1 17 March 2006 SEMICONDUCTOR DIE PACKAGES WITH RECESSED INTERCONNECTING
STRUCTURES AND METHODS FOR ASSEMBLING THE SAME 5 TECHNICAL FIELD The present
invention relates to ball grid array semiconductor packages and methods of attaching, and
interconnecting the same. In particular, the present invention relates to interposers for mounting a
semiconductor die to a substrate with which the semiconductor die is in electrical comuuseication The
semiconductor die may be 10 encapsulated upon the intgrposer to form a complete semiconductor die
package. The interposer may be constructed in order to allow a number of similar semiconductor die

packages to be electricall &QNB%@%&%%&%%AE@%M%‘AB@@E&% ART 15 Ball
grid array ("BGA") packa@jgf‘g@g%@m %@Eﬁﬁ%ﬁ%ﬁ%%@@%%&e a substrate,

such as a printed circuit board, with a semitSHEYB top of the substrate. The
semiconductor die has a multitude of bond pads_electrically connected to a series of metal traces on
the top side’of the printed circuit board. This sehiESBf H@fﬁ‘@é@%@is connected to a second series of

metal traces 20 locatedras pageHidevsidephénednrotedicritrhgarehhyoaserespkiiass hhe second
series of metal traces each terminate with a contact pad where a conductjve element is. attached. The

conductive elemBAtsiEo HiesiNNEoftidr BiSosnedHR L & fife o2 BB F U he REOPEIRIVE WRHRENts are

arranged in an aigRyepastaiRPostihesenveamnssiantlierienorditis elgsiigalwonnasipmigare
encapsulated with a molding c ,mpquni. 25 As die and grid array densities increé'lge, the desire in

packaging semi¢BRSRREPCHES AAS BEST T3P SOBEHE GIHARITSC SBT O0 PLERAGE B Wing the

mounted ppekagesapoiRkel Wipdasse iaalrpstates asmieacwiipibia @avieshddiss Aippakge Monted in a
flip chip fashion, conserves re%l estate laterally by elimipating the connection structures (wirebond,

TAB, etc) around R BERRYE PECHEENA Y FaATdstdral o &Y pRes 8htdsirhiraHs P eHa s flies. One
way this has begadagesmplisheddsiby redogivgitdeoyeradlcheighiaes prafiee BGA packages. Another
way is by using molded packages with

BACKGROUND ART

15 Ball grid array (“BGA”) packages are well known in the art. BGA packages
typically comprise a substrate, such as a printed circuit board, with a semiconductor die
mounted on top of the substrate. The semiconductor die has a multitude of bond pads
electrically connected to a series of metal traces on the top side of the printed circuit
board. This series of metal traces is connected to a second series of metal traces

20  located on the underside of the printed circuit board by a series of vias. The second
series of metal traces each terminate with a contact pad where a conductive element is
attached. The conductive elements are typically solder balls or conductive filled epoxy.
The conductive elements are arranged in an array pattern and the semiconductor die
along with its electrical connections are encapsulated with a molding compound.

25 As die and grid array densities increase, the desire in packaging semiconductor
dies has been to reduce the overall size of the package, allowing the mounted packages
to take up less “real estate” or area within a device. A BGA package mounted in a flip
chip fashion conserves real estate laterally by eliminating the connection structures
(wirebond, TAB, etc) around the package. Conserving real estate vertically presents

30  different challenges. One way this has been accomplished is by reducing the overall
height or profile of BGA packages. Another way is by using molded packages with
leadframes that can be stacked atop one another.

Stacking BGA packages allows additional lateral real estate to be conserved in

exchange for vertical space. The height of a BGA package, including the substrate,



leadframes that can be stacked atop one another. Stacking BGA packages allows additional lateral
real estate to be conserved in exchange for vertical space. The height of a BGA package, including
the substrate, 17 March 2006 -2- semiconductor die, wirebonds, encapsulant and conductive
elements, limits the effectiveness of this method. One example of an attempt to reduce the height of
BGA packages in a stack is disclosed in U.S. Patent No. 6,072,233 issued to Coris|g &fathd0es0,
2000. The disclosed packages consist of a semiconductgr die mounted face 5 down on a thin
substrate. The die is electrically connected to the substrate by centrally located wirebonds, which are

encapsulated orftREI9RLEEPTHLE SHIERARSs SHIerRsBLNS ARt RINAURIL s HemFrtgEaEs than the

combined heightgfetiherRRuwitedssasteandustx i Rt theawdigpodencansridbaiefspeged along
the perimeter of the substrate. %ﬁl.mqving the encapsulant to the lower surface of the package and
|

using a thin sub&ASasssTH Aritrdsais ghittlaned PFBE e e RBE reddemgdie Godskichalght of a
package. The afilitygomsiucendeifaigbl phtiadeackagetisritildimisdishaiplacrmentrand size

restrictions on the solder balls, which must have a diameter greater than the combined heights of the

semiconductor H18¥3R8 iR SHPERiEapihc 1 AlsLrisalinORRGSteddo AR IBTRNG esrtiolital
packages apart.|dhigcgokdasbballs, argiexprseast gidhatsidenahd biheostacksiparaasisping shiances of

breakage or contamination. Therefore, it would be advantageous to develop an apparatus and method

that allows for tHEHBiIGRAYof SEBRES pek dyudhs sameidad &y irh Bonh - EsaEd SHRpeRyigfor

packages. It woulid fudhes heresbrantaognusainrsyshaasiaphar akdanshénetbothéaupkavide By at least
enclosing the conductive elements, proviﬂng enhan%‘;ﬁd S %{’:‘?rt as 20 well as protection from
breakage and cSPAHRESRRARMIANY e nianarricaal D5 RAEAsE ABAAM MBI Such an

apparatus gnd nigihpgltgramploy GHens) carpewhal fexibiesuksitaied, lignisgauseiadocreased

applications. DISCLLOSURE OF INVENTION 25 The present invention inclydes apparatus and
ot 1o pro AR, (IS8 BE P A DR S LU S e R BL AP s b

constructed fromearfleidhleomaiesaldsushiasshpalyinideatiapedihmate seateangugitveoiiaiesds
disposed heights of the semiconductor dies and wirebond encapsulant. The substrate must be

rigid to hold the individual packages apart. The solder balls are exposed at the side of
15  the stack, increasing the chances of breakage or contamination.

Therefore, it would be advantageous to develop an apparatus and method that
allows for the height of stacked packages to be reduced in comparison to conventional
packages. It would further be advantageous for such an apparatus and method to
provide for at least enclosing the conductive elements, providing enhanced support as

20  well as protection from breakage and contamination. It would be an additional

advantage for certain embodiments of such an apparatus and method to employ at least

somewhat flexible substrates, allowing use in increased applications.

DISCLOSURE OF INVENTION
25 The present invention includes apparatus and methods for preparing
semiconductor device packages, or assemblies. An interposer may be constructed from
a flexible material, such as a polyimide tape. A pattern of conductive traces is disposed
on a first surface of the interposer in electrical communication with a semiconductor
die attached to that first surface. Interconnect recesses accessible are opposite, second
30 surface each allow contact with at least one conductive trace. A conductive element,
such as a solder ball, disposed substantially within the interconnect recess is used to

mechanically and electrically connect the assembly to a carrier substrate or to another,



on a first surface of the interposer in electrical communication with a semiconductor die attached to
that first surface. Interconnect recesses accessible are opposite, second 30 surface each allow contact
with at least one conductive trace. A conductive element, such as a solder ball, disposed substantially
within the interconnect recess is used to mechanically and electrically connect the assembly to a
carrier substrate or to another, 17 March 2006 -3- similar assembly. By substantially regefvingoise
conductive element within the interconnect recess, the height of the completed assembly is reduced.
A number of assemblies may be stacked to form stacked semiconductor arrays. Interconnect

structures, such S8 paths Sy Al T arS AR BT PREUSEY Sele el ddw for

interaction betwagprstaakedrassenikliasiAssembliesmplardassiacked stapwvdge, or directly aligned.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a side view of a substrate useful in assembling

some embodiments of AGYBLFESL Assdrbles cepyRetechathieorintipied He prusfdrthtion:;

FIG. 2 is a sectionataidasdevrot@porieshakarainbadineniniamiairpases upadamintascordance
with the principles aof the present invention; FIG. 3 is a sectional side view of one embodiment of a

semiconductor pEIRSGEN MY AHE ThISE LYFIAHIN RARVEE PRRER @SSEREHrsSRMRUER I, Bhown prior

to 15 mounting; §thcked igsp wectionalgisiey\igvned the embodiment of FIG. 3, as attached to a
substrate; FIG. 5 is a sectional side view of one possible stacked assembly of two alternative
embodiments of semiconductor packages made in accordance with the 20 principles of the present

invention; and FIG. 6 is a sectional SifarEWES @RIPTINOEDHEDRAKeSN @ssembly of a fourth
alternative embodiment of semiconductor packages made in accordance with the principles of the
present invention. FlG.Ff(E'; i ’§i8é1§88ﬁ8Wé1§ﬂeﬂ}§g8Féﬁd{FFéP%{’e%S§ 15 BB BICO BER k&G 25

assemblieg ®f seicaRdneion slevicedpackagestieasiminphecordanse withitheqiangiples of
FIG. 2 is a sectional side view of a portion of one embodiment of an interposer
made in accordance with the principles of the present invention;
FIG. 3 is a sectional side view of one embodiment of a semiconductor package
made in accordance with the principles of the present invention, shown prior to
15 mounting;
FIG. 4 is a sectional side view of the embodiment of FIG. 3, as attached to a
substrate;
FIG. 5 is a sectional side view of one possible stacked assembly of two
alternative embodiments of semiconductor packages made in accordance with the
20  principles of the present invention; and
FIG. 6 is a sectional side view of a portion of another stacked assembly of a
fourth alternative embodiment of semiconductor packages made in accordance with the
principles of the present invention.
FIG. 7 is a side sectional view of another alternative embodiment of stacked
25  assemblies of semiconductor device packages made in accordance with the principles of

the present invention.

