M CRCELECTRONI C DEVI CES, STACKED M CROELECTRONI C
DEVI CES, AND METHODS FOR MANUFACTURI NG

M CRCELECTRONI C DEVI CES TECHNI CAL FI ELD The present
invention is related to m croel ectronic devices,
stacked mcroelectronic devices, and nethods for
manuf acturing m croel ectronic devices. BACKGRClJND
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mclude 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, signals, 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
the bond-pads to a larger array of electrical terminals that can be more easily

coupled to the various power supply lines, signal lines, and ground lines.

An individual die can be packaged by electrically coupling the bond-
pads on the die to arrays of pins, ball-pads, or other types of electrical
terminals, and then encapsulating the die to protect it from environmental

factors (e.g., moisture, particulates, static electricity, and physical impact). In



illustrates a conventional packaged m croel ectronic
device 10 including an interposer substrate 20 and a
m croel ectronic die 40 attached to the interposer
substrate 20. The m croelectronic die 40 has been
encapsulated wth a casing 30 to protect the die 40
fromenvironnental factors. Electronic products
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microelectronic device 10b. The interposer substrate 20 of the first
microelectronic device 10a is coupled to the interposer substrate 20 of the
second microelectronic device 10b by large solder balls 50. One drawback
of the stacked devices 10a-b is that the large solder balls 50 required to
span the distance between the two interposer substrates 20 use valuable
space on the interposer substrates 20, which increases the footprint of the

microelectronic devices 10a-b.

FIG. 2 schematically illustrates another packaged microelectronic
device 60 in accordance with the prior art. The device 60 includes a first

microelectronic die 70a attached to a substrate 80 and a second
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m croel ectronic die 70b attached to the first die 70a.
The first and second dies 70a-b are electrically
coupled to the substrate 80 with a plurality of wre-
bonds 90. The device further includes a casing 95
encapsul ating the dies 70a-b and wi re-bonds 90. One
drawback of the packaged m croel ectronic device 60
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FIGS. 3A-3D illustrate stages in one embodiment of a method for

manufacturing a plurality of microelectronic devices.

FIG. 3A is a schematic side cross-sectional view of an assembly
including a plurality of microelectronic dies arranged on a first interposer

substrate.

FIG. 3B is a schematic side cross-sectional view of the assembly after
attaching a plurality of second interposer substrates to corresponding

microelectronic dies.

FIG. 3C is a schematic side cross-sectional view of the assembly after

forming a casing and attaching a plurality of electrical couplers.



FIG 4 is a schematic side cross-sectional view of a
m croel ectronic device in accordance wth another
enbodi ment of the invention. FIGS. 5A-5C illustrate
stages in another enbodi nent of a nethod for
manufacturing a plurality of m croel ectronic devices.
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substrate and forming a casing.

FIGS. 6A-6D illustrate stages in another embodiment of a method for

manufacturing a plurality of microelectronic devices.

FIG. 6A is a schematic side cross-sectional view of an assembly
including a plurality of microelectronic dies arranged on a first interposer

substrate.

FIG. 6B is a schematic side cross-sectional view of the assembly after
attaching a plurality of second interposer substrates to the

corresponding dies.

FIG. 6C is a schematic side cross-sectional view of the assembly after

forming a casing.

FIG. 6D is a schematic side cross-sectional view of.an upper

microelectronic device stacked on top of a lower microelectronic device.



A. Overview The follow ng disclosure describes several
enbodi nents of m croel ectronic devices, stacked

m croel ectroni c devi ces, and net hods for

manuf acturing m croel ectroni c devices. An enbodi nent
of one such set of stacked m croel ectronic devices
includes (a) a first mcroelectronic die having a
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In one embodiment, a microelectronic device includes (a) a microelectronic
die having a first side, a second side opposite the first side, an integrated
circuit, and a plurality of terminals electrically coupled to the integrated
“circuit, (b) a first interposer substrate coupled to the first side of the
microelectronic die, and (c) a second interposer substrate coupled to the
second side of the microelectronic die. The first interposer substrate has a
plurality of first contacts and a plurality of second contacts. The first contacts
are electrically coupled to corresponding terminals. The second interposer
substrate has a plurality of contacts electrically coupled to corresponding

second contacts of the first interposer substrate.



I nterposer substrate with the dies arranged in an
array, attaching a plurality of second interposer
substrates to corresponding mcroelectronic dies with
the mcroel ectronic dies positioned between the first
i nt erposer substrate and the associated second

i nterposer substrate, and electrically coupling the
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zone within the perimeter of the die.

Many specific details of several embodiments of the invention are
described below with reference to forming a plurality of microelectronic
devices together in a single assembly, but in other embodiments each
device can be formed separately. Several embodiments in accordance with
the invention are set forth in FIGS. 3A-7 and the following text to provide a
thorough understanding of particular embodiments of the invention. A

person skilled in the art will understand, however, that the invention may



B. Enbodi nents of Methods for Manufacturing
M croel ectronic Devices FIGS. 3A-3D illustrate stages
i n one enbodi nent of a method for nmanufacturing a
plurality of mcroelectronic devices. For exanple,
FIG 3A is a schematic side cross-sectional view of
an assenbly 100 including a plurality of
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first contacts 126 and a plurality of second contacts 127, and (b) a second
side 124 having a plurality of pads 128. The first contacts 126 can be
arranged in arrays for electrical connection to corresponding terminals 116
on the dies 110; the second contacts 127 can be arranged in arrays for
electrical connection to corresponding contacts on a second interposer
substrate (shown in FIG. 3B); and the pads 128 can be arranged in arrays to
receive a plurality bf'electrical couplers (e.g., solder balls). The first
interposer substrate 120 further includes a plurality of conductive traces 129
electrically coupling the first and second contacts 126 and 127 to

corresponding pads 128.



after attaching a plurality of second interposer
substrates 140 to corresponding m croel ectronic dies
110. The individual second interposer substrates 140
include a first side 142 and a second side 144
attached to one of the dies 110 with an adhesive 132.
The first side 142 includes (a) a plurality of
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tHedieddi10i onal enbodi nents, the mcroelectronic dies
110 can be wire-bonded to the first interposer

subspftat € attaching the second interposer substrates 140, the
microelectronic dies 110 and the second interposer substrates 140 are wire-
bonded to the first interposer substrate 120. Specifically, a plurality of first
wire-bonds 134 are formed between the terminals 116 of the dies 110 and
corresponding first contacts 126 on the first interposer substrate 120, and a
plurality of second wire-bonds 136 are formed between the contacts 146 on
the second interposer substrates 140 and corresponding second contacts
127 on the first interposer substrate 120. In additional embodiments, the

microelectronic dies 110 can be wire-bonded to the first interposer substrate



8 120 before the second interposer substrates 140 are
attached to the dies 110. In other enbodi nents, the
second i nterposer substrates 140 can be attached to
the dies 110 before the dies 110 are attached to the
first interposer substrate 120. FIG 3Cis a
schematic side cross-sectional view of the assenbly
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oS BB B 29 cHo? A L 0 bt A SLRESEY s peond

intbfisef Aibstiats | TMD! stich ehdt! tHealdohiactd 14BilaredU@Pered and
m croel ectronic devices 102. FIG 3D is a sch

defiges @noeperivgt 12 avey idegeriralaportippeal the; férﬁbéllct%ﬂﬂ% rfcthe

SHEG Fredper SRKAEOT40 SRcR nd thead™ 46 9F0 BXHGA.C The

er an ["ower “devi ces

cheingerser edn beﬁbmé@bytwnt/bmlormldmeeﬂitmtmo@ng fdafmimkﬁng or
102 descri bed above with reference to FI GS

oy Spibable dRinceEseD2a After claiming the ¢3Ring oJAéCP3 Héev Qlgotrical
cw%l%r?ymm%%ht ngaftgawec?ltﬁct:{)l‘é@é rﬁﬁr‘é@ Ads Ho8 8h e first

device 1 nto the openin In the casing
lritéfbcxsfar Bbbstlrame‘rZ(ueand:me;LG%emhld ‘50(1 aamhibegcuthalong lines A-A

AR Pl e L SRR 5,1

devi ce 102b I n other enbodj nents, the u er and | ower
devi €53 3D2is- 3 sshematigi side éiﬁ?s%‘ﬁ%?t@é? ‘#GYV afip| wpper

i RRINIFGHVIES 16923t88REd on top of a lower microelectronic device
102b. The upper and lower devices 102a-b can be generally similar to the
microelectronic devices 102 described above with reference to FIGS. 3A-3C.
The upper device 102a is coupled to the lower device 102b by inserting the
electrical couplers 160 of the upper device 102a into the opening 152 in the
casing 150 of the lower device 102b and attaching the electrical couplers
160 to corresponding pads 148 on the second interposer substrate 140 of
the lower device 102b. In other embodiments, the upper and lower devices
102a-b can be different devices. For example, the upper device 102a may
not include the second interposer substrate 140 and the second wire-bonds

136. Moreover, the microelectronic dies 110 in the upper and lower
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not include the second interposer substrate 140 and
the second wi re-bonds 136. Mbreover, the

m croel ectronic dies 110 in the upper and |lower 9 0
m croel ectroni c devices 102a-b can be the sane or
different types of dies. |In other enbodinents,

addi tional mcroel ectronic devices can be stacked on

Ql%e‘igctﬁgh‘i‘cb H@f?%és dlg)‘Q'aC@ claﬁzﬁe el samest Gi‘ﬁfér@ﬁt tyPBEIof dies.

