M CRCELECTRONI C DEVI CE PACKAGES, STACKED

M CRCELECTRONI C DEVI CE PACKAGES, AND METHODS FOR

MANUFACTURI NG M CRCELECTRONI C DEVI CES TECHNI CAL FI ELD

[0001] The present invention is related to

m croel ectroni c devi ce packages, stacked

m croel e and_ net hods for

manuf act &ﬁ&%@%ﬁgs%% RASHAGES, BAGRKREUND

[OOO§A gﬂfelectronlc devi ces general ly have a die

. eMICRO, E&iTFiCNélEC PRV Glg ACK E§rIAN@dVIETHams FOR

haV|ng a denS|t of very small conponents. In a

t ypi cal s/@sCT‘al CHROMIGHRMIEES

manuf actured on a S|ngle waf er using many different

processes that may be repeated at various stages

(e.g., inplanting, doping, photolithography, chem ca

ion, plasna vapor deposition, plating,

T%@Sﬁgﬁﬁz?g@* et ch| ng, etc.). The dies typically

include an array of very small bond- pads electrically
[0@@iip! ed Thetpresenttingsraioadsakelatad td ynicrobRchonig-dsvile Eéékages,

the external electrical contacts on the die throug
stadkiedh rhiceoctepnic V@VieeepackiagBsl Sandt Methd¥s€ for manufacturing

transmtted to and fromthe integrated C|rCU|try The

midtoeteotiofid difivegepar ated from one another (i.
singul ated) by dicing the wafer and backgri ndi ng t he

i ndividual dies. After the dies have been singul ated,

BACKGRa@UNDYypi cal | y "packaged" to coupl e
[ 10829- 8842- SGOOOQ LA052070. 054] -1- 8/16/05 the
ectrlca termn

AL E 2 PHsSeiEreudBPyes Baruihat ¢ K | ar b pbwbinciudes
ntSgrBftel U liRinating S 4ot aspsikagey e cempriantey n a typical
pro%%lsjg ' qgrgtehﬁurgberdéf dies are manufactured on a single wafer using many
different processes that may be repeated at various stages (e.g., implanting, doping,
photolithography, chemical vapor deposition, plasma vapor deposition, plating,
planarizing, etching, etc.). The dies typically include an array of very small bond-
pads electrically coupled to the integrated circuitry. The bond-pads are the external
| electrical contacts on the die through which the supply voltage, signais, etc., are
transmitted to and from the integrated circuitry. The dies are then separated from

one another (i.e., singulated) by dicing the wafer and backgrinding the individual

dies. After the dies have been singulated, they are typically “packaged” to couple
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pads on the die to arrays of pins, ball-pads, or other
types of electrical termnals, and then encapsul ating
the die in a nolding conmpound to protect it from
envi ronnental factors (e.g., noisture, particul ates,
static electricity, and physical inpact), and to form
the nbandegadacta’ anlacgetesirae op afdaiRl tbiminMe RBPChABd Mbre easily
t he bond-pads are electrically connected to contacts
VPR th mﬁ@O@QﬁEToWéb%hﬁﬁﬁ/ fnéd)lgnBRinadNadd §RYAAines.
bal | - pads. [0004] El ectronic products require packaged

L croel ectronic devices to have an extrenmely high
[gﬁﬂi ity o?"”c‘B%'@H@W@ Gan Be \paekagednby @l@cywalhepowgmg the bond-
exanpl e, the space available for nenory devices,
RAds CB<be die toaregys Hf pinsaball-padse or ather typpe of elsatrical terminals, and
conponents is quite limted in cell phones, PDAs,
then eaeansulasing dbe dis inamdnaiding cootpbend (v prhiectst frdw envirbpmental
there is a strong drive to reduce the surface area or
fagtorst {sr.g.ntmoigthire;, Ipariidutates| detic electicite varcke pbysieal pmpatidand to
circuit board. Reducing the size of the
foint reo etieroeleotromic ddeviase packagee  dh fdnec aplichtiorquihe Borghpads are
performance mcroel ectronic devices generally have
etaptricaip dnpected twfvostactsesnldn interbosayegubbtthle- that hels an array of
arrays and thus |arger footprints. One techni que used
bal-padsr ease the density of microelectronic devices

within a given footprint is to stack one

1 croel ectroni ¢ devj c ackage on top of another.,
thslve  © ettt pradychy e ibakanpt Girsoatagianis dovices to have
certain dj sadvant ages. For exanple, they may require
ag@gm%hlggéj@@mgh k grgnponents lnnz?very llmlte% spa)ée. F%r example, the

é10829-,_8842- SE0000I LA052070. 054) -2- 8116105 ‘ _
sgAgRsRYailekle feomemene e Preessorspdisplpyel @ndepiheramisroelectronic

qual ity control testing of the devices, or have other
CaMRARRItRds gufte HmipEduriatiTriomesrPPAE, pRrtablsceni@oes] and many

Figure 1 is a schematic cross-section view of a
othesaduadiais. As such, there is a strong drive to reduce the surface area or
“footprint” of the microelectronic device on a printed circuit board. Reducing the size
of the microelectronic device can be difficult because high performance
microelectronic devices generally have more bond-pads, which res'ult in larger ball-
grid arrays and thus larger footprints. One technique used to increase the dénsity of
microelectronic devices within a given footprint is to stack one microelectronic device

package on top of another. However, these existing stacked designs may have

certain disadvantages. For example, they may require excessive space on the
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m croel ectronic nulti-di e package. [0006] Figure 2 is
a schematic cross-section of two of the packages shown
in Figure 1 attached together to forma stacked
assenbly. [0007] Figure 3 is a schematic cross-section
vi ew of another stackable nulti- die package. [0008]
Subgtras4for SinferésHe R ' '
BlidrisS [reiade [%gggg @Fc?ﬂgﬁflj‘/e(%éntl?cgofaegﬁﬁg of the

stackable nulti- di e package.

FEALREBSI KoV RS rawhh@, Vi ew of yet anot her stackable
mul ti-di e package. DETAI LED DESCRI PTI ON OF THE

DRAW NGS [0010] A microel ectroni c package .
BRIEFHRIESRUSTION m!ﬂ%gfﬁmu@@sps or dies in a single
es

package. This provi or a space saving design. A
é&'nner package , may al so be achieved with certain
[0QQ3Igns.  Tigwrgadkdge amesehpmatie s cipsadeston hview tofe ali stackable
may be separately tested before being placed into a
raigEpekasdronissarifitdié packegedi es may optional |y be placed
back-to-back, to better avoid co-planarity drawbacks.

ddogne enppdiden hali LEORHG i

e To555 3452 BB R5ES 55 R EA A6 57 ¥ Bfghes shown in
qu ' ' ' qmp;cting with a
Fﬁ@é?%ﬁ@%@fﬁdgﬂ%ﬁ%gdggﬁéig?%g‘% %{Sa e !e‘l ectrically
connecting with the first substrate, and a second

[#8%Hoel ectigurs 8 islaschematic ciasaisegtimoviawaifiamgttes stdukable multi-

- second substrate. Wth designs where the el ectrical

disopeakepeons are made by wire bondi ng, one substrate is
advant ageously bigger than the other substrate.

