STACKED DIE PACKAGES CROSS REFERENCES TO RELATED
APPLICATIONS [0001] This Application claims benefit of co-pending U.S.
Provisional Application No. 60/840,952 filed August 30, 2006, which is

incorporated herein by refeROBE B 1B LD FACKAGES/ENTION [0002] The
present invention relates to stacked die packages and methods of

producing theRSSBBREFERERIPHIAN QE TAF=REAFPLHOANRINGO03] A
stacked die package typically comprises a plurality of dies packaged in a
[0001)ertiGHisstquiichhierstéaikedhdie fiackegeending O@NPayeditmsiryplidigion No.
packages, has increased functionality as multiple dies with different
60/840.952ififes] axegten B @A ithinictns Seuoppacidiecih lnpraferdiesal method

of assembling the stacked die package involves seating the smaller dies

on top of the larger dies FoEirEaGFarpiEd MVESUTIKDINe such that each die

does not seat on the periphery die immediately below it where wire
[0002bondiihg [wreséatiaderttioweslatesticstatistd chie gatieageackagreshadstoferoducing the

requires the dies to have different surface areas to enable stacking and
same.may also result in problems such as long wire connectivity constraints,

poor electrical performance due to increased resistivity, and/or wire

sweep during encapetSaiiR TEDR4ADH NetE REh&EkKDeAdRMeed to provide a

stacked die package and methods of making the same that can at least

[0003pmeldstiteked el ivrpackag e tyhe @iy tlems isassdadarddéay abdies pStikit)ethiR Y vertical
OF THE INVENTION [0005] One embodiment of the invention is a
stack. s€heistaicledt tie packagss Wieninclopasatcssingteade pavkages tbpssncfaesed
and a bottom surface, the top surface including a plurality of adhesive
functipaatitynas ancdtigled]insamtiaudiiéeran ichemtt ot |e@stanta gap/ b ttindean sdree package. A
adhesive portions. The package also includes a first semiconductor chip
convehtaoiad) raetizadioé asefabl ranihastanhe d diii p anlefge &) \tbly escreadictivins anfater dies on
of the first semiconductor chip being in contact with the
top of the larger dies to create a pyramid structure such that each die does not seat on the
periphery die immediately below it where wire bonding is effected. However, such a stacked die
package structure requires the dies to have different surface areas to enable stacking and may
also result in problems such as long wire connectivity constraints, poor electrical performance
due to increased resistivity, and/or wire sweep during encapsulation.
[0004] There is therefore a need to provide a stacked die package and methods of making the
same that can at least ameliorate one or more of the problems as described above.
SUMMARY OF THE INVENTION
[0005] One embodiment of the invention is a semiconductor package that includes a
substrate having a top surface and a bottom surface, the top surface including a plurality of
adhesive portions arranged in a manner to create at least one gap between the adhesive portions.
The package also includes  a first semiconductor chip having an active surface and a non-

active surface, the non-active surface of the first semiconductor chip being in contact with the

adhesive portions, and the active surface of the first semiconductor chip being electrically
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adhesive portions, and the active surface of the first semiconductor chip
being electrically 1 connected to the substrate. In the package, a second
semiconductor chip has an active surface and a non-active surface, the

connetiet-@dtiecsshutiace ahtihe pecan@ seseionddaivontizioeicty phiachesctioe surface
the non-active surface of the first semiconductor chip by a layer of

and a nothastive thefets tiveaonaodvihwdaty efstdfaeenntl Heensegniudtor chip being attached
semiconductor chip being electrically connected to the substrate. In the

to the paskatieasufacapstharfirstatetiabnovers thapfivgtalagesefaddesive therebetween, and
semiconductor chips and their associated electrical connections. The

the actineapdutatofghnateoad Bimibendutastiipdgap detivesallytbenphgtatitioahe substrate.
adhesive portions and thereby encapsulates the second semiconductor

In the pagkagehitereapodiaiechaiaditicalasrihe fhistar{008GInsethizordabtuiohgrd and their
of the invention is a semiconductor package that has a substrate with a

associtigusletadeahndradutivosn Ihedaoeapbeldtpgsudtecklifitladiegil ¢dstralitygap between
adhesive portions arranged in a manner to create at least one gap

the pliretitye ehatiteesidb esnmmoatidrserthy grazkaglatds thedesondissmiconductor chip and its
semiconductor chip having an active surface and a non-active surface, the

associated-cdartiviead wdawcecbthe first semiconductor chip being in contact with
the adhesive portions, and the active surface of the first semiconductor

[0006Fhip Bertyezlectvmdityecdnhtwteu/tntioa s straieontuetqraekaggeitictibasa substrate
a second semiconductor chip having an active surface and a non-active

with asofaudadhendanbatitve ssuffaectiod tbe satamed edudiogredpicialiohgd bategive portions
attached to the top surface of the substrate by a layer of adhesive

arrangétene behae taicctteah deast coafgae etweersdwoathesarm jpamidostof fehjgackage
being electrically connected to the substrate. An encapsulant material

includesadissttbmmicshduciwettop dhasang ecorwitiviosurfaps antbatheir-assacsatéate, the non-
electrical connections and the encapsulating material fills the at least one

activegafdvetofciba thet phumadapcoictaiuisp/eepuytionsrdadt vifiibriieyedhesaps platéss, and the
the second semiconductor chip and its associated electrical connection.

active[Q06Ce Ti¢he fissttRemideoductiviods mbeiatheldamiaalijactoneed to the substrate. The
semiconductor package with the following steps:

package includes a second semiconductor chip having an active surface and a non-active surface,

the non-active surface of the second semiconductor chip being attached to the top surface of the
substrate by a layer of adhesive therebetween, and the active surface of the second
semiconductor chip being electrically connected to the substrate. An encapsulant material covers
the first and second semiconductor chips and their associated electrical connections and the
encapsulating material fills the at least one gap between the plurality of adhesive portions and
thereby encapsulates the second semiconductor chip and its associated electrical connection.
[0007] The invention also includes a method manufacturing a semiconductor package with
the following steps:

@) providing a plurality of adhesive portions on a top surface of a substrate, the
plurality of adhesive portions arranged in a manner to create at least one gap between the

adhesive portions;



(a) providing a plurality of adhesive portions on a top surface of a
substrate, the plurality of adhesive portions arranged in a manner to
create at least one gap between the adhesive portions; 2 (b) attaching a

non-ggfive satthabingfantinrshabroianfistiectdndiin terthicoadhesivehipastibeadhesive
on the top surface of the substrate; (c) attaching a non-active surface of a

portioseonnhesemicofadacibthelsigbtarsies non- active surface of the first
semiconductor chip using a layer of adhesive therebetween; (d)

elect(@ally cotuckiing rutidetiuerfackeob thedushdsehseonidonduchis wips non-
to the substrate; and (e) covering the first and second semiconductor
activechonbscand tinefirssssamiateduelecthiausimgrekiyensfridhasive teapsetantn;
material, wherein during encapsulation, the at least one gap between the
adheglye pogtestscallgwsrihectingaptudssurfacde obithie fitsthadspamiconductor chips to
between the substrate and the first semiconductor chip to encapsulate
the subisratecaml semiconductor chip and its associated electrical connection.
[0008] The invention also includes a second method manufacturing a
semi(@nductor @l doefivstthnih ectollovesrgi stedsci@) gipyiahdg e iplassd diated
of adhesive portions on a top surface of a substrate, the plurality of
electriadhesinectionsomiheanseTgadsul annnsateealivberaie diriegsnoagsglagion, the at least
between the adhesive portions; (b) attaching a non-active surface of a
one gdprdeseeaittrecadttesi vhpott dhe aldiessive e paapsarisnd miter i pcstitfabe sphttecbetween
substrate; (c) attaching a non-active surface of a second semiconductor
the sulsttijata dop therfasesahitendutisirabepusiegcadsyleteahadbesidesemiconductor chip and
therebetween; (d) electrically connecting active surfaces of the first and
its asseentimbeldotriosl clupsetdion.

