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 HBRSEAGIUDIDBSTTORPAGRIRGESCUits ("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
individuadin g neapsufatirgdhiepatbt mmaldes plakiie ofi geapicdhodies, Iower cost,

. packagin technolog%pas shown an increase in,semicond ctotr.c i e(psjtg.
1 eased mmmiaturizatio compon nts, an r‘%r?a cr aclf%ln §CHSI B n?ga Clrcuits
e number of chips mourtted on’a single circuit bo or substra St at
(‘Barslleld\theeveguetigmi chECrmundbels efcrapsdeithatciraaise dwdgepsesawhile

hEHitb T ISR Ik RRCKAsID B A8SiENS that ate more compact, in form

factors (the physical size and shape of a device) that are more compact, and
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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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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

KGD inefficiencies and assembly process yield problems. Two of the
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package in which a substrate is provided and a first semiconductor device is
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tieRekoRductdE 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, JyMemosuord 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 BRIEFBRHESTAPEPGRONTION PHETDIRBRANEESIG. | is a view of a

stacked semiconductor package in an intermediate stage of fabrication in
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stiffe ving supporting legs; FIG.. 3 is a top view of the stiffener shown in
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structure of FIG. 10 after encapsulation of the interposer and components
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hil %Eaéfséfvé‘ ARt asitienes smpaginanhmpsibieghigdncorporate a large
central opening in the metal plane of the stiffener;
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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metal plane; 5 FIG. 19 is an inverted cross-sectional view of the structure of
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FIG. 22 taken on line 23 23 thereof; and FIG. 24 is a flow chart of a method
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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;ACHBWRMHRYMR RYIRAITENHANSAENRTdIe 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 N LEINT3 I3

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

vEENNTY

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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_semiconductor package 100 to an external substrate such as a printed circuit
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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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tegaNity 1p28 anrdgpowhiatiche).certradpatt, 1BO efdhealtppchhibelierpgSeicn be
e11a8si1§1 3%5’3/?%9' Elinal g]sggvmb%gf the stacked semiconductor package 100 is
then accomplis ed BE/) posih%nlng the second package 104 into the open
cavityAig81tagedgbtrabedivgt theckagow A3 2ndathd sormplepimtkadecttieanay each be

ikPNARAIPRS A NS SREROUPACKASE %ﬁeﬁ%%k CeRReeUeRiObnthie SepA e

ackage 104 in this embodiment is'to the interposer 118 by means of the

1EaasHEs theeheor dinges esFadprinamly fermiHargant iy ebtisndmnprkages
tHukGard , laidhs geotheicterRGRt Pabeasbaysd0daiitikIG ithprifvilgsiied athar®ee gnekess
kage 104 may.then be encapsulated within the open cavity 1
R T S R R T ey
each Befeiridivivdually FEStEd ety irite wh asterkislystodathdreintpthkagtadie that

isSEMIEPNGURINRACKAR LAAIAASHHIE I A B-RICKRISEAE SRENBRARREHY 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 is1yomieasrickisy o&thiceHtnetot0bddicage As
cAPBeN@3HeRN &%ﬁ%ﬂ]ﬁiﬁ%@%@%'@ﬁmm aftaching m%émm&@gﬁy 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
beneRtidiimsacond packagedoh, Betweentic atitfcive diterpioiseliclibBrpser 118

ateac%wy theFIG 2 stlffenegb%%%hagsbeerkln%oﬁrrp%at d még l#erft Ee mﬁﬂoser

semlcondructo pacﬁa e e S'[I ener 2 IS Slm tI ener
RIS poyvided nitatdibond iinetatiel? SupdoringHegaiaue Iemm gt evigraimg! pad

all?%m%éupﬁﬂ@@rﬁﬁﬁb%iﬁ%ﬁ%@@%ﬂ@@ts RRds #A88RaIhe &S @f the second
supporting legs 206 oré]i)%osne the interposer 118, enhance the suPEﬁort of the