BEST MODE OR MODES FOR CARRYING OUT THE INVENTION
Reference will now be made to FIGS. 1 and 2. A portion of an interposer 20
30 includes a substrate 22 with a recess 30 and adjacent conductive traces 24. Substrate 22
may be formed of any suitable material, including FR-4 resin and bismaleinidetrizaine

(BT) resin, among others. In embodiments where it is desired that interposer 20 have



the present invention. BEST MODE OR MODES FOR CARRYING OUT THE INVENTION Reference
will now be made to FIGS. 1 and 2. A portion of an interposer 20 30 includes a substrate 22 with a
recess 30 and adjacent conductive traces 24. Substrate 22 may be formed of any suitable material,
including FR-4 resin and bismaleinidetrizaine (BT) resin, among others. In embodiments where it is
desired that interposer 20 have 17 March 2006 -4- flexibility, the substrate 22 may he gimecdHigs a
flex material, such as polyimide tape. One such suitablejtape is Kapton(r), available from E.I. Du Pont
Nemours and Company. A recess 30 is located in a second surface 28 of the interposer body or

substrate 22. Adise&iliboAbG R Risces BAYRe Bpedden dlexdppssite, #ich & QMBS are

accessible throughehgckeaaah ROaboRdusiva & asasI Al dIhbE. IN TRISUHICRL I BNICaliapMTh a
semiconductor die attached to the interposer 20. Conductive traces 24 may be formed from any

suitable material, includif§§risailits darted Mads SbppEcs sy ROREFRAMERY S6nductive epoxy,

a plastic materialgRetaimg Lepdustivehpasticlesa o2 4R uRipRIA knlBL oppodtctiMe: element 32
may be disposed in the recess 30, making an electrical connection with the conductive traces 24

therethrough. DELHABHZ¢aBdLestrresbRiursg s enat 2 hafoMauribg BReGs CoRdRR P element

32 resides substasdiailyil withinthie /6665580 demill e anpraciatest thatisand ugtiersdenent 32 may be
formed from any number of electrically conductive attachment materials suitable for use in the 15

interconnection SPHBFHSEEAS wiiPAghelored Feokaping eRls st Jr msmetieavecalie e 32

include solder ballsiang egipenRdbsiroctiihes atexduciivand epbdycdgniiietheroesoamang
others. All such suitable conductive elements 32 are within the scope of the present invention. Where

the conductive ¢i8REALY $PUBMBHSE S5RIEMEHNE e solder balls may be 20 disposed within the

recesses byoany suitable ¢vgdedyExampheS Dhslcheisfigds iindldee s oiigskplaaarsiesiridhl
preformed solder balls into a Ea tern of recesses 3Q \%é[he second sutfag§f28; the ti‘lﬁoding of the
second surface SWAHNIFAIRT SPEOHFEY LEHECH P RSVRPOEtHESSHAIS protruding

more than fixed eligtaniaedraith that a major portion of the conductive element 32 resides substantially
within the recess 30. It will be appreciated that conductive element 32 may be formed
from any number of electrically conductive attachment materials suitable for use in the
15 interconnection of interposer 20 with higher level packaging. Examples of conductive
elements 32 include solder balls and columnar structures of conductive and conductor-
filled epoxies, among others. All such suitable conductive elements 32 are within the
scope of the present invention.
Where the conductive elements 32 comprise solder balls, the solder balls may be
20  disposed within the recesses by any suitable method. Examples of such methods
include: the direct placement of preformed solder balls into a pattern of recesses 30 on
the second surface 28; the flooding of the second surface 28 with a plurality of solder
balls followed by the removal of those balls protruding more than fixed distance from
the second surface 28 and therefore not disposed in a recess 30; and the disposition of a
25  solder paste directly within the recesses 30, followed by reflowing the solder to form
spherical elements protruding from the openings of recesses 30 or, if the recesses are
sized to constrain formulation of spheres, to form hemispherical protrusions of solder
from the mouths of recesses 30. A solder mask may be applied to the second surface 28
to facilitate solder ball formulation in the latter manner.
30 Recess 30 may be formed in the substrate 22 by any suitable means, including
both additive and subtractive methods. In FIG. 1 is depicted a substrate blank 10 that

may be used for forming some embodiments of interposers 30 in accordance with the



the second surface 28 and therefore not disposed in a recess 30; and the disposition of a 25 solder
paste directly within the recesses 30, followed by reflowing the solder to form spherical elements
protruding from the openings of recesses 30 or, if the recesses are sized to constrain formulation of
spheres, to form hemispherical protrusions of solder from the mouths of recesses 30. A solder mask
may be applied to the second surface 28 to facilitate solder ball formulation in the Igttanspanr@ye 30
Recess 30 may be formed in the substrate 22 by any sugable means, including both additive and
subtractive methods. In FIG. 1 is depicted a substrate blank 10 that may be used for forming some

embodiments ofAFf¥SHJaEFatENNBlaRk A MudshanebitraddpsRrdoondst craduciVRlarRion: Blank 10

includes a substrede:4aer hayaidrarsRAdHEHY 8UBMRAtd dayErased dnioay be foreiad irghe substrate
layer by the removal of material. For example, substrate layer 12 m%‘):/ be cut with a laser, drilled,

punched, chemiEsMPRicHuastate a%ee d RaPe Qe Bbtdisg bt Aurs hedephrmistleritiskxpose

conductive 5 laygrsrcifiaseigthiraictiue faeinadehaiaic altiize & steseftiolcpaticerpesesistiaaplied to the
substrate layer 12 prior to treatment. In alternative embodiments, the substrate 22 may be formed

from an addltive &Rod NGAEH HhE Hebes R e B Bt A RS SRHL LR FTARS P ShaPRiHh HdbFto a

conductive layertitiiriie1bise 0btpReradiheaivertontuetivatiacanbidimay: simiailydadormadpy any
suitable method, including. 10 both additive and subtractive methods. In FIG,1, the conductive layer 14

may be etched Bs formed dosvan Htg Bredl el enr Aees 20 PR AR Bechirtfed by

applying a stencih@ehy patieiningeERoktbenieneving candustivedvaigpehtivaiugh a chemical etch
or other means. In alterpative embodiments, the, p%té[l@rn of conductive traces 24 m%y be formed by

depositing the conductiy81FHEHECIRAGT thie DK STFRTE™Y G SORRELDN ABleSHHEC S BRtidRR iRbe
used, suchias byqteiadiing 1he diidaasti4 alcmoatcingior. stampinglantvappiyinpithemnbe auhsirate

22, by pphing 3 SRICLCIS, BEATleL 0 ) e B LG i £ contucic o o
20 principles of thggieganiénvantiay pawdtindecappiecriectthed i eda&iaticedarernotiigough a
chemical etch or other means. In alternative embodiments, the pattern of conductive
traces 24 may be formed by depositing the conductive traces 24 on the substrate 22.

15  Any suitable additive technique can be used, such as by preforming the traces 24 or by
etching or stamping and applying them to substrate 22, by applying a conductive
polymer to form devices, by printing with a conductive ink, or otherwise as known in
the art.

FIGS. 3 and 4 depict a semiconductor assembly 40 made in accordance with the

20  principles of the present invention. It will be appreciated that FIGS. 3 and 4 are not to
scale, but are only representative. A semiconductor die 54 is attached to an
interposer 42. In the depicted embodiment, the semiconductor die 54 is attached in a
flip chip fashion, depicted by conductive columns 56, although it will be appreciated that
any method known to those skilled in the art may be used and all such methods are

25  within the scope of the present invention. A pattern of conductive traces 40 is disposed
on the first surface 46 of the interposer 42. Recesses 50 are located on opposite
surface 48. Each of the conductive elements 52 residing substantially within the
recesses 50 make electrical contact with at least one of the conductive traces 44,
traces 44 being in electrical communication with the semiconductor die 54 through

30  conductive columns 56. The positioning of a number of recesses 50 on the

interposer 42 may be used to provide a grid array, such as a ball grid array (BGA) or



scale, but are only representative. A semiconductor die 54 is attached to an interposer 42. In the
depicted embodiment, the semiconductor die 54 is attached in a flip chip fashion, depicted by
conductive columns 56, although it will be appreciated that any method known to those skilled in the
art may be used and all such methods are 25 within the scope of the present invention. A pattern of
conductive traces 40 is disposed on the first surface 46 of the interposer 42. RecesgesiaRaredecated
on opposite surface 48. Each of the conductive elements 52 residing substantially within the recesses
50 make electrical contact with at least one of the conductive traces 44, traces 44 beinq in electrical

communication Wit AR SEAREENIGEEH tid gt 40 ¢ BHasenve Lo i asemEy s tening of a

number of recessea&dQvIthaclntarposer 42 may be used to provide a grid array, such as a ball grid
array (BGA) or 17 March 2006 -6- fine ball grid array (FBGA), for attachment and interconnection of
the assembly 40 to highePIERRYSAaRSBP S &l s &3?‘%?&9%5@% Invs) prekagipgdy 5 higher

level packaging forihe o uateé s cadtige SIhskiatentywaish mayderaunriyad crews bpaid ¢RfeB) or any

other 5 suitable structure. Assembly 40 is placed on the substrate S, such that the conductive

elements 52 are’JERES BHCHHE boRwdePly tBAuRIEGGE ARhanshbsitaiomsudh Brlierkondyatae: pads

58. It will be appsreiRiad shakinadeition thevdatdPRAHhE:dce attaghianperiRtSBRYIPGIormed of
any suitable structure, including conductive traces, among others. In embodiments where the

conductive elemEMLEPArS WidhrHHIRe fRrreeaics i qreddnibaeres ByadiatintiiBsolder. The
positioning of coxelidalivenEfpmenisaydstbstratis bhyihinthestacesss sniolidlgwenie intetpessr 42 to

be mounted closely to the substrate S ,reducinglthe overall height of the assembly 40, In certain

embodiments, tHETRENGSEY 45 SRLSHIMSmERTS U £ M He R SMale 0 TS R4k bAkSs S rate .

This may b acaampisheshaprsidebiadiiheanductyidelements are reflowed and flow to fill any
space remaining aroung the solder ball within the rg;cess 5§8¥Vi h em.bﬁdim.entstﬁ/fhere the ipterposer

42 has reduced rigidity. KsRRHER FRSICE YRy rmERs SAREAHN B B $RsTowards the
substrate S, furthiswedueiingetheseveralb eigittunted closely to the substrate S, reducing the overall

height of the assembly 40. In certain embodiments, the interposer 40 second surface 48
may even be disposed directly on the substrate S. This may be accomplished as solder
15  ball conductive elements are reflowed and flow to fill any space remaining around the
solder ball within the recess 50. With embodiments where the interposer 42 has reduced
rigidity, as when formed from a polymide tape, the assembly 40 may flex towards the
substrate S, further reducing the overall height.
FIG. 5 depicts a side, cross sectional view of a stack of semiconductor
20  assemblies fabricated in accordance with the principles of the present invention. It will
be appreciated that FIG. 5, like the other figures in the present application, is not to
scale but is instead representational of the principles of the present invention. A first
semiconductor assembly 70 is attached to a substrate S, as discussed above with respect
to FIGS. 2 and 3. Conductive elements 82, substantially residing within recesses 80 are
25  connected to contact pads 88 of the substrate S. A semiconductor die 84 is disposed on
a first surface 76 of the interposer 72 and is in electrical communication with the
conductive element 82 through the conductive traces 74. Interposer 72 of assembly 70
includes an interconnect structure allowing for connection with another assembly 100
stacked on the first surface 76. In the depicted embodiment, the interconnect structure
30 s represented by the interconnect pads 92. Interconnect pads 92 function similar to
contact pads 88, allowing another semiconductor assembly to be electrically attached

thereto. Interconnect pads 92 may be connected to the pattern of conductive traces 74,



FIG. 5 depicts a side, cross sectional view of a stack of semiconductor 20 assemblies fabricated in
accordance with the principles of the present invention. It will be appreciated that FIG. 5, like the other
figures in the present application, is not to scale but is instead representational of the principles of the
present invention. A first semiconductor assembly 70 is attached to a substrate S, as discussed above
with respect to FIGS. 2 and 3. Conductive elements 82, substantially residing withinragassesg6 are
25 connected to contact pads 88 of the substrate S. A sgmiconductor die 84 is disposed on a first
surface 76 of the interposer 72 and is in electrical communication with the conductive element 82

through the condDetiPcRBdREE iS22/ gruausibip 7 an bt dUe cbyisrersddedructure

allowing for conpegdionovisi dinatbedrssenekindAnsiaakes pnths frpt suidagadfer bbihedepicted
embodiment, the interconnect structure 30 is represented by the interconnect pads 92. Interconnect

pads 92 functiorSHALF 182X BRMRGHAFOBEE IR HS AmE b h GRS s SehsBeS BEthe

electrically attachied atRergs; fioterconnect pads 92 may be connected to the pattern of conductive
traces 74, 17 March 2006 -7- and to conductive elements 82 therethrough, or may be directly

connected 1 a recess8GSHRA SCRYRRLREaRsHBRBH AR SAreh AtiAsn ARG ATBY thePRbhAbctive

structure may begésefldtassenBel Hoasiacked ssserohdnwithaithen theawsisate §:ef {hgafestoo
assembly 70. 5 A second semiconductor assembly 100.is stacked adjacent the first as_sembl}gﬁ?O.