[éﬂ@il] Th](_algmeci ?ﬁié ‘r’zﬂaélggﬂc? RAEKAGE TBYW G PLRGEK %9ac?<£able multi-

ched t9 ano
die package.
[0009] Figure 5 is a schematic cross-section view of yet another stackable

multi-die package.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010]} A microelectronic package advantageously includes two chips or dies
in a single package. This provides for a space saving design. A thinner package
may also be achieved with certain designs. The package may be designed so that
the dies may be separately tested before being placed into a stacked assembly.
The dies may optionally be placed back-to-back, to better avoid co-planarity

drawbacks. In one embodiment, a microelectronic package has a first
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a second mcroel ectroni c package, to forma stacked
assenbly. Electrical connections nay be nmade between
the two microel ectronic. package assenblies, by

el ectrically connecting or |inking contacts on a first
substrate of one mcroel ectronic packagewth

minoeletizorie die sleciEiballySthwicEMEwRh (ﬁ(@gt %a%(%te a second substrate

m croel ectroni c package. The sta age can

dlbtrcaBd chmhettifd Vit thd fAt dsqkl))‘é‘iré%, %}ggé 'debBhd fmicroelectronic die

connections to the circuit boar throug

6@t ; ei r . package. ,
HOHESh e heRIY 1P fne> Yl ubsiiotes W oG Fiers, e piectrica
ith reference to

dohrfebt ' i:0ed_bel qw . :

AL fad  EBSEIB LRl A L LGLEAE0S Y Boger har
' singl e assenbly, but in other

t@%‘gg{(ﬁ?%ﬁ%%tgeach devi ce can be formed separately.

Several enbodi nents in accordance with the invention

[@9HIset f Fhemicoelechenidipaskag@smay be stHckil B8 SitadHNEYnother or
are provided for purpose of illustration only. They
carsecond iniuresideitbrics (RGO 16 | Bl a0BtabREs SEABAAYL ! Bfoctrical
invention. The following text is provided to give a
cohosationh nandes Aisas dictgedt trﬂ&wrﬁié}&ﬁec%@&’ﬁf&%a%\%é‘%&?aé’éembries, by

the invention. A person skilled in the ar

elgtttially aBAncdliPYRY Sihking Rahtddheoh %Vfﬁglt éﬁ@tra{é?%‘ J}?ev%ic[g%electronic

addi ti onal enbodi nentsS, or that the invention nay

pREisye Wil chhiabRWn a%?&&ﬁcﬂsuﬁgtraw B 1Rt RhLSmiESSLRG Bhckage.

shown in the draw ngs.

T e OB ARSI i lomocns

Turning now to Fig.

PRI i AR L ot KA, B Pade.

0%iener ally centrally located in the substrate 12. A
[0012kt ni dviery epecitnidstaiiseofosewaralpemb8dinamtainf ahé i iMeention are

si de 40 and back side 42. The active side 40 is
degoribed deplow with refdjesicai togfdriming &r sluradityo st hiaéreelbtrodiBedevices
active side 40 of the die 18" has termnals (e.g.,
topeiner raalsingtd assenibhgiblyincstheesrhbedmehishe SNESGES cAb& formed
second side (shown here as
separately. Several embodiments in accordance with the invention are set forth in
the drawings. The drawings, however, are provided for purpose of iflustration only.
They are not intended as showing limits on the scope of the invention. The following
text is provided to give a thorough understanding of particular embodiments of the
invention. A person skiiled in the art will understand, however, that the invention
may have additional embodiments, or that the invention may be practiced without

several of the details described or shown in the drawings.
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the top side) of the substrate 12. The term nals and
contacts are typically arranged in an array. The

contacts on the substrate 12 generally are
electrically connected wth other contacts on the

first side (shown here as the bottom side) of the

(9013} r at e Tukiding howetol By, 1 hg AsSABIR MickSeib&ronic Pﬁckage 10 has a
el ectrically connect wth a circuit board or other

firsiodustrbRY €2 haisg R bﬁenlhg 8t ﬁ%t 4\3'8 §ha'y eﬁhg 19 a1 %f %(i\f’arﬁité:geously

die or chip 22 has a bac 2 att

én&!aﬂ%ﬁcéﬁtratllz ?o(fa'téosﬁwctﬂé %uﬂ)gl’(atgr@mgf\ ?lpét%iwﬁtgrégﬁ"ﬁgip die or chip

adhesi ve 20. This attachnent

1? Féé‘é: %H%E&ﬁe%ﬁ{) %‘ﬁﬂ %kgg%(?g%vbﬁhdl r@ ap, a4 n% arlt?ac%éd to or

hout ™ on
%‘cﬁ i ﬁgﬁ% ?Pstrtm\éﬁgaratt??g] ﬁ%g&g%g et4°Da ofd Ihe e 8e rﬂgg ?cl,rlmyinals {e.g9.,
25. A second

SBREBA) SR bt W S B o5 e dsnows e

ond . dj . 5] The first substrate 12 is |arger
ﬂfef 90@ S'dﬁ\j ofhe GFHB? e 18n gkhe termingls ard centaeln @re ipinallgaeranged

aan that as shown in Fig. 1, the first
iy BBﬁrFaé(t e '%? canlpgisdn theysubséptm 32 taenersdy anel efackritatiatcennected

§ . Electrical conpections are nmade between the first

WiR pther emtacts e thadfirstside (shavwrcbereras thadotiom side)taithe substrate
34 on the top -or second side of the first substrate

1201 gllodbe cissemhivat® o Bleddricaliecanopctowitls ec oineliitsbeerdodr other
t he [10829-8842- SO00001LA052070. 0541 -5- 8116105
highepieyekansembit e 24. These connections may be nade via
wire bonds 26. Since the contacts 34 on the first

(ORI} | 21 A SEorARIG AN A8 Br Bhip DA 4 Bho RS Y Hilicned to

t hat exten

th\ﬁ' Ha%k.k%ﬂfé‘jotctﬂ RRG LiePNS fﬁ%f@é%b nwgé a@%gg[{’g 5@%%031%&hment (as

exli sting tec ni ques.
ed and out

w@i? Qg EFZQBYHE{ aﬂagﬁrﬁ%%tts dgﬁ?rﬂ?p%h?rﬁ Igg'agr e t(%;?r indirect, i.e., with or

tric connections, are nmade. between contacts on
ﬁogﬁtd(;r{g # n?qg% mtermeé1 ate elements between them. Each die 18 and 22

generally has one or more integrated circuits, shown schematically in dotted lines at

25. A second substrate 24 is attached to the active side 40 of the second die 22.

[0015] The first substrate 12 is larger (i.e., wider and/or longer) than the
second substrate 24, meaning that as shown in Fig. 1, the first substrate 12 extends
out beyond the second substrate 24. Electrical connections are made between the
first and second substrates by connecting pads or contacts 34 6n the top or second

side of the first substrate 12 to pads or contacts 34 on the top or second side of the

[10829-8842-SG0000/LAN52070.054] -5- 8/16/05




second substrate 24 and-termnals on the active side
of the second die 22. As shown in Fig. 1, the second
substrate 24 has a through opening or slot 14. Wre
bonds 26, or other connecting elenents, can therefore
extend through the opening 14 to make connecti ons