eV| ce diti onal enbodi ments,
lmomerammdnmantts caslditioral hoigrosiectronic dawlceel cab diepstacked on

s ies are cut t he, devyi ces 2,.ar ' I d.
e, fiBpd’ Sevise, M fupP Selch B oI0let, A A
aaamohgl ehbydiaents) thé%kﬁé@l@ﬁﬁbﬁl@ d6vite£s10202an rbd htacked

assenbly 100 ill ustrated in FIG 3C. Al ternatively

befasodide; assemblies are st indrifie deviserb D2 areasingdated. For

TR, U, Ao, 7, TS0 Sl o

cofeepemiing t eitdsS.102AiB Bhe sasdwhblyh¢O0 eillustested O E4B. 3C.
be stacked on top of each other. Stac

ki
AEEIRSEDE e iaviags, 1024n |tW@r%ra§E§et4§§eHKgig§i Gap bgrffaghed
aﬂ? V%J%ﬁq?&%ﬁ'@n a given surface area or footprint
0

rcui oard For exanpl e, when the upper

one ST AP Bge 181 thE ol P et Tl Uitk d0p Hhse el Mbove
witbZefdrencetd FABSI3ABMR icthat thé deviees 10Reanuppetacked on top
m croel ectronic device 102a is, electrically and

OB@CQbPWQfou&tWIm@ migEoRIpeiERnic devres mrﬁaﬁ@s UBengapacity
ot ﬁ)g ?r%béfe W?tr J&Fguﬁéc[eeaal%ré S ofrint ¥F & %gft $oard.

ure o m croelectroni ¢ devi ces
Fol exampid, athemthe Gﬁper Bier8électrohicadevides 102aliis stheked on top

evi ces can, be tested fter kagi ng and before
gtta%klpwer 'ﬂl?r%%‘@ﬁtﬁ‘t)%'ﬁe eyice hf)@qtf ?fée ng?h vice 102b is
aﬁSéﬁé‘d't e D%ﬁb@geﬁoaﬂe tp@e%pﬁéf‘ BROEEEFEME 8BHce 102a is
excl ude roma stack devi ces. Therefore, stacks

eta‘ctrmatlyoahdctop@nabiydeouplesl danthmccmrdet MQrdkmm@ugouamg
deyi ceﬁ whi crgf [ ncreaseﬁ % f the device
SGRAicREty me Eitliecs 2ea on b eroll Bogid! oot hat ar e

di scarded. Another feature of the sta

m cr Heptharfeaiuge eémec%cr?emrpms%\a%%? 82 illustrated in FIGS.
3A-3D is that the individual devices can be tested after packaging and

before stacking. An advantage of this feature is that defective packaged
devices can be detected and excluded from a stack of devices. Therefore,
stacks of microelectronic devices can include only known good devices,
which increases the yield of the device stacks and reduces the number of

devices that are discarded.

Another feature of the stacked microelectronic devices 102 illustrated
in FIG. 3D is that the lower microelectronic device 102b includes a second
interposer substrate 140 with a plurality of exposed pads 148 inboard the die
110. An advantage of this feature is that the upper microelectronic device

102a can include a fully populated ball grid array, which increases the
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in FIG 3Dis that the |ower mcroelectronic device

102b includes a second interposer substrate 140 with

a plurality of exposed pads 148 inboard the die 110.

An advantage of this feature is that the upper

m croel ectronic device 102a can include a fully

popul ated ball grid array, which increases the 10

ngi"Hﬂ%‘?'bf %@E%@ﬂ‘n%'t gah 'B% a%%@dkf?o ﬁpéf VitE909BRE A circuit
evi ce atoamrc boar W t hout 1 ncreasing the

boarst withowt mcrealsmgdhedooiprmban dhe Circuiti boaidonal

cordance wi t h anot her

enbodi ment. of the i Th | ect
Gour BI85 8Gs O% SEReTBRUS IHIe RTHSSSOCtighan UaN of Gunakeelgiranic

d%ﬁ&%%‘tﬁz m@&é’r@%ﬁ&é Q/ﬁﬂw Qﬁ@ﬁ%r"érﬁﬂoétﬁ'fe% Qﬂocﬁetlﬁvé:ﬂt% The

For exanpl e m croel ectroni c devi ce
nmicrokelettronic deviceD2ds generallyusamlalotoamean}m@eleotr@mc dewces

bstrate 120. i\ Lustrated
10 eserBet e allh Ereltrbe tleve AL : i PremBifedhe
nficroBRRASNIEEVIEO 20D iREREEs ﬁ*u&ﬁ@le'i:ﬂ@ﬁ%ddlépﬁ’fd atthéleed to a
the die 110 by a stand-off 270. The second i nterposer

fiest iterpaser2supstiate | 120 s The) illustratesk micreelezdrenigadevige 2202,

nByg8 o) RS St DibrPofobtiatn 240 Plfoeq gpert

fr8|42theTb|@ 110 blyas starkdi6ff B70. aTherggednd ﬂnwﬂp&éraéubsndte 240
electrically connected to correspondi ng secon

inchidtescey aifirst sidet3d2 haying g am@lﬂb%m@m 746 @nﬁz@ plurality
o%éas 28 léHdagﬂg dé( Is%fcoﬁﬁcé?@éj M4l 8%;9 rst-@@e @@35  The

are arran n-an array can E ned w
c@ﬁactssmﬁdlane padagéd8inorart hz&réy rarid leiemlpalsb,erconnected to

substrate 120 t hough e footprint of t
c¢rrmqndmgaae SRMBRIA Sham 6 B dfparases fobstcate 120 with
ﬁf§/‘ dfaste%hﬁd‘vh -58HEs 286! hﬂe%élfg?t@éré’érr?ﬁﬁdglrﬁan array

er e od| ment s, rint o
alsdaoccam benahgrpms aviths ube“esmrmlagcpaxtm 128eoh athgefirsbrinterposer

| | ' of i _
s Qi€ 40”5 ok el Fatp of, e lfiratey #855n inferposer
stibrate candis Apiirekipenely ﬂ'n‘éb§érhét& ﬂf’é)fd’@ltbhntaoff fhesdie 110, in

adhesi ve 232a and the "active side
other embodiments, the footprint of the second mterposer substrate 240 can

m cré

be larger or smaller than the footprint of the die 110.

The stand-off 270 is attached to the second side 244 of the second
interposer substrate 240 with a first adhesive 232a and the active side 114
of the die 110 with a second adhesive 232b. The stand-off 270 is sized to
space the second interposer substrate 240 apart from the die 110 so that the
first wire-bonds 134 can extend between the terminals 116 and
corresponding first contacts 126 on the first interposer substrate 120. The

stand-off 270 can be a mirror wafer, tape, paste, or other suitable device. A
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of the die 110 with a second adhesive 232b. The

stand-off 270 is sized to space the second interposer

substrate 240 apart fromthe die 110 so that the

first wire-bonds 134 can extend between the term nals

116 and corresponding first contacts 126 on the first

i nterposer substrate 120. The stand-off 270 can be a

. , - . | .

o4hq 250 ENFInEARR) DGR 1Y e eI USRI R40
themhimrpelsetrosiolie 140e 240 and the microelectronic die

110. One feature of the mcroel ectronic device 202

i || uoheafeatlire rofRh&. migroslectrdwit devices20Dnltustrated po&es. 4 is

substrate 240 has a larger footprint than the . d
thahttbe perNds IfRPESeE subgtrates ?6@2@%6 ZolAIEefoRtprint than the

s#cgdgﬁj E@&@ggg%gp%ﬁﬁ%te?ﬁ@’ Qis AR s84 VROt frefdtbfce to FIGS.

ustrated second | nterposer
ARt Ant advadiagaof this featerenisrtbaptidsillastéatad second interposer

SRS o A obRh R0, 00 ol P08 o

gﬁﬁ?%‘?ﬁag”\zﬁﬁ&ﬂrﬁﬁééé&ﬁi thedRYnBRr 0P sfyrlafViat can be passed from
m croél ectronic device in a device stack. FIGS. 5A-5C

am uppst migreekectrgoic devieamist adowembinipeleatronit devigs iIRctidevice
sfog manufacturing a plurality of mcroelectronic
18651 ces. For exanple, FIG 5A is a schematic side

Cross-sect| [ view of an . assepbly 300.,.i ncl udi

ol ur BIGE B AP ehlplete. Saadhit saplersribey et ehrdselos for
R 86K of oI, doite o chasFic.
is34 Gsdhematideside cnosetpestietalcviesupt an1asgarmnblyn300 including a

i call ' id 314, | ' .
PR ok riCrogldctrdte 2ite $T03nRG, thigé ar oWt rtahdtiin an
adast on At htBRIJser dabstSteoPERSThE ihdigidaal microgiederoditddies
The backsi des 318 of the mcroelectronic dies 310 are

31Q inaludal anontegsated: circuithi €2 fekewn sehsmadicallyizgn agiive side
o APUFRYY S PipRCa e hbpo BT BRI Bt S 51

add@ sekeldeb®ts aEpaa’te'\ftHé‘lactﬁfeESideQHﬂ oThé BAcksidés 308 of the

FIG 5B is a schematic side cross-gsectional view of
migieelgstionis| §iegdfl0 are attached to the first interposer su%’strate 120

with an adhesive 130. The first interposer substrate 120 is generally similar

to the first interposer substrate 120 described above with reference to FIGS.
3A-3D.