Second assembflf IBH BRI I seMMESHARABIELT 91 AAdhEHETRISH SOBMARicAH B Yot

interposer 102. Hhgeseticonduaior digcdd 405 neleatdaaheammdiirfaadionoyitbpactpa@tiethiof conductive
traces 104, located on.the firEt surfa&e 106, depicted in this embhodiment tg{)ough,the wirebond
connection 115. FBROSLsaLREpUE §ﬁ’¥)‘§%lﬁ) {FRANESHON by SPPAEie L O HE HSRLSETSUL the body

of the interppsersdéshicsatfave nEBNIMUPisatipdVEENIibecONofitivmisasas i bathvecess 110 may
allow electrical communication with one or more condugctive.traces 104, Conductive elgme_ng 112 are

disposed in the FOSEELRLCH AN WIS BB UNEEY FFSER P AT RS SSsSehibly 108%%AECEistrical
communication Wil thimisativaanducier dismdideMate tivatseeond4l SGassrictbly diothsneduidesagesolder

mask 109 dispoa(lascli)(z)as%j(? ?1(1a H;[et ?etcrgz%sgseci(m%g gﬁ% % %ged for attachment of the assembly 100 and
electrical communication with the semiconductor die 114. Note that second
15  assembly 100 includes a solder mask 109 disposed adjacent to the second surface 108
for facilitating the formation of conductive elements 112.

The second assembly further includes a die recess 90 accessible on the second
surface 108. Die recess 90 may be formed in any suitable manner, as discussed above
with respect to the interconnection recesses 110. The die recess 90 is configured to

20  contain at least a portion of die 84. The dimensions of the die recess 90 may vary with
different embodiments to accomplish this purpose. If necessary, die recess 90 may
extend to or even through the first surface 106, desirably at a location other than
die 114, or conductive traces 104.

Second assembly 100 is positioned with second surface 102 adjacent to the first

25  surface 76 of the first assembly 70. Second assembly 100 is positioned such that
conductive elements 112 are aligned with the interconnect pads 92, and die recess 90 is
aligned with die 84. Conductive elements 112 are then bonded to the interconnect
pads 92, coupling the assemblies into a stacked array, and establishing electrical
communication therebetween the assemblies 70 and 100 and the substrate S.

30 Turning to FIG. 6, there is depicted a portion of a stack 120 of semiconductor
assemblies 128 and 158. The first semiconductor assembly, 158 includes a

semiconductor die 164 attached to the first surface 166 of an interposer 160.



for facilitating the formation of conductive elements 112. The second assembly further includes a die
recess 90 accessible on the second surface 108. Die recess 90 may be formed in any suitable
manner, as discussed above with respect to the interconnection recesses 110. The die recess 90 is
configured to 20 contain at least a portion of die 84. The dimensions of the die recess 90 may vary
with different embodiments to accomplish this purpose. If necessary, die recess 90;mMyyaextEmshHto or
even through the first surface 106, desirably at a locatiag.other than die 114, or conductive traces
104. Second assembly 100 is positioned with second surface 102 adjacent to the first 25 surface 76 of

the first assembRETICEEUSHY disskiin 6l e isa5AAARY UaeHom R R dRIErR O Lreniisty 12 are

aligned with the ipierconnacipessts ihrdiauracessORissalignedsith digedsh Gereustive elements
112 are then bonded to the interconnect pads 92, coupling the assemblies into a stacked array, and

establishing ele PRATIESHRAMICTiIBhhsRLTRR e taXLIStYh Rt Bt dd FolRRécthe substrate S.

30 Turning to Fl&uhiiathengyisvianicied-aprrtinnefrsiackddd risesitoadustodiagsamblies 128 and
158. The first semiconductor assembly, 158 includes a semiconductor die 164 attached to the first

surface 166°f affiilR¥HBLE 160 21 PRI PO S B d MicBrictos s iisnakrPgindg the

communication igh a4 atiesnaeicamgus/e drachsdliéh disrosed Nwviliedbishsiiiacgefieifagss 170 is
accessible on the second opposite surface 168 of the interposer. A conductive element 172 is

disposed substRRfAfY WRFTA AL Pades® RIGERHE T IhaYeistead SBsaieRUR 9 49s 5

encapsulated wishae-2esapswanbegiprézi k63 tpiavieighaddilionrpratesiomoy thes die shédnFirst
assembly 158 is attached to a substrate S, ithﬁfonductivlle67 lement 172 bonded to co%%t ct pad 178 of
substrate S, and"S6C9nE AN TS LAY () CEBSHa SHAGANOECHSSFEmERE thit tREmine

embodimeng of fiishaasesablyad athadisgstiomiayin AliGuéh Bhayodiehdds arplnalitieofwrbrssRSdojie and
conductive eleme ﬁgs 172 forming 10 an array, such as a ball grid array. All such embodiments are
included within tAe'8e85E B INEBY&@%nt invention. Second semiconductor assembly 128 similarly

includes a semiconducBceirl $&ticonductor assembly 128 similarly includes a semiconductor die 134
attached to the first surface 136 of interposer 130. Die 134 is in electrical
communication with at least one member of a pattern of conductive traces 144 disposed

15  on first surface 136, depicted here by wirebond 135. Die 134 and the electrical
connection to the conductive traces may be encapsulated with an encapsulant
material 133. An interconnect recess 150 is accessible on the opposite second
surface 148 and passes into the body of the interposer 130. At least one member of the
conductive traces 144 is accessible through the interconnect recess 150. A conductive

20  element, such as solder ball 152 is disposed in the interconnect recess 150, in an
electrically communicative connection with at least one member of the conductive
traces 144. It will be appreciated that second assembly 130 may include any number of
interconnect recesses 150 and solder balls 152, forming a grid array on the second
surface 148 for connection of the assembly 128.

25 A stack assembly 120 is formed by attaching the second surface 148 of second
assembly 128 to the first surface 166 of first assembly 158. Recess 150 is aligned with
an interconnect structure, allowing the assemblies to be attached in electrical
communication, through solder ball 152. In the embodiment depicted in FIG. 6, the
interconnect structure is represented as one or more members of conductive traces 174

30  disposed on first surface 166 of the first assembly 158. As discussed above, the
interconnect structure may be any structure known, or readily ascertainable, to those

skilled in the art that may be used establishing electrical communication between first



attached to the first surface 136 of interposer 130. Die 134 is in electrical communication with at least
one member of a pattern of conductive traces 144 disposed 15 on first surface 136, depicted here by
wirebond 135. Die 134 and the electrical connection to the conductive traces may be encapsulated
with an encapsulant material 133. An interconnect recess 150 is accessible on the opposite second
surface 148 and passes into the body of the interposer 130. At least one member of thegacaneuedive
traces 144 is accessible through the interconnect reces)150. A conductive 20 element, such as
solder ball 152 is disposed in the interconnect recess 150, in an electrically communicative connection

with at least one®Memi¥rlofidssrortaveemblydLd 4 sl pLUsHBrs At AR SePRF QELRmbly

130 may includeyanydiumbstiéd. interconnect recesses 150 and solder balls 152, forming a grid array
on the second surface 148 for connection of the assembly 128. 25 A stack assembly 120 is formed by

attaching the second striaCk¢n8alr echHatlausdibRitadbths ik imunastisiicigas g RS hbly

158. Recess 15Qfigaiigned sithcean Miaiepopaet Siiching wilpwing dhe13esempliesia bR @ttaghed in
electrical communication, through solder ball 152. In the embodiment depicted in FIG. 6, the

interconnec? stritOves RETapd 148 indray msserifinBrst sPEaRa b ehvE At 49 iisposed

on first surface 1e6:pf HieHirstakse BbbmbdB12® disehrnahnyeHbe itepeeainEsy sfructure may be
any structure known, or readily ascertainable, to those skilled in the art that may be used establishing

electrical commGRTSHHSHED StBEH REPIe LT AH - 2568 292 89 il RS Ahrsdiebrisdivnply 128. Al

such structures ageondthisciielgaope R iheupmRseaibNeNiioRe:iAs SAldphhatid s s dafewwed fiesattach
the interconnect structures_ of the pattern of conductive traces 174, any space remaining withjn recess
150 is filled by s%?&%ﬂ'g% gsl%ﬁ (54% Eéﬁﬂdcs%mﬁ%ewi S&Wlﬂh%eﬁpf’&?hgrﬁ%f@&ﬂfﬁé e further

reducing the heighteéthfirstaskatdbigIembiphichh thessbogibienisswhe enbiarneses df3Bdpresent
constructed from a flexible material, such as a polyimide tape, the reduceg r idi%sof second .
assembly 128 aﬂle,wgtfaﬁmféaﬁéﬁ%ﬁoiﬁrﬁ%ﬁfgﬁ*ﬁc}&sn HGIECRHSE SRS fr Y AL LFHB 928 able

to flex and adjushwishénalih@cayiilebiBespageddrasiiiglielysenterthey real estate in a device in both
lateral and vertical directions.
Turning to FIG. 7 is depicted a side, cross sectional view of multiple component
15  stack of semiconductor assemblies fabricated in accordance with the principles of the
present invention. It will be appreciated that FIG. 7, like the other figures in the present
application, is not to scale but is instead representational of the principles of the present
invention. Similar to FIG. 5, a first semiconductor assembly 220 is attached to a
substrate S, which may be a printed circuit board (PCB) or similar structure, as
20  discussed elsewhere herein. Conductive elements 222, substantially residing within
recesses 221 are connected to contact pads 304 of the substrate S, on first surface 301
thereof. A semiconductor die 228 is disposed on a first surface 227 of the
interposer 226 and is in electrical communication with the conductive element 222
through the conductive traces 224. Interposer 226 includes an interconnect structure
25  allowing for connection with another assembly 210 stacked on the first surface 227. In
the depicted embodiment, the interconnect structure is represented by the interconnect
pads 224, as discussed with respect to FIGS. 5 and 6.
A second semiconductor assembly 210 is stacked adjacent the first assembly 220.
Second assembly 210 includes a semiconductor die 218 attached to the first surface 217
30  of an interposer 216. The semiconductor die 218 is in electrical communication with a
pattern of conductive traces 214, located on the first surface 217, depicted in this

embodiment through the wirebond connection 219. Recesses 211 are disposed in the



10 adjacent first assembly 158. Through these attributes, some embodiments of the present invention
may be used to create stacks of semiconductor assemblies with a reduction in the overall height of
the stacked assemblies, conserving real estate in a device in both lateral and vertical directions.
Turning to FIG. 7 is depicted a side, cross sectional view of multiple component 15 stack of
semiconductor assemblies fabricated in accordance with the principles of the presantimpeRti@elt will
be appreciated that FIG. 7, like the other figures in the grgsent application, is not to scale but is
instead representational of the_principles of the present invention. Similar to FIG. 5, a first

semiconductor 26S8ALIYESE wl atadmagsthep ushube Dy oh e AP ALrRRICS rcuit board (PCB)

or similar structwemamrR AisausrRdIRISEMhRIR barRiey Tandugive algmantm 2y dllswhgtantially
residing within recesses 221 are connected to contact pads 304 of the substrate S, on first surface