$Eiond esubbirates 24,0 THe S8! BShicttEn A hiRleSAS %’\%St%lﬁszé)ﬁ. Since

The wire bond sequence for the sécond die 22

thewintists 32 SIPRRNSsitRtrhiean bBateB Y ars8g'ef ﬂfeefilfsi) substrate 12
the first die 18, so that the pin assi gnnent W I~ be 7
tﬁﬁﬂ”@%ﬂ_é'cﬁ.lttﬁbyoh@%@%bbo@ Eu@frtai%[zgowrla @\%%%Ih%‘%&ions between
connections bétween the first substtate . af t
: ; i ie . e in e, sa
t&gwd?rﬁgépac eag%ﬁ%%kléﬁﬁ&%cﬁﬂlaﬁ?g?¥h§§)ﬁ%l?é cggﬁﬁgt :?AF ggg 38 are
S ide.: Alt h,the di 18 an are
AR 198, .0, 6408 gl SDHSNy HB8of| SRR, P RGeBiEarposes.
may be the sanme, or they may be different from each
[B81Er , el Ednatiicahicbynentidheareresdttnbe@ldelt: cohfiRts on the top of the
substrates 12 and 24 nmay be printed circuit boards or
sectnd supstestea?d snbstermaingls drothe akive Sifle td19h8iRSond b 22, As
.providing electrical interconnections. The pads 134
showhtia Righs! thet sstohd @ub¥iRits Hd NabIARYEH dp'éningréraM& 1% Wire
recei ve an equi val ent or correspondi ng array of

behés 26| @ﬁbtﬁé@%hﬁé&in@%l&nents?_@érﬁjﬁ{er%bé : Qﬁ? %’B@@g the opening
sol der el enents). The first die 18 an Irst su rate

14820 maKke @ohARidfs BRfldeen ﬁé%ﬁ@%ﬁggﬁ% %igfr}qd)'/ ﬁfet sgcond die 22.

8/ 16/ 05 board-on-chip construction.

TREGARILEE séductid thhGeReoN F%g%isﬂ%/%rg?gt%ﬁ ?@)&ﬁ)ﬁg&&oﬁqﬁle wire

boar d- on-chi p construction.

' , 0 S . plied
oSPISERL SR NS 98, SR TR o BBt
th%lmiﬁ%uponds 26, and the contacts 34 adjacent to

I nner or outer edges of the substrates, and the

termnals on the dies that they connect to, are
[03VEr ed Dylectricalmsingectomshetde@8theTivst sitetrate 12 and terminals on
the first die 18 may be made in the same way. The package 10 shown in Fig.1 may
be symmetrical from side to side. Although the dies 18 and 22 are shown as having
the same width or length, the dies may be the same, or they may be different from
each other, electrically and/or mechanically: The substrates 12 an_d 24 rﬁay be
printed circuit boards or other types of substrates for carrying the dies, and providing
electrical interconnections. The pads 134 on the substrates are typically arranged in

arrays to receive an equivalent or corresponding array of electrical couplers (e.g.,

solder balis or other solder elements). The first die 18 and first substrate 12 form a
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18 and 22 may be conpletely encl osed or covered on al
sides by the substrates and the nold conpound. The

| oner side of the first substrate 12 advantageously is
not covered by the nol ding conpound 28, except at the
Wi re bonds at the opening 14. Exposed contacts 38,

beRratepdctis oaReMuCBA. \'Su"nﬁarﬂp'?l‘?e SOBdRCLR %?ﬁa]tli?n?%ond substrate

second substrate 24, are not covered b

20 BRBYGN aﬂa?ﬁj_hﬁ@p@%ohg@u(g%ﬁosed contacts’ B?O?nugge

| ower side Irst s rate uncovered,

in making electrical connections with another package
[8038ked orifisr e WidhengecaDeci@BG126 aftenguias kage cdMpaBNd 28 is
then be tested, since all of the contacts and

arslind exesthendrashonds 26ciodiss atias shpwhés Fige qUiTpeBMfe bJ,ms% and
al | ows defective packages to be detected and renoved

thefcontactn4 tdjaatntas samebloy oofer bligePartkhagebstathd fhd the termmals
stacked assenbly. The stacked assenblies therefore

arathebdiesrtici theyoodriRRMY, %ed doRsts8 MY the PAGY %Bﬁrg)]our;@ bg.s Jhe dies

i ncreases the yield during manufacture.

\h@ide22 e W&tﬁﬁkﬂetbﬂf drivicdbl ?F ES\%:'EQ oft a?l'é' d?e%oﬁy #8 %ggstpé'tes and

ot her hlgher | evel "assenbly, the pack

thé 3l lcBEhpRENE! TIRN [oRdr iseFhik eJFrrscf L@stratte"“lé Q?\Ffm?aéeou%ﬁ/ is not

substrate 12 on the circuit oar

SRy SRSTEPL LR PRSI S 14

and the circuit “boar

Efxﬂ)gw cg%gfssg@olg%tleé‘wg& 9?41%;{% l?]o& %(?rﬁ% G5 :Jnél gﬁe second

to contacts, pads or ternina L
used to

St 'Eﬁﬁ‘%dé’?{. Dy Y riSig; Ritpahgod il [eayes e crposed

c@%ttﬁtsgsc?é 0§8 h’ Ioﬁ%r %giglct%flntﬁg q‘lgis}%g{%sar dgqc\:/c;v%féqqhgo:? )L(Igeo Sfr? making

ked ont h k 10.
e%%ﬂ'c%'r%ﬁagﬁ’gckaﬁf? P kRdy 88oked oSk adeed: ne
“package 10, as shown in Fig. 2, then connections to a

[G018%ui t birer dackmgeal ema;atl'@nyb@rteﬁﬁdl tiheaalil o e OBMiScts and
Vi a exposed

terminals are still accessible by test equipment. This allows defective packages to

be detected and removed, before any final assembly of the packages into a stacked

assembly. The stacked assemblies therefore can be made from known good

assembly packages. This increases the vield during manufacture.

[0020] In uses where the package 10 is attached to a circuit board or other
higher level assembly, the package 10 may be installed as oriented in Fig. 1, i.e.,
with the first substrate 12 on the circuit board. Electrical connections can then be

made between the package 10 and the circuit board via the exposed contacts 38
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contacts, if any, on the package at the top of the
stack. [0021] Fig. 2 shows a second package 10 stacked
onto a first package 10. Solder balls or elements 16
may be used on a land grid array, to nmake electrlca
connections between the two stacked packages-

“E"?'i@ﬂfeﬂr E@‘“a@*‘smﬁgﬂé’?%g@h%é" B, SHBRRRort, CRELGK sokisr pats 16
Byl ubBE 1bORaREGHAR ANLARS, TS EOIROIRY 28,00 LS may
ag@g@aﬁgzg@/ g);gateafng,%bs gbéﬁcﬂgc?gg@o  SHRaT GORAFD 3 Aethe second

bot h
sﬂ%gg@fer%%: Ff er?‘Fﬂ“" Eﬁ?%ef%rssté%eﬁfgg gﬁe @q;!t(age 10. If one or
: neces rical connecti ons between them can be
| ds‘&lﬁﬁagpﬁ ge9 agggiagkad aitg depackags dRbpy shaen in Fig. 2, then

haV|n two packages 10, of course, the stacked

CRBRERHNG 9@ RiESHitheasd amealisrpately erhadditionaiyibe rhades viarexposed
nore packages. [0022] Fig. 3 shows another enbodi nent
captagts if anyi on $1e RAckags abnedop of te stadkostrate 52

form ng a chi p-on-board construction. Unlike the first

[Qﬂrl]@gt rat eFi#ZZ S, I3 chhd Paélfag{ethAfs{Sarc %?)Hgof yf@%te 2% age 10.

ig. 3 has no openlng 0

SRAfbrathik %rﬂ%@nﬁb f H1a[gfht?e LhEF bndl Rank® 'ndA‘ artay, 10 ma'<e electrical

22 1s provi

8/ 16/ 05
iﬁe aﬁgé% %e a%_ g %%g?%%‘:‘gﬁ%c de?@t:e%%%@gp%d the
0
s A B BBk b 12
RS RO DO

the first di all ow for wire bonding or simlar

th§gﬂﬂ8ﬂﬁ%ﬁ?"f&°6’@°%@&@€ﬁ}@§n 44 whownrait thgi eeriw ofnihe stacked
the fir bstr at [0023] If the second die 22 is

assamkI% r356t hdRet§reon %ﬁckag% may be Hae samecer Siffesent from the first

package, both electrically and mechanically, so long as any necessary electrical
connections between them can be made. While Fig. 2 shows a stacked-assembly
36 having two packages 10, of course, the stacked assembly 36 may also have e.g.,

three, four, five or more packages.