FIG. 5B is a schematic side cross-sectional view of the assembly 300
after attaching a plurality of second interposer substrates 340 to
corresponding microelectronic dies 310 with interconnect elements 370. The
individual second interposer substrates 340 include a first side 342, a
second side 344 opposite the first side 342, a plurality of first contacts 345
on the first side 342, a plurality of second contacts 346 on the first side 342,
a plurality of third contacts 347 on the second side 344, and a plurality of
pads 348 on the first side 342. The first contacts 345 are arranged in an
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after attaching a plurality of second interposer
substrates 340 to corresponding mcroel ectronic dies
310 with interconnect elenents 370. The individua
second i nterposer substrates 340 include a first side
342, a second side 344 opposite the first side 342, a
plurality of first contacts 345 on the first side

a?ré? 'foﬁelﬁhﬁfcéi bérYnéHtloﬁf’@Qﬂﬁr&‘bﬁhémbsﬁrgﬂéorﬂacﬂshleﬂf bh $he first

a plurality of third contacts 347 on the
nné.@np@ﬁar sublstra;ezn 20arie sepdd sontacts B46 pig argrgesnintarearray

foa{I rksat tﬁl‘?:'gf P%%qzcélpggﬁ%eéc'e r?c?%pa%%nm %é%ﬁ) f?é; %o %%tsaﬁ vyalead %é Brst

ingSrposepamskitide 1205 thectivdasdrtadté B4grarkherdrigesttin an array and
|nterEoser substrate 120; the second contacts 346 are

ahae ’wccprﬁe%mr‘aimgamtencenn@q:te@@me@bﬁ 3¢dnanrd theypadsy 348 are
aﬁ%béga’ﬂ?gﬂ'é}gaaé for 2 cflj%tn?%%\ ;%lﬁ?ah of 8l craﬂgﬁt}plers The

rposer s contac

sécdrahdedrposernsalystrate aB40  edrt datther t:mloderasplur@htylgof first
i nt erconnect elenents 370:; and the ds 348 are

cenuatlyed therean3493 agleckically t sowplng: R e frsh| gealpctsy Yo to
@»J Jdo‘ﬁ?glbtrﬁr‘?j‘%rﬁéa]suégg‘? gngl U?Q‘fa."t%bﬁ?% ttséﬁalﬁ.tn(/éttr%ces

can rther
340 dledtiicalyt cauphg3t@asetand contacks/ 346upl comesgunding pads

3§8 pilh éﬁtgggﬁe%@i%ﬁéﬁ%%%gﬁpt gl r%{g@qltsgo%t har éonditive
rrfén%éré'tﬁaéléé’tnegmpbbﬁﬂetth% t%%i?{éq’s 898taFcthe I%F&oél@ctroglc die

correspon I Ng pa S . he I nterconnect el enents
3tQto leerresparding 4hird oontaﬂtsh é|47dUhﬂlﬁ:S¢Gﬁmd mr@@sgr sdbstrate

3fcr dbFeeernpl BP8 Mo hElRoRelk dar hgbefi, graterial 372
béMée@ﬁttﬁe3ﬁﬁcr@élédﬂ%n&ﬁCdlé§| B’ﬂ@ eap@sthe de@r?dsrp@hdlng34§écond
The assenbl éas O may further include an underfill

interpesen | subsiratase t3d¥e o t Beamisome| ec thensteess ddacerh ahdhe
cc%rggpﬁgﬁt:?eg&? '}ﬂjﬁ tﬁ%oggn'\lpbﬂéﬁfsp%ﬁ] rﬁé’igﬁfré atcﬁépﬁ’c a%,fjgnd

Stres ace onen
oihepiceatantinanisonponent s from noi st ur e, chem cal s, and
other contam nants. FIG 5C is a schematic side

Cr OSPIG.88C i®AdcheiRiicdfidé Brosassatioh] e of&ﬁbﬁﬁssembly 300
W re-bondi ng the second interposer substrates 340

aftgre wire-bpnding: éhe osegond,bisterapser mybgtiatasorddthgtoa the first
m‘f&?)oggr é&&straAe 'Ol|25(5r &l\d tfcyrn‘m;g fé E:ac'élnej‘"3r5%. A plurality of first wire-

bonds 334 extend between the first contacts 345 of the second interposer
substrates 340 and corresponding first contacts 126 on the first interposer
substrate 120, and a plurality of second wire-bonds 335 extend between the
second contacts 346 of the second interposer substrate 340 and
corresponding second contacts 127 on the first interposer substrate 120.
The first and second wire-bonds 334 and 335 accordingly electrically couple
the terminals 316 of the microelectronic die 310 and the pads 348 of the
second interposer substrate 340, respectively, to the pads 128 of the first

interposer substrate 120.
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bonds 334 extend between the first contacts 345 of the
second i nterposer substrates 340 and correspondi ng
first contacts 126 on the first interposer substrate
120, and a plurality of second w re-bonds 335 extend
between the second contacts 346 of the second

i nter poser substrate 340 and correspondi ng second

cont ggkSs cé&ﬁg 0856 h@ncfddsﬁtat%é‘ttﬁé pﬁﬁ&beﬁa‘éﬂ%ﬁ fcab% B® and a

The first and second w re-bonds
padioor difndie fistcand cagtgnct olnf;ereosem esub§trate$al 03 18 340.

he..mi £r qel ic die 31 dh ds 348 of
SpBEiaM. Hie st 380 sotpasdafina nefoBder padip b hetsesond
lrﬂéﬁﬂ)‘é)sér?gu@étrét@ &40 duich thbﬂ&@rmﬁssﬁd sobed 8btadd34518nd 346

The casi ng 350 encapsul ates the microel ectronic die
ag1 engapsuategoand dre pads 134 8f anesexpasgds edBadfarming g spsing

SBH. 3Bl C 8 HRL I E UdAy S0iey o

indNieuaanRFoslobBdiiedevidés 3®ach that the first and
second contacts 345 and 346 are encapsul ated and the

pads Fi38. sBASBENRRESEE st%@bgr:nfanoWIérgemB@thrw a Riefhod for
the assenbly 300 can be cut along lines B-B to

m@aﬁtaﬂ@g a pluraliy iof ynieroeleaitanic davices draseexasmplonFiG. 6A

SRS a0 et VAT, SOSEBY BoTT o

p@fralﬁVfoQﬂlcﬁﬁélé@t%rﬂc s 449 (ondy trﬁéé@beshd\_ﬂrﬁz arféngdds irhan
schemati c side cross-sectional view of an assenbl 400

arrag|angd figstantefpegesisupgtrate 42@.r Jbedpdivisivial micree Qpir@mc dies
ﬁl rs%u%ig R ?atﬁgac\b%@taﬁza%% éjctqzﬁe fe "’}W uaﬂgdalo the first

nerpo er s rat IVI

iméposel eabsteate &20i, esplurlily bhtdririealartlinore ieabietive side 414,
CIrCUIt 112, an actjve side 414 attached to the first

and ahardside %%9??%?'@ tﬁ?@c’“ﬂepﬁq}’r ﬁ% ty of termnals 416
on the active side 414, and a backside 418 opposite
the Abeiilustesterd finstinterpesar| substrata 4d0finglydes ﬁt b§'§’@r422

a%%gahggio%oéég gbﬁéglﬁlgﬁf ﬁrrsg fo%t%fi %Bfﬁ?gh% lo’f‘ﬂ%‘ffc?@?a&s 426
ﬁlthstﬁraosiﬂemm 426lurality bheetomd confadts 422 orathel secdrnidt side
econd contacts 427 on the second |de

s
4%11“aapluf%h%foffffrsfspaﬁac@&ﬁzga the ¢ 4350@ Ripigality of
s palY #8b on the second side 424, and a plurality of slots 425

extending between the first and second sides 422 and 424. The first
contacts 426 are arranged in arrays for electrical connection to
corresponding contacts on a second interposer substrate (described below
with reference to FIG. 6B); the second contacts 427 are arranged in arrays
for electrical connection to corresponding terminals 416 on the dies 410; and
the first and second pads 428a-b are arranged in arrays to receive a plurality
of electrical couplers. The first interposer substrate 420 further includes a
plurality of first conductive traces 429a electrically coupling the first contacts

426 to corresponding first pads 428a and a plurality of second conductive
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second pads 428b on the second side 424, and a
plurality of slots 425 extending between the first
and second sides 422 and 424. The first contacts 426
are arranged in arrays for electrical connection to
correspondi ng contacts on a second i nterposer
substrate (described below wth reference to FIG

t@&s 4tzbs é@&tﬁegnyc ERLRHP 2 de @Rl 8bRBRGCE2T Fo %Fr@%?onding
for electrical connection to correspondl ng term na

saadbpadhd28bes 410; and the first and second pads
428a-b are arranged in arrays to receive a plurality
of eFHB!6Bdisb sohepmaticssidd brods-sedtionat eieposicthesassemidy 400

20 further includ I f f t ti
afiencathoos & diidibe; ol semd niieReset ; SRR Ad0 to
cén?@sédhd? reQ Ml Nt 'arnStadFl@gﬁe“Z a'T‘F'leaséédH bhtb)’poser

second conductive 14 traces 429b el ectri cal
sutwpatesu g40linclude arfirst side #eis adsstond side Aé4 @dtached to one of

ond ds 428 El G 6 tJ G Si

e 5834 Eee phiAty, dhsatactn AL oB 18P TaicHc8 42, a pluraiity of
paaé anm BE hePfitst Hidd Wa2f gnﬁlLﬂréﬂt?rdTOé(ﬁidLﬁiﬂbéttFa’ﬁééS449
440 to correspondi ng di es 410 wi th” an adhesi ve 432.

eleptrioadly saupling thereertactss4dfi ta aowesporgling prda«t48. f The pads

43 88 iBnoB T B A L PN Gt Ga s deFoan be
géhétally4aligriedp vt dories bndmgdfpa_ééMQB bhettd rfzst smteeposer
442, and a pluralit uctive traces 449

S@%@tel‘k?eq | YAlhoughi t”H§t"é§%’t geeands ygetngser substrates 440
reﬁ)‘b‘iﬁ% %r?%gﬁ%%}{% Iart tﬁ@‘*@otp‘n”%ﬁ A the i PHE dinl Bther

an array 0 el ectrical couplers arid ca

erbﬁodmﬁsatHeysajargnatérpmsdT subistratgsocah hquaadarg@&rtsmaner
i nterpaoser substrate 420. Al though the

the f e;
footprind than te dietht i nt er poser substrates 440 have a
footprint generally simlar to the footprint of

di e After aftackipgdhe seapRdinerRoser sHeskaiesid in mep@@érmo
R4 B MR L BB g6 ana e

firshtinteppssar substratet 20440 wire-bbrded eto 416, seddmel dhtesposer
410 are wi.re-bonded to the |rs |nter ser substrate
8 4|%§ electrically

supsirates, d40n e Specifisally. @ eiysalityr ofsfirsé (wirg-Bonge
coirict RO G rhinQs N8 SaRaHed BY 6B WFesponding second contacts

427 on the first interposer substrate 420, and a plurality of second wire-
bonds 436 electrically connect the contacts 446 on the second interposer
substrates 440 to corresponding first contacts 426 on the first interposer
substrate 420.