301 thereof. A SOREURMIERR ikl & dRe SRRNAIL fiftSirfdde SOPBIHHE SlRBIgYSe! 286 and is

in electrical comagnpysatipnmétRdbe condugity eneleraentd 22 dhreHaRihercRodutiNEl{racear4.
Interposer 226 includes an interconnect structure 25 allowing for connection with another assembly

210 stacked on HEFHISELCHATEDSHIGA WE Hspieriguindaitint | thedrerdonieeP Sratlumdys

represented by thelintetcornectsPasdm Rl e adslisauasetmith yespect to FIGS. 5 and 6. A second
semiconductor assembly 210 is st%%ked adjacent the first assembly 220. Second assembly 210

includes a semiconductti-ORé 318 BRRChEY TP RS HHAECoDY S U tdipd i fisk
semiconductor dierfit8 19 ot idetfieal commpunoatiosevdtil aspattayimobaepdsieivredracdsiZd4, located
on the first surface 217, depicted in this embodiment through the wirebond_connection 219. Recesses
211 are disposet] 8&67%5}%‘”%962‘-@6‘?@8%%@& Ld g B%%%Qt%%oé‘?{‘iﬁ‘étbvc?dy of the

interposer A16 telah@vscOMmgnicatishwdththaconeldetivectpe@s2i4c higth gabe sssémbneaynadlow
electrical communication with onf ogmﬁ)re conductive traces 214..Conductive elements 212 are

disposed in the FEtASSEEY-A FRPHEN R HIG I SARCHRBHRISA S LERTHNFY '8nd 5 electrical
communication witbiingi semicandaessienldibseaersd assembly 210 may include a die recess as in

the embodiment of FIGSi?ﬁilarly, a stack of semiconductor assemblies fabricated in accordance with the
principles of the present invention is located at a second surface 302 of the substrate S.
15 A third semiconductor assembly 240 is attached to the second surface 302 of
substrate S. Conductive elements 242, substantially residing within recesses 241 are
connected to contact pads 305 of the substrate S, on the second surface 302. A
semiconductor die 248 is disposed on a first surface 247 of the interposer 246 and is in
electrical communication with the conductive element 242 through the conductive
20  traces 244. Interposer 246 includes an interconnect structure allowing for connection
with another assembly 250 stacked on the second surface 249. In the depicted
embodiment, the interconnect structure is represented by the interconnect pads 243
located on the second surface 249 and similar to those discussed previously herein.
A fourth semiconductor assembly 250 is stacked adjacent the first assembly 240.
25  Fourth assembly 250 includes a semiconductor die 258 attached to the first surface 257
of an interposer 256. The semiconductor die 258 is in electrical communication with a
pattern of conductive traces 254, located on the first surface 257, depicted in this
embodiment through the wirebond connection 259. Recesses 251 are disposed in the
first surface 255 and contain a conductive elements 252 protruding slightly therefrom.
30  Conductive elements 252 may be used for attachment of the assembly 250 and electrical
communication with the semiconductor die 258. Third assembly 240 may include a die

recess as in the embodiment of FIG. 5.



Second assembly 210 is positioned with second surface 215 adjacent to the first surface 227 of the
first assembly 220. Second assembly 210 is positioned such that conductive elements 212 are
aligned with the interconnect pads 224. Conductive 10 elements 212 are then bonded to the
interconnect pads 224, coupling the assemblies into a stacked array, and establishing electrical
communication therebetween the assemblies 210 and 220 and the substrate S. Simijathiré Stegk of
semiconductor assemblies fabricated in accordance witljthe principles of the present invention is
located at a second surface 302 of the substrate S. 15 A third semiconductor assembly 240 is

attached to the secondf QR ssERPht o tpsidonsd iR five! syeihests 2adiactidaHikIRFPEdiding

within recesses 2étaaseg0smactadio.samaty pads BOh@f dhesulstsiessoonidhesacanggurface 302.
A semiconductor die 248 is disposed on a first surface 247 of the interposer 246 and is in electrical

communication GAHHE EoHgmENS e te il izasd Rl dre dntcrenmnsetivads o e e iNferposer 246

includes an intergenRaE! Bnuste iRl IoyMing] fer tae mmectigimevithanoiBet agsaipihe 26R sackeden the
second surface 249. In the depicted embodiment, the interconnect structure is represented by the

interconnec? padsS#5CAtE s ek RLTYRg derthcal semapisating s ahsiucsi Bifssed previously

herein. A fourth seRgsnRAURI0LASISM b 2ROssbstagksd adjacent the first assembly 240. 25 Fourth
assembly 250 includes a semiconductor die 258 attached to the first surface 257 of an interposer 256.

The semiconductor die'2B8io%PRREE RIS dbthMbsiestshaiieRlipattnofcond dive' tHates 254,

located on the firspridiragothl ofBpPigtechin Abisabodimentdhralghdhenwjrebanteanoestan 259.
Recesses 251 are disposed in the first surface 255 and contain a conductjve elements 252 protruding
slightly therefrorﬁt.a%é Cohactve Iéﬁ@ﬁf&afs% rﬁé(ﬂ?élﬂ%mlaf?aacﬁ%ﬁ% S RE B} 250 and

electrical coonmuni€atiomib dibsgamisongieioredie 288 dintie assemiolysp4e: masineddds artlie
recess as in the emgﬁgiment of FIG. 5. 17 March 2006 -11- F%ﬂrth assembly 250 is positioned with
first surface 25533t AEENE RS e S SLHE LG S AG B PiE #Hft assembly 240. Fourth assembly 250 is

positioned such that condussivarrleManihedesatiptadigpao i, the prscaonestipadscldis@onductive
method of forming a stackable semiconductor assembly with recessed interconnections.
This method may be practiced by providing a substrate to form an interposer body

15  having first and second surfaces, then disposing electrically conductive traces on the first
surface, disposing a stacking electrical interconnection structure on the first surface and
forming a connection recess in the second surface and passing through the interposer
body to expose at least one exposed electrically conductive trace disposed on the first
surface. A semiconductor die is then provided to the first surface, such that said

20  semiconductor die is in electrical communication with at least one connecting electrically
conductive trace disposed on the first surface then an electrically conductive connection
material is disposed substantially within the connection recess, such that the electrically
conductive material is in electrically conductive contact with the at least one exposed
one electrically conductive trace.

25 When the method is practiced, a number of options may be utilized to optimize
the procedure. For example, the die may be attached in conventional or flip chip
fashion. The act of disposing the electrically conductive compound in the connection
recess could include disposing the electrically conductive compound in electrically
conductive contact with the at least one connecting electrically conductive trace. The

30 electrically conductive compound connection may be a solder paste disposed in the
recesses and reflowed to form solder balls. The substrate may be a polyimide flex tape,

or other material. The electrically conductive traces could be formed by etching a



elements 252 are then bonded to the interconnect pads 243, coupling the assemblies into 5 a stacked
array, and establishing electrical communication therebetween the assemblies 240 and 250 and the
substrate S. It will be appreciated that the stacked assemblies 210, 220, 230 and 240 are
representational only and that as many assemblies as desired may be utilized to forma stacks on a
surface of a substrate S. By stacking multiple assemblies on the different 10 surfaces gfdh@ sgbstrate
S, further reductions of the amount of space consumed fpy an assembly inside an electronic device
may be realized. In accordance with the description provided, the present invention includes a method

of forming a stacRSBIEGYSEGHPeSESroRs B SR eE B slispRENS HARSSISHRCLY HRoM e StShay be

practiced by proyigliag-a Auhstaie {0 JosnaRivterResen Rodyvba hadnadissaet saeendswifaces, then
disposing electrically conductive traces on the first surface, disposing a stacking electrical

interconnection SRS YMERETSrdURaBeagdroh Mg at disHects s bed oA Bdbsiacstitace

and passing threughidhafiateireser Watydamrease dileagiconeminsed glesticadyeandiicthve trace
disposed on the first surface. A semiconductor die is then provided to the first surface, such that said

20 semiconductSHtie RS TH GREHREAMOMMUTRGNS AR RSP Shese shiltscing a detaipe

conductive trace,gigposed on the first surface then an electrically conductive connection material is
disposed substantially within the connpection recess, such that the electrically conductive material is in

electrically conductive ESRAE: WitH e APREeEAts et S BEFSoRE RYERHRLIN Msdiadhgediet. 25

When the methaddisipkagliestechouenies raplo e ayc e Atz 849 apticeiz 6 ythe pidagdure. For
example, the die may be attached in conventional or flip iEip- fas‘ﬁion. The act of disposing the

electrically condBeRUS'SSHRSEEN I OHe ABARSERRYE" RUBsR NG TERIYE eREpOSIHGHTRS SRRy

conductive] gompishecin] ¢lesitaallye eoieiictBechrtati-iith 1he Ririeiast Oomeennactingsiectreally
conductive trace. The 30 glectric Ily cond%ctive C m#é?und connection may be a solder paste disposed

in the recesses SAANTHYMES 1844 Ubid ]ioﬂﬁhst.%‘f LHBHF RO BRE DB or
other material. Thecgiealticadydeotideictive digpestcoulthbeiforseddy etchingendiidbadib RA86n-12-

provided and attached to the first surface in electrical communication with at least one

connecting electrically conductive trace. Next, an electrically conductive connection
15 compound is disposed substantially within the connection recess in electrically

conductive contact with the at least one exposed one electrically conductive trace.

As above, when this method is practiced, a number of options can be utilized to
optimize the procedure. For example, the die may be attached in conventional or flip
chip fashion. The act of disposing the electrically conductive compound in the

20  connection recess could include disposing the electrically conductive compound in
electrically conductive contact with the at least one connecting electrically conductive
trace. The electrically conductive compound connection may be a solder paste disposed
in the recesses and reflowed to form solder balls, this process may be aided with the
application of a solder mask to the second surface. Alternatively, the second surface

25  may be flooded with solder balls, followed by the removal of those that protrude above a
certain distance. The substrate may be a polyimide flex tape, or other material. The
electrically conductive traces may be formed by etching a metallic layer disposed on the
first surface or by disposing traces directly upon the first surface. An electrically
conductive trace may serve as the interconnect structure, or a separate connection pad

30  may be used. Further, a die recess may be formed in the second surface, if desired. It
will be appreciated that these options are illustrative only and that other useful options

known or readily ascertainable to those skilled in the art may be used.



metallic layer disposed on the first surface or by disposing traces directly upon the first surface. An
electrically conductive trace may serve as the interconnect structure, or a separate connection pad
may be used. Further, a die recess may be formed in the second surface, if desired. It will be
appreciated that these options are illustrative only and that 5 other useful options known or readily
ascertainable to those skilled in the art may be used. Further, it will be appreciatedithagife, prgrent
invention includes a method of forming a semiconductorzassembly. This method may be practiced by
providing a nonrigid substrate to form an interposer body having first and second surfaces, disposing

10 electrically conductiVe s BRr esE b thal McRreisa FonsmiPa dsniudtdrs R axdhad the second

surface and pasgipgitiy QU kst Kirpesidaadysdenenraserstileasinne RxRased saleslyigally
conductive trace disposed on the first surface. A semiconductor die is then provided and attached to

the first surface fSSSIBBIRLRYBKIRS MILsHSHPNTHSO LA BridsLMFRerPebe g ibh dtittive trace.