[0008] The invention also includes a second method manufacturing a semiconductor package
with the following steps:

@) providing a plurality of adhesive portions on a top surface of a substrate, the
plurality of adhesive portions arranged in a manner to create at least one gap between the
adhesive portions;

(b) attaching a non-active surface of a first semiconductor chip to the adhesive
portions on the top surface of the substrate;

() attaching a non-active surface of a second semiconductor chip a top surface
of the substrate using a layer of adhesive therebetween;

(d) electrically connecting active surfaces of the first and semiconductor chips to
the substrate; and

(e) covering the first and second semiconductor chips and their associated
electrical connections with an encapsulant material, wherein during encapsulation, the at least

one gap between the adhesive portions allows the encapsulant material to fill the space between



the substrate; and (e) covering the first and second semiconductor chips
and their associated electrical connections with an encapsulant material,
wherein during encapsulation, the at least one gap between the adhesive

the subsirtierehaltibeviirthecenicapsudent shiptesiahsagisll kite bieaeednetveasiochdoetor chip and
substrate and the first semiconductor chip to encapsulate the second

its asseeiatmbeldogiodlaupnacdonts associated electrical connection. BRIEF
DESCRIPTION OF THE DRAWINGS [0009] Many aspects of the

invention can be BRIEFUDESCGRIPT OhOEfdieBd@RAWEN BHowing
drawings. The components in the drawings are not necessarily to scale,
[0009EMpiasy dsstercbttiagnptatih upobecheady utidstsavd it prfocptes®the
the present invention. Moreover, in the drawings, like reference numerals
followdiesidmnatia g Esp oot @ast inttre dghvany therspyenatevsanty. ©6dd, emphasis
Figure 1 is a cross-section of one embodiment of a stacked die package.
insteadFigping plded apgop cliEanyofl lustudttcptiee qumithel pliest cfetivd qoesbint i ehijpof Moreover,
the stacked die package of Figure 1. [0011] Figures 2A-2C show a
in the drethiod ol ikeldfeyea st ackedtadsal peighaige ofr éspomdidg [R0tkXhFagomeu isesseveral
cross-section of a first alternate embodiment of a stacked die package.
views]0013] Figure 4A is a top view of a substrate, a first semiconductor chip
and a second semiconductor chip of the stacked die package of Figure 3
[0010peforagiecckisn Eiigpsreedd) of anopmbuiedvadrd stibsteatedaliepackage. Figure 1A is
semiconductor chip and a second semiconductor chip of the stacked die
a top \pewvkeigesobsiigtearl aftesssackoogdEoorediBGi)the attogedele phekage of Figure 1.
substrate, a first semiconductor chip and a second semiconductor chip of
[0011h varfagareo? @G kcked dietpatkbgekahd-iguiacksd Figurac Kigéoh Foguracw
of the structure as shown in Figure 4B(i) with a third semiconductor chip.
[0012]001 F gricruBa baisrassreagise cfiarfiosta keratdeaitartintent wibosliznked dfegpackage.
stacked die package.
[0013] Figure 4A is a top view of a substrate, a first semiconductor chip and a second

semiconductor chip of the stacked die package of Figure 3 before stacking. Figure 4B(i) is a top
view of a substrate, a first semiconductor chip and a second semiconductor chip of the stacked
die package of Figure 3 after stacking. Figure 4B(ii) is a top view of a substrate, a first
semiconductor chip and a second semiconductor chip of a variation of the stacked die package of
Figure 3. Figure 4C is a top view of the structure as shown in Figure 4B(i) with a third
semiconductor chip.

[0014] Figure 5 is a cross-section of a second alternate embodiment of a stacked die package.
Figure 5A is a top view of a substrate, a first semiconductor chip and a second semiconductor
chip of the stacked die package of Figure 5.

[0015] Figures 6A to 6C show cross-sections of a third alternate embodiment of a stacked

die package, including a method of making the same.



Figure 5A is a top view of a substrate, a first semiconductor chip and a
second semiconductor chip of the stacked die package of Figure 5.
[0015] Figures 6A to 6C show cross-sections of a third alternate

embodiment ofZEFIACKED DEJER KD MCBAIREd Mot ONmaking the
same. 4 DETAILED DESCRIPTION OF THE INVENTION [0016]
[0016Hereatiraftbs prepestmvendiaiomililiehelesseiiiesd im detail by weayofexemplary
exemplary embodiments with reference to the drawings. The described
embodikesmis lviyherfortics eothadeaiviteysdathtadassidiethdkempalgrsiatnstingents are
the invention, and are not intended to limit the scope of the invention in

intendadyonsyistlinrcheghaier st dirayahtg iovexgpdairdng dhernexémgriasy to limit the scope of
embodiments, those components having identical functions carry the

the ingamienrefargneaylutiecatshtut Wisi dravdingdatesrplaliminagithesewetinpéary embodiments,
omitted. [0017] A non-limiting embodiment of the invention is described

those t@rgionenith neténgrdenticdf iguotods @achyAhd-sgome rifeieomes ramera sniplevafich
a stacked die package 100 in accordance with the embodiment. The

duplicataekethait packidbel@Bittediprises a substrate 102 having a top surface
102a and a bottom surface 102b, with a hole extending at least partially

[0017From Aheotosi sitifacembO@enwaf drbh e berttoon suéacebdd bisisiembitbdiefienance to
the hole is in the form of a window opening 104 that is fully extended from

Figurahé dop sArfaagut®2ashowiseubektamp kuofacstddB@t diethecksgbstéate Bo2ordance with
Methods for creating the window opening 104 are well known to those of

the engiatliimetite Bint stackduuiefpeektye defaimnylresadinghthate/ithavpgringp surface
will not be described herein. The substrate 102 comprises a plurality of

102a dvolredbitigens i evhich amttipadit eredenditiyeatd pass et | GRsrethd tp tueface
bottom surface 102b of the substrate 102. One exemplary arrangement of

102a ttiveabobtie fioters L0 shovisienfigdiada, Thectde isunfiuefeORatd thimdow
substrate 102 has a plurality of adhesive portions 106 arranged in a

openingdfdahab is redie axdgpred Trbetihe doptherfacd A0 2a tthtw e bantisursatea.02b of the
can function both as an adhesive and as spacers or interposers between

substrate102. Methods for creating the window opening 104 are well known to those of skill in

the art; and therefore, the details of creating the window opening will not be described herein.
The substrate 102 comprises a plurality of bond fingers 103 which are positioned on the top
surface 102a and on the bottom surface 102b of the substrate 102. One exemplary arrangement
of the bond fingers 103 is shown in Figure 1A. The top surface 102a of the substrate 102 has a
plurality of adhesive portions 106 arranged in a manner to create gaps 107 between them. The
adhesive portions 106 can function both as an adhesive and as spacers or interposers between the
substrate 102 and a semiconductor chip, for example a first semiconductor chip 108, stacked
above the substrate 102. The adhesive portions 106 can be of a material that will allow adhesion
to take place, for example, an epoxy. The adhesive portions 106 may be dispensed or printed
onto the substrate 102 or attached to the substrate 102 after it has been cut into the desired shape.
[0018] A first semiconductor chip 108, having a top active surface 108a and a bottom non-

active surface 108b, resides on the adhesive portions 106, with the bottom non-active surface
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substrate 102 and a semiconductor chip, for example a first
semiconductor chip 108, stacked above the substrate 102. The adhesive
portions 106 can be of a material that will allow adhesion to take place,