FIG. 6C is a schematic side cross-sectional view of the assembly 400
after forming a casing 450. The casing 450 encapsulates the
microelectronic dies 410, the first and second wire-bonds 434 and 436, and
a portion of the first and second interposer substrates 420 and 440.
Specifically, the casing 450 encapsulates a perimeter portion of the
individual second interposer substrates 440 such that the contacts 446 are
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substrates 440. Specifically, a plurality of first
W re-bonds 434 electrically connect the termnals 416
of the dies 410 to correspondi ng second contacts 427
on the first interposer substrate 420, and a plurality
of second wire- bonds 436 electrically connect the
contacts 446 on the second interposer substrates 440

ch@ere Byﬁfﬂﬁ’é"?:‘séég@t h56ShuC Y E58§ ﬂ%GaFH‘ekbé‘séd r'fs such, the

I nt er poser rate 420. 6C s a schematic side
casings45@ alefinnal aviopenofy 4b2 fasgensivingselectrigal eouplers from

ahptEsaRiste s R dta: devisto THREaRnGs 200 ASE Retient e 'dEtond
cwhfa%téaqmbaﬁcﬁfh@%t% iR fise f@stpmtérgegepguﬁétmtéum After
and second i nterposer substrates 42 440

f@pung the gasing 4% a aluralityasoelecltigpkcounlerss 46¢sanrhe placed

OB OBl Beck 104 RRIAL BECRIAoREP B EDt 430, anc e
a8SeRbRUAY cah BetAas ialthgHitbs OLT té Bingutate adgidralite of individual
exposed. As such, the casing 450 defines an opening

dgwiges 402y ecej vi ng el ectrical couplers from another
m croel ectroni c device. The casing 450 al so covers the
secofils. didhtisces sechemaiia side sreas-segional tviews pf san upper

iSRRI deics P8 sfderdr b ot Aol S HRIEARE device
4DQ§CG¢heOOp;§@1f gegipengd 2y i9 astupfetd tofthehwwerr gévice 402b by
i nt erposer substrate 420, and the assenbly 400 can be

lrts@rtlreg dheg ¢leﬁfél§ab£eupl9r%|%mét@eaqua? m\/t%ﬁ gp2a into the
é?rgl'n | guin kn tﬁjee%églﬂé zf&fof oWt ddvite S"?ﬁd GitatMiRg the
S§-Sectl onal VIEwW O an upper m Croe roni c

eéia@\‘n‘icaf céﬂﬁlersﬂaoked:msbopdmg ;mdsom omi the selceat rinteirposer
evice 402 The upper deyice 402a is coupled to the
Sv%%@teaéépégt%équ% eviG294R-ng the el ect r| cal

couplers 460 of the upper device 402a int
openCng fasure of the microplagtesis Q#V'$¢ﬁe4@%\'/Ué'|Stf§Biﬂ ind 1952 HA-
nd_att ac g u r
ofdp 2S5 A2 ided] SOURIGR, BOUUE' ATRAED, nboard e
nficroglactivak diéd 4(10 tAve adostagd efitisis fé8iie |$tht tremafaoterint of

thoq @gtgl\zgggl 4C()r20|esI se%turc%gl Clndggrlltgaes%t f'no%nlolr lalljftsgg\%gsd is&‘ch as the
devices 10a-b illustrated in FIGS. 1A and 1B, the solder balls 50 are
positioned outboard the dies 40, and consequently, the devices 10a-b have
a larger footprint than the microelectronic devices 402 illustrated in FIGS.
6A-6D. Devices with larger footprints use more space on printed circuit
boards and other substrates in cell phones, PDAs, computers, and other

products.

FIG. 7 is a schematic side cross-sectional view of a microelectronic
device 502 in accordance with another embodiment of the invention. The
microelectronic device 502 is generally similar to the microelectronic devices
402 described above with reference to FIGS. 6A-6D. For example, the
illustrated microelectronic device 502 includes a microelectronic die 410
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6D is that the electrical couplers 460 are positioned
i nboard the mcroelectronic dies 410. An advantage of
this feature is that the footprint of the devices 402
is reduced. In contrast, in prior art devices, such as
the devices 10a-b illustrated in FIGS. 1A and 113,
the solder balls 50 are positioned outboard the dies
ﬁQch@d" e QUL 'lr}fergd%%r depsrsR 499 alﬁdhé‘\é%coﬁd liRteBsdser
oot pri nt t an the mcroel ectronic devices
substoatersQd In rhheFIII(E&trat@:AemhodDBent dwowegve, tm @@t interposer

sl 4C i Edop uiBE el reicoRtaEts B deqdfif Mg 424
aAd@dhe'sBebnd MitEEHHREP su Eétﬁate75405 m@hﬁé@%tdrﬁhti} idl@ontacts 546
cross-sectional view of a mcroelectronic device 502

ohnthe: sscandceidei 4h4andyvinegovenbdie nituatraiedt second interposer

invention. . T | Cr. oni & . deyi
SYRERG 54 ndh s afBef 07BN M el £ ARG ¢ firt intppppser
sqiestedte 520 . atmy Busirdfedrmicesslecorio devics. 5a¥¥uriber frludes (a)
exanple, the illustrated m croel ectronic device 502

a.nlﬂénauwe@,f secendrwies-bends §i36 extending be!}se%m the fetacts 546 on
trfée%d&‘b% .ﬂtérb& % %dﬂs?fa@%§8€) eﬁ@bﬁre D ﬁ{&r i eaént%‘éf‘s% on

er poser strate

tmﬂheﬂlntmpbsemmmte 5PDeafid (Ista casing meemca:pshmtmgttbe first
520 i ncludes a Iuralit?‘{_?%f first contacts on the
and sgRANG Wire-bongds 43thand RéOsecond i nt er poser substrate

540 includes a Iurallty of contacts _546 on
secofmesfeaturaof th m&mlectr@mi@ dqusﬁ%tllwtr@é%ﬁa FIG. 7 is

RS YRS o BARCRIFA gha O o SURA opt il
siflee of | tHestdeniced BOZr oet\recadwntageieui dhlSSGéam.met haerthat the
[urality of seco W r.e- bonds

| ud d
miPElRRRg it ROZ N LA e 8 1B SInHE RRSRIACeSS that
is! f%\"sf‘érpéﬁtf%gglﬁpﬁﬁéﬁ?‘?o?é%egr\ﬂhlﬁﬁrrbgéﬁ’é"?ﬁlblfgﬂcl; f4 Hé@lce Sver to
on the Tirs

contact's I nterposer s rate 520,
fomumd vw(ste}bmdms:m@oﬂ'ﬁ(hm&map,éubﬂuerrfgatme of tise mmnolelectronlc

d.536, One.f / f
IR1ics P ULFBRRE ekt el B3y hestand 350 8 Paned Gn only a
S|h %t stBeoﬂ‘ tHeSEeé&‘EH Wégﬁ&e\“ﬂsruﬁsﬁﬁfédﬁé?’%ﬁ%v%%%gﬂ Bf this

on a single of the device
femur@nrsatget tife casing fabdt car besformed witle a one-sided mold cavity,

which is less complex and expensive than a two-sided mold cavity.

From the foregoing, it will be appreciated that specific embodiments of
the invention have been described herein for purposes of illustration, but that
various modifications may be made without deviating from the spirit and
scope of the invention. For example, many of the elements of one
embodiment can be combined with other embodiments in addition to or in
lieu of the elements of the other embodiments. Accordingly, the invention is

not limited except as by the appended claims.
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m croel ectroni c device 502 can be wire-bonded in a
singl e-pass process that is faster and easier than
processes which require flipping a device over to
formw re-bonds on both sides. Another feature of the
m croel ectronic device 502 illustrated in FIG 7 is
that the casing 550 is forned on only a single side
of the second interposer Gulmigate 540. An advantage
of this feature is that the casi ng 550 can be forned
with a one-sided nold cavity, which is |Iess conplex
and expensive than a two-sided nold cavity. Fromthe
Weckyoing, it will be appreciated that specific
enbodi nents of the invention have been descri bed
herein for purposes of illustration, but that various

nodi i cat ix08s dFRYadedTRFoMEERONE dBRItes! ERAPFiSAY) t he
spirit and scope of the invention. For exanple,

of t kefikst anisrelesroniadie dnpliding at fitsh Sidse aenBi mnd side
wi th ot her .addition to or in lieu of
t he el eneﬁpgg‘%?g ﬁﬁ%fﬁ ’errbodi ments. Accordingly,
the iamirenéulsstrats attQ@hed 'tdIiHeefﬂsEﬁdewf tiesfitsy mib®electronic die
appended cl ai ns. W claim 1. A set c?;

f st

st acked @6?’@%‘?@69?'&#%‘@%@/?%@‘@ f‘r§bﬁ‘¢ﬁ‘9§ﬁeﬁ§°”5’
m cr geloe gﬁ&n'sﬁbgfrstte %a‘éﬂ#aa tHd Séec%'n? 55?&19 8f the first

second Si S|de
substratenat:rto@drtmmm@dbhe first side of the fi rst

m croelectronjic, die .and el ectrica | ed t
i TS B Pb Pk lecisival Sayeiers St teosaear Sihsife and
to the se BQﬁ?ﬁéﬁ%U%_tﬁéﬁ%tflééﬁtsonﬁ% of ) &etireal éo@dl@rs are

a pl uraI| ectrical couplers attached to
second suhﬂiaaadm@ﬁ[‘at rmiomellea.‘omentd@ch that at Ieast

t he electrlc s, .ar i nboard the first
i or Bahit ShbFirateauies friE SetpBeepiPsiaidd o e
el ectr dsrdindarRipbElesironiddia sieensd toithé Asik@sLbsttate, Hiterein
attached to the third substrate, wherein
a microelectronic die is not posmoned between the second and

third substrates.