Next, an electricaliip£@RGHEEME ERPHGEHAT L8 LontRNYIRA 8 diePOsad-SWasiantialkuyithip the
connection recess in_electrically conductive contact wijth the at least gne exposed one electrically

conductive trace *ABAB &Rk thI RIS K Hrcicld, SRamBET S ABiids Yan BECHERZBA to

optimize the progiedungerboscexampts i siaimayn atashed raunantienakondipticbidashion. The
act of disposing the eleétrically conductive compound in the 20 connection recess could include

disposing the elSEPRSAR FLRGILS! LB AIRY TP Sfeltsicay COpRiav e AR R DB least one

connecting elecigaiby sanductivaotipegirdihaglesticalysondtstie sRmpaLwdicenreatiem may be a
solder paste disposed jn the reiﬁess,esgand reflowed to form solder b%lgs _this process may be aided

with the applicafEHEdIER IReie O LENg UarmdsPATE ARADR (i datoisRaMaEd™®s may

be floodediwith stleeichmlisoialiowed dynHetemevapoiibassstaat MIotildeniheve Ragefiin distance.
The substrate may be a polgimide gex télge,.or E}her material. The electrically conductive traces may

be formed by etEAMY S RTLEETHEIADE YR BHESA! Brofne URHSC ARG P IBy A b S P RS EBRA R ctly upon
the first surface.fhs eleaiticdlly coanabiy/edrace\ may se heenas tidadrieicamnsist sttt e ba

separate connection pad 30 may. be used. Further, a die recess ma q;ﬂ;orm d in the second surface,
f desired. It wil' B 4pprSER AL PSS SBlBRECAR AERPRRS Sy NGt L BHEH S8R optons
surfaces, disposing second electrically conductive traces on the third surface, disposing
15  atleast a first stacking electrical interconnection structure on the third surface, forming
at least a second connection recess in the fourth surface and passing through the second
interposer body to expose at least one exposed second electrically conductive trace
disposed on the third surface, providing a second semiconductor die, attaching the
second semiconductor die to the third surface in electrical communication with at least
20  one connecting second electrically conductive trace disposed on the second surface, and
disposing an electrically conductive connection compound substantially within the at
least second connection recess and in electrically conductive contact with the at least
one exposed one second electrically conductive trace. The second surface of the first
semiconductor assembly is attached to the third surface of the second semiconductor
25  assembly, such that the at least first recess is aligned with the stacking electrical
interconnection structure, and the electrically conductive connection compound
disposed within the at least first recess makes electrically conductive contact to the at
least first stacking electrical interconnection structure.
It will be apparent that details of the apparatus and methods herein described can
30  be varied considerably without departing from the concept and scope of the invention.

The claims alone define the scope of the invention as conceived and as described herein.



known or readily ascertainable to those skilled in the art may be used. 17 March 2006 -13- It will be
appreciated that the present invention also includes a method of forming a stack of semiconductor
assemblies. A first semiconductor assembly is assembled by taking a first substrate to form a first
interposer body having first and second surfaces, disposing first electrically conductive traces on the
first surface, 5 forming at least a first connection recess in the second surface and passingiough the
first interposer body to expose at least one exposed firsi glectrically conductive trace disposed on the
first surface, providing a first semiconductor die, attaching the first semiconductor die to the first
surface in electrical communication with at least onecé&mgting first electrically conductive trace
disposed on the ingitsyidaemedigposing an 10 electrically conductive connection compound
substantially within the at least first .connection recess and in electrically conductive contact with the at
least one exposed firstelectricaifEeMICEVE 35O IX CUBBHH R miconductor assembly is assembled
by taking a secandsidestateotaiferm a second interposer body having third and fourth surfaces,
disposing second electrically conductive traces on the third surface, disposing 15 at least a first

stacking elettricAPPREE O iREERBT SERIERIRI S h EtFiPassthitady Pryimery ey ukics 28d6mgWidnection

recess in the fourth surfagR@NEhpassipedaraugieikempaend: interposer body to expose at least one
exposed second electricallﬁ.conductive trace disposed on the third surf{ace, providing a second

semiconductor die, attaeAiHECANE bl e SRSTHRY G HE thitiTacr AL LAY MBS trical

communication with at least 26| @gccapnesdngseoent elasl icrliticandusctivectrcs disposed on the
second surface, and disposing an electrically conductive connection compound substantially within

the at least second connectiotr PEERRLUSHY filectrically conductive contact with the at least one

exposed ong second eleediigaliiciordugiiigitecen heesasenaSurlagaigimfirgirsemigenductor
assembly is attached to the third surface of the second iemicondgtor 25 assembly, such that the at

least first recess is aligned with fHRSEIAGHY QESREHIANtAT LSRR SLFERath SREUSRE S Slectrically
conductive connection compogiRgostispasad fidthinrtfeeat least first recess makes electrically

conducive contact 0 the At eas s AN SIRSHea e RRMPESHSUSS: contigura to
receive a portion of a semiconductor die on another semiconductor
15 assembly therein; and
an electrically conductive material disposed substantially within the connection recess,

in contact with the at least one exposed electrically conductive trace.

2. The semiconductor assembly of claim 1, wherein the semiconductor die

20  is disposed on the second surface.

3. The semiconductor assembly of claim 1, wherein at least one exposed
electrically conductive trace comprises the at least one electrically connected electrically

conductive trace.

25
4. The semiconductor assembly of claim 1, wherein the semiconductor die
is electrically connected with the at least one electrically connected electrically
conductive trace by a wirebond connection.
30 5. The semiconductor assembly of claim 1, wherein the semiconductor die

is disposed on the first surface.



It will be apparent that details of the apparatus and methods herein described can 30 be varied
considerably without departing from the concept and scope of the invention. The claims alone define
the scope of the invention as conceived and as described herein. -14 CLAIMS 17 March 2006 What is
claimed is: 1. A semiconductor assembly comprising: a semiconductor die; 5 a nonrigid interposer
comprising an interposer body having a first surface and a second surface, the interpaggr-furdy
comprising: electrically conductive traces disposed on the._first surface, at least one electrically
conductive trace being electrically connected to the semiconductor die; 10 a connection recess

formed in the second sfirface JRTSIESAY YRIOLAHERE L RERHEE P DERS e Rp SEmisoReSt rlie

electrically condudtivectigeaslispoasthontiedifatsurface; a die recess formed in the second surface,
the die recess sized and configured to receive a portion of a semiconductor die on another
semiconductor 15 assembly therein; and an electrically conductive material disposed substantially

within the connection rgcess, TRCQAES Wb REIEBISt M SxnSerealactieathn ronduetbralisace. 2.
The semiconductor assembly of claim 1, wherein the semiconductor die 20 is disposed on the second

surface. 3. The semRdifdUCHIASSE MG AMCES WRERAHIS (eRRE DI &xbysedeibetitcally

conductive trace:eanepiéaagdhe alilgashangielegtideally connected electrically conductive trace. 25 4.
The semiconductor assembly of claim 1, wherein the semiconductor die is electrically connected with

the at least one electrically connected electrically conductive trace by a wirebond connection.
8. The semiconductor assembly of claim 1, wherein the electrically

conductive material comprises a solder.
10
9. The semiconductor assembly of claim 1, wherein the interposer body

comprises a flex tape.

10. The semiconductor assembly of claim 9, wherein the flex tape comprises

15  apolyimide tape.

11.  The semiconductor assembly of claim 1, wherein the electrically

conductive traces comprise metallic traces disposed on the first surface.

20 12. The semiconductor assembly of claim 11, wherein the metallic traces

comprise a copper alloy.

13. The semiconductor assembly of claim 1, further comprising an

encapsulant disposed over and encapsulating the semiconductor die.

25
14. An interposer comprising:
a nonrigid interposer body having a first surface and a second surface;
electrically conductive traces disposed on the first surface;
a connection recess formed in the second surface and passing through the interposer
30 body to expose at least one of the electrically conductive traces disposed on the

first surface, the connection recess having sufficient volume to substantially

contain a solder ball protruding therefrom; and



30 5. The semiconductor assembly of claim 1, wherein the semiconductor die is disposed on the first
surface. 17 March 2006 -15- 6. The semiconductor assembly of claim 5, wherein the semiconductor
die is flip chip attached to the first surface. 7. The semiconductor assembly of claim 6, wherein the
semiconductor die 5 is attached to the first surface by at least one solder connection to the at least
one connected electrically conductive trace. 8. The semiconductor assembly of claim §4apdnereis the
electrically conductive material comprises a solder. 10.9¢The semiconductor assembly of claim 1,
wherein the interposer bod;g comprises a flex tape. 10. The semiconductor assembly of claim 9,

wherein the flex 4B TE6MHIRIBED B the SRARTH SUERRS Hdrips UREIROHEE ST RLSERBAY ofbeIdif 1,

wherein the electricallyrcepdistiyttpeasicarenrisecngiallic lvacas diseassth aBnie fisscatace. 20
12. The semiconductor assembly of claim 11, wherein the metallic traces comprise a copper alloy. 13.

The semiconductor assERANIFIPASTHIIERIGET QSRR BTl Eapsiie RterRpyELhEr and
encapsulating the semiconductor die. 25 14. An interposer comprising: a nonrigid interposer body
having a first surface and a second surface; electrically conductive traces disposed on_the first
surface; a connection rédess fOPMBEFIRIFR SEEl darrabersind saitdsrBOsRAGH SRMRESAIGSErX 30
body to expose afpegast one of the electrically conductive traces disposed on the first surface, the
connection recess having sufficient volume to substantially contain a solder ball protruding therefrom;
and 17 March 2006

16. The interposer of claim 15, wherein the flex tape comprises a polyimide
tape.
10
17. The interposer of claim 14, wherein the electrically conductive traces

comprise metallic traces disposed on the first surface.

18. The interposer of claim 17, wherein the metallic traces comprise a copper

15 alloy.

19. A method of forming a semiconductor assembly comprising:
forming an interposer body having first and second surfaces from a nonrigid substrate;
disposing a plurality of electrically conductive traces on the first surface of the
20 interposer body;
forming a plurality of connection recesses from the second surface passing through the
interposer body to respectively expose a portion of one of the plurality of
electrically conductive traces ;
disposing a preformed solder ball in each of the plurality of connection recesses;
25  heating the solder balls disposed in the recesses of the plurality to reflow and protrude
slightly beyond a mouth of each connection recess; and
attaching a semiconductor die to the first surface of interposer body and placing the
semiconductor die in electrical communication with at least one of the plurality
of electrically conductive traces.
30
20. The method of claim 19, further comprising disposing an encapsulant

over the semiconductor die.



