STACKED SEMICONDUCTOR PACKAGES TECHNICAL FIELD The
present invention relates generally to semiconductor packages, and more
particularly to stacked semiconductor assembly packages and methods for
the fabrication thereof. BACKGROUND ART Ongoing goals of the computer
industry include higher performance, lower cost, increased miniaturization of
components, and Yradl FBRSEAGIUDIDBSTTORPAGRIRGESCUits ("IC's"). As
new generations of IC products are released, their functionality increases
while the number of components needed to fabricate them decreases.
Semiconductor devices are ¢ wﬁﬂﬂ%ﬁf ilicon or gallium arsenide
wafer through a process that comprises a number of deposition, masking,
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tHedesface a die with other circuitry, it is common to mount it on a leadframe or
on a multi-chip module substrate that is surrounded by a number of lead
fingers. Each die has bonding pads that are then individually connected in a
wire-bonding operation to theg jaadtipmesteag finger pads using extremely
fine gold or aluminum wires. The assemblies are then packaged by
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support for the individual IC devices. It also provides one or more layers of
or on a multi-chip module substrate that is surrounded by a number of lead fingers. Each die

has bonding pads that are then individually connected in a wire-bonding operation to the
leadframe's lead finger pads using extremely fine gold or aluminum wires. The assemblies
are then packaged by individually encapsulating them in molded plastic or ceramic bodies.

IC packaging technology has shown an increase in semiconductor chip density (the
number of chips mounted on a single circuit board or substrate) that parallels the reduction in
the number of components that are needed for a circuit. This results in packaging designs
that are more compact, in form factors (the physical size and shape of a device) that are more
compact, and in a significant increase in overall IC density. However, IC density continues
to be limited by the space (or "real estate") available for mounting individual die on a
substrate.

To further condense the packaging of individual devices, packages have been
developed in which more than one device can be packaged at one time at each package site

on a leadframe strip. Each package site on a leadframe strip is a structure that provides



interconnect lines that enable the devices to be connected electrically to
surrounding circuitry. Of importance to complicated packaging designs are
considerations of input/output count, heat dissipation, matching of thermal
expansion between a motherboard and its attached components, cost of
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packaging interfaces such as a printed circuit board ("PCB"). Various
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attached, one at a time, to each bond pad on the semiconductor chip and
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bonded using a conductive polymer.

Wire bonding attachment and TAB attachment generally begin with attaching a
semiconductor chip to the surface of a small PCB with an appropriate adhesive such as an
epoxy. With wire bonding attachment, wires are then attached, one at a time, to each bond
pad on the semiconductor chip and extend to a corresponding metal lead or trace end on the
PCB. With TAB, the ends of metal leads that are carried on an insulating tape are
respectively attached to the bond pads on the semiconductor chip and to the lead or trace ends
on the PCB. An encapsulant is then generally used to cover the bond wires and metal tape
leads to prevent damage or contamination.

In some cases, multi-chip devices can be fabricated faster and more cheaply than a

corresponding single IC chip that incorporates all the same functions. Current multi-chip



corresponding single IC chip that incorporates all the same functions. Current
multi-chip 2 modules typically consist of a PCB substrate onto which a set of
separate IC chip components is directly attached. Such multi-chip modules
have been found to increase circuit density and miniaturization, improve
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be assembled before the component chips and chip connections can be
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bad die. With conventional multi-chip modules, however, the die ‘
present problems because they usually must be assembled before the component chips and

chip connections can be tested. That is, because the electrical bond pads on a die are so
small, it is difficult to test die before assembly onto a substrate. Thus, when die are mounted
and connected individually, the die and connections can be tested individually, and only
known-good-die (“KGD”) that are free of defects are then assembled into larger circuits. A
fabrication process that uses KGD is therefore more reliable and less prone to assembly
defects introduced due to bad die. With conventional multi-chip modules, however, the die
cannot be individually identified as KGD before final assembly, leading to KGD
inefficiencies and assembly process yield problems.

Two of the common die stacking methods are: (a) larger lower die combined with a

smaller upper die, and (b) so-called same-size die stacking. With the former, the die can be



cannot be individually identified as KGD before final assembly, leading to
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package in which a substrate is provided and a first semiconductor device is
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tiegekoRduct@E device opposite the substrate. The interposer is electrically
connected to the substrate. A second semiconductor device is then mounted
on the interposer. This method of fabrication provides for improved

packaging methods, JyMemosurd dFsipME MVIBSIE@siNg semiconductor die
density in printed circuit board
The present invention provides a stacked semiconductor package in which a substrate

is provided and a first semiconductor device is mounted on the substrate. An interposer is
supported above the first semiconductor device opposite the substrate. The interposer is
electrically connected to the substrate. A second semiconductor device is then mounted on
the interposer. This method of fabrication provides for improved packaging methods,
systems, and designs for increasing semiconductor die density in printed circuit board
assemblies.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.