Pasiriehdl 20U Btk St sbste 1Lod! “;fFB{héﬁhéhﬂ%‘h%f‘é]le&Jh‘[é‘bF etbwith,

and enabtifig ekeotr&a[@omtamrwhesn siesiied c®detenbngl Row t@f Elh@ stBycture of

in,is sho op view fthe stlff ner 204 (Fl AS ca the
RO IHE R0 RSO0 M1 AS SR BIeeR b 8 B DR ReEid Wi
cenfpperfing régéleze@ffﬂefe?ﬂﬁgsm\neﬂ@ﬂracwzthtﬁmrelngps sHovwuH tlbfelgtﬂteqﬁecrd of

céWith the IB@E\%E&@%EHM rﬁiﬁ%@ﬂ&%@%&éﬁl@&% MBEAGr %%1 pfoptfAY for a
be seen the top per&gﬁery of the interposer 118 is provided with the bond

PifigelY #9BlicHitTne 4 cathersE SevIARENGith04 dsrRtiisisBld maryp ueoRPer or
aﬂ'd’nleetenmmw pidel aitr aya ¥R CHE N@aisd  Comve npiaoptifigs hiawriol dhecsedapdo the
K Qrs ttrhrou 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 & itakentondinen8ds thefeablsfceihbreaseengfoniahigate, a

YewAaefeme! Gr 4. dantoRfiaLiaHem ol s sH{feRES fQAIRIA RBUSRIRA! Wiler

four legs. It will be understood, of course, that the pedestal stiffener may

SPRIORHE AT TRk B letfsoke Harhil SR pRestdieforthe pefdiciiind:
applw;amn alddae, ﬁﬁa@u@m e stitte nae 204 ﬁ)m@teﬁably madeetaarpemehods

anqiher sutable Allov, it may alsqibi foumed of ather apororiale 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 theEikadnpl @adkrde @ leaidet itigefase shasengdhesitierand the

i&%”&‘s‘éﬁmhﬂggﬁ'ﬂ% arpliesifethviadbe stackerd Rackagss sUeh @s dhafikithad
package 102 and the second package 104, and to the interface for
a‘E&YﬁQﬁtﬁéQh@ﬂfE‘f QBB g 1O RIS Sirelrdodhs. RERPHg MBS 4
BbihHctihersdndsishawina statkedritrmc ridivaterpackage $G0sthze. is similar
to the,stacked semic tor package 200 (FIG. 2) except that stacked
e o o R SR ol e o
Fonfigpeationlimh&td ideretead of a flip chip package mounted on the

intern@serysG @SN e18200NELRACKAGR 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 viye two
segephihat The dnici@absemnadddiasitepaciaakpaas Rhdsea Riae-Bpfided die 902
receiving apd connecting to.the Jeads 60 e.leaded kage 602.
AR o RS R MU R A TR SR g e
syhtEpOSaMa 04 (PUERBY Meinstedcamdongpis e db mivatstffareld GO 4usieate 908.
Tigminal ads 6qGiRdor thaleads, QAP sfpthgyigaded RAEkRI® BP3@ ounted and

arranged in the central portion of the interposer 604. Except for the provision
Sl&fmfée@ewﬁmoaadg%ﬁlyaa%émrf&ﬁf?ﬂ@téf%niﬁgﬁpa&%fw Aot e us e )
Lirieepasieio /.0 i eipeswyi seSimiai b thenihtefposed di8hFiGifder Boih Mave: in
ufe,pond ingern 1260 e Berpheny o cornecion 8 {he Wit 12 capsutan
Ulsle?emng now%oylf\l&g.eél, therein is sHown a cross-sectional view of the  F
Y&trtlentiie appHed by ekeal onoliieBt8 lheredicReférringpriw tf MG idenseeiAl2
etpNAWNA Sterkedisaniconductor package 900 illustrating a stacked