2. The microelectronic devices of claim 1 wherein:

the first side of the first microelectronic die comprises a back side and
the second side of the first microelectronic die comprises an
active side;

the first microelectronic die further comprises a plurality of terminals
on the active side;

the first substrate comprises a first side attached to the back side of
the first microelectronic die, a plurality of first contacts on the
first side, and a plurality of second contacts on the first side;
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a mcroelectronic die is not positioned between the
second and third substrates. 2. The m croel ectronic
devices of claim1l wherein: the first side of the

first mcroelectronic die conprises a back side and

the second side of the first mcroelectronic die
conprises an active side; the first mcroelectronic

di e Hétélé}* orfl° BUbs 4TS %om;#fséb' &Y pRirafity" 6t VEH& a‘{"c@cﬁé@ to
active s t he |rst substrate conprises first

side att a@berespondmg elacttical @euofers tang fi pturallty of contacts
m cr oel ectroni.c fi r(zt contacts on

the fi rstelesqt@%ale’é:r%’pgecg*ou?%r?st ngsg% Snc?ngont acts on
the ftphe Srﬁxcﬁcbéiéctrd{ﬁc dé\ﬁcés%@'ﬂﬁ’elsd@ﬁ\bhﬁée(a9%mﬂu@ﬁ§/ af first

plurality of ds attached to correspondi ng
el ectri caWikso Qeselaﬁmlcalhpmmmhmytm t@mnﬁ% son the first

electri Catnﬁ %lﬁ)%iéiig é’\?ﬁ% éi?e ?ur %)E%?BQ@&H ?ontgeg 5R8he first

m cr oel ec

plurali tyszsﬁra@tﬁq)V\ar phb@litylsoﬁlSECbthWn‘eymewlelmncally
the termnals on the first mcroelectronic die to

cor r espon@PHBNNG r dhecoprrtacts oRNt hihe | ;second ypsyhsifate to
(D) 2 bl ulcBhbbéomMing $688A WohfidkoBHE F&!dubsRAld, and (o) a

coupling t tacts on he secon rat

cor r espondtargl-sff c dretiveent dloé s seconhlie substatesubndr dhe, first
and (c) a stand-off hetween the second substrate and
the first MAEOSKINRNG fini c die. 3. The microel ectronic
devices of claim1 wherein: the first side of the

first mcroelectronic die conprises an active side;

t he B'L rst Tﬂnieonweeiettr«nmb«dedioesfojrdaim1 whepginses a

pl ur actjive side; t

f te
P b fitst Syt Bk et michabie ol tie SoRpliSes ol fstivé Slde;
acti e glfsg%f&oelé&?orﬁlb I fTHRECERPHESS aCpltitAity Bf terminals

second e opposite the first
on the active side;
the first substrate comprises a first side attached to the active side of
the first microelectronic die, a second side opposite the first
side, an opening extending between the first and second sides,
and a plurality of contacts on the second side; and
the microelectronic devices further comprise a plurality of wire-bonds

electrically coupling the terminals to corresponding contacts.

4, The microelectronic devices of claim 1 wherein:

the first side of the first microelectronic die comprises an active side
and the second side of the first microelectronic die comprises a
back side;

the first microelectronic die further comprises a plurality of terminals

on the active side;
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si de, an openi ng extendi ng between the first and
second sides, and a plurality of contacts on the
second side; and the microel ectronic devices further
conprise a plurality of wire-bonds electrically
coupling the termnals to correspondi ng contacts. 4.
The m croel ectronic devices of claim1l wherein: the

firsghskide sQaBser% édr’hﬁﬁség ﬁrfFP§ﬂ ﬁeéré?t%'cﬁeé it6 tﬁ@&ewes 8itle of
an active sid e second side of the first

m cr oel ecttmearﬁnrsit mmoebntmn@edlea a sectndisitte oppesite the first

m croel ectrpnic die.further co ri se u f
Torm ma < S apybeiing Gilepine BRyaRang ek addartt sides,
conpri ses gap Ihrélﬁ* of Iffist @érﬁta@ﬂ%e@ln ttRe tfiist sigkl wAdsd peurafity of
the first mcroelectronic die, a second side opposite

the fi rst segqncrécoaﬁactﬂo@rhthﬂgsmr&ﬂdﬂg bet ween t he

firs S ral c

on' ¢ 1 1Y ECRHRS ARG ook f; biafty S ks 3REAE o
on the seecofndsponttingtdlecisieabedupkhstanat @ plurglity ssfscentacts
plurality of pads attached to correspondin

el ectricaP lectiigallycoupiad 19 sartaspondingpads @dct s
el ecyd %EH’el&&Hﬁh@ddé\ﬁb Oﬁf Og%hn_gﬂsé’a(g? Waﬁf“yeof first

m croe ectroni c devi ces urt er rise
pl uralitywie-homds electriealbonesipdingcthe ctarmmaimuprh i the first

the termnals the fi m croel ectronic, die t
corr esponm'ﬁr&e@ Qiﬁl?%%reéﬁopﬂ'@g pecand QBB@F]%aPB the
and (b) afxﬁét%absﬁé‘teofa&@cgagdavwmm-am BN4F sBLSRd I iviraltonds
coupling t contacts on t second substrate to

cor r es ponelectyidally scouptingaities camtattseohi thet seaqisk sabsirate to

5. Th I d f in: th
First s agoBeornaing et s oBtod of BbleB o seo”

a back side and the second side of the first
m croel ectronic die conprises an active side;
5. The microelectronic devices of claim 1 wherein:

the first side of the first microelectronic die comprises a back side and
the second side of the first microelectronic die comprises an
active side;

the first microelectronic die further comprises a plurality of terminals
on the active side;

the first substrate comprises a first side attached to the back side of
the first microelectronic die and a plurality of contacts on the
first side; and

the microelectronic devices further comprise a plurality of wire-bonds

electrically coupling the terminals to corresponding contacts.
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the first mcroelectronic die further conprises a
plurality of termnals on the active side; the first
substrate conprises a first side attached to the back
side of the first mcroelectronic die and a plurality
of contacts on the first side; and the

m croel ectronic devices further conprise a plurality

of wgre- b?ﬂe%nicﬁaeq&éttfdrﬂéb%icge%g%im 1‘Wﬁefe§ﬁ.m nals to

correspondi ng contacts. e mcroel ectronic
devi thesfirst sidleaifrthe finstenisroelectnenit idis comiprisesf haok side and

first mcroelectroniec die canprises a back side an

t he seconH'é&PFEEC Sf(fﬁs()* i%?%?'p%i @}%8?'88&?'8‘& (iled?cgnpﬁlses an
conpri sesagfive gkl ve side; the first mcroelectronic

die further conprises a plurality of termnals on the
act i the filstiemictaaledtronic dirifiwthert eoropriges a«lueality p§ferminals

si de attaﬁagﬁ?%gmtlggidg?ck side of the first

m croel ec plurality of first contacts on

the tHd fist stbd@ateatshprises bdirst yidef ateheddtocibet lbadksside of
the first side; the second substrate cg&pri ses a

pl ur al i t ythss figshdiceaeleetrnic die, %@lqrggtp( dfir,q;@ contacts on the

el ectrical I . ' l@m;eér .
el ectri caf'fsglg@%u%ﬁéoaa ?@'@%%gé%%dnﬁély %‘8“%‘5‘%@ an |rts ksé'de’
m cr tre eelcondi suldstrateesompriséer a cplopality eof( pada attached to

plurality of first wre-bonds electricall ouplin
the term FaIreSRANGING qlpGiucal RoWPIBE @b BrplLralith f contacts

corres p°”Qie%ﬂid;aillpt%gug@?dtt%o'fg‘%@mobg_ﬁgfééﬁ angubstrate,

and (b) a plur secon onds el ectri cal I?/
coupthengnitioeledrane tdevinest furthesceordpdssd ) & @lurality of first

corresponding secon antacts opn thg first. substrate. .

7. The m‘é’ffsgfr c?g‘?‘%r'ﬁ%'& ccé’ypg'f'gcﬁ};ﬂ_ rﬁeimm e?m_%'ﬁhé'mt

first si dmictoeldtrohid le 9 eéﬁ_s%(ﬁﬁcdmggnfﬁst%msmn 396 first

a back side and the second side of the first )

m cr oel ecsulbstratediand dbhprplyealityaf second wire-bonds electrically
coupling the contacts on the second substrate to

corresponding second contacts on the first substrate.