[0022] Fig. 3 shows another embodiment 48 with a first die 18 on a first
substrate 52 forming a chip-on-board construction. Uniike the first substrate 12
shown in Fig. 1, the first substrate 52 in Fig. 3 has no opening or slot. A spacer or

epoxy pad 50 is provided on the first die 18. A second die 22 is provided on the
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be omtted, as it is not needed for wire bonding. In
this case, the second die 22 nmay be attached directly
to the first die 18, as in Fig. 1. Connections between
the first and second dies may be nmade by peripheral
wi re bonding fromthe second substrate bond finger to

stiecet 50S tTHeUdIBS hidyeod anscHdd e ahe s&ﬁ@er‘% &n %ﬂgélg@ 28" A second

ot her el ectrical connecti ons bet ween t

Sttt 4 24t nad tH thes SSURE cﬁél ?% tzf%grﬂgng &?éerﬂ’e@”crg% construction,

second substrate 24 and the

Mﬁi:lbr %Stﬁehs?ec@%qm& %EH%'&Qnd %ﬁbs&gag%: quJ E@dnal 86% used A provides

he sane way as

TS 4pe fef%tf'%b%p%c@‘iégfgfe‘f’?@r%b@ﬂdww simiar

addi t 1 onal

t h 48
Rorkeors el bilyecBiilys! iR Ta e b6 it Subimte so.
shown in Fig. 2. [0024] Fig. 4 shows anot her

[8623)di mentf t6& sgeoret dicl 22 isismdlier tHam thBgirslass 98, th%@ﬁ%er 50 can
in Fig. 3, but with the first die 60 in a flip-ch

heearkitigd, a0it & nottidedad fHvird bérding. dinghBQaks, tﬂgtsée&‘ﬁijdfe% may

the first substrate 52 with the active sid

biel attdchied alirecthp NeRt firen8iebfd, WREA Fife1 f idonhelichsO% ebtﬂrggn the first
the first substrate 52 are made via conductive

a0t sebesd Hics dthayCies) ﬁia@éfby%nkhéraﬂ@}’l‘@ béﬁ&lh @oﬂ?{h’e Va%tcﬁh&i Substrate

The bunps are aligned wt nt ac

e .
IR SO B b e ot

cORnectiBls E@ﬁlfeé?nfthtb f&%.céﬁ& glggst%tése g% %H&ﬁ%é?‘?’b‘f gtetzﬁ NS between

back of the firs

e e 2
R e PRk A oG P ooy szﬁeglz J %ﬁ)?@awmpound

230885 4, DPLABF I, b 223209 8 e, o

trate

ptj-;"lfk(?’:l ouﬁ%gg@"ﬁ lﬁpﬁ%%t 31?%3%1 P%c& pﬁgsaétgg@%q?gmcmelectmmc
p%g%@ég gﬁggﬁbovy be hrc]e géer{"tg ra%ncc):re dltffgreilt %rom %heorpac?:’kag-ghEB) to form
stacked assemblies 36, similar to the concept shown in Fig. 2.

[0024] Fig. 4 shows another embodiment 58 gezrnerally similar to the design
shown in Fig. 3, but with the first die 60 in a flip-chip package construction. The first
die 60 is attached to the first substrate 52 with the active side down. Electrical
connections between the first die 60 and the first substrate 52 are made via
conductive bumps or electrical couplers on the down facing active side. The bumps

are aligned with, and make contact with, target pads or contacts on the first
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be stacked to forma nultipl e-package stacked assenbly
36, as al so described above relative to Figs. 1-3.
[00251 Fig. 5 shows another enbodi ment 68 generally
simlar to the design shown in Fig. 4, but using a
flip chip as the second die 60 attached to the smaller

sibstrhteds2 TAe bAck of He SBnd ¢ 22 i@bkAHR Yo (e %af:lﬁ_ﬁg the first die

substrate 70, in a board-on-c constructi

EECANSedng KBsiFaY f@lsaéﬁ%ﬂﬁ@dolﬁ?%e %ﬁl\)&a&g é’? gﬁ%g?ggﬂdedie 22,

first die 72 using an adhesive secC

g 380020, KBRPIARRT 1, SRy, bR Maeon o

is a fli

Senaen thspasion, S&siraieeg%ﬁé‘@es gg@;ﬁrﬁasmi 2 and e
e secon

he f
Sreg%ﬁ‘{i Q638 24, e Wlrds Giprindiion Sopiiund 2Be b peveis inthe
h f t bstrate 70. Electrica
S@ﬁ}?ﬁ‘[g%l( :f“g?«?tsc'ﬁ%ﬁ‘f/\%@(n X elt"{ﬁ'é‘ qufg@tsm%mﬁﬁécbﬁ’a 3s ubhst pagkege 58 may
et thefir_st die 72 and the first substrate
b?OS aﬁhﬁﬂ/ﬁ% ¥y @ Mulfinig-packssrddadied pesEily Bfe asesisgndescribed
gescrlbed above may provide advantages such as

0%t Elafyeds ﬂﬁsaﬁa'}lty i ssues (since the dies are
back-t o- back) allowi ng for assenbly using existi ng

oaaE et Sartissingd SSERYRGRY B8 AL ERGMIELCD oo

bal

f
SREASIOFIRE LATTRR LOBIHTLER Sl AL AN e smler

s t%%;ﬂ?%%@%‘qa% R

ach |eve

céﬁ‘strq}cfl&ﬁ g?ﬂ% ea Zedlggdgﬂﬂgg b H%hg%cﬂ%gg@gﬁ%the frst die 72
uélﬂ%ggf/e}o%%sggég ,ld\%g brgjg%u e?rat%%out gé?r}%%gcond die 60. As
th%os%tcg% die é(? Is a tlip c?ﬂp, efggﬁ'lcal gén%%tctrlén%aére%)g eI gét\?veer? ttfge second
die and the .second substrate via bumps on second die, as described above with
reference to the first die 60 in Fig. 4. The second substrate 74, which is attached to
the second die 60, is smaller than the first substrate 70. Electrical connections

between the first and second substrates, and between the first die 72 and the first

substrate 70, may be made via wire bonds 26.