muIti%?%system-in-package "SiP") semiconductor package having two

( :
subsydeRReone Y UpRek i Yethibendekes spatgeadec e antige ety mounted on the
intdrgolonmied ienfRR corapeskagea rsisulisystem oadlinehippeieiitheBdRaded
interface 904 comprising.a second . subsystem, and varioys sive circpit
TRt b L P R A SRR L
vesaigitutd théistmmionen iR, kykthad thtiffenmosd (@ i2 muluptepaakated spporteds

ng}ﬁB%aslai%\é%‘edsfmﬂﬁEb/y%w@pﬁgiéeﬁ@fplgk%aqre@aff’l%?,tfé%éﬁf{%&ﬁ%%iﬁﬁchip

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. Rptesimeorvoioudser! layberginhe staekadssmiié saoigaotyssukprskazool, 100
wiekNefeaRathed IRTPORRIC Rt Pl 8508 AFRSPACKRIR RS SHREMIISIVS the

. 918 and a pre-packaged leaded subsystem 920. It will be understood that
IFERAS o MBE s & YBROGES hBREH T ehB VP & GRF e ity | P the PPEsEftked
sémientiniatcanphthagdhel ditetpesanSt2and pidypackagec subbsystaplsehauted

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 miyeingegadtior kpgibpheraos thevapplidatisd aemadducter papkegof 200
i1RRHRRWH! é?ﬁoHHWﬁtQQQJg ReRLayleiower F§él? poitigns ahine slackerkd

semiconductor packa&a(e) 900. Referréisrg)? now to FIG. 10, therein is shown a
SRR LBMRAREt LI PRt R8s 18 %ﬂ%étPé‘ﬂﬁdea“%‘iJ%‘ééoG“bmte 908 (FIG. 9).

SeyHtersinppaakage wesiaoRItIarp ackageal heaing papsdvelcampimentse lower
afacherlon astacked iigposerbogidy The stagked semicondudier package,

PY008 incllides & wire-bnded die 1002 and a flip (,)ﬁip le with BGR interface

sero@andusimteer krea BEEIGuDstrate 1006, similarly as in the stacked

semiogn s_ElaPi@QFs QQQ&%@n Ne Eloveey %émi%é&%ﬁ%%&%@&iq%gy&éﬁhing
package 1000 includes an interposer 1008 that constitutes a Wgiasswe

R SRRSO BRAFacANRhide AUbsreand AR ek oM Bstrsts YoHlS facatihekuems
116 Ratenrdog annilaskitedlds thiesaionigeghaobwy acatackediteraicateideial that the
. packa 0 which is the stacked. semiconductor package 1000, (F ) i:

R K B R A R e el Bde ol el D i
clyy. altsptshuaptdantDdo?), Thé atasked scrgigontudtorssackagaay I0thessary

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

1200 ThustiasliRg aRPEROBEMIHREMAASRERG AN PeSR RS it alphrikigembls
cexpraplecthashaaked wsemigandiistonpackagep2@hh ozl a substiatestA6 at its
similar to the BGA su e 908 (FIG. 9). Similar co ents to those in
e O T T o R e vt
simildyeagegmas teElGbEY tryeenfislishovith aepleet sontherdackedackage 1300 in

“%%Hi&pm%&&pm&gg ggxlg'algc)ptical 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
14hrbpratstyueorsigRred o vedeivehgrirerisanpiodrd {S30DB aflipprehipg circuit
cSipShhipsaiashd RSeftod BREHN RASS¥EHBIEIHAUGH RUPSHNENDPHMAEDEser
necessary or desired for the application at hand. The stacked semiconductor
kage 1200 is shown in its fully assembled or completed configuration,
with Rpertialiynooldedlenadapsudani 12 10bfilled andesealE@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 daticessessOlceaterdu@bago an