7. The microelectronic devices of claim 1 wherein:

the first side of the first microelectronic die comprises a back side and
the second side of the first microelectronic die comprises an
active side;

the first microelectronic die further comprises a plurality of terminals
on the active side;

the first substrate comprises a first side attached to the back side of
the first microelectronic die and a plurality of contacts on the
first side;

the second substrate comprises a first side facing toward the active
side of the first microelectronic die, a plurality of first contacts
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active side; the first mcroelectronic die further
conprises a plurality of termnals on the active
side; the first substrate conprises a first side
attached to the back side of the first

m croel ectronic die and a plurality of contacts on the
first side; the second substrate conprises a first

side facigg tﬁ@“Pﬁ‘ét‘jSIHQea%]?td Mﬁ:lral?ty ‘E')? s@f:oﬁcﬁ‘%oﬁtdc‘%é electrically

m croel ectronic die uralit first contacts
on the fi cempleddecoa'edpan(mhgrflaﬂ;thoyttadts,s@'tﬁbnd cont acts

ana. e TRroPefiBhe: davicel AOheEE0RRrEALe) ablireigd Eigcical

plurali tyc@upl@tseﬁbéi‘tléﬁéd BeAWBLARthe PASE MiSibdRINEaR and
the first mcroelectronic die and the second

subst r at ethengeeanst subsirate yansbelecirieglly weuplingrtirtermipals to

coresor L oka S A8 A () LoD S Bbones

on the segRptricafiybsbupliry theC Wetofdoodhtagts ot atHes saitond
the first substrate. 8. The m croel ectronic devi ces of

clai m 1 wadpirate te serrespanding gentacts AR the fisst substrate.
m croel ectronic die conprises a back side and the
second side of the first mcroelectronic die conprises

an gcti vehgintierogletrdriic geviges obelatmtt whereigi e furt her
conprises a plurality of termnals on the active

si dethe first sideqf thefisstaiceoqlesionic gie gompriges gjkack side and
attached ih% Eg&rgfémgf]gfjgegfﬁrsttMférééléf,fr nic. die comprises an

m croel ectronic Ity of contacts o
first sidactivesidegcond substrate conprises a first
side facing toward the acti side.of th

o Orth Bt TSNS b ter ST i, 8 RIWAlIR Of ferpipals

side, a pr"tﬁ’é hEiveSighl rst contacts on the first side,
a pluralit
the first substrate comprises a first side attached to the back side of

the first microelectronic die and a plurality of contacts on the
first side;

the second substrate comprises a first side facing toward the active
side of the first microelectronic die, a second side opposite the
first side, a plurality of first contacts on the first side, a plurality
of second contacts on the second side attached to
corresponding electrical couplers, and a plurality of third
contacts; and

the microelectronic devices further comprise (a) a plurality of
interconnect elements positioned between the first
microelectronic die and the second substrate and electrically
coupling the terminals to corresponding first contacts, and (b) a
plurality of wire-bonds electrically coupling the third contacts on
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of second contacts on the second side attached to
correspondi ng electrical couplers, and a plurality of
third contacts; and the mcroel ectronic devices
further conprise (a) a plurality of interconnect

el enents positioned between the first mcroelectronic
die and the second substrate and electrically

coupl i ng n r f

Conract s he dées:b?h &b%tta‘r?ea Otlet %@%@éﬂ&ﬁdgﬂ_j ocﬁhgécts on the first
electrlcaBupst@Mmllng the third contacts on 22 the
second substrate to correspondi ng contacts on the
first substrate. 9. The mcroel ectronic devices of
claigl vwmerhrémelbeﬁoﬁe%%egt&%uém$m@mhl ses a
plurality of contacts; the third substrate conprises
a pl mln@semqncbsubﬁtratacompr@ae amleraéltse@f eardactscoupl ers

cont 1 igrStsTratg Botfirisls B MGtAN Y cohupfi8lgsai ng |
cont @gé s et tcfbdpﬂer%Ub@dthﬁ@e Ondibve balls electrically

m croel ectronic devices of claim1l wherein: the second
ni cr oel eccpBneeting etheymsontadts o ofi rthe ssereENg: t subRiateo to

the thir [ osite the
first si ngFrggéM(?h@ C%Hgarcgséﬁ]eﬁ\%ﬁg'rlrlagﬁgev?%es further
conprise a fourth substrate attached to the second

side of the second microelectronic die. 11. The
m cr 48 ecilihermicreriesteenic sevisesiahclaims LWhgERINconpr i si ng

f ¥
i cr 031 85073 RGBSR e EoMBlitecR st HOE Sftddted to the
second sulsitd sdisstrate andhesetaridsite opposite thefiist skleptind
claim1 wherein; the second _substrate conpr

firsthe aucraelestrprlg devioss Jwidlsiy coryise tfﬁgﬂh. Syipstrate

;“ C;?elsfma'it%ﬁ&d f $rPEUb RS5O BE Y SoPRIrARréSlectrbfic die.

11.  The microelectronic devices of claim 1, further comprising a
casing covering at least a portion of the first microelectronic die, the first

substrate, and the second substrate.

12.  The microelectronic devices of claim 1 wherein:

the second substrate comprises a first side attached to the second
side of the first microelectronic die and a second side opposite
the first side;

the microelectronic devices further comprise a casing covering at
least a portion of the first microelectronic die, the first
substrate, and the second substrate; and

the casing defines an opening exposing a section of the second side

of the second substrate.
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the m croel ectronic devices further conprise a casing
covering at |east a portion of the first

m croel ectronic die, the first substrate, and the
second substrate; and the casing defines an opening
exposi ng a section of the second side of the second
substrate. 23 13. The m croel ectronic devices of

cl ai Al WheEGhRrodIB&rdn d&%bvil&b@ﬁd?%ﬁa@ﬁtf @Rifeifi © further
conprises an Integrated circuit and a plurality of

t er nitmeafirst ehlemeieatmnllqldlecfupthedwmpﬂﬁes antiriggeated circuit and

circuit; the first bstr tefurth [
si de att aéhBlralfy e S @F&té'csﬁy tcﬁ@ﬁ?—;d g thé Heg?‘éted
m cr oel ecbrr@mc di e, a second si de opposite the f| rst

side, a plurality of pads on the second side, and
pl ur #he 1ﬂyst sibshate fstheretapprisesal first sidesattachad to the first

correspond ﬁﬁgsﬂrg @\i«%r? @g I’Bh%a&I °q lé@l:gﬁ(‘f F@;@ﬁb&ﬁteathe

plurallty coup ers

m croel ecfirgride, depluesiiy bﬂbtabgbncth&mecsadfsldé el atp}urahty
of second electrical couplers on corres W)drﬁ’éE? ga
14. The w&p@@a@aeleﬁhn@aﬂnéwer&ct% te canr e

the {id s e mégﬂ %‘8[1?%% gBh{;}rQb rtal‘l‘?lr fcﬁfgpéle%gﬁse"f‘%ouplers;

I ntedra Clrcul termn
el ectrlcalahyl coupled to the |ntegrated circuit; the

first substrate further copprises a plurality .of
cont HQ JNICERRIEGHFRNIG, QqViRase ST Bodlelise cd Rltgalife,0f second

conprise ?L}e‘b‘tﬁﬁél"cbﬁkﬂe?i chb?reQBBHémgﬁia%%t rically

coupl i ng e termnals to corresponding contacts. 15.
The m croel ectronic devices of claim1 wherein: the

first sub rate C ri ses, a, Iura t cantacts; the
second- su ?r’ﬁ'@éo 8 r?'%@?‘”é’ SRS 'm%/llwbﬁredﬁnt acts;

and gherifs ?ril&%le?éh‘h’o‘h'iﬂ GicBMhER EomPFEEE BnGEBFAtEE circuit and
plurality of wre-bonds
a plurality of terminals electrically coupled to the integrated
circuit;
the first substrate further comprises a plurality of contacts; and
the microelectronic devices further comprise a plurality of wire-bonds

electrically coupling the terminals to corresponding contacts.

15.  The microelectronic devices of claim 1 wherein:

the first substrate comprises a plurality of contacts;

the second substrate comprises a plurality of contacts; and

the microelectronic devices further comprise a plurality of wire-bonds
electrically coupling the contacts on the first substrate to

corresponding contacts on the second substrate.
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el ectrically coupling the contacts on the first
substrate to corresponding contacts on the second
substrate. 24 16. The mcroel ectroni c devices of
claim1 wherein: the first side of the first

m croel ectronic die conprises an active side and the
second side of the first mcroelectronic die conprises

a  bagk st michGelbbirdhic WevicR8! &It Whdr&n! urt her
conprises a plurality of termnals on the active

si dethe fisstfside of $hud firstamisreslagironje sliey compsisesiareactive side
attached to the actiye. si of. the fi.r - .

m cr oel ectalngéF'E S&F@?gg' eéjfﬁha fg?t '%%)%ﬁﬁ?@ct e Cpinpopes a
side, an @peRisite;extendi ng between the first and

second sides, a plurality of first contacts on the
secothe dirsienicserleatromiardie ifuhesr corptisesl acRiHrality of ésrminals

t he secon Lde . . second substrate conprises a
pl urali tyggﬁhg%&g{'gsld}med to corresponding

el ecthie fifst stbupher coriprses alfinstadidé \attathedd #ted active side of
el ectrically coupled to correspondi ng (gad ; and the
ni croel ecth®hirgt ousrpelestrenict digr ac SREAN @K{S%\))paosne the first

plurality (AN AT =Y n&sb&l,% MhG dh-dty, j i
the term rslgfeé agné;%%ﬂg ng . croe%@éb?glﬁ%tcaﬁ%g{%dg@gsldes’
cor r espondi plgradigcofifirst contactssorothet seconidi side, anda tplurality of
and (b) a u&gl ity of second wire-bonds electrically

|
coupl i ng ?E%O FoR 1S en\'%e‘%?@éjo?{Ge;s_ubstrate to
COr I g agtdond Eub%ateoeégﬁigegnat pmrénw Séf RSt bAhehed to

17. The mcroelectronic devices of claim1l V\h_erel n the

el ect ri cakcorresppiding aleetripals coupleesl and a ploralityiaf neantacts
perimeter of . the firs m croel ectronic die., 18. The

i or ool ccEHiEHEBled GicasioRia RS afne

el ectid GRicroctEdtRIrfiE deVicss FlHdrNBsRpHsé ghptd \urbityt € first
first mcroelectronic die. 19. A set of stacked _
nm cr oel ecwirgribendse\gleetscalborgaupinagthe terminals on the first

microelectronic die to corresponding second contacts on the
first substrate, and (b) a plurality of second wire-bonds
electrically coupling the contacts on the second substrate to
corresponding first contacts on the first substrate.

