INVERTED LEAD FRAME ON SUBSTRATE CROSS REFERENCES TO
RELATED APPLICATIONS [0001] This Application claims benefit of
co-pending U.S. Provisional Application No. 60/871,509, filed on

December 22, 2(}pgERNIEDAr€ MDOFpoAME ORrsUBY TRIETACE. FIELD
OF THE INVENTION [0002] The present invention relates to a

semiconducOR PSSkREFERENOESH IO R PnaKITRDaARCMICA TGS
package, with a plurality of dies, wherein one die is attached to an
[0001]nvertdsi@qplitation elatharistefitditds-ptiatingdits.Prubisivad Apéication No.
leadframe is then attached to the substrate. DESCRIPTION OF THE
60/87 REI9AT D ohROe (@bl B2szabenwhicteatepnackamiragetidresindplatkedie
package typically includes a plurality of dies packaged in a vertical stack.
Conventional methods of=Es&TDFNHEBE4NYAEKTAOtNe package involves
placing a smaller die on top of a larger die to create a pyramid structure
[0002FuchThapesehtdieeltam melagst om dlkenpiedptherpopdbleages antmeettzdelyt making a
below it where wire bonds are placed. [0004] A problem would arise when
semicensnctiepatikage ctvitis @ypladad ty edukesc ywiRFE mesdislindted vedhealaigesrted lead
die such as an application specific integrated circuit (ASIC) die using
frame cod\apotiaralidiis stackattorethbstsatand tied esutfadiee dsetemsattached to the substrate.
conductor/resistance limitations. In such packages, it is preferable that
the wire bond connectiDg SGRRH N @B StHisRaieAEBRRRE short as
possible. Conventional methods of die stacking, however, require the
[0003bmalRaskd-adie e biepatkekew drendp, afsthekiat g peskagdieypiteheiontydbea
RF die being further away from the substrate relative to the ASIC die,
pluralityoofdieayackégagen airer ticah dtad@006h Bantientbmatrdsroddssefrfolimirigesstacked
stacked die package can be time consuming as they require sequential
die pairkque nmeotsienpladittyeaproebesteapstop/ofieiigetrdiepactiage agyeantuly structure
[0006] Figure IOB shows a conventional method for assembling a
such tkaimichriiecleespadtksiten the periphery of the die immediately below it where wire

bonds are placed.

[0004] A problem would arise when a smaller die such as a radio frequency (RF) die is
bundled with a larger die such as an application specific integrated circuit (ASIC) die using
conventional die stacking methods, and the smaller die has conductor/resistance limitations. In
such packages, it is preferable that the wire bond connecting the RF die to a substrate be kept as
short as possible. Conventional methods of die stacking, however, require the smaller RF die to
be stacked on top of the larger ASIC die. Therefore, the RF die being further away from the
substrate relative to the ASIC die, would have a longer wire bond.

[0005] Conventional methods of forming a stacked die package can be time consuming as
they require sequential implementation of the process steps involved in the package assembly.
[0006] Figure 10B shows a conventional method for assembling a semiconductor package.
In step C1, a first die (i.e., an ASIC die) is attached to a substrate using a die attach epoxy. Next,

in step C2, the first die is wire bonded to the substrate. Then, in step C3, a second die (i.e., a RF