assemblies. Certain embodiments of the invention have other advantages in
addition to or in place of those mentioned above. The advantages will
become apparent to those skilled in the art from a reading of the following
detailed description when taken with reference to the accompanying
drawings. 4 BRIEFBRHESAPEPGRONTION PHEDRBRANEESIG.1 is a view of a
stacked semiconductor package in an intermediate stage of fabrication in
accofdshdelivith' i BFe%éFﬂCWe?ﬁ%ﬁ?‘Fq@.t% iBagkgrs bRy SisEmsdiate stage of
fagmicondustospackagrambadisrentveimbar to the structure of FIG. 1, with a
stiffe ving supporting legs; FIG.. 3 is a top view of the stiffener shown in
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illustrating a heterogeneous package-stacking configuration; FIG. 7 is a top
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9 is a yjew of a stacked multiple system-in-package semiconductor package
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structure of FIG. 10 after encapsulation of the interposer and components
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FIG. 11 is a view of the structure of FIG. 10 after encapsulation of the interposer and

components thereon, and illustrating a fully assembled and completed stacked semiconductor
package;

FIG. 12 is a view of a stacked semiconductor package embodiment with multiple
systems in a package;

FIG. 13 is a view of a stacked semiconductor package embodiment having several
optical sensor devices supported on an interposer on the upper level of the package;

FIG. 14 is a view of a stiffener embodiment modified to incorporate a large central
opening in the metal plane of the stiffener;

FIG. 15 is a bottom view of the structure of FIG. 14 with an interposer mounted on
the top thereof;

FIG. 16 is an inverted cross-sectional view of the structure of FIG. 15 taken on line
16—16 thereof;

FIG. 17 is a view of a stiffener embodiment with multiple slots arranged thereon
between the center and periphery of the metal plane;

FIG. 18 is a bottom view of the structure of FIG. 17 with a wire-bonded die attached

to the bottom of the metal plane;



FIG. 15 is a bottom view of the structure of FIG. 14 with an interposer

mounted on the top thereof; FIG. 16 is an inverted cross-sectional view of

the structure of FIG. 15 taken on line 16-16 thereof; FIG. 17 is a view of a

stiffener embodiment with multiple slots arranged thereon between the
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he fallowing description, numerous specific details are given to provide a
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configurations and process steps are not disclosed in detail. Likewise, the

drawings showing embodiments of the invention are semi-diagrammatic and

not to scale ang;RACHBWRMHRYMR RYIRAITENSANRAENRTdIe clarity of

presentation and are shown greatly exaggerated in the FIGs. In addition,
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practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations and process steps are not disclosed in detail.
Likewise, the drawings showing embodiments of the invention are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
are shown greatly exaggerated in the FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration
and description thereof like features one to another will ordinarily be described with like
reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the die or the circuit board, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

113 M on LR INT3 I3

on”, "above", "below", “bottom”, “top”,

YN

side” (as in “sidewall), “higher”, “lower”, “over”,
and “under”, are defined with respect to the horizontal plane.

Referring now to FIG. 1, therein is shown a stacked semiconductor package 100 in
accordance with the present invention. As will be described further hereinbelow, the present
invention provides for stacked semiconductor packages comprised of active semiconductor

components, passive components, surface mountable passives, combination die, assembled

6
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116. The spacer 116, preferably thermally conductive, may be a conventional thermal glue or
film adhesive. The spacer 116 supports an interposer 118 that is attached thereto and spaced
sufficiently from the first package 102 to provide clearance for the wires 114. The interposer
118 has bond fingers 120 around the periphery thereof (see FIG. 4). The bond fingers 120
are electrically connected by wires 122 to the first substrate 108 and the BGA interface 112,
similarly as the first package 102 is connected to the first substrate 108 by the wires 114.

The interposer 118 may be additionally supported and reinforced by a stiffener 124.
The stiffener 124, preferably made of thermally conductive metal, improves the physical
integrity of the interposer 118 without significantly increasing the stiffness of the stacked
semiconductor package 100. This improves the reliability of the interposer while not

adversely impacting board-level reliability performance.



On the side or face of the first package 102 opposite the first substrate 108 is
a spacer 116. The spacer 116, preferably thermally conductive, may be a
conventional thermal glue or film adhesive. The spacer 116 supports an
interposer 118 that is attached thereto and spaced sufficiently from the first
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then accomplis ed 89 posih%nlng the second package 104 into the open
cavity\ig8itagedlgbtratedigt theckagow A3 2ndathd sormplepimtkadecttieanay each be
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ackage 104 in this embodiment is'to the interposer 118 by means of the

1 EaasHEs theeheor diiges Usradpriamly fermidargant iy ebtisndimnprkages
tHukGard , laidks geotheicterGRt Pabeasbaysd0RaiitikIG ithprifvilgsiied athar®ee gnekess
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SRR R B e T
each Befeiridivivdually FEStEd ety e wh asterkislystodathdreintpthkagtadib that

isSE LRGN RACKALR LAAIAASHHIE I A B-RICKRISRAE SRENARRRAHY ctor
formed and contain good die. The packages ,
package 200 has been assembled by positioning and attaching the second package 104 to the

interposer 118 within the open cavity 128. A thermally conductive underfill 202, which is
optional, has also been provided and is located beneath the second package 104, between it
and the interposer 118.