[0026] The designs described above may provide. advahtaiqes such as
avoiding co-planarity issues (since the dies are back-to-back), allowing for assembly

using existing equipment, the first and second substrates can have a ball pin out
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are intended to describe any features, w thout
limtation, that are used in making electrical

connections, are not intended to have specific

excl usi ve nmeanings. The word attached as used here

means directly or indirectly joined, adhered, |inked,
aemgredentr cartitvening 4@ isduxdT §taddads (IEpan,r ﬂie,sﬂ&%béﬁérﬁs may be
here neans an el ement or base to which'a die is

intiviuaity tested Mefors Uil I ais8mbkDi £ !aymirmgl; p!%ﬁﬁa e height may be
exclusively, conprising a circuit board. e wor'd

duHioveen aEN@Jupdd ﬁarﬁ@tﬁ;%soiatrfﬂ ifehtid? e, W%Zs:, \gfs?hng’ Bifferent

first el ement and second elenment, as inh perip

SBSIIRRAL, Athy P HayAhct Peall AL S8 tk%@%@&%:?&%ﬂihg L &Ston may

or indirect électrical connections.

[ . Ne ods for making them

aﬁggéﬁ %@Wﬂg ot\/\'?%%%%s& r@&%%rﬁ%@g%ﬁq%@ﬂ%gghanges and
substitutions may be made w thout departing fromthe

[9827]i t andhe oees pads,heoritactentsiminalsT berripsy elRGirRAl couplers, etc.
therefore, should not be limted, except by the

drelintonded te idascribe amd fddieies, withoutvidhielbs; that are used in making
[ 10829- 8842- 5000001LA052070. 054] -11- 8116105 CLAI Me:

electricariconnedtiens, a8l ot IREKEEE to HAP shSéid excidsile h%{amngs. The
substrate; a first mcroelectronic die electrically

wood rettzicheg asi ided heref reshs diRstly aF %dire%t!ii&iﬁ@rﬂ adhered, linked,
substrate electrically connecting with t Irs

bendled bALEHenEBE SBPPEERNEN. NTTREARSACUBSIRAR HEFE means an element or
el ectrically connecting to the second substrate. af

babe 161 wiiok| £eid AN afadiek b of | upther, o
including a first set of w %egﬁl%:%‘lﬁgaebﬁ%%y’aséteg%8"0““'5“’8'3"

osuBtend S cals WA Bk SR A by gt

bétweth ShildeeRncnfEind s68nSHBSERALE i Beﬁphe'rél wire bonding, but also

includes other types of direct or indirect electrical connections.

[0028] Thus, several embodiments, and the methods for making them, have
been shown and described. Various changes and substitutions may be made
without departing from the spirit and scope of the invention. The ihvention,
therefore, should not be limited, except by the foliowing claims, and their

equivalents.
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central area of the first mcroelectronic die; and a
third set of wires connecting the second side of the
second substrate to the second mcroelectronic die. 3.
The m croel ectroni c package of claim1 wherein the
first substrate is larger than the second substrate.
aLAIN®: m croel ectroni ¢ package of claim3 with the
first substrate is electrically connected to the
second substrate via wire bonding. 5. The

m croel ectroni c package of claim1l wherein the first

| ect d hi k
const uot ot orR oSS oo ackage: of ol aim
| wherfgshsubistratsecond i croel ectronic d| e conprl ses a
b k
e e AR Sl i vt oppra

substarseicend Bakstrge alecBBMSEShridkclify Aith we ﬁ’rfst %&%fé &l
contacts tqQ allow for. a stacki nP assenb two or
y

mor e apﬁfgpgg Migrogiegispnie die electrical connectlng to the second substrate.
110829- 6842- SGO0001LA052070. 0541 -12- 8/16/05 8. The

m croel ectroni c package of claiml1l with the first and
secoRd nil Be deirrestectanic macbageeat hlafravi ﬁmghanmmmgea first set of

Wﬁ';egeCdnﬂ%w é‘ge%orﬂqél{l% g* i c SI gkrg%- tprfszgeﬁoﬂatsnde oip t%e second

si de
sHbstratel acgacond setlioe wimstmhedtlﬁg)atﬂnﬁ dide lof shel arsdfsubbiate to a

t I t )
CBRENUICE G RE AT Bk fectbfic I, AP o THEL 284 & wesy Fepnpcting tho
se¢orgt sige dbthersbcand eammtestodme setdmd inPog6EIML Siede

adjoining the first mcroelectronic die, and with the
first side of the substrate having a plurality of

contact s, Tianehivoblactrdrac phcksde stBaI At BhdBIH M@ first substrate is

t hr enln and further conprising wires
iaég&rgﬁg HQJJSEFCPB sthefdeurality of contacts on the first

side of the substrate to the first

4. The microelectronic package of claim 3 with the first substrate is
electrically connected to the second substrate via wire bonding.

5. The microelectronic package of claim 1 wherein the first
microelectronic die comprises a board-on-chip package construction.

6. The microelectronic package of claim 1 wherein the second
microelectronic die comprises a board-on-chip package construction.

7. The microelectronic package of claim 1 with the second substrate
having an exposed grid array of electrical contacts to allow for a stacking assembly
of two or more package assemblies.
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m croel ectronic die. 10. The microel ectroni c package

of claim9 with the second substrate having a first

side and a second side, with the first side adjoining
the second mcroelectronic die, and wth the second

substrate having a through opening, and further

conprg,si NgHa ﬁﬁc%o@léot?(g'ﬁé %c&éé’én ALl ! gﬁtg [gag first and second

contacts on the sec dieto e secon
rgigERnlerCteanis idieg @ach thavings ani actwl sicler oludimack pealivf of active

tehrainls? ahHr 4 BekK %ngp ?'vﬁ& ﬁwengécgﬁqaag?ﬁ?qge g‘atgmsfoelectromc die

encapsul ati ng the secon
afjached ta the bitok sidecofdled setorainnicrgeedtaai: @6, claim | with
the first die adjoining the first substrate and with

the second di e adjoining the second 'substrate and

Wi t hot he Thbrrﬁft:ro@i@traﬁllb%Bk 6%:%13%&9 tlﬁeﬁ?t é&strgféehavmg a

| egt e of claiml wt I rst
'Qtesdc?e e‘ila{ ic‘))encl 36%3&@ the serend pidstadiftining ithe filsti midroelgctronic

di, eldegith t%&irsﬂsﬁd@bﬂﬁé%u@&r&ﬁ@ h%@lhg Igllaﬂ@foqfc:ﬁég? fs, and with the

first die in contact W th secon
figgipathsiiate hpying 2o fgeugh sg@wgl enTaahe: e&mdrisidg wires extending

fr%HGtFIQ5pIJa4alltﬁ (?ft EGmS&s"bﬁf&%' ?Fs&,l g?% ol %ka %gtrate to the first

assenbl y,

nﬁ@r@ﬁ&gﬁonl@mrl SI ng a f| rst substrate; a first
m croel ectronic die electrically connecting with the

first substrate; a second substrate electrically
conné@t i ntheviribroeheetrbhicspackalgs t sfaélgim TN ith ﬁl@CQéIQ)nd substrate
hg\lnﬁéoel e tr'anl c die electricall ?‘/n connecting to th

UG 7 TSToRiAP A @ SEReNd deoMdthniher st sider étﬂiptﬂ'ng the second
"WOkI@gﬁonICQﬂ@,fér&i Wdh the second substrate having a through opening, and

further comprising wires extending from a plurality of contacts on the second die to
the second side of the second substrate.