108b détrextrspemioentyr diip 208 asveniaottivits the @dhesiveepdisipanded. oA second
printed onto the substrate 102 or attached to the substrate 102 after it has

semicoeRiTonichihe degingc shiapen-ofil8kdrfacst SEonianhd botensmpni&ifive surface,
having a top active surface 108a and a bottom non- active surface 108Db,

is attachsitiestiondbeoadhesivetivo sinfexd D63 avithtitb i xp Bemi cumatattivehdu a8 &y a layer
5 108b of the first semiconductor chip 108 in contact with the adhesive

of adhpsirtonokAérehedweomd Thenubesictadid cinhad 20, ddavsige aharisamandivg used in
surface 110a and a bottom non-active surface, is attached to the bottom

the artrevnt-aativiosextaceld, @daan ko firSTisetopcontactive Goifiat 08 19a afalyeseodnd
adhesive 109 therebetween. The adhesive 109 can be an adhesive that is

semicoatotonthipse ifactsalarnandcare Sorfeacabigieobihafirepsexyicdhducipr chip 108.
non-active surface 110a of the second semiconductor chip 110 faces the

The surfacaateasos tintasee drtBse i ¢bediikgb s ehipcisrof act e ¢hgd dPBndiile iswofbegositioned
area of the second semiconductor chip is of a size that can enable it to be

belowpbsificmeemipe nduthe ihsp 406 amhatuebot pdriiall9&vathchahédze pattiading partially
within the hole extending partially or fully from the top surface 102a

or fullyoivamdttied dpstofaceul(@eadiaid tfethetsubstreted 021)0318¢ Fdrseataniplz,
as shown in Figure 1, the surface area of the second semiconductor chip

[0019]s sntailendimaplehas sfidha findtigemit otindiscidacehiped 08 e ddbend/seduaonductor chip
opening 104 in the substrate 102 is such that the second semiconductor

IS smatieiptHaiOtioatro hth e AirsaHgmvitbrid tbie veimd W8 ape niegi Odowrmre rattg diddd idhe
the first semiconductor chip 108. The first semiconductor chip 108 is

substrate ¢ticellsuclhime dtecstodhet: Sotistradect@2cbip HAAd anitesphiidalytenitiinghe window
from the top active surface 108a to the respective bond fingers 103 on

openinpd tdpherfatiachegdacththBrstsestiatsduor Thip S@Sonthedimdteerdigotaductor chip
chip 110 is electrically connected to the substrate 102 by bond wires 114

108 iseskeetritiakyfronmectet dotthre uititratsUbadey boob vintrelddaxtending from the top
semiconductor chip 110 to the respective bond fingers 103 residing at the

activelsotfene $08mtethe pispsctive hobstfitge1D203 on the top surface 102a of the substrate

102. The second semiconductor chip 110 is electrically connected to the substrate 102 by bond
wires 114 extending from the bottom active surface 110b of the second semiconductor chip 110
to the respective bond fingers 103 residing at the bottom surface 102b of the substrate 102.
[0020] A plurality of semiconductor chips may be stacked on the active surface 108a of the
first semiconductor chip 108 using layers of adhesive 109 between the semiconductor chips.
Referring, for example, to Figure 1, a third semiconductor chip 116 is further stacked above the
active surface 108a of the first semiconductor chip 108 using a layer of adhesive 109
therebetween. In addition to providing adhesion, the layer of adhesive 115 can protect the top
active surface of the semiconductor chip and the associated bond wires 114 on the active surface,
when another semiconductor chip is stacked thereon. For the purposes of illustration and

referring to Figure 1, the adhesive layer 109 can protect the top active surface 108a of the first
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[0020] A plurality of semiconductor chips may be stacked on the active

surface 108a of the first semiconductor chip 108 using layers of adhesive

109 between the semiconductor chips. Referring, for example, to Figure
semicdnduthorcchpmiod®add cheraskipiditd hdthizesiddkedthbavevidsurdaity€08a, when the

surface 108a of the first semiconductor chip 108 using a layer of adhesive

third séAficdhevetretereen 1 brisstdiked thepsonwidimpeatiivesionidtvediayter cHip 116 has a top
adhesive 115 can protect the top active surface of the semiconductor chip

activeanrfdbe Hssamadte tditwml wonescfide sonfabe Bishye T testemiviveraatiothwirface 116b
semiconductor chip is stacked thereon. For the purposes of illustration

of the @mied sefricomgltotbighip 116/ fecad tiestup iayiee 10dacar pBatecthdnéirpemiconductor
active surface 108a of the first 6 semiconductor chip 108 and the

chip 18830letatsiddiedd Borebviites d14tasactendfrtamehtGBp aotherstirtacthirtba of the third
semiconductor chip 116 is stacked thereon. The third semiconductor chip

semicdridubias ehipd 18atvaestedpetild 6arainfingdre 0B ondahezop\seisactate2d bithe
The bottom non-active surface 116b of the third semiconductor chip 116

substritecé8Zhe dixptactily somfaece thé 8a rof dreitiostsetoi ahigl Gtéoto traputB8ate 102. A
when stacked. Bond wires 114 also extend from the top active surface

fourthkkfacohtuettriathiséad davehgtomoplactiva udabe Iiipaudivd bivod fingadive surface
103 on the top surface 102a of the substrate 102 to electrically connect

118b che dsiobsstackeddudtoitshimatéve sheamealisidhtéading. dawioweids, on the top active
semiconductor chip 118 having a top active surface 118a and a bottom

surfacadiactivihs thifettsenit8bdratoaldu bl Staskgd Lajter it adiresace\10% théaeizetween.
118b facing downwards, on the top active surface 116a of the third

The arsemyrroechafttrectupritlemstiog o dhyret 18 et éivexdopl ¢h beettaggezeh frdhdhe third
arrangement of the fourth semiconductor 118 can, for example, be

semicetaggerechipoihtie andid the idodnsiretbt 4 hipot beetbvanividie ki tsbsednewaductor chip
114 associated with the third semiconductor chip 116 as shown in Figure

116 aslshbke fiouribuse rhicbinel tmtdah shipidd@lis@iedtiical coelaeicterl Iyocthmected to the
substrate 102 via a bond wire 114 extending from the top active surface

substraie88dFiha foundiwise fidandieretngdomithg topthetiversdrfienget$8nis the fleerth
top surface 102a of the substrate 102. It will be appreciated that the third

semicaintiéten thipehi B tmthediona fiipgeis 6] 81 teetdpottiacmliba of the substrate 102. It

will be appreciated that the third and fourth semiconductor chips 116,118 need not be in the
configuration as described in Figure 1. For example, the fourth semiconductor chip 118 can be
stacked in the same manner as described for the third semiconductor chip 116.

[0021] Within the substrate 102, there may be provided metal traces 112, which electrically
connect the bond fingers 103 on the top 102a and bottom 102b surfaces of the substrate 102 such
as those shown in Figure 1. An encapsulant material 120 encapsulates the first, third and fourth
semiconductor chips 108, 116, 118 and their associated bond wires 114 and fills the spaces
between the gaps 107 and in the window opening 104 to encapsulate the second semiconductor
chip 110. A solder material, for example solder balls 122 as shown in Figure 1, can be attached
to the bottom surface 102b of the substrate for further connection of the assembled package 100

to an external board.



configuration as described in Figure 1. For example, the fourth
semiconductor chip 118 can be stacked in the same manner as described
for the third semiconductor chip 116. [0021] Within the substrate 102,

[00221hereFigayebeptavidgt pEtabieaasekdpincinelantridaliyeedhingehés@miconductor
bond fingers 103 on the top 102a and bottom 102b surfaces of the

package!be0 atesHORBLCRI gaseth o See fdraivw tin Fiiree2 A\, Ate Einstaesilaunidonate taip 108 is
120 encapsulates the first, third and fourth semiconductor chips 108, 116,

attachdd tahel dinestr aestgdatsid doadiasivessottldnanddills dbscapadabobetviRederting to
gaps 107 and in the window opening 104 to encapsulate the second