As shown in FIG. 2, a stiffener 204 has been incorporated into the stacked
semiconductor package 200. The stiffener 204 is similar to the stiffener 124 (FIG. 1), but in
addition, includes supporting legs 206 extending down and being supported on the first
substrate 108. Pads 208, on the ends of the supporting legs 206 opposite the interposer 118,
enhance the support of the stiffener 204 on the first substrate 108, providing thermal contact

therewith, and enabling electrical contact when desired.



thus are know-good-die ("KGD"), thereby substantially improving the

assembly process vyield performance during fabrication of the stacked

semiconductor packages 100. Referring now to FIG. 2, therein is shown a

stacked semiconductor package 200 that is similar to the stacked

semiEsheiiorPackbilfe. Both¢rIG is1yomieaseickisy oéthiceHtnetot0bddicage As
cAPBeNR3HeRN &%ﬁ%ﬂﬁﬂﬁ%@%@%'@ﬁmm aftaching m%émmﬁﬁgﬁy the

104 to the mterposer 118 within the open cavity 128. A thermally conductive
SYRRALiRG 582 20fich is optional, has also been provided and is located
beneRtidiinsacond packagedod, Retweentdic atitfcive diterpioseclibBrpser 118
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in,is sho op view fthe stlff ner 204 (FI AS ca the
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céWith the IB@E\%E&@%EH&%& rﬁﬁ%mr&%&éﬁ@&% MBaEAGr %%1 pfopifAY for a
be seen the top per&gﬁery of the interposer 118 is provided with the bond

PifigelY #9BlicHitTne b catharsE HevIARENGith04 dsrRTisisBla ey ueoRPer or
aﬂ'd’nleetenmmw pidel aitr e ¥ AR CHE Naaisd p Comve npiaoptifigs hiawriol dhecsedapdo the
K Qrs tﬂgou h the BGA interface 106 thereon (as shown generally in
P 8 ? eferring now to FIG. 5, therein is shown a cross-sectional view of
the stfhetinterpfs¢ri Gl & itakentondinendds thefeablsfceihbreaseengfoniathigate, a
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four legs. It will be understood, of course, that the pedestal stiffener may

APRIOR IS AT TRk B letfsoke Harhiol SR preistdieforthe pefdiciiipnd:
applw;amn alddae, aiﬁafyu@hi e stitte nae 204 ﬁ)ﬂﬁ@fﬁﬁ&bﬁﬁé madeetaarpemehods

anqiher sutable Allov, it may alsqbi formed of ather, aporonriale materaler, .,
a cor |n OS'[]he particular nee e mf‘erp ser IS a su ra e
amdadbepr@fgpdb@ldﬁ@ﬁh@n@ diyaniwlamitteg the stacked packages such as the first

package 102 and the second package 104, and to the interface for connecting the first
substrate 108 to a main circuit board.

Referring now to FIG. 6, therein is shown a stacked semiconductor package 600 that
is similar to the stacked semiconductor package 200 (FIG. 2) except that the stacked
semiconductor package 600 illustrates a heterogeneous package-stacking configuration. That
is, instead of a flip chip package mounted on the interposer, such as the second package 104
and the interposer 118 in FIG. 2, a leaded package 602 is shown attached to and supported on
an interposer 604. The interposer 604 is similar to the interposer 118 (FIG. 4) except that the
interposer 604 has terminal pads 700 (see FIG. 7) for receiving and connecting to the leads
606 of the leaded package 602.

Referring now to FIG. 7, therein is shown a top view, similar to FIG. 4, of the

interposer 604 (FIG. 6) mounted and supported on the stiffener 204. The terminal pads 700



flexible circuit tape, or a ceramic material conventionally used for such
substrates. Other appropriate materials may also be used, of course,
according to the needs at hand. It will also be understood that other interface

configurations and interconnect methods may be used besides wire bonded
fand B sadinteff arfe theElivadnpl @adrde @ leaidet itigefaseshasengdhesitierand the

nﬁalg@sre@mhmta&h& arpliesifethviadbe stackedRackagss sUeh @s dhafikitpad
the secon

packaae 102 an d package 104, and to the interface for

apn AQRHE YR ikt WiBRaNST P08 1O RYT SRl e dhg. RiEmesFg ABWHE: 4

BEiﬁEth/ptherai»ndsiﬁg_ﬁwma stiatkedritric sidivater package $GOsthze. is similar
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semiconductor package 600 Ifustrates a heterogeneous package-stacking

