane
conduct i V 15%Yn fromthe second die's bond pad directly to the second

ot Rsel %, AN PAE aBfoo DY 6RAL:Sh A A% MIBISLL RS, SeGR0g ol e 1

Si ze han the second interposer, the device further comprising a first array of
conductive column bumps under the first interposer and 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.

o ;r;ewi AL R e, %ééh il ugpgast e

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

21. The device of claim 16 wherein first die and the second
interposer both include an additional bond pad, the device further
comprising a third conductive connection from the first die’s additional bond
pad directly to the second interposer’s additional bond pad.

22. The device of claim 16 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.

23. The device of claim 16 wherein the nonconductive material
comprises adhesive and encapsulant.

24. The device of claim 16 wherein the second die is attached to the
second interposer by a BGA that includes the second conductive
connection.
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first die with nonconductive adhesive; the first die is attached to the
first interposer w th nonconductive adhesive, the first interposer is
attached to the second interposer w th nonconductive adhesive, and the sole
conductive connections fromthe first and second dies to the respective
first and second interposers conprise wires. 27. The device of claim?25
wherein the first interposer has a smaller size than the second interposer,
t he device further conprising a BGA under the second interposer formng
external conductive contacts fromthe second interposer. 28. The device of
claim 25 whereph fiAkstinigyratepsprtuanibvibe coaqamingi nt er poser both include an
addi ti onal bong seadnd e siecked dwrtdIeEpafRRPiiss g dadrhididl cepndnizly ¢¢
connectlomtégmak@réu,ﬁ%m atigmepat: s additional bond pad directl’y to the
second inter p%?lrrsﬁpéggéééc?ﬁﬁir BepHsRAke 28R sephegicat 86b &l haekhgdevi ce
conpri si Ngytef SRGOBG H |‘ﬁtéﬁp%|é¢dn@|\ﬁ%an?‘%%&§d ?%B%& %@fﬁ@tp@ure &n Prst di €,
each di esf‘a%rl’(te‘?i' gvg,gt@@f,lr&tlggé _¢ rChRgUIt W bond pad; I rSt package
interposer st agked, Q¥RK ésp e%to%ﬂ%'aﬁgntf?o:% thePRs ?td‘?e FQ &
|t g;nge%@ P'th.ﬁp b8 éﬁa %Veeg&ﬁc?&eﬂasau 6 ecl%nnf? fpduct i ve
i nt er poser aﬁr& sdtl,éar a{)ﬁ%%feédqg” W rsg S‘%r?tog'rﬁ ose% sof Iy&ﬂ)cg/ nohconduct i ve
mierial, the f6r StrhaLEiR %)fn ey mﬁ@' 8 dndtaigns o 1 evel
Wi th Lesgﬁf‘ét .8&/ ﬁ ac.%n s Sonid aransert eo{oem el eve
0 al onl nq @ Efe héglklgg 5 1 st lﬂ p%se'rﬁg tt%%ﬂ@ g |
corp! et e ST REBRETANS AnRBRANG PREALAL ORISRl Y
rough t sec rt{% sferr IC%FOE? L & dldSy Prps? 20?9, rs

conductlvgc’W?% Bgéf &é GpeT r}?g efsrpor(ﬁl[ﬁe HiY bond
pad direct'§" FE%S C?m S |‘ﬁ{ Pposer s bond pad, and a second conductive
\é\ﬁo:]g f;gm Ege §7C0n‘fjh I(]eeVIC 2 IV\r/r?grteIX tﬁgf;[rgteln§g§:poonsder hans:[ Srs%)gliaer

P size than the second mterposer the device further comprising a BGA under

the second interposer forming external conductive contacts from the second
interposer.

28. The device of claim 25 whersin 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.

29. An integrated circuit device comprising:

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.
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