FigureseB)ittenchretatiwhipplslefadesbi Oaomateseabridsexdcopiizitoldstipalls is2hen
as shown in Figure 1, can be attached to the bottom surface 102b of the

attachetiibstrat@ dtiofu ribeacting satface d08te cishe Miksiest péctraiyetdOOhitw 183 using a layer
external board. 7 [0022] Figures 2A through 2C show one exemplary
of adhesétbhd0%ffaHearbbpe kot abhycumtactony tredieteniléfias sirfave 140b of the
Figure 1. Referring to Figure 2A, the first semiconductor chip 108 is
seconcznivetdadioe chipSttate ikdid nd vwiy e d e siv ¢hp dodrah & rigeGsaldD 8 etmrdtnd bottom
above. Referring to Figure 2B, the non-active top surface 110a of the
surfaced@@habEamindisthatadi0hip 110 is then attached to the bottom non-active
surface 108b of the first semiconductor chip 103 using a layer of adhesive
[00231L09, Reifermiad to/Fetrot 2@|lthe@ctiee sngdbe 8dahtbetivet semiecomdiidor ahip 108 is
the second semiconductor chip 110, via bond wire 114, to the bond
electriialje o0 @b tythied badtGing essi A8 @l 20 ithe ftopes sfbstrad@ al ORLthOQ RBfrate 102.
Referring to Figure 2C, the active surface 108a of the first semiconductor
The thetdddBigtlekeotitmaituconcbgied 16, tHiS onsuiisempranil@ 3tatdeag dhevethe active
surface 102a of the substrate 102. The third and fourth semiconductor
surfaceHip8alafahd fidshsersicbaductonttiiipt2e& ediad taye thefactiesi veuriacé 0@adescribed
of the first semiconductor chip 108 using layers of adhesive 115, 117 as
abovedescribed above. [0024] Thereafter, an encapsulant material 120 is used
to protect the bond wires 114 and the
[0024] Thereafter, an encapsulant material 120 is used to protect the bond wires 114 and the

semiconductor chips 108, 110, 116, 118. During encapsulation, the encapsulant material 120
surrounds the first, third and fourth semiconductor chips 108, 116, 118 and their associated
electrical connections or bond wires 114 and flows through the gaps between the adhesive
portions and into the window opening 104 to encapsulate and protect the second semiconductor
chip 110 and its associated bond wires 114.

[0025] An alternate embodiment of the invention is shown in Figures 3, 4A, 4(B)(i), 4(B)(ii)
and 4C. Figure 3 shows a semiconductor package 200 in accordance with this alternate
embodiment. The semiconductor package 200 is similar to the one as described for the above
embodiment except that the substrate 202 has a cavity 204 instead of a window opening 104, and
the second semiconductor chip 210 is positioned within the cavity 204 instead of the first
semiconductor chip 108. The semiconductor package 200 includes a substrate 202 having a top

surface 202a and a bottom surface 202b. The substrate 202 has a cavity 204 extending from the
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semiconductor chips 108, 110, 116, 118. During encapsulation, the
encapsulant material 120 surrounds the first, third and fourth
semiconductor chips 108, 116, 118 and their associated electrical

top sucfabaeotiansvar b andboites sl izhys\athodghfthe gaisdobbuReity®®4 are well
adhesive portions and into the window opening 104 to encapsulate and

knowrptotkobthuf skitbindiseanicamtitieieforsifthd tetaitdofs easingidie ddvorycodrasl| not be
114. [0025] An alternate embodiment of the invention is shown in Figures

descriBedtierdiii?) (Dhed¢ @) tiatar2d 2 Corhpgises 3 Hbmlisyafbonddimdes@0padsitisned on the
200 in accordance with this alternate embodiment. The semiconductor

top supfack2Q2a2fiChe simsteatécleande phicktgrafeddhdrfihgesdo208 pesitiodihenthe
except that the substrate 202 has a cavity 204 instead of a window

bottonoperfineg 202h ahthethgbstatzzD3e migordAtshovrsa? daispositrangamsithof the bond
the cavity 204 instead of the first semiconductor chip 108. The

fingersemthesdbstrate2ikafibe200 sucfacke202sobtteaiehbRd20igpadqburality of
surface 202a and a bottom surface 202b. The substrate 202 has a cavity

adhesiz@4pentiensi?0g tnoandbe I8 topautate 26&a taps2d thethetonhaurface
202b. Methods for creating the cavity 204 are well known to those of skill

[0026]n the\diitsbserilceneiatey drepd2q8|havimyeatidpathiecauityc2 @08wiAmba bettom non-
described herein. The substrate 202 comprises a plurality of bond fingers

active 20fquestih e dethen tbe &isice RORmad 206 wuttsthateoR0Pharud-active surface
plurality of bond fingers 203 positioned on the bottom surface 202b of the

208b aluhstfatt O@cEguntod AhghA0% iarc@xachpléhatnargbespmt mirtlemdddel A second
fingers on the substrate 202. The top surface 202a of the substrate 202

semictreduat@lwrapt? 16F, edhes s eopadiors@décarzafgedda hattemmantaatireasarface 210b,
gaps 207 between them. [0026] A first semiconductor chip 208, having a

Is attacbpcHictitne SlodfaottRe8avitydeddnttatayeonf adhies\eL20ceT2@8bp reside susface 210a
the adhesive portions 206 with the bottom non-active surface 208b of the

of the §espsdisanuochdtotocielp RRBifacemtbe nwritaatiec asdhase/20Bantibtie H0E. A
second semiconductor chip 210, having a top active surface 210a and a

semichuttmtomuinpaziRie Buarkacéncd alea of theesscedd cethéctioduaddriebipadlifyi2emmaller than
by a layer of adhesive 209. The top active surface 210a

that of the first semiconductor ship and the cavity 204 in the substrate 202 is such that the second

semiconductor chip 210 can be positioned within the cavity 204. The first semiconductor chip
208 is electrically connected to the substrate by bond wires 214 extending from the top active
surface 208a to the respective bond fingers 203 on the top surface 202a of the substrate 202. The
second semiconductor chip 210 is electrically connected to the substrate 202 by bond wires 214
extending from the top active surface 210a of the second semiconductor chip 210 to the
respective bond fingers 203 residing on the floor of the cavity 204 as shown in Figure 4A.

[0027] A third semiconductor chip 216 is further stacked above the active surface 208a of
the first semiconductor chip 208 using a layer of adhesive 209. The third semiconductor chip
216 has a top active surface 216a and a bottom non-active surface 216b. The bottom non-active
surface 216b of the third semiconductor chip 216 faces the top active surface 208a of the first

semiconductor chip 208 when stacked. Bond wires 214 also extend from the top active surface
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of the second semiconductor chip 210 faces the non-active surface 208a
of the first semiconductor chip 208. The surface area of the second
semiconductor chip 210 is smaller than that of the first semiconductor

216a cfrtieaniddkentiauiiyiRBer ichipe B81bstratecgibltive bohd imigdre 2@3:0malthe top surface
semiconductor chip 210 can be positioned within the cavity 204. The first

202a cfehvcobstuato2@hip s2@frisatipcoitally tenhidteshiivéhadustdrstrape2tg taothd substrate
wires 214 extending from the top active surface 208a to the respective