Fonfigpeationlimh&td ideetead of a flip chip package mounted on the

intern@serysHG @S N e18290NKLRACKAGR I 2 ansk kg WIGIRARREDLSIEES 900
2, a leaded package 602 is shown attached to and supported on an

iHeERbB8Er Btshod ik suiemdnpiskashifarto tHEmtarfodar Rackqga B2 vaye two
segephihat The dniciabsemnadddiasitepaciaakpaas hdsea Riae-Bpfided die 902
receiving apd connecting to.the Jeads 60 e.leaded kage 602.
AR o B R M R G TR SR T g e
syhtEpFOSaMa 04 (PUERBY mMeinstedcamdongpis e db mivatstféareld GO 4usieate 908.
Tigminal ads (6qGiRdor thaleads, QP sfpthgyigaded RAEkRIS BP3@ Rounted and

arranged in the central portion of the interposer 604. Except for the provision
Sl&fpm&f‘ewﬁmoaadwéﬁlyaﬂ%éPmﬁf?ﬂﬁrtéf%niﬁgﬁpa&%ﬁ? Aot e us e )
Lirieepasieio /.0 i eipeswyi seSimtai i thenihtefposed di8hFiGifder Buih Mave: in
ufS,pond fngern 1 26,on e periphens o cornecion 9 {he Wit 12 capsutan
1Eineflernng nowatoylfr\lg.e@, therein is sHown a cross-sectional view of the  F
&trtentiie appHed by ekeal onoliieBts thoiedic Referimyriow o FIGingeineeeifl2
etpNAWNA Sterkedisaneconductor package 900 illustrating a stacked

muItiS‘Ige{%system-in-packa e ("SiP") semiconductor package having two

ge ( :
subsydeRReont Y UpRek i Yethibendeke spatgeadec s e antigeddty mounted on the
inddrgolonmied ienfRR «corapeskagea rsirsulisystem sadlimehippeieiitheBRaded
interface 904 comprising.a second . subsystem, and varioys sive circpit
TR R e P R A SRR L
vesaigtitutd théistmmnionen iR, kykthad thtiffenmosd(® i2 muluptepaakated spportedts
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attach devices, and so forth, with or without passive integration, as may be needed or

appropriate for the application at hand. The same, of course, will be understood to apply to
the lower (SiP) portions of the stacked semiconductor package 900.

Referring now to FIG. 10, therein is shown a stacked semiconductor package 1000
illustrating a stacked system-in-package semiconductor package having passive components
attached on a stacked interposer board. The stacked semiconductor package 1000 includes a
wire-bonded die 1002 and a flip chip die with BGA interface 1004 mounted on a BGA
substrate 1006, similarly as in the stacked semiconductor package 900 (FIG. 9). However,
the stacked semiconductor package 1000 includes an interposer 1008 that constitutes a

passive component board to which a variety of passive components 1010 is attached.
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In like fashion, an interposer 912 is mounted and supported on the stiffener
910. These in turn are mechanically and environmentally protected by
encapsulation within an encapsulant 914 that is applied by partial molding to
leave the central portion of the interposer 912 exposed in an open cavity

916. Rptesimeormvotoudser! layberginhe staekadssmlié saoigaotyssukprskagool, 100
wiekefeaRathed INBTPORRIC Rt Pl 8508 AFRSPACKRIR RS SHREMSISVS the

. 918 and a pre-packaged leaded subsystem 920. It will be understood that
IFERAS CoMBB it & YBROGRS hBREH T ehBVIPTh "G ety P the PPEsEftked
sémientimiatcanphthagdhel ditetpesanSt2and pidypackagec subbsystaplstethauted

selectgd Irom r% appropriate pre-packaged area array, leaded products,
semiconductor C (S} . . . . . .

Irect chip &ftad devices, and so forth, with or without passive integration,

as miyeingededtor kpgibpherios thevapplivatisd aemadduier papkegof 200
i1RRHRRWH! é?ﬁoHHWﬁtQQQI{(g ReRaydeiower F%Ez) orfignsiehpie stackrfed

semiconductor packa&a(e)ﬂ?ép . Refgrréisrg)?%now to FIG. 10, therein is shown a

ERayE Y860 4

Sl denitdngnd Ray8 fiestriftgutudigadubstraie 908 (FIG. 9).
SeyHtersinppaakage wesmiaoRItIiarp ackagel heaing papsivelcampimentse lower
afacherlon astacked iigiposerbogidy The stagked semicondudier package,
PY008 incllides & wire-bnded die 1002 and a flip (,)ﬁip le with BGR interface
sero@andusimteer ke BEEIGuDstrate 1006, similarly as in the stacked

semiogn s_ElaPiiﬁQFs %Qxﬁ%@n Ne Loy %Emi&%é&%ﬁ%%&%@&iq%g,u&éﬁhing
package 1000 includes an interposer 1008 that constitutes a Ygfsswe