In step Cl, afirst die (i.e., an ASIC die) is attached to a substrate using a
die attach epoxy. Next, in step C2, the first die is wire bonded to the
substrate. Then, in step C3, a second die (i.e., a RF die) is attached to the
die) isfusachiedusitige &icedidtashepdieyafibekteposie INe4, thetepandidisdsondr die is wire
bonded to the substrate. Then, in step C5, the substrate and the wire
bondebioodedsdigsraee Misddenh sdfieT3hiresalsingtei arsieie Ghresbdndeddits are molded.
attached to the semiconductor package. In step C7, the package is
After Siaguiddedy, TihstepCéesdidpabanisthedtizs o i thee aixoneluttuo pazkage. In step
process steps that occur in sequential order. It will therefore be desirable
C7, theopaokaigy dstbiaguiatessTioe eoadatmmalaetiibe, steperitddedaboed, dutolves process
simultaneously so that manufacturing time can be reduced. SUMMARY
steps tOdE dddér N vEeNar RN d 207 ] Exidhtipdeefosntleatdsirebls tofithprpveskaprocess to
invention overcome the above disadvantages and other disadvantages
enablensinole s€ tiestenl dv deAtgoictheup stseiithmeoenljoso ithaoheegactar oy time can be
overcome the disadvantages described above, and an exemplary
reduceginbodiment of the present invention may not overcome any of the
problems described above. [0008] One semiconductor package according
to an embodiment of tS& pthb&RMIOEMHE |MYIENGd@Nubstrate with a top
surface and a bottom surface, a lead frame with a top die pad surface, a
[0007 pottoaxetiep jaay subadienantd af pherphityeat leaeis)enrmreicothe tlemabiresrdisedvantages
attached to the top surface of the substrate; a first die with a top surface
and otheddsshaditomagasrat e schibeei alibee. bAtmiis piasenis avsdtivad todhetpired to
surface of the substrate and the first die is electrically connected to the
overcaubsheatisaa wataget desaabiechatoyy siafacs andrapbott@emizudiaest ofitbeginesent
the top surface is attached to the bottom die pad surface of the lead
inventicammeagmd ttheesevundrtiefihe patbieally dasonkededdwehe leadframe; and
an encapsulant covering at least a portion of the lead frame and
[0008kubsfatesddiagidubie rseankagr ducondipg dkaxes miaydaizanirod tubepeetairtliovention
with a top surface and a
includes a substrate with a top surface and a bottom surface, a lead frame with a top die pad

surface, a bottom die pad surface and a plurality of leads, wherein the lead frame is attached to
the top surface of the substrate; a first die with a top surface and a bottom surface, wherein the
bottom surface is attached to the top surface of the substrate and the first die is electrically
connected to the substrate; a second die with a top surface and a bottom surface, wherein the top
surface is attached to the bottom die pad surface of the lead frame and the second die is
electrically connected to the leadframe; and an encapsulant covering at least a portion of the lead
frame and substrate.

[0009] The semiconductor package may also include a third die with a top surface and a
bottom surface, wherein the bottom surface is attached to the top surface of the substrate and the

third die is electrically connected to the substrate.



bottom surface, wherein the bottom surface is attached to the top surface
of the substrate and the third die is electrically connected to the substrate.
2 [0010] The semiconductor package may also include a fourth die with a

[0010Jop sUh@serdoshdutiottpaeicigdanay wibeiatiudea dpusihrticevishaitaphealfiee and a
the top bottom surface of the second die and the fourth die is electrically

bottoneanrfecscdihertie teatfpasindadd sl ditachedsentecop bottsrpaakiage ahayk atsond die
include a third die with a top surface and a bottom surface, wherein the

and thbditionh sigfeadestddtalhashtediee topreudatieanidhe first die and the third
die is electrically connected to the substrate. [0012] The semiconductor
[0011packape seajcaigiudtml pdekadeuntly dlsovinid iaitaptisindaeevaitiol atdpattiofice and a
surface, wherein the top surface is attached to the bottom surface of the
bottonseorfackdieharein tthe batidm digfiscelscitiaehisddonhe cdpduofdbe déauf fustadie and the
[0013] The semiconductor package may also include a third die with a top
third dielitoelecanchHy leottoeotsd ttatte, subsireia. the top surface is attached to the
bottom surface of the second die; and a plurality of bond wires connected
[0012betw&ka dtvaibotthrotsuptatagef ity tisalideuaie d floarkbatis withtheéoleaatface and a
frame. [0014] The semiconductor package may also include having the
bottone suepse) lamecgiveheheentifacéap altechead teuifabettithaiiéad trbtne s¢o@idbilie and
The semiconductor package may also include having the encapsulant
the foudeli¢he ededirecalbpadienpetdstarthedeatifremiead frame, except for a
plurality of areas. [0016] The semiconductor package may also include a
[0013kecomtessmiconductioT jpakigg etyatlss ioohutectdhitd deoviethd frgprsarface and a
through the plurality of areas. [0017] The semiconductor package may
bottonalsofiame abenevitine ttop topfatie isadtathédde thfethettteaduirtaceco dveesacond die; and a
etched area and the encapsulant cover the etched area, but not the
pluralvgmélbing wires connected between the bottom surface of the third die and the leads on

the lead frame.