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

wind & 9308 ABp&EL by % Lhsififly 8aBPY8 PoPRER MY ndwhto Hikseney, 1700
(K@re. is@h&w&hcal_@dtﬁeﬂael@m@@@aﬂmhb\(a&bee Bonaditie chtomsngospacat@0d of the
st'f’i‘féll%rc‘%%&?' opgning 1402 'sﬁ‘&*é‘el%%taa!ﬂ%'%”ﬁlel“v%e!%%ﬂﬁg&- Ei'ic"?%'h%getge{‘&ﬁ%'ect

opening 1402 allows an’interposer to be supporteé thereover wi
cleomphetotgmioientestohSBothosited enetheofpRuesttrripigtorowide FichelBetal plane

1%@'@. PhiSsSRRAN F7BEIANCYiEKE Qééﬂ%%'a{ﬁ _&f ﬁ@c@)ﬂnm\’ﬁ?&l the multiple
mtergoser 1500 mounted on the top thereof. Circuit components 1502 are

slfnb@tP e Bohe it pradrdipdser sebhevRtiPee e central opening
1402RBrefargngnow GG, tgrtherieishisashawiantédvariederossasetiondlthe

view of tryctyre of FIG. n on line 16-16 thereof. As can een,
R B BRSO o R A SR AR S v
s@inonitueded poriknteplE0Reandrapsopp¥kingppisitheornpdreded 00 3t be

mounter o PRI SideR:(dettemand (BiesREGHYEN\PhIS intarROsRI) ARAR: o

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

WG THe RN BN (HIBROSHNB SRTBBH tRE2eitEPding HFbNseriRErsoaREREng the
lemetabplaned fid4cthe o, IhemeltiplesiatsldnO2noanhereMdaige window frame-

sp2om-mounted die with agcess therethroud 10 ap, NictRgsenmAUEA 1 i,
yt%p of therifieter 1700. Re erring now to . fé), fherein 1s sHown a bottom
stiitameo 28 stiffefreptly @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 HReturng bundiieg Kires41 sbaradannediotrotdgiothechatiltible sletkod 7880 for

rhptwesy shewite-Randsd die 18 A0d e IHRIReSSiILER% REfE AL AR thhe

FIG. 19, therein is shown an inverted cross-sectional view of the structure of
mefbedi 5 YQKBAYIS TR 1S NDARMRIGHCAR HBIRE S tit B HEsL So canBdor
deeen mouhtedubditiite tap af thecinte4posanp@idngppositetpesaviresbandee first

die 1800. Referring now.to FIG. 20, therein is sho L bottom view of a .
Rt i Lo Tk 104 DISE B HEIRAC Ko e

ingsamdiri hetsvdaimemia edrericiiily thed lmgenPog4 sfadil stiffiésrad 2go0device on

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

BecallstthReegffsrRyesoia B’Fe@FéB‘Ff/ SIS SIS idygptages.  One
adramesty pethnsesoppotikiech 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 anclagestddopebsbssattionssirvieihedpirse susbatarandorlave ditaken on

line 24,24 theraahRefQTiRg QoW i1t RIS RhGHRALOHRINMEY an

_of a stiffener 2200 having a double-sides type base supporfing member 2202
INTRBEhAYERIRE Rigs PRTRthatEsh farsIeGhhostd-tyd MétenBiadaosgéener
fdhaseoftahbetibublRsides dypeibash shEpading MEmMEL ol 202 palkarseive hdace
enhance.the stiffness of the stiffeney.2200. Being preferably made of metal, it
o e e i B ertormance of he
package intthernidaittaigetofsbeimeequo iatedti Refe rovighnid td =IGs, 28 ihtsrpirser
o3 BPQUH g AvRied LragS RESIRnai Ve AitRR. BUGIAG Al FiR- A2 iRkRMoard

on line 23 23 thereof. 12 Referring now to FIG. 24, therein is shown a flow
CleRE B URHOASAB0 or FABric ity H [LtaR EBPEYRRGI RYEfoP A cRAkE that
pastondarcRadibrihepiesaatirvanten: ddiactnaibhagp240R ucludeseammdiiguit