AR SRRSO BRAFacANRhide AUbaretnd AR ek oM Bstrsits YoHlS facatihekuems
11@ Ratenrdog annilaskitedlds thiesaionigeghaobwy acatackediteraicaneideial that the
. packa 0 which is the stacked. semiconductor package 1000, (F ) i:

R o R e SR e A REE o el D i
clyy. altsptshuaptdantDdo?), Thé atasked iscrgigontudtorssackageay Ig0thessary

O}Ihg;;@&qgﬁgygyﬁgggﬁbjggag@d completed stacked semiconductor package.
Referring now to FIG. 12, therein is shown a stacked semiconductor package
or

1200 ThustiRliRg aRPEROBEMHREMEASRERG AN PIeSR RS it alphrikigembls
cexprplecthashaaked wsemigandiitonpackagepg2@hh ozl a substiatestA6 at its
similar to the BGA su e 908 (FIG. 9). Similar co ents to those in
e O T TR o R e vt
simildyeagegmas teElGbEY treenfislishovith xepleet sonthdacikedackage 1300 in

“%%Hiﬁpﬁg%tglépmrggg ggxlg'algaptical sensor devices 1304 and 1306 on the upper

level of the stacked semiconductor package 1300. The optical sensor devices 1304 and 1306

may be protectively mounted behind a glass window 1308 supported by a sealing dam 1310.

Referring now to FIG. 14, therein is shown a stiffener 1400 that has been modified to
incorporate a large central opening 1402 in the metal plane 1404 thereof. The large central
opening 1402 allows an interposer to be supported thereover with components mounted on
both sides thereof.

Referring now to FIG. 15, therein is shown a bottom view of the structure of FIG. 14
having an interposer 1500 mounted on the top thereof. Circuit components 1502 are joined to
the bottom of the interposer 1500 within the large central opening 1402.

Referring now to FIG. 16, therein is shown an inverted cross-sectional view of the

structure of FIG. 15 taken on line 16-16 thereof. As can be seen, the large central opening
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An interposer 1204 is mounted in the stacked semiconductor package 1200,
defining an upper level that receives two subsystems 1206 and 1208
thereon. While the subsystems 1206 and 1208 are illustrated as wire-bonded
subsystems, it will be understood that the interposer 1204 may be
14hrbpratstyusorsigRred o vedeivehgrirerisanphoard {S30DB aflipprehipg circuit
cSipShhipsaiashd BSeftod BREHN RASS¥EHBIEFHAUGH RUPSHNEMDPHMAEDEser
necessary or desired for the application at hand. The stacked semiconductor
kage 1200 is shown in its fully assembled or completed configuration,
with Rplertialiynooldedienadapsudani 12 10bfilled anidesealE@thisingenidriply alots
encapsulant 1212 over,the subsystems 1206 and 1208 ferring,now to
R P S R Tt B

The msrploseets 00 s emporeside vebaltoptivabsedsde daticessassOlcenterdu@bao an

iR Sh& URBEE vekep themtackesksemigonductor package 1300. The optical
sensor devices 1304 and 1306 may be protectively mounted behind a glass

wind&e14508 Q9Bp&EY by & LMY HaP Y810 . DREBHHG h SV RS Elitferg, 1700
(K@re. is«shawmg&d&ﬁeﬂaa@m@@@aﬂmhh@&bee Bonaditie chtomsngospacate0d of the
st'f’i‘féh%r“if)@@' ORERING, K92 'sﬁ‘o¥'s"e1%%taa!ﬂ%'%”ﬁlel“v%e!%%ﬁﬁé’&- &Q‘?%'h%getgeé‘&ﬁ%éa

opening 1402 allows an’interposer to be supporteé thereover wi
cleomphetotgmmoientestohSBothosited enctheofpRusftarripigorowide FichelBetal plane

1%@'@ PhiSsSRRAN F7BEUANCYieKE Qééﬂ%%'a{ﬁ _&f ﬁ@c@ﬂn%\’ﬁ?&l the multiple
mtergoser 1500 mounted on the top thereof. C_Jlrcun components 1502 are