-16- a die recess formed in the second surface and passing into the interposer body, the die recess
sized and configured to receive at least a portion of a semiconductor die attached to a semiconductor
assembly separate from the interposer therein. 5tape.15.The interposer of claim 14, wherein the
interposer body comprises a flex tape.16.The interposer of claim 15, wherein the flex tape comprises a
polyimide 10 17.The interposer of claim 14, wherein the electrically conductive tracqs §P5H 15606
metallic traces disposed on the first surface. 18.The intgrposer of claim 17, wherein the metallic traces
comprise a copper 15alloy. 19.A method of forming a semiconductor assembly comprising: forming an
interposer body having first and second surfaces from a nonrigid substrate; disposing a plurality of

electrically conductive traces qmdhgeflist D1éaae AthendRiNtFROSAE RlYs fREoHaGRP N YHRS
connection recesses from the second surface passing through the interposer body to respectively

expose a portiorl B SHEASEHIMSHRLGE feSaRIEBRMRYE i AR the. TR SUEAT & FefBrmed solder
ball in each of theipduradibn @ptaine sioseicesaaso2 dieea NG theabeldenh balls CbsPORAAHE dhRast

recesses of the plurali%) reflow and protrude slightly beyond a mouth of each connection recess;

and attaching a SBFHESHAtIEFERE XS RN L S HALSS SRS SQEP SR, WikcP prskRivg rgtion
semiconductor digtitceleditisahcnaadiicatiomwitie at leastara ofitbelplimalityr efeelaetigally

conductive traces. 30 20. The method of claim 19, further comprising disposing an encapsulant over
the semiconducfP g e ¥ ¥arch 2006 21. The method of claim 19, wherein attaching the
semiconductor die to the first surface comprises attaching the semiconductor die to the first surface
with an 22. The method of claim 19, wherein attaching the semiconductor die to the
10 first surface and placing the semiconductor die in electrical communication with the at
least one of the electrically conductive traces comprises attaching the semiconductor die
in flip chip fashion to the first surface with an electrically conductive material to make
an electrical and mechanical connection between the semiconductor die and the at least
one of the plurality of electrically conductive traces.
15
23. The method of claim 22, wherein attaching the semiconductor die to the
first surface and placing the semiconductor die in electrical communication with the at
least one of the electrically conductive traces comprises disposing the semiconductor die
bearing an array of solder balls on the first surface and reflowing the solder balls to

20  electrically and mechanically connect the semiconductor die to the at least one of the

plurality of electrically conductive traces.

24. The method of claim 19, wherein forming an interposer body from a
nonrigid substrate comprises forming the interposer body from a polyimide flex tape.
25
25. The method of claim 19, wherein disposing a plurality of electrically

conductive traces comprises forming metallic traces on the first surface.

26. The method of claim 25, wherein forming metallic traces comprises

30 etching a metallic layer disposed on the first surface.



adhesive and placing the semiconductor die in electrical communication with the at least 5 one of the
electrically conductive traces comprises forming a wirebond connection between the semiconductor
die and the at least one of the plurality of electrically conductive traces. 22. The method of claim 19,
wherein attaching the semiconductor die to the 10 first surface and placing the semiconductor die in
electrical communication with the at least one of the electrically conductive traces compriggasajtaching
the semiconductor die in flip chip fashion to the first surfgce with an electrically conductive material to
make an electrical and mechanical connection between the semiconductor die and the at least one of
the plurality of electricaflyr conGuraHs frulisionas e b S HMBHYR%HT claim 22, wherein attaching the
semiconductor digdmmitsndirgbsdiéace and placing the semiconductor die in electrical communication
with the at least one of the electrically conductive traces comprises disposing the semiconductor die

bearing an array*Bi USRS BARTINHRE AL IUGFRAsEr od Y dhsitimg et seifserafiroondietiacally and

mechanically connect the saetisaedaaioediotsptenat least one of the plurality of electrically
conductive traces. 24. The method of claim 19, wherein forming an interf)oser body from a nonrigid

substrate comprises o FHLYiReEPEERE BEEG SRS SORAM S RE RS 2‘51%.%/%% method of

claim 19, wherein disposing adndtabityl ptelrrisicallitaco pustivediacas compisasWanming metallic
traces on the first surface. 26. The method of claim 25, wherein forming metallic traces comprises 30
etching a metallic layer disposEBERMARRE % urface. 17 March 2006 -18- 27. A semiconductor

assembly comprising: asetRiagRIEHRADigcAIErROSSiroiRITBING AMintespaseN boshebaving a first
surface and a second surface, the interposer further comprigin : 5 electrically conductive traces
disposed on the first surface, ASREQE{dRigTPoser disposed on the first surface,

10 a die recess formed in the second surface of the interposer and passing into the
interposer body, the die recess sized and configured to receive at least a
portion of a semiconductor die attached to another semiconductor
assembly therein,

a connection recess formed in the second surface and passing through the

15 interposer body to expose at least one electrically conductive trace

disposed on the first surface; and
an electrically conductive material disposed substantially within the connection recess in

contact with the exposed at least one electrically conductive trace.

20 28. The semiconductor assembly of claim 27, wherein the semiconductor die

is disposed on the second surface.

29. The semiconductor assembly of claim 27, wherein at least one exposed
electrically conductive trace comprises the at least one electrically connected electrically

25  conductive trace.

30. The semiconductor assembly of claim 27, wherein the semiconductor die
is in electrical connection with the at least one electrically connected electrically
conductive trace by a wirebond connection.

30
31. The semiconductor assembly of claim 27, wherein the semiconductor die

is disposed on the first surface.



electrically conductive trace being electrically connected with the semiconductor die, a stacking
electrical interconnection structure for making electrical connection to a second interposer disposed
on the first surface, 10 a die recess formed in the second surface of the interposer and passing into
the interposer body, the die recess sized and configured to receive at least a portion of a
semiconductor die attached to another semiconductor assembly therein, a connectjgnieggssoisgmed
in the second surface and passing through the 15 interpgser body to expose at least one electrically
conductive trace disposed on the first surface; and an electrically conductive material disposed
substantially within the connection recess in contact with the exposed at least one electrically

conductive trace. 20 285The saipicondustRicasseiblyigfalalimme 31 WirkRin the samicprdugeadie is
disposed on the second surface. 29. The semiconductor assembly of claim 27, wherein at least one

exposed electritiRPEBIIURNE FAPSEMeB b eHL {1448 %ne electrically connected electrically 25
conductive trace. 30. The semiconductor assembly of claim 27, wherein the semiconductor die is in
electrical connection with the at least one electrically connected electrically conductive trace by a

wirebond cohnection. 35731, THE SERCIMHGIREASSIRROR! BER - I AHBA RIcerSRttiEor die

is disposed on thedirsihedriacke 9 dérMer oy 006132 d TaaRemisansuateiasssnbbhetlaion 31,
wherein the semiconductor die  is mounted in flip chip fashion on the first surface. 5 33. The

semiconductor aSSERINUSHIin g drath Ae CEmTEhHIetsHHEY iccRtieh¥y TA the first surface by

a soldered connection that electrically connects the semiconductor die to the at least one connected
electrically conductive trace.
y §4. The semiconductor assembly of claim 27, wherein the stacking electrical

10  interconnection structure comprises an electrical connection pad.

35.  The semiconductor assembly of claim 27, wherein the stacking electrical
interconnection structure comprises an electrically conductive trace disposed on the first
surface.

15
36. The semiconductor assembly of claim 27, wherein the electrically

conductive material comprises a solder.

37. The semiconductor assembly of claim 27, wherein the interposer body

20  comprises a flex tape.

38. The semiconductor assembly of claim 37, wherein the flex tape

comprises a polyimide tape.

25 39. The semiconductor assembly of claim 27, further comprising a die recess
formed in the second surface and the interposer body, the die recess configured to

contain at least a portion of a second semiconductor die.

40.  The semiconductor assembly of claim 27, wherein the electrically

30  conductive traces comprise metallic traces disposed on the first surface.



34. The semiconductor assembly of claim 27, wherein the stacking electrical 10 interconnection
structure comprises an electrical connection pad. 35. The semiconductor assembly of claim 27,
wherein the stacking electrical interconnection structure comprises an electrically conductive trace
disposed on the first surface. 15 36. The semiconductor assembly of claim 27, wherein the electrically
conductive material comprises a solder. 37. The semiconductor assembly of claim 37, mhererndhe
interposer body 20 comprises a flex tape. 38. The semigpnductor assembly of claim 37, wherein the
flex tape comprises a polyimide tape. 25 39. The semiconductor assembly of claim 27, further

comprising a die recesd ! formddSiRiceBEBHA SRR tHemhiQ P r Bt msttlie Hacess

configured to cQRiajstiat leasspePItion of a second semiconductor die. 40. The semiconductor
assembly of claim 27, wherein the electrically 30 conductive traces comprise metallic traces disposed
on the first surface. 17 March 2006 -20- 41. The semiconductor assembly of claim 40, wherein the

metallic traces comprige a coppekatibriidctbiassenttp o drion agssambby ebelipH¥iraturther
comprising an 5 encapsulant material encapsulating the semiconductor die. 43. An interposer

comprising:“an ifRSARSEENhBRYEHAL g P g e sAngrdecishdiSurface, electrically conductive
traces disposed on the first surface, and a stacking electrical interconnection 10 structure disposed on
the first surface; a die recess formed in the second surface and the interposer body, the die recess
configured to receive aftt conta LETRIS £ YBRIGIS! a semiconductor die attached to another

interposer; and acoRageleNREEEsSiamaeiinsitg.secand sectaeesandcpassing dmouohdheiierposer
traces disposed on the first surface, and a stacking electrical interconnection
10 structure disposed on the first surface;
a die recess formed in the second surface and the interposer body, the die recess
configured to receive and contain at least a portion of a semiconductor die
attached to another interposer; and
a connection recess formed in the second surface and passing through the interposer
15 body to expose at least one of the electrically conductive traces disposed on the
first surface, the connection recess configured to contain a solder ball

substantially within the connection recess.

44. The interposer of claim 43, wherein the stacking electrical

20  interconnection structure comprises an electrical connection pad.

45. The interposer of claim 43, wherein the stacking electrical
interconnection structure comprises an electrically conductive trace disposed on the first
surface.

25
46. The interposer of claim 43, wherein the interposer body comprises a flex

tape.

47. The interposer of claim 46, wherein the flex tape comprises a polyimide

30 tape.