202. Adodrfingenscanduatotivhippisuntadey20Rd aftire sufsiecre82QRd Aeottom non-active
second semiconductor chip 210 is electrically connected to the substrate

surfac2Q2 8iydanndbwvire stadddewtieh digdnenntivestofaec i 8 s tadiapdoldavardbeon the top
second semiconductor chip 210 to the respective bond fingers 203

activerasidorRababé theahiod teentmvitiy 04 cspshowsingFadayer HAafiDegive 209. The
third semiconductor chip 216 is further stacked above the active surface

arrang2fdataif the figtiscemécordiuctor chip 2I8casibg stalgyered fradh s ri ZD&Emiconductor
The third semiconductor chip 216 has a top active surface 216a and a

chip 2t6ttoavoiitiedbivedsuitacé L4dBbcittes bottormenbindseinieoadueioe @ipRLE as shown
the third semiconductor chip 216 faces the top active surface 208a of the

in Figlirs3.s@mddoncth cimichipd 268 vehgn2igckeld c Bioalywooasc2 et adsthestbsitate 102 via
from the top active surface 9 216a of the third semiconductor chip 216 to

a bondtve e 2hé etiten bimgd iong drs @P3atore theftop 2L8tacktH2GRardf shmsobdtrette chip 218
202 to electrically connect the third semiconductor chip 216 to the

to the babdtfenger2 @23 Arfdbettogsomeoad02toofahipsph§rate/tig.a top active
surface 218a and a bottom non-active surface 218b can also be stacked,

[0028]vith Mgithomthetfubstiatia2e2? li@ivef atip dpel prondaddsetah titdeeoPl Zatiliech provide
surface 216a of the third semiconductor chip 216 using a layer of

electriagihmsivei@tiDhebetnreamismbon dfitige foothwetmdop Ad2pamhipd® 2aab
be staggered from the third semiconductor chip 216 to avoid the bond

surfacedief Bipdsaksioain R adtshtiventiirbigeraidodduetoashilar2 M8ates ish@ddhennapsulates the
Figure 3. The fourth semiconductor chip 218 is electrically connected to

first, tthesl sodJoarth se@iczndudiondniyise’ 28,2 x4 Bding fiddmthihepeopsadutiween the gaps 207
surface 218a of the fourth semiconductor chip 218 to the bond fingers

and inZhe @vitlye (3G anaps R ahef ekt betmitendoetor chip 210. Solder balls 222 can be

attached to the bottom surface 202b of the substrate for further connection of the assembled
package 200 to an external board.

[0029] Figures 4A through 4C show an exemplary method of assembling the first, second
and third semiconductor chips 208, 210, 216 onto the substrate 202 to form part of the
semiconductor package 200 as shown in Figure 3. Referring to Figures 4A and 4B(i), a second
semiconductor chip 210 is attached to the floor of the cavity 204 using a layer of adhesive 209
and is electrically connected to the substrate by bond wires 214 extending from the active surface
210a of the second semiconductor chip 210 to the respective bond fingers 203 on the floor of the
cavity 204. A first semiconductor chip 208 is attached to the substrate 202 and stacked over the
second semiconductor chip 210 as shown in Figure 4B(i) by adhesive portions 206. The

associated electrical connections for the first semiconductor chip 208 are made via bond wires
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[0028] Within the substrate 202, there may be provided metal traces 212,
which provide electrical communication between the bond fingers 203 on
the top 202a and bottom 202b surfaces of the substrate 202 as shown in
214 extigdieg3frém trcapiselantfacazosd 220 eficsipsmiiesitintofichipth0sltanbe respective
fourth semiconductor chips 208,216,218 and fills the spaces between the

bond fiegres 2203 amchinsthisteaeil02@4 deseribagabiate the second semiconductor
chip 210. Solder balls 222 can be attached to the bottom surface 202b of

[00301he skigsiratB (o) fidiaraonriaictionf didHiarsassiemblednhadikaget 200 tidsavariation,
external board. [0029] Figures 4A through 4C show an exemplary method

the cavitygsarisiing wieeficsteshaoitict firsd dbnitsetostonduipta08hipw208e 2pPreciated that
216 onto the substrate 202 to form part of the semiconductor package

the caidy) 23! sanwavie Figifeecst Shefrramd riectigotbs erhiamst 48{Hose asdesctibed in the
semiconductor chip 210 is attached to the floor of the cavity 204 using a

FigurdagenAfandntii)e 266 shaukisfelectacaih?06carctedetaing s westatanbylar as
bond wires 214 extending from the active surface 210a of the second

illustrstecthiyoRiduetctBpo? bihey thepesspisshevibofut trgamcidF-autbd BGOr tie cavity
the cavity 204. A first semiconductor chip 208 is attached to the substrate

204 mag2atrink Stelykenl/ eneelr i ¢hesEcsirsdrs momdontiu clup &0 A ahahbeen attached to the
Figure 4B(i) by adhesive portions 206. The associated electrical

adhesisemuettion 206 nfhbdissbsteatd @i2d uther aigyer 2608 tr20vhadieantageonsiyndrestes a larger
10 214 extending from the active surface 208a of the first semiconductor

flow pelthif @B e enbapsetgiectivatdral @2 gefoR0Rrongh¢hsigapt 265 208 erdo the cavity 204
described above. [0030] Figure 4B(ii) shows a variation of the first

to encaperattehersduodihsenticonthisteactapdi0 thighaavity @04tys26fia wider size
than the first semiconductor chip 108. It will be appreciated that the cavity

[0031P04 ddne Havesardiffendnctohapip 26 issadsequérdlyctdoked tbakedeeastive surface
described in the Figures 3, 4A and 4B(i). The shape of the cavity 204 can,

208a dothexfarstsienim®mdutdorgtiiar 238 ilkisyrategdnyp FigibesiuBDP@s altseribhapbsye and as
As shown for example in Figure 4B(ii), the cavity 204 may not be fully

showrcioveigut ey Ghéoflmsved hyidbe dactong lofie F08r tifizanii ¢l betenchita2h@dgimg a layer
the

of adhesive 209 in a staggered manner as described above to result in the stacked structure as

shown in Figure 3. Thereafter, an encapsulant material 220 is used to protect the bond wires 214
and the semiconductor chips 208, 210, 216, 218. During encapsulation, the encapsulant 120
surrounds the first, third and fourth semiconductor chips 208, 216, 218 and their associated
electrical connections or bond wires 214 and flows through the gaps between the adhesive
portions 206 and into the cavity 204 to encapsulate and protect the second semiconductor chip
210 and its associated bond wires 214.

[0032] A semiconductor package 300 of a second alternate embodiment of the invention is
shown in Figure 5. The semiconductor package 300 is similar to those as described for the
above embodiment and first alternate embodiment except that there is no cavity or a window
opening in substrate 302. The substrate 302 has a top surface 302a and a bottom surface 302b.

The substrate 302 comprises a plurality of bond fingers 303 positioned on the top surface 302a
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adhesive portions 206 of the substrate 202. The larger cavity 204
advantageously creates a larger flow path for the encapsulation material
220 to flow through the gaps 207 and into the cavity 204 to encapsulate

and a phersiigastcheaiirgeedI203 misii @ withie Huttomvstyfaod 30203 Tiheneghuicface 302a
semiconductor chip 216 is subsequently stacked above the active surface

of the 20BstrafetBeXinat agrhicongoétarhesipelitititnin G @6 layangydaidhesinen20 aseate gaps
described above and as shown in Figure 4C, followed by the stacking of a

306 bdtwatihn sieamicoRdexiarottsusitestog i lagerdaheeiviidivee2@80ndaalternate
staggered manner as described above to result in the stacked structure as

embodih@mnhisshogurénFiginerbAfter, an encapsulant material 220 is used to
protect the bond wires 214 and the semiconductor chips 208, 210, 216,

[0033R18. Afistgenizapsu@tochith808) bapsigartbj 26t se surfands308a fingt atbotdom non-
and fourth semiconductor chips 208, 216, 218 and their associated

active alatiie 308bn resodiesendhb adicesire pdt fidrardd élovith thechmtothe@apstive surface
between the adhesive portions 206 and into the cavity 204 to encapsulate