Sl bt Boe it bradsftéipdSeY 1abB VRPN | central opening
1402RBrefargngnow GG, tgrtheieishisashawiamtédvaiederossasetiondlthe

e ol e of g 45 1aken.an ine 16,40 thergol, As S8 hEGeet .
he arge central opening 4 allows CIrcul componen?s, %UC as the
sg@inonitveded poriknteplE0Reandrapsopp¥ingppidisitheornpdreded 00 3t be

mounter o PRI SideR:(dettemand (B iesREGHYEN\Ph IS intarPOsRI) ARAR: o

Referring now to FIG. 17, therein is shown a stiffener 1700 havinég multiple

WARGRY 1R VRN BRNG tHBRSEIP B SRFRBR tRROeT TSP ERE BFbvseRioRdrgoantRdng the
lemetabplaned fid4cthe o, IhemeltiplesiatsldrO2noanmereMidaige window frame-

sp2om-mounted die with agcess therethroud 10 ap, nictRgsenmAUEA o i,
yt%p of therifierer 1700. Re erring now to . fé), fherein 1s sHown a bottom
stiitameo 208 stiffiefreply @drde of metal, the window frame-type base supporting member

2002 also enhances the thermal and electrical performance not only of the stiffener 2000, but
also of the entire package into which it is incorporated.

Referring now to FIG. 21, therein is shown an inverted cross-sectional view of the
structure of FIG. 20 taken on line 21-21 thereof.

Referring now to FIG. 22, therein is shown a bottom view of a stiffener 2200 having a
double-sides type base supporting member 2202 that connects the legs 2204 thereof in pairs,
opposite the metal plane 2206 thereof. The double-sides type base supporting member 2202
also serves to enhance the stiffness of the stiffener 2200. Being preferably made of metal, it
serves as well to enhance the thermal and electrical performance of the package into which it
is to be incorporated.

Referring now to FIG. 23, therein is shown an inverted cross-sectional view of the

structure of FIG. 22 taken on line 23-23 thereof.
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(FIG. 17). A wire-bonded die 1800 is attached to the bottom of the metal
plane 1704 of the stiffener 1700. The multiple slots 1702 allow the
wire-bonded die 1800 to connect electrically to an interposer 1802 mounted

on the opposite, or top, side of the metal plane 1704 of the stiffener 1700. As
can HRe&urng bundiieg Kires41 sbaradannediotrotdgiothechatiitible sletiod 7880 for

rhptwesn shewie-Randsd die 18R ARd e IHRIReSSiILER% REfR AL AR thhe

FIG. 19, therein is shown an inverted cross-sectional view of the structure of
mefbedi 5 YQKBA YIS TR 1S NDARMRIGHCAR HBIRE Sttt HEsL So canpdor
deden mouhtedubdntiite tap af thecinte4posanp@dngppositethesaviresbandee first

die 1800. Referring now.to FIG. 20, therein is sho L bottom view of a .
Rt i Lot T 1108 DISE B HEERAT Ko e

inssaeasairty hetswbembmia edherkcliHip tiaad lgun2ine4 of aprd stffepradgioodevice on

HARRSS PG Meidlriang 2006 thereof. The window frame- type base
supporting member 2002 enhances the stiffness of the stiffener 2000.

BecallstthReegiffsrRyesoia B}“e@r"éi’)‘?f/ AT St sEYsidygptages.  One
adramesty pethnsesoppotikich i @ethema200DAalse ephancesdediserma anproved

electrical.performan ot only of t tiffener 2000, but, also of the entire
R R e R IR B A B RESTHS rom
thehipmer anckagestddopebsbssattionsirvieihedpirse susbatarandorlaveditaken on

line 242t therRahRe RIing00W W hilP?d: RIRIRYSRASHL AL RIS an

_of a stiffener 2200 having a double-sides type base supporting member 2202
TG AYERIRE Rigs PRTRthatEsh I Ghiostdtyd MétenBiadaosgener
fdheseoftahbetibublRsides dypeibash shEparding MEmMEeL ol 202 palkarseive hdace
enhance.the stiffness of the stiffeney.2200. Being preferably made of metal, it
o R e R e SRR Dertormance o the
package inttherhidiaitaigetofsbeimeequo iatedtiRefe rovigbnidw td =IGs, 2B ihtsrpirser
ci3 BRQUHHBMAVR r&%@fg%ﬁ%'ﬁﬂ%ﬁﬂ@ﬂié]ﬁ%ﬁé@és‘ﬂ?ﬁe sHALeEf R A2 1kRDoard

on line 23-23 thereof. 12 Referring now to FIG. 24, therein is shown a flow
CleRE D URHOA S4B or FABric ity H [LtaR EBPELYARGI RIEfOP A A& that
pastondarcRadibrihepiesaatirvanten: ddiactnaibhagp40R ucludeseammduiguit

bgafc,éjbssitra}gnine %Ig 1k 24(3% mounting a first semiconductor device on the
Ubstrate i & bioc B%VA; supporting an interposer above the first

semiddwdoetdiligvitthoprosita it soubstfords isti dlotlke2adBreldcidicaliyee — the
a&@%ﬂ%%ﬂlﬂhﬁ subsystems in a manner similar to package-level stacking but with the
added benefit of high thermal performance and high board-level reliability.