15 body to expose at least one of the electrically conductive traces disposed on the first surface, the
connection recess configured to contain a solder ball substantially within the connection recess. 44.
The interposer of claim 43, wherein the stacking electrical 20 interconnection structure comprises an
electrical connection pad. 45. The interposer of claim 43, wherein the stacking electrical
interconnection structure comprises an electrically conductive trace disposed on thq fingt,sHFa08. 25
46. The interposer of claim 43, wherein the interposer bpgdy comprises a flex tape. 47. The interposer

of claim 46, wherein the flex tape comprises a polyimide 30 tape. 17 March 2006 -21- 48. The
interposer of claim 43, ffither f@?ﬁﬁ%ﬂ?@% e rifedd AonhetatRE YBE Sriicsirtatsed e thid Mterposer

body, the die reggssneonfigiseshtPirOMaihaidenstn tRedieneba senticardueebalisnai@asthe
interposer of claim 43, wherein the electrically conductive traces comprise metallic traces disposed on

the first surface RSBl THEAEQaHE 49, wherein the metallic traces comprise a copper alloy.
10 51. An interposer comprising: an interposer body having a first surface and a second surface;
electrically conductive traces disposed on the first surface, the traces in electrical communication with

a conductivé element attessibiE OISt fhbd i aimBeelfetrse B CBHREY it Second

surface and the idtafpRseh&adl: thedigispeasbarintiguiedigdasceive and contain at least a portion of
a semiconductor die attached to an interposer of another semiconductor assembly. 52. A method of

forming a semiconductor assembly comprising:
50.  The interposer of claim 49, wherein the metallic traces comprise a copper

alloy.
10
51. An interposer comprising:
an interposer body having a first surface and a second surface;
electrically conductive traces disposed on the first surface, the traces in electrical
communication with a conductive element accessible on the second surface; and
15 adierecess formed in the second surface and the interposer body, the die recess
configured to receive and contain at least a portion of a semiconductor die

attached to an interposer of another semiconductor assembly.

52. A method of forming a semiconductor assembly comprising:

20  forming an interposer body having a first surface and a second surface from a nonrigid

substrate;

disposing a plurality of electrically conductive traces on the first surface;

disposing a plurality of electrically conductive interconnect structures on the first surface
at locations laterally offset from locations of connection recesses;

25  forming a plurality of connection recesses from the second surface passing through the
interposer body to respectively expose a portion of one of the plurality of
electrically conductive traces;

disposing an electrically conductive material in the form of a solder within each of the
plurality of connection recesses in a volume sufficient to reside substantially

30 within each of the plurality of connection recesses;

heating the solder within each of the plurality of connection recesses to reflow and

protrude slightly beyond a mouth of each recess; and



20 forming an interposer body having a first surface and a second surface from a nonrigid substrate;
disposing a plurality of electrically conductive traces on the first surface; disposing a plurality of
electrically conductive interconnect structures on the first surface at locations laterally offset from
locations of connection recesses; 25 forming a plurality of connection recesses from the second
surface passing through the interposer body to respectively expose a portion of ong7of theph@dity of
electrically conductive traces; disposing an electrically cgnductive material in the form of a solder
within each of the plurality of connection recesses in a volume sufficient to reside substantially 30

within each of thBHHEE SeisARdutioR disdeddedinstsunterarf tidaictnnsrs Badh BlaHBL I ality of

connection recesses toseafievhancopadriia iglbilycbawang e idautiRherekt eressiRNsl kfiMarch
2006 -22- attaching a semiconductor die to the first surface of the interposer body, placing the

semiconductor die in eRIcHRETEHRFOMESHYR FAHSat least one of the plurality of electrically
conductive traces. 5 53. The method of claim 52, further comprising disposing an encapsulant over
the semiconductor die. 54. The method of claim 52, wherein attaching the semiconductor die to the
interposer bddy comprides attaBRimgHRe S Sl Bh o rcheHRRE SOPPRE HiR% SSPOX RS AR FAFRY Kb esive and
placing the semigaiidHendiiawlastdeal communication with at least one of the plurality of
conductive traces comprises forming a wirebond connection between the semiconductor die and the
at least one of the plurality of electrically conductive traces. 15 55. The method of claim 52, wherein

attaching the semicondiigtor dipdaiéiodinst Suface anseRlacingdhi samisantveiarctie dreeategtsical
communication with the ab least one of the plurality of electriially C ,nductivz traces comprises

attaching the seMIEBSECRG iEMBRS CHip BB AR APPSR A Qi H%I%Efﬁ&%ﬁ‘{/“@oﬂ‘ductive
material tojmake @ akechidaacid Mmeebanicahgonoediom kalvaes timsamicanshicion digeast

one of the plurality of conductive traces comprises forming a wirebond connection
between the semiconductor die and the at least one of the plurality of electrically

conductive traces.

15 55. The method of claim 52, wherein attaching the semiconductor die to the
first surface and placing the semiconductor die in electrical communication with the at
least one of the plurality of electrically conductive traces comprises attaching the
semiconductor die in flip chip fashion on the first surface with an electrically conductive
material to make an electrical and mechanical connection between the semiconductor die

20  and the at least one of the plurality of electrically conductive traces.

56. The method of claim 55, wherein attaching the semiconductor die to the
first surface and placing the semiconductor die in electrical communication with the at
least one of the plurality of electrically conductive traces comprises disposing the

25  semiconductor die bearing an array of solder balls on the first surface and reflowing the
solder balls to electrically and mechanically connect the semiconductor die to the at least

one of the plurality of electrically conductive traces.

57.  The method of claim 52, wherein disposing a plurality of electrically
30  conductive interconnect structures comprises disposing a plurality of electrical

connection pads on the first surface.



20 and the at least one of the plurality of electrically conductive traces. 56. The method of claim 55,
wherein attaching the semiconductor die to the first surface and placing the semiconductor die in
electrical communication with the at least one of the plurality of electrically conductive traces
comprises disposing the 25 semiconductor die bearing an array of solder balls on the first surface and
reflowing the solder balls to electrically and mechanically connect the semiconductoy gigi, thenat
least one of the plurality of electrically conductive traces357. The method of claim 52, wherein
disposing a plurality of electrically 30 conductive interconnect structures comprises disposing a

plurality of electrical co¥hectidRpRa8H ehelpie S disppsing ambursitysef eferdtifidldod of claim
52, wherein dispesingea Rl whalidophelestical Contpaive diss aBneR-sHY G R (AT PIs B AISPOSINg
a second plurality of electrically conductive traces on the first surface. 5 59. The method of claim 52,
wherein disposifig™ SRR RN BRI Rehnection recesses comprises flooding the second
surface with a plurality of solder balls and then removing solder balls not residing substantially within
one of the plurality of connection recesses. 10 60. The method of claim 52, wherein disposing solder

within eachdf the plurdfity of EBRAELHEH PLeklBL e ShpiEL d RSB Ay AT qu R sastithiiCeach of

the connection teaassesn Bdoelhts BoatpackoTIdadm S thdEthipd coptiiswichdisResing dSRE mask
over 15 the second surface, prior to dispasing the solder. 62. The m_%‘hod of claim 52, wherein

providing a non AEheRd T e8iRE SHARtERIbN BERg RE LRl H At Q%ﬁimfd}éhf@%%pe.

20 63. The methsidbefisdaironbcidster comprising forming a recess in the second surface sized and
configured to receive at least a portion of a semiconductor die therein. 64. The method of claim 52,
wherein disposing a plurality of electrically 25 conductive traces comprises forming metallic traces on
the first surface. 60.  The method of claim 52, wherein disposing solder within each of the

plurality of connection recesses comprises disposing a solder paste within each of the

connection recesses.

61. The method of claim 60, further comprising disposing a solder mask over

15  the second surface, prior to disposing the solder.

62. The method of claim 52, wherein providing a nonrigid substrate to form

an interposer body comprises providing a polyimide flex tape.

20 63.  The method of claim 52, further comprising forming a recess in the
second surface sized and configured to receive at least a portion of a semiconductor die

therein.

64.  The method of claim 52, wherein disposing a plurality of electrically

25  conductive traces comprises forming metallic traces on the first surface.

65. The method of claim 64, wherein forming metallic traces comprises

etching a metallic layer disposed on the first surface.



65. The method of claim 64, wherein forming metallic traces comprises etching a metallic layer
disposed on the first surface. 17 March 2006 -24- 66. A method of forming a stacked semiconductor
assembly comprising: forming a first semiconductor assembly by: forming a first interposer body
having first and second surfaces from a nonrigid substrate, 5 forming a die recess in the second
surface sized and configured to receive at least a portion of a semiconductor die thereim-eispasng
first electrically conductive traces on the first surface, fopming at least a first connection recess from
the second surface passing through the first interposer body to ex%ose a portion of at least one first

10 electrically conductif&-tracesrssebiigrmmneg firaaskehsamnicondusiog 2 17abLe AEREiRtor die to

the first surface i3 alactricalscamnunRRignYithBl@gst one first electrically conductive traces
disposed on the first surface, and disposing an electrically conductive material substantially within the

at least first 15 connedffomicadust srParst Ry aonaticthandoreeedwitHarRs S5 2w isisiton of
the at least one first electrically,gomgtdctive trace; forming a second semiconductor assembly by:
forming a second interposer body having third and fourth surfaces from a nonrigid substrate, 20
disposing s€cond electfﬁm%ar%ﬁ?ﬁféstﬂaégg HiTne %H#acgdﬂ?ﬁféea,nd%%&}&ﬂgﬁ feders et @t%tqéking
electrical interconnection strugtyeetm bte: ureicsHbiager fEnip@iat least a second connection recess
from the fourth surface passing through the second interposer bo%{@t ) expose a portion of at least one

25 second electrically COMRTEES L HLEEUISHOeePBAHE e sup e HEL Wit S second
semiconductor die to tierihiith surkaceamiglestisal icamrupigatiohwide aldeastopp sshondeedirically

conductive trace . , ,
the first interposer body to expose a portion of at least one first
10 electrically conductive traces disposed on the first surface,
attaching a first semiconductor die to the first surface in electrical
communication with at least one first electrically conductive traces
disposed on the first surface, and
disposing an electrically conductive material substantially within the at least first
15 connection recess and in electrically conductive contact with the exposed
portion of the at least one first electrically conductive trace;
forming a second semiconductor assembly by:
forming a second interposer body having third and fourth surfaces from a
nonrigid substrate,
20 disposing second electrically conductive traces on the third surface,
disposing at least a first stacking electrical interconnection structure on the third
surface,
forming at least a second connection recess from the fourth surface passing
through the second interposer body to expose a portion of at least one
25 second electrically conductive trace disposed on the third surface,
attaching a second semiconductor die to the third surface in electrical
communication with at least one second electrically conductive trace
disposed on the third surface,
disposing an electrically conductive material substantially within the at least
30 second connection recess and in electrically conductive contact with the

at least one exposed one second electrically conductive trace; and



disposed on the third surface, disposing an electrically conductive material substantially within the at
least 30 second connection recess and in electrically conductive contact with the at least one
exposed one second electrically conductive trace; and 17 March 2006 -25- superimposing the first
semiconductor assembly on the second semiconductor assembly, such that at least a portion of the
second semiconductor die is received within the die recess, the at least first recess| is gligsiecooih the
stacking electrical interconnection structure, and the elestrically conductive material disposed 5 within
the at least first recess makes electrically conductive contact to the at least first stacking electrical

interconnection SYRFEHIRCOSHS e HsbtrBHCORdrGir 68SLYER BFsfAgnd srantenducir s @Bkbhd

surface sized and configiiteghip dieieaiva pbiaasiof deriienef & seroicandsicies die-resrsswlithtRerein is
effected concurrently with formin%lite?e at least a first connection recess. 68. The method of claim 66,
i

wherein receiving the dtifelSEs pofisHGetHEssEcss salisrehdih st ditheclrgisalrecess aligns

the at least first connegiingJdaaessionithribaiRt lersthirslestackingelpniteat ntereRNaRbARIStructure.
15 69. The method of claim 66, wherein disposing the electriqallﬁ conductive material in the at least

first connection recess ¥UMPrileatdrgSbErE aresSIBRE AL GRS RN S the dfeast

conductive contact witlrifResaldeastdnercannastingnelericaliwanductive trace. 20 70. The method of
claim 66, wherein disposing at least a first stacking electrical interconnection structure comprises

disposing an electrical connection pad. 71. The method of claim 70, wherein disposing at least a first

stacking 25 electrical igrconmaetingtisauistuig 6oRBPHSREHiSPasING adielpaisisaliticondisaidve trace on
the first surface. 72, The method of ¢laim 66, wherein %i}sposing an seOFI{ectrica,IIy Cé)nduc ive material

substantially withE SiERATERHESHFLIRNSSBEEL I AR dsiRgconductor die recess

10 therein is effected concurrently with forming the at least a first connection recess.