308b @irttigpfinsestttiecspeloottnl ceimBinhuaiotachipit2 1tk adtiatsyasotiate ddsond second
wires 214. [0032] A semiconductor package 300 of a second alternate

semicemdbcidincaip 8fAhkavingratimp EtskraurficeAg0aartd d betsemicorabtistesurface 310b,
package 300 is similar to those as described for the above embodiment

is attacimed tiosthalteprearéaeentiatinsahsteated)yt dHayehefadbeso/e D08y diha tomalciwe surface
opening in substrate 302. The substrate 302 has a top surface 302a and a

310a diattesecumiceen8iPiducitrecbiyb3tatac8d the mupeseges pitacdiB08d bbtie first
fingers 303 positioned on the top surface 302a 11 and a plurality of bond

semichimdyet®2€8pa38tionesarfibe dredtohirestaced3@i cditkictp shiffeR0392@aller than
of the substrate 302 has a plurality of adhesive portions 306 arranged in a

that ofntienfiest teroieaitd gdqpssiB0 SAane Hre teemmdsersicantpletautisp 0308 he
accordance with the second alternate embodiment is shown in Figure 5A.

positigoed B laviitbiedenstisemchooidrottr g3 0 B08ariagvithopaaysjversatehbet@e8a opposing
and a bottom non- active surface 308b, resides on the adhesive portions

pairs FGslvestvemobmemTerfisgttbecnsaridoetor chip 308 is electrically connected to the

substrate 302 by bond wires 314 extending from the top active surface 308a to the respective
bond fingers 303 on the top surface 302a of the substrate 302. The second semiconductor chip
310 is electrically connected to the substrate 302 by bond wires 314 extending from the top
active surface 310a of the second semiconductor chip 310 to the respective bond fingers 303
residing on the top surface 302a of the substrate 302.

[0034] A third semiconductor chip 316 is further stacked above the active surface 308a of
the first semiconductor chip 308 using a layer of adhesive 309. The third semiconductor chip
316 has a top active surface 316a and a bottom non-active surface 316b. The bottom non-active
surface 316b of the third semiconductor chip 316 faces the top active surface 308a of the first
semiconductor chip 308 when stacked. Bond wires 314 also extend from the top active surface
316a of the third semiconductor chip 316 to the respective bond fingers 303 on the top surface

302a of the substrate 302 to electrically connect the third semiconductor chip 316 to the substrate
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308b of the first semiconductor chip 308 in contact with the adhesive
portions 306. A second semiconductor chip 310, having a top active
surface 310a and a bottom non-active surface 310b, is attached to the
302. rofpsttfaemiebiimcubshiptelgyhavayes tfpathineigarfe.3M8e 40p abbvem non-active
surface 310a of the second semiconductor chip 310 faces the non-active

surfaceBfgbea@08acdidReatikst witmiconohiatmivelipr2@8 318k fdifacdoaneapishen the top
second semiconductor chip 310 is smaller than that of the first

activesanfacezdeeatof hieith308eamid dheusesrariipsgrviosinguctayethipadhBsdan300. The
positioned below the first semiconductor chip 308 and within a gap

arrangereatedflirbweenhoppasngluotirbibagiiBsive psrdgyesed frerfirgie third semiconductor
semiconductor chip 308 is electrically connected to the substrate 302 by

chip 3t6nol avisistBd Baextevickri] 4rasvothistddmétbtne thirtbserBt8aitottrehip 316 as shown,
respective bond fingers 303 on the top surface 302a of the substrate 302.

for exdrhplsgodriduserbicohe fmiothseinicdhOustetetipcaly is@ertdtad yaoheected to the
substrate 302 by bond wires 314 extending from the top active surface

substr@t@ddihe bendndrsedhicextdndiiny friop 8Etdp Hotivespdatiy 8 18aruf thegkenath
303 residing on the top surface 302a of the substrate 302. [0034] A third

semiceemtonduipt 8 hipt i3l oisdffirthens SR ked Feopes thiaccd2anfribe suBsBate 302.
of the first semiconductor chip 308 using a layer of adhesive 309. The

[0035third Wéthindhelsabotrateif03 1B drasraydie aotividexlinfiatz Bddéa ah?l ahictiqmovide
non-active surface 316b. The bottom non-active surface 316b of the third

electrisehcmonuunctatichipe84€efeibehtinel fopyearcstiv@3sunfied GOBR e ftitebitttm 302b
semiconductor chip 308 when stacked. Bond wires 314 also extend from

surfactsetdpeacidst aar3azas 3hownintadinied sefnieooapsclancimgi3 b 3@Qwacapsulates the
respective bond fingers 303 on the top surface 302a of the substrate 302

first, thoreélewdrfoalih senmemtdie ahiriol pe80it.o3 ik &8 ahdd Bls6he yhreauibainatn & gaps
302. A fourth semiconductor chip 318 having a top active surface 318a

307 toaandaphdtterine eecandisemstofalcetGl S dhlalSolderdtaldk8dAiah hs attached to the
non-active surface 318b facing downwards, on the top active surface

bottons tGdack the2thirtitise suiasiradel foo fotiie r3domnesitigrecinerass exdbledipecBage 300 to an
The arrangement of the fourth semiconductor chip 318 can be staggered

externfropoatik third semiconductor

[0036] Figures 6A through 6C show a semiconductor package 400 in accordance with a third
alternate embodiment and a method of assembling the semiconductor package 400 as shown in
Figure 6C. In this alternative embodiment, a substrate 403 having a top surface 402a and a
bottom surface 402b may be provided with a window opening 404. The substrate 402 may be
further provided with a tape carrier 405, on which a second semiconductor chip 410 is attached
within the window opening 404 of the substrate 402. The second semiconductor chip 410 can be
attached to the tape carrier 405 with an adhesive 409. The second semiconductor chip 410 is
electrically connected to the substrate 402 by means a bond wires 414 extending from the top
active surface 410a to the respective bond fingers 403 on the top surface 402a of the substrate
402. The top surface 402a of the substrate 402 is also provided with a plurality of adhesive

portions 406 arranged in a manner to create gaps between the adhesive portions 406. A first
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chip 316 to avoid the bond wire 314 associated with the third

semiconductor chip 316 as shown, for example, in Figure 5. The fourth

semiconductor chip 318 is electrically connected to the substrate 302 via
semicendacdvetien A0S exdeindingoiscintitestofacetvBasantiacbodtbdarairthetfosisinface 408D,

semiconductor chip 318 to the bond fingers 303 on the top surface 302a

resideobthihsubistsive B61ZionOAB6 Witihire BirtsniostratetB@lsuifece M08y Being the top
provided metal traces 312, which provide electrical communication

surfacbeteeat thedobsuiatinge?s A0MBiod dtraitopdR2er ahih BoadavBRZbtapusticesurface
of the substrate 302 as shown in Figure 5. An encapsulant material 320