11.  The microelectronic package of claim 2 further comprising a mold
~ compound encapsulating the first, second and third sets of wires.

12.  The microelectronic package of claim 1 with the first die adjoining the
first substrate and with the second die adjoining the second substrate and with the

first die adjoining the second die.
13.  The microelectronic package of claim 1 with the first die electrically

connected to the first die via plurality of electrical terminals on an active side of the
first die in contact with a second side of the first substrate.
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a third substrate; a third mcroelectronic die
electrically connecting with the third substrate; and
a plurality of electrical connections between the
second and third substrates. 15. The stacked

m croel ectroni c package assenbly of claim 14 further

conpri4si ngx s@ckdd Microdi@aRme: Ma?@ iaégerﬁﬁig, %ma%ﬂ?g@

iated with the first mcroefectroni (
gggg%ﬁ??"\ﬁ%’ﬁe@ﬁé’“‘f PR¥@g8etonaprisiigies connecting a
secongiist Signsi@te:t he first substrate to a second side
of the second substrate; the second set or wres _
connédiirshgicoglpetanicdid elastricatiy cohneting witbitthafist sobdrate:

t ' jcroel ectronic die: and the
e T
s ecordsenghdtmiatael¢atronivedis etemhitaliyiconaelting!to am t%ﬁg:brﬂ stfbstrate:

fourth SUQ yrate electrically connecting wth _
third subsﬁrate; and a fourth, fifth and sixth set of

W res msodhﬁtredlemt’nbrhcr:] bhﬁ(&@%w@?ﬁmi ;oelf ect i ggi c

ackage assenply, . .wth the four set of w

Eonnegti nG%@F@%ﬁFHH ®side of the third substrate to a
second si detd trm@rote}yéfrbnicsHl%stéléétﬁéan%hﬁorgﬁéscﬁhgt ?@{7 e thira

wires connecting a first side of the thir ! _
to a central %l%éﬁaf@fa*ﬁdwe third microel ectronic die;

(108295342 Sa3008) CEEHER0 6B ons bepagp ge second and thid
connect i ng t hesubskadas si de of the fourth subst rate to
the fourth
156.  The stacked microelectronic package assembly of claim 14 further
comprising:
| a first, second and third set of wires associated with the first microelectronic
package assembly, with the first set of wires connecting a second side
of the first substrate to a second side of the second substrate; the
second set or wires connecting a first side of the first substrate to a
central area of the first microelectronic die; and the third set of wires
connecting the second side of the second substrate to the second
microelectronic die;
a- fourth substrate electrically connecting with the third substrate; and
a fourth, fifth and sixth set of wires associated with the second microelectronic
package assembly, with the fourth set of wires connecting a second
side of the third substrate to a second side of the fourth substrate; the
fifth set or wires connecting a first side of the third substrate to a
central area of the third microelectronic die; and the sixth set of wires
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m croel ectronic die. 16. The stacked nicroelectrpnic
package assenbly of claim 14 wherein the plurality of
el ectrical connections between the first and second

m croel ectroni c package assenblies conprise sol der
ball s between the second and third substrates. 17. The

stacked miconnettingt tHenisecHRE kage o@&ﬁsnﬂhnh%uﬁt@tént&“thg fourth
wherein the first supstrate is larger than the secon

subst r at e_mlg@elle& repigdigbl e nul ti-el ectronic die

package, conprising: a first die on a first

substrate: a second substrate on a second die; a

spacéf. betlheestackas micreelecinuhic packatiedassmmbay fof redimse4 wherein

i f { t
TR e T ——
pagkage asserbiasioonigrise tsoldeubalts dt@eed the tens bae kaR] Substrates.

mul ti-electronic die package of claim18 further
conprising a third set of wires connecting the second

die t18. thEhéGSI@@@dSMhﬁéélé‘ét%nw Ea%lfagge%ﬁ@l ) 'gf:‘tcfraglﬁ 14 wherein
a e mu -

ond s . The stac
t@? ﬁrsﬁggtp(sggfzeb? apgest W@eﬁﬁ@’& sHbshateti rst  die and
first substrate conprise a chip-on-board package
construction and the second die and the second
substlBat eActfkeblbandltimiestionisie pagkagac kagprising:

consgrf#&tdflé)gp a2fﬂrst syﬁgtr ackabl e nulti-electronic die

package o aim1 the first substrate |arger
t hanatseeord sdbrirateibs trsecend die;

10829 %}Q 520.70. 05 15- 8/16/05 22. A
[st acéé\%g? S8 Qﬁﬁ-ﬁe%gt "‘?’ﬂd Seézogébﬁékage conpri si ng:
a first set of wires connecting the first die to the first substrate;
a second set of wires connecting the second substrate to the first Substrate.

19.  The stackable multi-electronic die package of claim 18 further
comprising a third set of wires connecting the second die to the second substrate via
an opening in the second substrate.

20.  The stackable multi-electronic die package of claim 18 wherein the first
die and first substrate comprise a chip-on-board package construction and the
second die and the second substrate comprise a board-on-chip package
construction.

21.  The stackable multi-electronic die package of c!alm 18 WIth the first
substrate larger than the second substrate.
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a first substrate; a first die on the first substrate,
with the first die making electrical connections to
the first substrate; a second die attached onto the
first die; a second substrate on the second die; a
first set of wires connecting the first substrate to
the <ond stabledblaimiti-aBetroric 8@

connecft Egbb} he second substrat ec@gﬁ?ﬁfcoﬁi r|¥}f d| e. 23.
The <tYEkSHISHaIRI ti-el ectronic die package of clai m 22

Wi t h g firet dielcH the Tkl Sub&trfe ARth ISkt Ju??;naﬁ%@ élgét@%ﬂ%onnections

flip chip package construction and w
subst r at e tafhe firblesubstraled die forming a board-on-chip

pack 306 BAASHL Seddhal on?o heﬂls% dgeg,:?lckab' e

mul ti-electronic die -claim22'' further
conpiéissicagd substrase oartlnelyeaﬂndcdhsnt acts on a first side
electrically

of t r at e .adapt

connddreysstr BHBE PO TieGuRy B fifts fatieds tie Sesend syheteate; and
t he fisesbnd sbisdfivites. codhectiNgehs k8edrRId B strate to the second die.
mul ti-electronic die package of claim24 wherein the

first set of wires connects a second side of the

firsp3subshe atakhBledmBRICEd of d
SI:!Ebst rate, 26, Theest ackabl m%kdﬁle (}kgg?r oﬁ"ﬁéén'dzz with the first

Rifalg Ak the firsinaie fermingianflip ehilf ipagkages otrsstiuatien iasd with the
skaésrPsubshait ANPtheseehiy a%kféltrﬁiﬁ & o%?d-oggﬁ%arcggag epstruction.

multi-electronic d|e package of. alm
second substrate is |arger than the first substrate.

28. Jhe I electroni ¢ di e package

ol ai n‘?h > ZST < rﬁg&%b@ rHJltl ef%cgroglc ® n@aré%g@r pﬂgclggfn 22 further
comaEsing ax firsbarmapef fcuonm;tsmrd asfirenside BB Hindt @ibstrate adapted to
electrically connect to a substrate of a die package stacked onto the first substrate.

25.  The stackable multi-electronic die packagé of claim 24 wherein the first
set of wires connects a second side of the first substrate to a second side of the
second substrate,

26.  The stackable multi-electronic die package of claim 22 wherein the first
substrate is larger than the second substrate.