68.  The method of claim 66, wherein receiving the at least a portion of the
second semiconductor die within the die recess aligns the at least first connecting recess

with the at least first stacking electrical interconnection structure.

15
69. The method of claim 66, wherein disposing the electrically conductive
material in the at least first connection recess comprises disposing the electrically
conductive material in electrically conductive contact with the at least one connecting
electrically conductive trace.
20

70.  The method of claim 66, wherein disposing at least a first stacking

electrical interconnection structure comprises disposing an electrical connection pad.

71.  The method of claim 70, wherein disposing at least a first stacking
25  electrical interconnection structure comprises disposing an electrically conductive trace

on the first surface.

72. The method of claim 66, wherein disposing an electrically conductive
material substantially within the at least first connection recess comprises disposing

30 solder within the at least first connection recess.



30 solder within the at least first connection recess. 17 March 2006 -26- 73. The method of claim 72,
wherein disposing solder within the at least first connection recess comprises flooding the second
surface with a number of solder balls and then removing solder balls not disposed substantially within
the at least first connection recess. 5 74. The method of claim 72, wherein disposing solder
substantially within the at least first connection recess comprises disposing a solderprgieyvitig the
at least first connection recess and then reflowing the sgjder to form a solder ball. 10 75. The method
of claim 74, further con#érisin disposing a solder mask over the second surface, prior to disposing

the solder paste. 76. THé-metH88 BEEIhPE8lAR e ter il stRs Rt Hder paaingBaptieast SHonrigid

substrate comprigpsdésiog RdRelyiotdRilextapdinkné sedhirimathes wiklaim GbeiTetgirfouming the
second interposer body from a nonrigid substrate comprises usi_nﬂ a polyimide flex tape. 78. The

tag
method of claim®6, WHLreRPyigsseidg el enat gisanyedonbsienie ﬁd”ﬁﬁgéglﬁémﬁ?gagsfbrming first

metallic traces ogpthedirsh seeéace. 79. The method of claim 78, wherein forming first metallic traces
comprises etching a first metallic layer disposed on the first surface. 25 80. The method of claim 79,
wherein disBosing second electrically conductive traces comprises forming second metallic traces on

the third surface. 81. The metirad @kaiaind BOlaiherewHerHnRGspesAIG MRIAHG IIANRH ] COMIHSES
etching a second metﬁllic layer disposed on the third surface. 30 82. A method of forming a stacked

semiconductor 426&MBA ORISR P8 AR £ PRI SSRGS S RAN Y iR RS A H6be -27-

first connection recess and then reflowing the solder to form a solder ball.

10 75. The method of claim 74, further comprising disposing a solder mask over

the second surface, prior to disposing the solder paste.

76.  The method of claim 66, wherein forming the first interposer body from a
nonrigid substrate comprises using a polyimide flex tape.
15
77. The method of claim 66, wherein forming the second interposer body

from a nonrigid substrate comprises using a polyimide flex tape.

78. The method of claim 66, wherein disposing first electrically conductive

20  traces comprises forming first metallic traces on the first surface.

79. The method of claim 78, wherein forming first metallic traces comprises

etching a first metallic layer disposed on the first surface.

25 80.  The method of claim 79, wherein disposing second electrically

conductive traces comprises forming second metallic traces on the third surface.

81. The method of claim 80, wherein forming second metallic traces
comprises etching a second metallic layer disposed on the third surface.
30
82. A method of forming a stacked semiconductor assembly comprising:

forming a first semiconductor assembly by:



forming a first interposer body having first and second surfaces from a nonrigid substrate, disposing at
least a first electrically conductive trace on the second surface, forming at least a first connection
recess from the first surface passing through 5 the first interposer body to expose a portion of at least
one first electrically conductive trace disposed on the second surface, forming a die recess in the first
surface sized and configured to receive at least a portion of a semiconductor die thereiuraitaghigng a
first semiconductor die to the second surface, 10 disposing an electrically conductive material
substantially within the at least first connection recess and.in electrically conductive contact with the
exposed portion of theSFTHASAJHS ARSFRRGHRANY RorBa e CECIBhHE S SE¥RE BeRtigshductor
assembly by: forming a secong,iitesoser body having third and fourth surfaces from a second 15
nonrigid substrate, dispgsing. at least a first electricallaé conductive trace on the fourth surface,

disposing at least a firsP SPASKST Elert R S e et diutaEe6n Mo bR nd iHEEES forming at

least a second connectief@easidion His: kimhsuitace Rassioth @ heughdtepesandHriesposer
body to expose at least one second electrically conductive trace disposed on the fourth surface,

attaching a Second semicond{fdi &S HRSTORAEY L045RESHRYEAY ArblersriifiShnductive

material substantially within thgeatdiean) saeard connectinpsascess MBddoplestitally conductive
contact with the 25 exposed portion of the at least one second electrically conductive trace; and

superimposing the first!SERIRA® AR ISFESBANGIIH YHEASE SLitd 8RA-TOBHENEE I ALEENBIY I0ithat least

a portion of the second semicgpgaisior discreicoivadwithis thedie recess, the at least first recess
aligned with the stackin%)tﬂeflgctric _intercaonnection 30 structure, ard/d the electrically conductive

material disposed withif H BEIBALEL RO ILNAUS TR LRSHFRAR UK Erctive contact to the at least

first stacking disposing an electrically conductive material substantially within the at least first
connection recess and in electrically conductive contact with the exposed
portion of the at least one first electrically conductive trace;
forming a second semiconductor assembly by:
forming a second interposer body having third and fourth surfaces from a second
15 nonrigid substrate,
disposing at least a first electrically conductive trace on the fourth surface,
disposing at least a first stacking electrical interconnection structure on the fourth
surface,
forming at least a second connection recess from the third surface passing
20 through the second interposer body to expose at least one second
electrically conductive trace disposed on the fourth surface,
attaching a second semiconductor die to the fourth surface,
disposing an electrically conductive material substantially within the at least
second connection recess and in electrically conductive contact with the
25 exposed portion of the at least one second electrically conductive trace;
and
superimposing the first semiconductor assembly on the second semiconductor assembly,
with at least a portion of the second semiconductor die received within the die
recess, the at least first recess aligned with the stacking electrical interconnection
30 structure, and the electrically conductive material disposed within the at least
first recess making electrically conductive contact to the at least first stacking

electrical interconnection structure.



electrical interconnection structure. -28 17 March 2006 83. The method of claim 82, wherein forming a
die recess in the first surface is effected concurrently with forming the at least a first connection
recess. 5 84. The method of claim 82, wherein receiving the at least a portion of the second
semiconductor die within the die recess aligns the at least first connecting recess with the at least first
stacking electrical interconnection structure. 85. The method of claim 82, wherein digpRgiRd thwe
electrically conductive 10 material in the at least first corgection recess comprises disposing the
electrically conductive material in electrically conductive contact with the at least one connecting
electrically conductive trace. 86. The method of claim 82, wherein disposing at least a first stacking 15

electrical interconnecti@3 struqthEa eRoRrETaSESIBOSINBAA EIBEliiaal coRNectian Pal. &4 flrepeethod
of claim 82, wherein disposing at least a first stacking electrical interconnection structure comprises

disposing an eletStAtanlr e SRBTRECR LY akith Sorag e Llrrsta 155 $8NRSLI AR5 of claim 82, wherein

disposing an electrically conductive material substantially within the at least first connection recess
comprises disposing solder within the at least first connection recess. 25 89. The method of claim 88,

wherein disposing sold8F substanfaitiiinIahe S I RRSTHRsTCsBEAln Hlcads? RatiisstBfsposing

a solder paste withiththemideashctisstronngaiian Eeesscanalihenrehiowng fiha seidetiadqsna solder
ball. 90. The methaod of claim 89, further. comprising disposing a solder mask over 30 the first surface,

prior to disposingd He¥oidrashfst %?CM&&T%%%&%%WEPW&MHB&“&Fuaim 82, wherein forming
the first interposer body from a nonrigid substrate comprises using a polyimide flex tape. 92. The
method of claim 82, Wh8e5r .e n fprlilrgigl%t f(])% ?)?cc:?arllr% igé,erwplgesrglrnb(%(sjgosing the electrically conductive
10  material in the at least first connection recess comprises disposing the electrically
conductive material in electrically conductive contact with the at least one connecting

electrically conductive trace.

86. The method of claim 82, wherein disposing at least a first stacking

15  electrical interconnection structure comprises disposing an electrical connection pad.

87.  The method of claim 82, wherein disposing at least a first stacking
electrical interconnection structure comprises disposing an electrically conductive trace

on the third surface.

20
88. The method of claim 82, wherein disposing an electrically conductive
material substantially within the at least first connection recess comprises disposing
solder within the at least first connection recess.
25 89.  The method of claim 88, wherein disposing solder substantially within

the at least first connection recess comprises disposing a solder paste within the at least

first connection recess and then reflowing the solder to form a solder ball.

90.  The method of claim 89, further comprising disposing a solder mask over

30 the first surface, prior to disposing the solder paste.



5 from a second nonrigid substrate comprises using a polyimide flex tape. 93. The method of claim 82,
wherein disposing first electrically conductive traces comprises forming first metallic traces on the
second surface. 10 94. The method of claim 93, wherein forming first metallic traces comprises
etching a first metallic layer disposed on the second surface. 95. The method of claim 93, wherein
disposing second electrically conductive traces comprises forming second metallic tracRs-ate
fourth surface. 15 96. The method of claim 95, whereinfgtming second metallic traces comprises
etching a second metaglc layer disposed on the fourth surface.

10

15

The method of claim 82, wherein forming the first interposer body from a

nonrigid substrate comprises using a polyimide flex tape.

92. The method of claim 82, wherein forming the second interposer body

from a second nonrigid substrate comprises using a polyimide flex tape.

93. The method of claim 82, wherein disposing first electrically conductive

traces comprises forming first metallic traces on the second surface.

94. The method of claim 93, wherein forming first metallic traces comprises

etching a first metallic layer disposed on the second surface.

95.  The method of claim 93, wherein disposing second electrically

conductive traces comprises forming second metallic traces on the fourth surface.

96. The method of claim 95, wherein forming second metallic traces

comprises etching a second metallic layer disposed on the fourth surface.