17. The microelectronic devices of claim 1 wherein the electrical
couplers are positioned in a zone within a perimeter of the first

microelectronic die.

18. The microelectronic devices of claim 1 wherein the electrical

couplers are superimposed relative to the first microelectronic die.

19. A set of stacked microelectronic devices, comprising:

a first microelectronic die;
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a first mcroelectronic die; 25 a first interposer
substrate attached to the first mcroelectronic die; a
second i nterposer substrate attached to the first

m croel ectronic die such that the first

m croel ectronic die is positioned between the first
and second interposer substrates; a third interposer

SubSpitRLfEnte? rhftaRRIRAo!(HE T RAIARKoclSLtRSHIE Bt

sucht e secongtl nterposer substrate is
pOSi alsmedd bﬂtemmertslwstr'at&sattaﬂmmwl thetfirshmicrdelectradic die
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second anﬂrstt%ha%écahsmﬁ@&ﬁise‘i@n@émbgs and a second

m croel ectronic die attached to the third I nt er poser

subsaralnle::j lgltﬁtmo‘:‘ohatsuhbﬁératw ﬁ@lumlﬁdefi@loﬂ’@r sagesdr diterpaser
d .
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m cr oel ecpp&ifibhed BEtwesn ahe dirsi Midrdeldctiohltedie and the third
conprising a plurality of electrical couplers

att ached b‘é%r\n@éﬁrtwséfé&%nw%ﬁ@nt Ri mcrqeﬂﬁ@fows&le is not
subst rat eg,and, OBk é)é}?ﬁ\esé&lb dﬁtwdgﬂfe??g%&’@x&ftrates,

the el ect |ca{3i couM’ers e b oar
m cr oel ecangni c die. 21. The m croel ectroni c devices
of claim 19 wherein: the fi ni croel e ni c di
conp?i%é@%rﬁ‘“ﬁ%'%r%'@@ea@ﬁ? editgrthe |”E'9‘S g*gerppgfawlﬁgqtgate
on the acg, ety tdtdfe. thit |E{ér§%sédr§tﬁfs?%‘§@ﬁs ?Hgﬁlbhéé! Setween
conprises a tirst side attac tive side of
the firstthe cecehdcmianelectionic diesearwhdhei seconsh patsrpaser
the first su‘.{ an openi ng extendi ng between the first
and second E?é and a plurality of contacts on the
second si de; and the m croel ectronic devices further
conprise a plurality of w re-bonds

20. The microelectronic devices of claim 19, further comprising a

plurality of electrical couplers attached between the second and third
interposer substrates and positioned such that at least some of the electrical

couplers are inboard the first microelectronic die.

21.  The microelectronic devices of claim 19 wherein:

the first microelectronic die comprises an active side and a plurality of
terminals on the active side; '

the first interposer substrate comprises a first side attached to the
active side of the first microelectronic die, a second side
opposite the first side, an opening extending between the first
and second sides, and a plurality of contacts on the .second
side; and

the microelectronic devices further comprise a plurality of wire-bonds

electrically coupling the terminals to corresponding contacts.
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el ectrically coupling the termnals to correspondi ng
contacts. 26 22. The m croel ectronic devices of
claim 19 wherein: the first mcroelectronic die
conprises an active side, a back side opposite the
active side, and a plurality of termnals on the
active side; the first interposer substrate conprises

a fipst siteg rﬁfcf‘(%l@@t%r‘h@ dbb%eskéﬂ@:hlﬁ]' fewhkrdike first

m croel ectronic die and a plurality of contacts on
the the $irstsinitrpelestronicediei comprises ramastive sidessa back side

el et 11 capPRost e RptRc ey b SaMER! seminals gn the

cont acts. gcfive siilBe m croel ectroni c devices of cl a| m 19

wherein: the first mcroelectronic die comprises
act i the dirsteinterpeseik subsieate pipRIIses ehirshsi Q/@ﬁép’a%d to the

and 2 P ubakk (fa'of 1 i’ idtBeldifonl® Hle! 3l d%piukdfy of

first int oser su € conmprises a r st
attached tontde®s orbﬂﬁé(flstéﬁdeoﬁandhe first -

m croelectronic die and a_plurality, of ont.acts on

the fe sicroplestropicadevieen dirtharesaise 2 i f wie-bonds
conpri ses

of the fi reget&']}rcira??oel cté%@ﬂ@gwc?ﬁggqﬁh%go@a?g
contacts on the first side, and a plurality of second

contacts _electrically coupled to, cor onding first
Cont 23t s; TRRAMICrRelRptEsniE devices o Claid| LBSry per

CONMPAES §ird a?mcﬁ'o@l'eﬁfr@ﬁic 1e°f:om'p?i§§§ Cé?'l‘%%ﬁ\'ie @lcﬁémé‘tﬁack side

posi t ned g aeer m croel ectronic die and
the secondppositr MUBEB‘CtIYGbSde,aBBdaa]CDIUl@"IWCDf itemningls on the
coupl i ng the termnals to corresponding first

contacts, 28H¥E $18% a plurality of wire-bonds

el eciyd %?ét' TP BAbstidte SHRPRshS anfireisideatthbRed to the
second i nter poser substrate to corr espondl n cont acts

on the fibeckisiderqfother fisstbegraelectronic die and a plurality of
contacts on the first side;
the second interposer substrate comprises a first side facing toward
the active side of the first microelectronic die, a plurality of first
contacts on the first side, and a plurality of second contacts
electrically coupled to corresponding first contacts; and
the microelectronic devices further comprise (a) a plurality of
interconnect elements positioned between the first
microelectronic die and the second interposer substrate and
electrically coupling the terminals to corresponding first
contacts, and (b) a plurality of wire-bonds electrically coupling
the second contacts on the second interposer substrate to

corresponding contacts on the first interposer substrate.
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27 24. The mcroel ectronic devices of claim 19,
further conprising a casing covering at |east a
portion of the first mcroelectronic die, the first

i nterposer substrate, and the second interposer
substrate. 25. The m croel ectronic devices of claim19
wherein: the first mcroelectronic die conprises an

i nt eguat eqha ffidtobledfdnk deVigeSlof tctaiff 199fu11ﬁé@|dbmpnsmg a
electrically coupled to the integrated circujt;

casmgt cmmrmgoats gast ub portiare of dhe rirslemicroglegiranict 9leofthe first
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coupl ing the termnals to correspondi ng contacts. 26.
The microel ectronic devices of claim19 wherein: the

fi r si25i nt disovigroelgptrerigrdevicesmfiiclam 19 pihereainity of

cont terp r r
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devi ces f plirakty ofnennitale eledtrieblly ycofpled rte- biesdistegrated
electrically coupl ing the contacts on the first
i nt er pose©ifCyiibst rate to corresponding contacts on the

3600[&% FiFd ?ﬁt@&ﬁ)‘%’ér sBBEF A Hotnprises #mr%ftz%? f{agfg, @nd
evi ce, conprising: a mcroelectr e including a
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i ntegrated C|r and of term
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first interposer substrate coupled to the first side
of the mcroelectronic die, the first interposer
subs26at e Thevnitgoelecirbnicalevicesalf dlaims19 wineraiot s
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m croel ectronic die, the second'interposer substrate

havi e mic@@lectronic devices further comprise a plurality of wire-bonds
electrically coupling the contacts on the first interposer
substrate to corresponding contacts on the second interposer

substrate.

27. A microelectronic device, comprising:

a microelectronic die including a first side, a second side opposite the
first side, an integrated circuit, and a plurality of terminals
electrically coupled to the integrated circuit;

a first interposer substrate coupled to the first side of the
microelectronic die, the first interposer substrate having a
plurality of first contacts electrically coupled to corresponding
terminals and a plurality of second contacts;

a second interposer substrate coupled to the second side of the
microelectronic die, the second interposer substrate having a
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plurality of contacts electrically coupled to
correspondi ng second contacts on the first interposer
substrate; and a third interposer substrate coupled to
the second interposer substrate such that the second
I nterposer substrate is positioned between the first
m croelectronic die and the third interposer

substrat eg l{’g‘@ﬁ’&ebﬂ é‘orﬁ?a@fs(’%l@@th&é’lw Ccdﬂp@ed Ston@orresponding
positione etween the second and ‘third interposer
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first con an openi ng ext

first andpssitiondd detesen drgdséduhdarnd thetdcinterpaser sibsirates.
further conprises a plurality of wre-bonds
el ectrically coupling the termnals to correspondi ng
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The roni ¢ V|ce o claim erein: the

firsthesfit side bhthermitroelestronindie cormprisempan sesivarside with
active side with the termnals and the second side of
the m crofhetarP¥iale: die conprises a back side; the

fir Sih% ﬁFs?rrﬂgﬁﬁ)se? t%ﬁﬁ&fr%@fu%@f’ ggﬁwg?@tﬁ’ﬁg 28 sRiel attddhed to

si de ache e active si _
m cr oel ectheoractivdi sidendf hthei ngjcrtde&ctmﬁmme cand alea\dng athe
second side o the first, si and

0Si i he
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first and hé%@nmesme%on?é&s 28nd HFéﬁi%' &RbhEMGCbetween
devi ce furthef conprises a plurality of first
the first and second s:des and
the microelectronic device further comprises a plurality of wire-bonds
electrically coupling the terminals to corresponding first

contacts on the first interposer substrate.