27. The stackable mutti-electronic die package of clalm 22 wttétein the
second substrate is larger than the first substrate.

28. The stackable multi-electronic die package of claim 22 further
comprising a casing covering at least part of the first and second substrates.
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[ 10829- 8842- SGD000/ LA0O52070. 054) -16- 8/16/05 29. The
stackable nmulti-electronic die package of claim 28
with the casing having an openi ng exposi ng an area of
the second substrate having electrical contacts
adapted to connect with a substrate of another

packatfe. 3Jle Stackableankitbblectrarid HiegpRKEGOBE Elafth 8 &Nifh the casing
ﬁé\ﬁ'ﬁ%‘?‘ 8@ $| m %Z.nv\her ein the first "and second sets

0 res RoNpYi €RORNPeah e . orsthe seqopdneibstrgte having electrical
canadtaatapted Jo Bomant afth ecdubRhte RARKMHEE paGAITR! | Si Ng:
attaching a first die to a first substrgte; at t achi ng

a second die to the first die; attaching a second

subst3pat e Tha sﬁé&aﬁ@%ﬁ‘fﬂ-e@éc&’ﬁonw% gg?lfélg?tc;@[@iﬁ%\%ergmm first

el ectrical connections betwee

qnsksecord sats of tirasreompriseakientpralssecond set  of

el ectrical connections between the first die and the
first substrate; and making a third set of electrical

conn@dt i oAInslabuEE TMAMFaSeaaNE nilbReRRFoli @fqéo ising:
subs%‘hgée. 33. Tragee meﬁ,h?d olgg]cl aim 31 %Igﬁgicn ﬁggmpnsmg.
firsf, Hing Adirstdie toR first swhstraly: el ectri cal
connetthching aaceond dieth andrigogeect i ons. 33. The met hod

of cl g%? .31 wherein the second. set of electrical

conné a SPEONFSPstate (withe seeondadieli ng t hr ough an
openimginigha Hifke sétl 6ot bt &tiond beth e

cl ai m 33 wherein the & h rgE)@ﬁeefcngﬁs 2?%‘%?#‘35%5%? sfibstrate and the
connect i o¥¥ONdsHbEEAE; vi a wires extending through an

openipgingna kBEorRE SOt he method of .
claim Szbf urt her comr?gﬁgél?ﬁgpgéﬁﬂaaeﬁge?q ﬂl% ﬁrs[ die and the
second first substrate; and ]
making a third set of electrical connections between the second die and the
second subsftrate.

32. The method of claim 31 wherein the first, second and third sets of
electrical connections are wire-bond connections.

33. The method of claim 31 wherein the second set of electrical
connections are made via wires extending through an opening in the fi:;étrél;l'bstrate.

34.  The method of claim 33 wherein the third set of electrical connections
are made via wires extending through an opening in the second substrate.

35. The method of claim 32 further comprising enclosing the first, second
and third sets of electrical connections in a mold compound.

[10829-8842-SGO000/LAD52070.054] -17- 8/16/05




and third sets of electrical connections in a nold

conpound. [10829-8842-SA000, LA052070. 054] -17-

8116105 36. The nethod of claim32 with the first set

of wire bonds connecting contacts on a second side of

the first substrate to contacts on a second si de of

the 3fecorfthesmbtiiodasieclaBl 32Tweh MRS Rt &t & L3R dohinecting
on a

et of W bonds connectin cont acts
dHiage SR s EngXicd bl e TR0 SUERRAE Dupantacss mlcusasond sige of the
daconat sabsteatef the first die. 38. The nethod of claim

32 with the third set of wire bonds connecti ng
contacts on a second side of the substrate to cont acts

on a3yeconfe %ﬁéiﬁo@%f Ei?l 1 s gﬂﬁ} ae%gnﬁ grt; Hg‘?%pﬂgﬁ connectlng

claim 31 wherein the
coRtacts e giigst sidesafithe Grst sobstranetmtmmalsqfn & it BB Jof the first die.

wherein the first die conprises a board-on- chip
package construction. 41. The nmethod of claim 31

wher 8Bn t 1ﬁbe sesthod offichi meﬁ.‘?%ﬂnoﬂhbcthﬁ*d eset %ﬁ Wt Eﬁﬁdd'p""c?nnecting
cBﬁ%r% gg ?‘?{E’? Eage %onst ruction. met hod o
3 ﬁ? St ri8i Sipstiate t?dp@iﬁa@tﬁem’rﬁlaecond side of the

secorgbdisd from ar eas of the second substrate to | eave a
grid array of electrical contacts exposed, to allow
the mcroel ectronic package to be stacked on anot her

m crggl ectORe %dba&ké'lgh | By ?rEﬁn ﬁgtlﬁ %L&?Hatﬁﬁbml@?q%hthan the

furt her conpr|5|ng exc
S@FEMlssubstrelee first substrate to leave a grid array of

el ectrical contacts exposed, to allow the
m croel ectroni ¢ package to be stacked on anot her
40.  The method of claim 31 wherein the first die compnses a board-on-

chip package construction.

41.  The method of claim 31 wherein the second m:croelectronlc die

comprises a board-on-chip package construction.

42. The method of claim 35 further comprising excluding the mold
compound from areas of the second substrate to leave a grid array of electrical
contacts exposed, to allow the microelectronic package to be stacked on another

microelectronic package.

43. The method of claim 35 further comprising excluding the mold
compound from areas of the first substrate to leave a grid array of electrical contacts
exposed, to allow the microelectronic package to be stacked on  another

microelectronic package.

{10829-8842-SG00GO/LA052070.054] -18- 8/16/05




m croel ectroni c package.

[ 10829- 8842- SG)OSOlLAOSZO?O. 054J -18- 8116105 44. The
met hod of claim 31 further conprising attaching a back
surface of the first die to a back surface of the
second die via an adhesive. 45. A nethod for

manuf4kt urhegmathetias oizdné 1cluebesdmBring ﬂ?ét‘fﬁr&fa back surface of
ST &bdé’ g% rising: .naki n(%gg irst mcroelectronic -
pacEagé 3¢ gg‘f ?%ﬁ%ﬁﬂé‘a ¢ waiy adhepivet _
substrate; attaching a second die to the first die;

ttachiing a second substrate to the second die; naking
Z fi r‘Qgt g@t pethed efarr masfasiuringc el otackbet meemelebeonic package

j i8ing: and the second substrate; making a
iﬁggg{nbl 'slégtﬁ{qg?ﬁqgi ectrical connections between the first

di e dnRKing a firgtimigtoetlegtienic paekaganisy: maki ng a g hid rd seg
of el i cale cti.ons between t he secon ie and

t he a?é%@'hg%sfﬁgg({@gq%?'rséﬁﬁb’;jf#gc_hi ng a second _

m cr edheling ardecopdidicag¢hd first biﬁ; g' r?t :m cr oéelISe;:t :?Elef

k enbly. ,46. . The thod of claim u

ggﬁp%ﬁé?'ﬂésﬁﬁﬁ%ﬁﬁd 3‘19%5&3?6?@&1 © SEERIKEdei ons between the

fi r smakirdy s et et @n'aéaﬁéeﬂ%bhﬁéﬁti%nQBem%ﬁ%r@mst substrate and the
connectin ontacts of the second mcroelectronic

package tge‘i'?%ﬂtsé' §§at8'n the first substrate. 47. The
met hathkafg gls@b@h&@eﬁwé@@tﬁc&%hbﬁﬁghgi d;é‘sﬁﬁégrg g#é‘ﬁ.ésé die and the

el ectrical connections between t se

ni cr oel eckEbsiibstipigsRBdes vi a sol der
making a third set of electrical connections between the second die and the

second substrate; and
attaching a second microelectronic package to the first microelectronic
package assembly.