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

semiddwdoetdilidgvitthoprositatansobstfords istit dlotlke2addreldcidicaliyee — the
a&ﬁmﬂ?&f&%ﬁhﬁ 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 dhele the atftgddsppitvadnetal e gede stgihod and
aﬁﬁmgﬂ@rﬁﬁkf#@@ﬁﬁh%ﬁf&“fdfﬁ% IHeHRRELAAHKAIER I IRIIRRE solutions,

interposer to lower substrate and/or lower die. Another advantage
EUE% B84 rdURsianAL AT RRASEHorM SR e Xt draea By QFP‘i?ﬁ%r%}Bg‘er‘SS“es are
effempﬂseelmlfxacsuhstr@de}aﬁaﬁhl@dsma mataiﬂmpedﬁgaﬂasmielaf bEhesembled in
sti ner. forms a, stapndoff thatd qes not. sign dB §¥1 rease the stlffnesso
egra

nef‘ﬁe pa %%SE anc;) ]hence tdoesy not t affect or e board v%? realiggb?l?tn pection
insesfisrmanethyref mnehierlerigdnagedlst tsepreaskhyt mo@nﬂ@dawouiia@mgsuhing

p%@@s%'%nﬁ*@oﬂﬂgﬁ%% ﬁ@@t@ﬁgﬁ%@@%@@&ﬁ&xﬁ@ﬁa{ﬁ%@ﬂ&%@Cﬁ'@ﬁ%‘ versatile
substrate havin i‘f‘fﬂg a full suite of circuit board electrical routing connections.

R ¥ g nifidaritinproteatidit oVith prRsteydeans THA dustn Broscgies and
te@ueslagiether and then merely connect the upper die to a single lower circuit
boarf}%l Gionaet honding wires & gdfﬁuéabﬁﬁ}é"f ISIPresEntinKenton;. i i
affords Stil another |mportan "advan age the PPy {0 combine su systems
tdrba mdpmtmodithilamtenpadicaepiiesemoditkirttysu tndthyaheticad ded! herafiaesmt to
tﬂ?ﬂ&*‘sﬂ"ﬁé&“ﬁ' {RE r&ﬁrmq&% andhighheard d@é@iﬂﬁ‘éi@b AWBE §3dYARIREE to

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

efiFacAsYRRAIS RS PACEFHe A TIAY RSEchrel tithisdinpirrg of the

utheaadtegﬁther mtomheesdaﬁked@iem|@emdmaiofemﬁkagmomlsmaﬁ w&u&ibmymg

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

O s G 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 By BARNICRAENEEIy:accommodated. The resulting process and
configi[urations are straightforward, economical, uncomplicated, highly

versatile arfd SHEEHET ARG BHISSELIS WA E8hventional manufacturing

processéstanet technologies. While the invention has been described in

Co”jué‘ﬁﬁj&@e‘@ﬁ}@%ﬁg%B%?iH%% BIRAS Ih e E&r%?erswo" that many

alternatives, modifications, and variations wiﬁ" e apparent to those skilled in

the affidNigiResT IR ERsREYoRMYeSEriistiols. NEeBREINYY, SErgartentiyedghe first

embrace allsshghhaliQiidatvese Rdificationspangvatiations which fall within
the scope of the .included claims. All mgtters hithertofore set forth herein or

showh %ﬁcmg _?61&188?83?1%1 VRGeS A (DR RS SFeted in an illustrative

and p n_“mith%gs%%Eg Séléi;{)qgué%\r/%eulgo'\lop cLlﬁ}rM Df1|1§f1elr'.c%rﬁ l%ll(l‘le da partial

semiconductor pac age', comprising. _asm%%strate; a first s_emlcon uctor _
mgdd R dpBlidneenetpthiataihatiatst Bn fHtessodermdisiadaNicesndatletttd pegion

oBHRSHRIB AR S RRPLEshabevadhe firtle saajsrRductor device opposite the
substrate; and a second semiconductor device mounted on the interposer. 2.