Another advantage is the full testability provided by the present invention. That is,
the several die, components, and/or packages can be fully tested prior to assembling them
together into the stacked semiconductor package. This can virtually eliminate the risk of
combining a good component with a bad component in the final assembled package.

Still another important advantage is that the stacked semiconductor package can be
assembled from two or more subsystems that themselves are each assembled and tested
independently prior to final assembly. In fact, in the case of integration of a large system,
testing can be very complicated and expensive, and in some cases it may not be possible to
test all the aspects of system functionality. However, a major advantage of the present

invention is that separate subsystems can be fully tested prior to such an assembly.
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interposer to the substrate in a block 2408; and mounting a second
semiconductor device on the interposer in a block 2410. It has been
discovered that the present invention has numerous advantages. One
advantage is the improved thermal performance of the upper package die.

The ikiproviedashieaen adipraterea dhete the atfstgddsppitvadnetallie gede stgihod and
aﬁﬁﬁigﬁ@fo%@{e‘:ﬁléwﬁﬁlh%}hf&v\fdfﬁ% IR HRRELARHKAIER I RIIRRE solutions,

interposer to lower substrate and/or lower die. Another advantage
gﬁ}‘é%j B84 rdURsianAL AT RRASEHorM SR e Xt draea iy QFP‘i?ﬁ%r¥}8%er‘SS“eS are
effefftipﬂseelrmfxacsuhstr@delﬁftaﬁhl@dsma mataiﬂmpe@iﬁgaﬂasmielaf bEhesembled in
sti ner. forms a, stapndoff thatd qes not. sign dE §¥1 rease the stlffnesso
egra

n%ﬁe pa 21683 anc;) ]hence tdoesy not t afect or e board v%? rea\iggb?l?tn pection
insesfisrmanethyref anehierlerigdnigedlst tsepreasihyt an‘a@lﬁtmdawouiia@mgsulting

p%@@sts'%nﬁ*@oﬂﬂgﬁ%% ﬁ@@t%gﬁ%@@%@@&ﬁ&ﬁ@ﬂa{ﬁ%ﬂ%ﬂ&%@Cﬁh%ﬁ%‘ versatile
substrate havin ?ﬁ‘ﬂg a full suite of circuit board electrical routing connections.

2Rt ¥ g nifidaritinproteatidit oVith prRsteydeans THAt dsstn Broscgies and
te@ueslagiether and then merely connect the upper die to a single lower circuit
boarf}%l Gionaet honding wires & gdfﬁuéabﬂﬁ}é"f IPresentinKention;. i i
affords stil another |mportan "advan age the PPy {6 combine su systems
tdrba mdpmtnodithilamtenpadicaepiiesemoditkiritysu tndthyaheticad ded! herafiaesmt to
tﬂ?ﬂ&*‘sﬂ"ﬁé&“ﬁ' {RE r&ﬁrmq&% andhighheard d@é@iﬂﬁ‘di@b AWBE §3dYARIREE to

is the full testablllty rovided by the present invention. That is, the several

erfiFactAsYRRAIS RSy PACHEFE R A ATIAY RSEchrl tithisdinpirRg of the

utheaadtegﬁther mtomheesdaﬁked@iere|@emdmaiofemﬁkagmo'»5hlsmaﬁ \akrtuaibmymg

minate the, ri binin 00 ent with a bad component in

O s A R R e o that e
stacked semiconductor package can be assembled from two or more
subsystems that themselves are each assembled and tested independently
prior to final assembly. In fact, in the case of integration of a large system,
testing can be very complicated and expensive, and in some cases it may not
be possible to test all the aspects of system functionality. However, a major
advantage of the present invention is that separate subsystems can be fully
tested prior to such an assembly. 13 Thus, it has been discovered that the
stacked semiconductor package method and apparatus of the present
invention furnish important and heretofore unavailable solutions,
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capabilities, and functional advantages. KGD and assembly process yield
issues are effectively removed. Active chip and passive component
configurations can be assembled in nearly limitless combinations as may be
required. Different chip and package connection interfaces, whether flip chip,
TREJNY BV BARICRAENEEAiy:accommodated. The resulting process and
configi[urations arg straightforward, economical, uncomplicated, highly

versatile aridl SHEEHETARG LT ARSI WA E8hventional manufacturing

processéstanet technologies. While the invention has been described in

con| “Qﬁ?é%rée‘{‘ﬂ'}@ocﬁg%B%?iH&vPc% ARG dh ﬁetﬁjgsgryﬂé?ersm()d that many

alternatives, modifications, and variations wi apparent to those skilled in

the affidnigiRPET R ERsRoRYESEriistiols. NEeBREINNY, SErgartentiyedghe first

embrace allsshgkhaliQidatvase Bpdificationspangtvariations which fall within
the scope _oLthe included claims. All matte{s hithertofore set f((l)rth herein or