416a anicapstitmesothactivetsihisdeatid o izt coneitdp actips 3F8c34@83d8the first
and fills the spaces between the gaps 307 to encapsulate the second

semicsrgtonchiptd08 iy Bik§e Saf dehdshlls B¥Ptoareiztvaditac hed dizdtricabigttanmected to
surface 102b of the substrate for further connection of the assembled

the supsickad@300 neam eibermahvieartlq @RERGDigdres Gfe topagivéSlidhosdaba of the
semiconductor package 400 in accordance with a third alternate

third semicodduetot ahigh 4 16 ethibd ebpastéralblong fireyssmMiDoa tudopauageof @e
as shown in Figure 6C. In this alternative embodiment, a substrate 403

substra@vi0g. aXdpsthiserel ddiZic@odchibh1itd asingacs g a2ivensyrfaeept b¥acked a bottom
with a window opening 404. The substrate 402 may be further provided

non-actitle sutége daAieis 408cHoal vohiloh tapsedoressHate dta ofothe iprd Sensconductor chip
attached within the window opening 404 of the substrate 402. The second

by a Isemidadtdester 408hei¢hetrebe Atiachedtoané taydeatarcbrpiaBwith Enarranged in
adhesive 409. The second semiconductor chip 410 is electrically

a staggerad exdadeiotohey cubibe dend 0@ ieyohibatis @ bemitovidestdd dhaxtErtdinghown, for
from the top active surface 410a to the respective bond fingers 403 on

exampttee itopiguréi?. 400 arufaiselanbstatedaldrZ) diveroihes dirficth 40 2adbfainth
substrate 402 is also provided with a plurality of adhesive portions 406

semicamcatprcivpa anddibsrtte gepatketsipanibévadbestine rutiesivadpartibmstd®dindow
A first 13 semiconductor chip 408, having a top active surface 408a and a

openirngéidhimensativaisthéseeot0Biemieyidestonctip 4thediveetpatiardende5 may then
with the bottom non-active surface 408b facing the top

be removed from the final package as shown in Figure 6C to enable attachment of solder balls

422 onto the bottom surface 402b of the substrate 402 for soldering onto an external board.
[0037] It should be emphasized that the above-described embodiments of the present
invention are merely possible examples of implementations, merely set forth for a clear
understanding of the principles of the invention. Many variations and modifications may be
made to the above-described embodiment(s) of the invention without departing substantially
from the spirit and principles of the invention. All such modifications and variations are
intended to be included herein within the scope of this disclosure and the present invention and
protected by the following claims.

[0038] What is claimed is:
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surface 402a of the substrate 402. A third semiconductor chip 416 having
a top active surface 416a and a bottom non-active surface 416b is
attached to the top active surface 408a of the first semiconductor chip
408 by a layer of adhesive 409 thegahzimeen, and electrically connected
to the substrate 402 by means of bond wires 414 extending from the top
1.  aptivensivolee i packbteecdmipdsiagriconductor chip 416 to the respective
bond fingers 403 on the top surface of the substrate 402. A fourth
serubsmatadiavinlip bHSindatagral topativeetiatacehd tiGasante bothpnising a
non-active surface 418b is attached to the top active surface 416a of the
pluralityiref aghesioaguaionshrpariedilayenainadeciveatel 80 ¢hstremetap ®btwidea the
fourth semiconductor chip 418 can be arranged in a staggered manner to
adhesieqdrtiomgond wire of the third semiconductor chip 416 as shown, for
example, in Figure 6B. An encapsulant material 420 covers the first, third
aadifsisgmisemdiciodciuip havins avatfills shefayaps datmereacthe adtfessythe non-
portions 406 and in the window opening 404 to encapsulate the second
active senfaced tistdirshgprditondint dapte wheirey kOontay! thidh theeadtesdwepdirtbons, and the
the final package as shown in Figure 6C to enable attachment of solder
activelsalftacd 22 thitfirthednuittond sticiact 2 6&ingé ldutr maligtrarnd@2dior el debstote;
onto an external board. [0037] It should be emphasized that the
abovende sentenheénchdinie htw imigthe gtese s rfiaeaita moe-actwelgurface, the non-
possible examples of implementations, merely set forth for a clear
activesndecstahtliagesbtitesgmituiptestof thepibeertiatadikahtp vieiatiorestaredsurface of the
modifications may be made to the above-described embodiment(s) of the
first sémieoniductoithbipt lepdayiergos adbeantéaiheréhetavtea, spiditiEnat pvimsipfeseaff the
the invention. All such modifications and variations are intended to be
secondirssionienh therminohiphieitigeetenipeadf/ thim nhistdd o tbeandbstrat@resent
invention and protected by the following claims. [0038] What is claimed is:
1lanChedpsslant maseraicomauto thpatksigaccsroprisiegqiiconductor chips and their

associated electrical connections, the encapsulating material filling the at least one gap between
the plurality of adhesive portions and thereby encapsulating the second semiconductor chip and

its associated electrical connection.

2. The semiconductor package of claim 1, wherein said electrical connection is made by a
bond wire.
3. The semiconductor package of claim 1, wherein the second semiconductor chip has a

smaller surface area than that of the first semiconductor chip.

4. The semiconductor package of claim 1, wherein said top surface of the substrate

comprises a hole below the first semiconductor chip.

15



a substrate having a top surface and a bottom surface, the top surface
comprising a plurality of adhesive portions arranged in a manner to create
at least one gap between the adhesive portions; a first semiconductor
5.  chipehamingeduewivackigacst aathadnomasiivensadiaee stinfactosf thstdeeond
surface of the first semiconductor chip being in contact with the adhesive
semicoadtions caipdishteadtalystufmeeted thetabbaemianfateciotiehspdzeiatg through the
electrically connected to the substrate; a second semiconductor chip
hole. having an active surface and a non-active surface, the non- active surface
of the second semiconductor chip being attached to the non-active
surface of the first semiconductor chip by a layer of adhesive
therebetween, and the active surface of the second semiconductor chip
6. beEimgsemicvdlbtarqackeatecdfakinensy stentdn dnekecortcapscdadtictatehidl is
covering the first and second semiconductor chips and their associated
positi@leddhlctreneaidons, the encapsulating material filling the at least one
gap between the plurality of adhesive portions and thereby encapsulating
the second semiconductor chip and its associated electrical connection.
2. The semiconductor package of claim 1, wherein said electrical
7.  cOheeetocoisdurolepaykagb ofidlwimel Yuither semimasidg et tri phsdagerafuctor chip
claim 1, wherein the second semiconductor chip has a smaller surface
attachedida tiaacthat ofr thee fokthedimst cermiiazind wahqu. chil by sayecohddiotsive.
package of claim 1, wherein said top surface of the substrate comprises a
hole below the first semiconductor chip. 15 5. The semiconductor package
of claim 4, wherein the active surface of the second semiconductor chip is
8. elackivalbndocineptetagetbentwitdng:surface of the substrate through the
hole. 6. The semiconductor package of claim 4, wherein the second
semibeinatadtaviobip tiep surface and a bottom surface, the top surface comprising a

plurality of adhesive portions arranged in a manner to create at least one gap between the
adhesive portions;

a first semiconductor chip having an active surface and a non-active surface, the non-
active surface of the first semiconductor chip being in contact with the adhesive portions, and the
active surface of the first semiconductor chip being electrically connected to the substrate;

a second semiconductor chip having an active surface and a non-active surface, the non-
active surface of the second semiconductor chip being attached to a top surface of the substrate
by a layer of adhesive therebetween, and the active surface of the second semiconductor chip
being electrically connected to the substrate; and

an encapsulant material covering the first and second semiconductor chips and their
associated electrical connections, the encapsulating material filling the at least one gap between
the plurality of adhesive portions and thereby encapsulating the second semiconductor chip and

its associated electrical connection.
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positioned within the hole. 7. The semiconductor package of claim 1,
further comprising a third semiconductor chip attached to the active
surface of the first semiconductor chip by a layer of adhesive. 8. A
9. sa@micenductdupaciagkagomintlsings aidpsiiate babsngta liap Scalagetiandxtends
a bottom surface, the top surface comprising a plurality of adhesive
partialbp frionsia tapgerfdoeafribaseisvatseaimal thabbtiom gafdeetvfahe dhisstrate.
adhesive portions; a first semiconductor chip having an active surface and
a non-active surface, the non- active surface of the first semiconductor
chip being in contact with the adhesive portions, and the active surface of
10 thenErsirsieonidoodupavkabiobelagredesthicaliy trenmested o shefaelsftthtesecond
a second semiconductor chip having an active surface and a non-active
semicsuuiater, thip noattatiidesafiaoe of thecaeitgnd semiconductor chip being
attached to a top surface of the substrate by a layer of adhesive
therebetween, and the active surface of the second semiconductor chip
being electrically connected to the substrate; and an encapsulant material
11. coversegitentivsterphdeneal sEincodductoichipsaaticethaifacessitiatadond
electrical connections, the encapsulating material filling the at least one
semicgajutietvobgnistbieghicalliyycohaeties ivet oo agrtacd tfidne Bylestatgpsulating
the second semiconductor chip and its associated electrical connection.
16 9. The semiconductor package of claim 8, wherein the substrate has a
cavity that extends partially from the top surface of the substrate toward
12. thEhbetimmosuidae péckays b sicate 100Whezese thicacitiecsarfpeckite sécond
claim 9, wherein the non-active surface of the second semiconductor chip
semicomaitachelal pdsee feotm i i eareeittedlid. the &l eenoictedarioy. package of
claim 10, wherein the active surface of the second semiconductor chip is
electrically connected to the top surface of the substrate.