29. The microelectronic device of claim 27 wherein:

the first side of the microelectronic die comprises an active side with
the terminals and the second side of the microelectronic die
comprises a back side;

the first interposer substrate further comprises a first side attached to
the active side of the microelectronic die and having the
second contacts, a second side opposite the first side and
having the first contacts, an opening extending between the

first and second sides; and
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Wi re-bonds electrically coupling the termnals on the
m croel ectronic die to corresponding first contacts on
the first interposer substrate, and (b) a plurality
of second wire-bonds electrically coupling the
contacts on the second interposer substrate to
correspondi ng second contacts on the first interposer

Subsmeatrﬁcr&e@ectmc rHeQ/'idéelﬁﬂﬂiérOBd)MpﬁQéé qa) & priraiity &f first

wherein: the first side of the mcroelectronic dié
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the mcroelectronic die; and the m croel ectronic
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el ectri Ca%{a %tfa?cgpltbngoﬁglgpr)érf&nﬁ?%éoﬁdj Egﬁté&?p%ﬁd'tﬂg , first

first s on t oser su r at

The m cr opiteposensabsteatece of claim 27 wherein: the
first side of the mcroelectronic die conprises a back
side and the second side of the microelectronic die
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cor r tepfinstl |mgrp‘ases Smemo‘uHhen comerises st first sideraitanihed to
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contacts on the first
electrically coupling the terminals to corresponding first

contacts on the first interposer substrate.

31.  The microelectronic device of claim 27 wherein:

the first side of the microelectronic die comprises a back side and the
second side of the microelectronic die comprises an active side
with the terminals;

the first interposer substrate further comprises a first side attached to
the back side of the microelectronic die and having the first and
second contacts; and

the microelectronic device further comprises (a) a plurality of first
wire-bonds electrically coupling the terminals on the
microelectronic die to corresponding first contacts on the first
interposer substrate, and (b) a plurality of second wire-bonds
electrically coupling the contacts on the second interposer
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I nterposer substrate. 32. The m croel ectroni c device
of claim 27 wherein: the first side of the

m croel ectronic die conprises a back side and the
second side of the mcroelectronic die conprises an
active side wth the termnals; the first interposer
substrate further conprises a first side attached to
the back gigsrab ttbecmr@rsg@hcﬁﬁgr@eb@ndil SorB6tshdH N@e first
the first and second contacts; and

m cr oel ecintefosedsvbsteateur t her conprl ses (a) a
plurality of first wre-bonds electrically coupling
the termnals on the mcroelectronic die to

Ccor r 9pONGhBInicrdSectOHIE AelReT didif 27 Wiereinnt er poser
substrate, (b) a plurality of second wre-bonds

el ectha fiest sidecofiibei migreelectconic sie somprisas askadngide and the
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st and-offmtmge@mmhas;;econd interposer substrate and
the mcroelectronic die. 33. The m croel ectronic

devi the tirst intarnaser sWhstratefurthge compsises iadlirsh sideraitached to

I
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active si decomd tontabts; aadm nals; the first interposer
substrate furt
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substrate to corresponding second contacts on the first
interposer substrate, and (c) a stand-off between the second

interposer substrate and the microelectronic die.

33.  The microelectronic device of claim 27 wherein:

the first side of the microelectronic die comprises a back side and the
second side of the microelectronic die comprises an active side
with the terminals;

the first interposer substrate further comprises a first side attached to
the back side of the microelectronic die and having the first and
second contacts;

the contacts on the second interposer substrate comprise a plurality
of first contacts;

the second interposer substrate further comprises a first side facing
toward the active side of the microelectronic die, a second side
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plurality of second contacts on the first side; and
the mcroel ectronic device further conprises (a) a
plurality of interconnect elenments positioned between
the mcroelectronic die and the second interposer
substrate and electrically coupling the termnals to
correspondi ng second contacts on the second

i nt er posepppoditd tivé irsibel bhdahﬁ/mgaﬂhb_t firstfcontacts, and a
Wi r e- bonds electrlcally cou e first contacts

on the sebldlity of spgerdeontagissen Mefirsbsider 284 pondi ng
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wherein: the second interposer substrate further
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the gicroehgehicRidiEctrlirfic 8Gca of e Bivflereigpposi te
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u

The
ni cr el Bueroslactronis, dewceffugthgr @pzwrmér%umurahty of electrical
couplers on corresponding pads.

35. The microelectronic device of claim 27, further comprising a
casing covering at least a portion of the microelectronic die, the first
interposer substrate, and the second interposer substrate.

36. The microelectronic device of claim 27 wherein:

the second interposer substrate further comprises a first side attached
to the second side of the microelectronic die and a second side
opposite the first side;

the microelectronic device further comprises a casing covering at
least a portion of the microelectronic die, the first interposer

substrate, and the second interposer substrate; and
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the first side of the mcroelectronic die conprises an
active side with the termnals and the second side of
the mcroelectronic die conprises a back side; the
first interposer substrate further conprises a first
side attached to the active side of the

m croel ectronic die, a second side opposite the first

si de.tﬁé‘@a&ﬂéind(}ﬂmbgearf %éﬁm? p? }r?lgnél seeibrRef the séhdSide

openi ng ext t and second si des;
and the rrioétrtaaswndanterpdmnwstrate her conprises (a) a
plurality of first wre-bonds electrically coupling
the termnals on the mcroelectronic die to
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m cr oel erbFBSE‘e dieetirst Sigbustidigaving EaIfiest ahyl setond contacts,
termnals electrically coupled to corresponding first

contacts &nd %opml@g@qt ipg betweer the first @ad second sides;

coupl ed t he termnals; a plurality of second

i nt er poser Substrates coupled to correspondi ng
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tvveen t he
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| Nt er posem;sRiddidnt dLé“ﬁ) bBﬁé%f‘Mﬂh f#§C&MHacts on the first

i nterposer substrates having a plurality of contacts;
interposer substrate, and (b) a plurality of second wire- -bonds
electrically coupling the contacts on the second interposer
substrate to corresponding second contacts on the first

interposer substrate.

38. A plurality of microelectronic devices, comprising:

a first interposer substrate having a plurality of first contact arrays and
a plurality of second contact arrays;

a plurality of microelectronic dies attached to the first interposer
substrate, the individual microelectronic dies including a
plurality of terminals electrically coupled to corresponding first
contacts and an integrated circuit electrically coupled to the
terminals;

a plurality of second interposer substrates coupled to corresponding
microelectronic dies such that the individual microelectronic
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a plurality of wire-bonds electrically coupling the
contacts on the second interposer substrates to
correspondi ng second contacts on the first interposer
substrate; and a casing covering at |east a portion of
the mcroelectronic dies, the first interposer
substrate, and the second interposer substrates. 39.
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first interposer substrate. 40. The microel ectronic
devi ces of claim 38 wherein: the individual

m cr @l ectenhicréblestronic devicee @TRIdifE38whaedinve si de
with the terminals and a back side opposite the

act i ‘e indiddualisicrogleetronie digsofithes gaatrisearn agtiveside with
conpri ses ' jde attached to the back side of

the m croéﬁ%grbﬁﬁ?lg’ dies and having the first and
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e i i R
subst r at e having the first contacts, and a plurality of openings extending
between the first and second sides;
the wire-bonds comprise a plurality of first wire-bonds; and
the microelectronic devices further comprise a plurality of second
wire-bonds extending through the openings and electrically
coupling the terminals to corresponding first contacts on the

first interposer substrate.

40. The microelectronic devices of claim 38 wherein:

the individual microelectronic dies further comprise an active side with
the terminals and a back side opposite the active side;

the first interposer substrate further comprises a first side attached to
the back side of the microelectronic dies and having the first
and second contacts;

the wire-bonds comprise a plurality of first wire-bonds; and
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41. The m croel ectronic devices of claim38 wherein:
the individual mcroelectronic dies conprise an active
side with the termnals and a back side opposite the
active side; the first interposer substrate further
conprises a first side attached to the back side of

t he nicroelectronic dies, the first side having the

firs § Q@ f [hfe 9845 ARty 8 stcond
pl ur{ |ty gyfeee?cﬁ rﬁ rHre- Jﬁpﬁe mcﬁ;oel ectromC(c:)n
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on the first interposer substrate, and (b) a
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cecond. =1 % pBRE e o AL BEIGHBh, 48, Bt SidiFhauing
cor r espongidirspadg seddnd contacts;
the wire-bonds comprise a plurality of first wire-bonds; and
the microelectronic devices further comprise (a) a plurality of second
wire-bonds electrically coupling the terminals of the
microelectronic dies to corresponding first contacts on the first
interposer substrate, and (b) a plurality of stand-offs between
corresponding pairs of second interposer substrates and

microelectronic dies.

42.  The microelectronic devices of claim 38 wherein:

the first interposer substrate further comprises a first side attached to
the first side of the microelectronic dies, a second side
opposite the first side, and a plurality of pad arrays on the
second side; and

the microelectronic devices further comprise a plurality of electrical

couplers on corresponding pads.
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