46. The method of claim 45 further comprising making electrical
connections between the first and second microelectronic packages by connecting
contacts of the second microelectronic package to contacts on the first substrate.

47. The method of claim 46 further comprising making the electrical
connections between the first and second microelectronic packages via solder
elements.

48.  The method of claim 45 further comprising testing at least one of the

first and second microelectronic packages before attaching the second
microelectronic package to the first microelectronic package
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el ements. 48. The nethod of claim45 further
conprising testing at | east one of the first and
second m croel ectroni ¢ packages before attaching the
second mcroelectronic package to the first

m croel ectroni ¢ package
[ 108282 88 4heSERUDHI LAOERAT0 4854therdif- tisl 4308 4$bt &P Celectrical

[Jn.45 _wherein the second set of
e| ec%3 ﬁ?rgafa% 2'1'06@1 e@?i"&'ﬁ%%gpgs fadRNding tipygh Bnerening in the first
subistratdi. ng t hrough an opening in the first substrate.
50. The nethod of claim45 wherein the third set of
el ectrical connections are made via w res bonds
ext emdi, Ng ThHBT [Sgfo M aPm; . St .rate. =~ .
o1 CThe. ety A Sf oRR A horBin e BRE PRCLRIBRACA Banections
AR MG iy Wings bpnds exteadiog tiirougimen thienidg srethe setbond substrate.
el ectrical connections in a nold conmpound, before
attaching the second mcroel ectronic package assenbly

to tRé. fiTbe mateodef elaim d8ifartha@cédrgstisimPendddnd®id Bdt, second
the first substrate is |arger than

P A B BB otnMeglions by BHBa mmaLBrnGome aitgohing the

sebend micsbeleetrontd padkagh bisSerhbly a6 BEfs! PRSodYctnk
bondi ng contacts of a secondysi de of the f%(céstncepaCkage'
substrate to contacts on a second side of the second

Substaat oThéhetfRLofMBPdsAlndibi Fedfis! LIHE i araer shan the

conpri Si ng attaching a third mcroelec
SeePNh subsiaie, nand derteen reomprisipac kaajéngnitie ikt nget of electrical
Shictini IO the first d third
cONTAGHE Uy WFETRREIGORTIREE RCR flnd LI gRIEE FEl lbstate o

CRHacts winraiseRafd sédecafithe séconpiamibatiatet 0 contacts on the
second substrate. 54. The nethod of claim46 -wherein.-
the contacts on the first substrate are |ocated away

fromd he Tedgesethbdt be flainst 46 URRtHeAt Bemprising  attaching a  third
microelectronic package to the first microelectronic package and making electrical
connections between the first and third microelectronic packaged by connecting
contacts of the third microelectronic package to contacts on the second substrate.

54.  The method of claim 46 wherein the contacts on the first substrate are
located away from the edges of the first substrate.

95.  The method of claim 45 wherein the second microelectronic package

is the same as the first microelectronic package assembly.
56. A method for manufacturing a microelectronic package, comprising:

attaching a first die to a first substrate:
attaching a spacer to the first die;
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55. The nethod of claim45 wherein the second

m croel ectroni c package is the sane as the first

m croel ectroni c package assenbly. 56. A nethod for .
manuf acturing a mcroel ectroni c package, conprising:
attaching a first die to a first substrate; attaching

2 on hmammd:dﬁﬁgghgsga%e&] 20- 8116105

_ - 0 - Ny
it 2R SO Spus @ e Sebsearlie: i t aching a
secomiakind atfiretset bpelbbtﬁoﬂ%ﬂﬁ@ctﬁin%ibéﬁﬁ%ﬂ%m@leﬁ‘ir&' sfu?&t&?@tand the

of electrical onnecti ons between the rst subs
and t he §88‘3H€6 Bates at e; numki ng aé_second_ set ofth
| ectnia ted : di nd.
i rorTEHR acautnns seelP olREUErorraBiond Bl Bl frgtifip and the
connect i ofist BsiEe; ande second die and the second

SUbs ity afird Eﬁf%ﬁg@%&@&locfonﬁ%@oﬁﬁ?qg\fgg% e;§ec&pg dig and the

conprising attac acksi _

a ggcond seciwdsubsinatef i r st substrate, and making the
second set of electrical connectlon§ betmpen
termnals on an active side of the first die and

cont 8t s Oie histhaEsfaMimSS6IRIABE E&ﬁpfiéiﬁééﬁiﬁfﬁ? éngﬁﬁlﬁ aide of the

ﬁ%?.edj%-ﬁ?r %Et?ggg%g'deglogé% ﬁ‘gﬁr g&éﬁ%%r&};:;fgﬁ;m second set of
epetrizablcoyinestioht abdtiweb® Gafifalk S5 pALEH SRR 8 Hle! first die and

i de of the second die and contacts on a secon
C@I?ta?tﬁé)”stg@@ﬁao%ﬁg?Péﬁ‘@,ﬂ"%%’bsmﬁtees ext endi ng through
an opening in the second substrate. 59. The nethod of

claim56 further conprising attaching a second
The method of claim 56 further comprising making the third set of

electrical connections between generally centrally located terminals on an active
side of the second die and contacts on a second side of the second substrate, via
wires extending through an opening in the second substrate.

99. The method of claim 56 further comprising attaching a second
microelectronic package to the first substrate or the second subsirate.

60. A method for making a stéckabfe multi-electronic package, comprising:

aftaching a first die onto a first substrate, with the first die having electrical
couplers physically contacting pads on the first substrate;

attaching second die on the first die;

attaching a second substrate on the second die;

wire bonding first contacts on the first substrate to first contacts on the second
substrate; and
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m croel ectroni c package to the first substrate or the
second substrate. 60. A nethod for nmaking a stackable
nmul ti-el ectroni c package, conprising: attaching a
first die onto a first substrate, with the first die
havi ng el ectrical couplers physically contacting pads

on t heiréibostinguimsheeting terhinatbmthes S6asHd @Ié%ﬁ%@cém c%ntacts on
first d|et gttach q&p@ econd substrate on the secon
di e; vmreBr‘?&FWbd? fl%&ontacts on the first
substrate to first contacts on the second. substrate;
and [10829-8842-S @0000/ LA052070. 054] -21- 8/15/05
wi re-Bondi F @Smﬁ’écﬁf|C@nt@i'wm$falrstherﬁrstfmnmtsomdtr@ fest Substrate
SreC. t u
IS0 4 gl hO st XBRAat3, ) WisFin 0 7 Somaets on the
§qc08¢ sybsisate sre adjacentddjaaceige of theasemdgaubétrdtbe fir st
substrate, and wherein the first contacts on the
second substrate are adjacent to an edge of the second
subst@2at e Théamelfiod afedinclo0iwtekdih e Qekbify Bbat@%n the second
$E@§%% cont cts Pn the second substrate are adjace

i} &k FeMhioneoRamigHi the seeqnsh wibstrate.
[ 90829- 8842- SGIXI}] LA052070. 054] -22- 8116105
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