showf A HHEBRGSBRASHY cOraRHYL 8 s 83‘8&*1?1{&%:58{8’(9% AR SrghRd at
and _non-linﬂ‘tirsg spoisen bt thi EnthbEdlﬂa (ﬂikh&lnﬁdME_E)wSy byé& gtadkiecposer for
semicondugior, f’i‘%(%%s&%’}?ﬂ%@&én&‘u%?%%%%?o% Mﬁ’%ﬁt@ﬁ{%‘é‘é’@%ﬁ&tor

device mounted on'the substrate; an interposer electrically connected to the
substtanstatig siisprsieePapting the fFePeemibeneriztde tikaer dppvsitentyeality

substrate; ajpaiad spaldignarPsvlAAteNARSHIANDI Al astibe first
semiconductor device and at least a portion of the interposer to form an

openZXavity Theestthkelh terpesed doornpackaing Ot aise cdineise rvegidigtar second

sg i‘é'&%l‘i’c'ﬁ&rh e.'v?égr 8@%%% M etf:%)lcl)lscersltgft%g%r SHPRANDY NG 'm{%@&%@r :
the metallic stiffener having a plurality of legs c ntactlné the substrate and

beingssuppaiteditheiePte Bicb i sigckedk semicansdurtorpackassngf &iaimdeans

further comprising a second semiconductor device mounted on the
IS o&eSAthA B pRIF UAT PSP til RS BS et HeArh el Gatfasing at least one
sqaivadndocteripadkaghrotghaim 1 further comprising means forming at least
one opening through the metallic stiffener for attaching at least one
semidonductbe devked sheveenvaigh PAckpae eftataied deriicoriniompatieigeone

bﬁe@@é@b&iﬁ%@ﬁﬁ&%ﬁi@ﬂﬂﬁ@&d%& SMHd&air of the legs to enhance the stiffness of the

metallic stiffener.
5. A stacked semiconductor package, comprising:
a substrate;
a first semiconductor device mounted on the substrate;
a metallic stiffener above the first semiconductor device opposite the substrate,
wherein the metallic stiffener has;

a plane supporting the interposer; and
a plurality of legs extending from the plane, contacting the substrate, and
being supported thereon;

an interposer electrically connected to the substrate and supported on the metallic

stiffener;
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base supporting member connecting at least one pair of the legs to enhance
the stiffness of the metallic stiffener. 5. A stacked semiconductor package,
comprising: a substrate; a first semiconductor device mounted on the
substrate; a metallic stiffener above the first semiconductor device opposite
the satpstizenahenesipstienisacaitiolstifie ablep shalfpranenyappsbaipidiyece and at
interposer; anga BM@H%%&%Q&%E%PQJ @Qrﬁﬁoﬁléﬁ% RIARS &@ptﬁgtm%h@er

substrate, and beln supported thereon; an interposer electrically connected
to the! SEEEHAE ?fo‘?‘fél’ff‘oﬁl?ﬂﬁt‘?ﬂé’fh fhie IuRSEr M9 Bt ted 2 op
encapsuIanémpapsnﬂaﬁag;aﬂiaagttlﬁhezftrsy semiconductor device and at
least a portion of the interposer to form an open cavity over the interposer; a
secofd semidendackod devisendationaudugh@inttvipoSefurltenrconpdsivigymeans
f&%% %%ﬁﬂ&@@éb@ﬁﬁ&%f@@ﬁ%@'?@ﬁ@ BraaY 'f’b{et@llfgaﬁf%ﬁ&kﬁﬁl attaching at least
semlconductor packa e of claim 5 further comprising means forming at least
O BRIy %?Er ABE8f the metallic stiffener for attaching at least
one samucomdu@tank@levmdhﬁmthﬁqn@hage afheaﬁtaslfesﬂhseamm@n@iugtmneast one
S%Cs‘ﬁa S t?r‘i C'aé%?rf ‘é&%%%&%?mg fi3ing 2t leaskon ebase SUPPRHINg MEmBer e
conn t1east'one pair &t ealseg posne egpf)e{)ﬁ) o enhance the
ﬂ@tﬁfﬁé@ssmftﬁ@ mestdliiicstfiifarer. 8. The stacked semiconductor package of
claim 5 wherein the first and second semiconductor devices further comprise
at ledt oneldradrded gl Patrgeef MaimasibepadRifigt and second
sénlidbirclipdpatkags, aduly asspmblad Eemiswdﬂ@tomaskagec@ die, a surface
lea e- based fully assembled semicqnductor e, an bas
SRR S e Dbk ey e LR FRR e, o
le@dmﬂﬂgpﬁtﬁ@mo{ss@@bled semlconductor package, an array- based fully assembled

semiconductor package, a system-in-a-package, and a combination thereof.
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