The stacked’seruichatistetiropdckiageaokgtaiod ¢1hiinrtHeiuabenprisipdgsmpariialallic

st'i?t%'r%res”ug)aBRPAa%eef%%arBE’éJéﬁtiﬁg AL isastibe Mst semicondu llg’zrﬂ??é:%"s:%o%?egcting
at least I|)oort|§r) of the IntefpOSer to form an open cavity over the ifterposer.
thg syhwrate aké desegmitnedtadibersaekage of claim | | further comprising a

metallic stiffener supporting the interposer, the metallic stiffener having a

pluraftty of 1488 EBAKSL TG THBUGIS RSB SHRYS U PSHEE tHURBEAS, S
f@tatkedisemicond ugiernipackagelofiataimme bl iturtitferco NMprising iit@ans least one

for.min(glat()}e stang o&grrcl)iglélthrough the metallic stiffener for attaching at

Semicon cVICE T .. .
east one semiconductor device therethrough. 5. The stacked semiconductor

package of ‘PlﬁimaltﬁewerCGQmW@iB&E&é@%?tclaim 13 further comprising at least

one base supporting member connecting at least one pair of the legs to enhance the stiffness

of the metallic stiffener.

6. 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;

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

a partial mold encapsulant encapsulating at least the first semiconductor device and at
least a portion of the interposer to form an open cavity over the interposer;

a second semiconductor device mounted on the interposer within the cavity; and

a top encapsulant encapsulating the cavity.
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one base supporting member connecfing at least one pair of the legs to
enhance the stiffness of the metallic stiffener. 6. A stacked semiconductor
package, comprising: a substrate; a first semiconductor device mounted on
the substrate; a metallic stiffener above the first semiconductor device
oppodite the Beibaaisne seinifansiysbaapaclasn ichtiiop hp abriditc i ersighstridener
h&d supported on the metallic stiffener; a partial mold encapsulant
encapsulating at least the first semiconductor device and at least a portion of
the irtY BRSSP FHRS BhIBISERP &5 over the interposer; a second
semieopdidior deviee mathiiag Givithehintepesebnvidiingthkecaibityiaa)thnd teging
encapsulang engﬁgg%a}ier& the cavity. 15 7. The stacked semiconductor
package of clalm 16 wherein the metallic stiffener has: a plane supporting
the ingerposer. apg @ PIWARIY RILIGSS ;%l?agg ing {1 the Riane. CAACHIOH RS
substrate, and being supported thereon. 8. The stacked semiconductor
fQsaERa el et R R ORHEP RehiBriBlAY e BRI oY L1kt GHaOph st
ofiareug boiliz @larnieafd e ratallit stiffener for attaching at least one
semiconductor device therethrough. 9. The stacked semiconductor package
of cladm 17 fillehseasotprisienpdudeagtadecheiseaopporimdanepnimising at least
ofOBRGCH é&ftil%ﬁ{e%ﬁxp@cihﬂg& '%QPBﬁéifﬁim Bﬁ%ﬁ@g@oﬁﬂﬂéﬂ@@ﬁetbﬁm to

stiffness of the metallic stiffener. 10. The stacked semiconductor package of

erhaner toeWidresn hensirec ey SEE8Rd: semiconductor devices further

compf iﬁe atjgast ong,of ai%%’dﬁc%? clup,die,a.purfage, MoUNtaple PasHVe:

multi-chip pacﬁage, a fueffg asSembled semiconductor package, a
stendfrdnetcbdseddulfyrissembladsemiconductof padlkage flan dn@mylibagetirface
oty Azsesmiicd %emﬁ@lg—Qq{ﬁcmcEégéfagQuﬁy5¥§§%i5ha§%%9§ct§p%ﬁkage, a

combination thereof. 1 ,
leadframe-based fully assembled semiconductor package, an array-based fully assembled

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