13.  The semiconductor package of claim 8, further comprising a third semiconductor chip

attached to the active surface of the first semiconductor chip by a layer of adhesive.

14.  The semiconductor package of claim 9, wherein said first semiconductor chip does not

fully cover the cavity.

15. A method of manufacturing a semiconductor package comprising:

@) providing a plurality of adhesive portions on a top surface of a substrate, the
plurality of adhesive portions arranged in a manner to create at least one gap between the
adhesive portions;

(b) attaching a non-active surface of a first semiconductor chip to the adhesive
portions on the top surface of the substrate;

(©) attaching a non-active surface of a second semiconductor chip to the non-active

surface of the first semiconductor chip using a layer of adhesive therebetween;

17



12. The semiconductor package of claim 10, wherein the active surface of
the second semiconductor chip is electrically connected to the floor of the
cavity. 13. The semiconductor package of claim 8, further comprising a
thigy serviectndaitiosarmigctaiteahing torthessaivbestiriaaadddméctreiuctor chips to the
semiconductor chip by a layer of adhesive. 14. The semiconductor
substrp@ckage of claim 9, wherein said first semiconductor chip does not fully
cover the cavity. 15. A method of manufacturing a semiconductor package
ceenprisicuyeti) e filistgaderaitys ohictneisiste e psd thei tapsstidtecke lectrical
of a substrate, the plurality of adhesive portions arranged in a manner to
connectieateniteasiroapsg Epthatiesiah theeratthésiire pacipnsdationattacitifgs one gap
non-active surface of a first semiconductor chip to the adhesive portions
betweem ttiecatihestuefportiofisladl swb statacdpsd thatohitgr ainorfitldtessod acenwadea the
second semiconductor chip to the non-active surface of the first
substraerancbihd fotsirsehijzarsingter lelyiprtofeadipssilae ttinersdoetvdesemidan(tlictor chip and its
electrically connecting active surfaces of the first and semiconductor chips
associtethelestrixstratenactiote) covering the first and second semiconductor
chips and their associated electrical connections with an encapsulant
material, wherein during encapsulation, the at least one gap between the
adhesive portions allows the encapsulant material to fill the space
16. bé&twaretlibe ofchmiralsd,ancethin Btsp $e)woopdset @l attirad \e coapestiliagehe first and
the second semiconductor chip and its associated electrical connection.
second éenirendettwdloips|tirthd Sybstrete usisige pqia) woregprises electrically
connecting the first and second semiconductor chips to the substrate
using bond wires. 17. The method of claim 15, wherein in step (c) the
second semiconductor chip has a smaller
17.  The method of claim 15, wherein in step (c) the second semiconductor chip has a smaller

surface area than the first semiconductor chip.

18. The method of claim 15, wherein step (a) comprises:
(@l) providing the top surface of the substrate with a hole positioned below the first

semiconductor chip.

19. The method of claim 18, wherein step (c) comprises attaching a non-active surface of the
second semiconductor chip to the non-active surface of the first semiconductor chip and step (d)
comprises electrically connecting an active surface of the second semiconductor chip to the

bottom surface of the substrate through the hole.

20. The method of claim 15, further comprising:
) attaching a third semiconductor chip to the active surface of the first

semiconductor ship by a layer of adhesive.
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surface area than the first semiconductor chip. 18. The method of claim
15, wherein step (a) comprises: (al) providing the top surface of the
substrate with a hole positioned below the first semiconductor chip. 19.

21. Theenadthod of claim 183, wriresintsfe@ ) choprispisemeiiaghirgecond semiconductor
non-active surface of the second semiconductor chip to the non-active
chip wathfaceeafpidre ity shdemic divchprickierotlisidly (dhreetiny isesctiectictity of the
connecting an active surface of the second semiconductor chip to the
secondvettnivosdderce cfithe shortpaterfhce of ththeubsitate20. The method of claim
15, further comprising: (f) attaching a third semiconductor chip to the
active surface of the first semiconductor ship by a layer of adhesive. 18
21. The method of claim 18, wherein step (c) comprises attaching the
22. sécomnthsdofenacufatburicigip vetticotiieapepaclagad atgpitihgcomprises
electrically connecting an active surface of the second semiconductor
clap to theotagisy daderaitthefsubstiatep@BoAsoethtagp of rfaan s tubsigate, the
semiconductor package comprising: (a) providing a plurality of adhesive
pluralipp dicatheriva poptEundaceajeal substraieertie craatcsdityeas tarlirarpd govtenthe
arranged in a manner to create at least one gap between the adhesive
adhesipemianising)) attaching a non-active surface of a first semiconductor chip to
the adhesive portions on the top surface of the substrate; (c) attaching a
n¢)-actietastrface raineastdee sdr e miont st teencicm dutciprainfate thé Hubesive
substrate using a layer of adhesive therebetween; (d) electrically
portios®nneletitgp aotitaeesof fieessiodttlte;first and semiconductor chips to the
substrate; and
(©) attaching a non-active surface of a second semiconductor chip a top surface of the

substrate using a layer of adhesive therebetween;

(d) electrically connecting active surfaces of the first and semiconductor chips to the
substrate; and

(e) covering the first and second semiconductor chips and their associated electrical
connections with an encapsulant material, wherein during encapsulation, the at least one gap
between the adhesive portions allows the encapsulant material to fill the space between the
substrate and the first semiconductor chip to encapsulate the second semiconductor chip and its

associated electrical connection.

23. The method of claim 22, wherein step (a) comprises:
(@l) providing the top surface of the substrate with a cavity positioned below the first
semiconductor chip, the cavity extending at least partially from the top surface of the substrate

toward the bottom surface of the substrate.
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24,

(e) covering the first and second semiconductor chips and their associated
electrical connections with an encapsulant material, wherein during
encapsulation, the at least one gap between the adhesive portions allows

thEhe meethedlant laiat@dalvhefidi theep@t e dvatrsstiaeh sighs irateaativkth@rface of the
first semiconductor chip to encapsulate the second semiconductor chip

seconébghiisoadsctoradRip edectimal cotheeatiity.aAd. stdpe(d)edrpristskbru@éslly connecting

wherein step (a) comprises: (al) providing the top surface of the substrate

an activiisuxfaeyity pesitcoresbeliconthethrsthigemiderfthutof tHaipatiig cavity

25.

extending at least partially from the top surface of the substrate toward
the bottom surface of the substrate. 19 24. The method of claim 23,
wherein step (c) comprises attaching a non-active surface of the second
s@imaoaitiodtof claimt@2a flwtheottneperinty and step (d) comprises
electrically connecting an active surface of the second semiconductor
clip to theatbongd thiedcsariticoddudioe ehigttwthehctaies@Zadarvfieme first
comprising: (f) attaching a third semiconductor chip to the active surface

semicarfidbetdirshigdm e tayduofadblegivey a layer of adhesive. 20

20