[0014] The semiconductor package may also include having the encapsulant cover the entire
top die pad surface of the lead frame.

[0015] The semiconductor package may also include having the encapsulant cover the entire
top die pad surface of the lead frame, except for a plurality of areas.

[0016] The semiconductor package may also include a second semiconductor package that is
connected to the lead frame through the plurality of areas.

[0017] The semiconductor package may also include having the top die pad surface of the
lead frame have an etched area and the encapsulant cover the etched area, but not the remaining
portion of the top die pad surface.

[0018] A semiconductor package according to a second embodiment of the present invention
includes a lead frame with a top die pad surface, a bottom die pad surface and a plurality of
leads; a substrate with a top surface, a bottom surface, and a cavity, wherein the lead frame is

attached to the top surface of the substrate; a first die with a top surface and a bottom surface,
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portion of the top die pad surface. [0018] A semiconductor package
according to a second embodiment of the present invention includes a
lead frame with a top die pad surface, a bottom die pad surface and a
wherepluhalitptesnisadaca isulnsirade withectaing offeesuibdhicitoand thitafiest aiwis
cavity, wherein the lead frame is attached to the top surface of the

electristibpicabecetéisb die witisttatopasiedane diadvithatgmsfutacamdh wbeoairsurface,
the bottom surface is attached to the cavity of the substrate and the first

whereilialis tepestirfaedysconobeted thetbetrub slicaparasdacnof die Wit fraop and the second
surface and a bottom surface, wherein the top surface is attached to the

die is dletivivatlieqoadestatioatns el fesmmeframiaapsocips dacorn edieg atdkectricpdition of
connected to the leadframe; and an encapsulant covering at least a

the legabitaome ehdlselstaatdrame and substrate. [0019] The semiconductor
package according to the second embodiment may also include a third

[0019Hie wite adwyicsndiactergiad ke dpotimor sinfacehs\dre oeich & ddittmmt sayeadsoisnclude a
attached to the cavity of the substrate and the third die is electrically

third dienvidcten jcuhac dstamt{0020) fEbe, sdrereionte dotqacka@ecas avtatingd to the
to the second embodiment may also include a fourth die with a top

cavitysafraesubetiatelzmiddhe shirdhdes isbancthly topseotEt® ithatalodiedeto the
bottom surface of the second die and the fourth die is electrically

[0020F onn&biesit ria dbvedleolf rzatieag ¢C@2 a1l diing tedhei secahatorpalckagemay also include a
according to the second embodiment may also include a third die with a

fourthtdie stfez topsdréabotiota duttaceswfaees inttbere indtte ossufiace is atttzdieedo the
to the top surface of the first die and the third die is electrically connected

bottonistinfacbbthatee @R AicTine Seniczotiddietor gecikagHyacwuretiteyl o the leadframe.
second embodiment may also include a fourth die with a top surface and

[0021h bofftwnssurieme]uetos ieiokige tmesdifacs ibhasercned bt meottoray also include a
surface of the second die and the fourth die is electrically connected to the

third deadithmtap [QORBE Bhe sdotioonslutaoe palotiiethe botthingstofive seaitaniied to the
embodiment may also include a

top surface of the first die and the third die is electrically connected to the substrate.

[0022] The semiconductor package according to the second embodiment may also include a
fourth die with a top surface and a bottom surface, wherein the top surface is attached to the
bottom surface of the second die and the fourth die is electrically connected to the leadframe.
[0023] The semiconductor package according to the second embodiment may also include a
third die with a top surface and a bottom surface, wherein the top surface is attached to the
bottom surface of the second die and the third die is electrically connected to the lead frame.
[0024] The semiconductor package according to the second embodiment may also include
having the encapsulant cover the entire top die pad surface of the lead frame.

[0025] The semiconductor package according to the second embodiment may also include
having the encapsulant cover the entire top die pad surface of the lead frame, except for a

plurality of areas.



third die with a top surface and a bottom surface, wherein the top surface
is attached to the bottom surface of the second die and the third die is
electrically connected to the lead frame. [0024] The semiconductor
[0026 packa@pe seociutitgstor thackegoact entipgduneateoaydedathuttituelet ayiglgo include a
the encapsulant cover the entire top die pad surface of the lead frame.
second@antdriticenpackatectiont e chagerdaordtindsbd frensetoonhaieqslimeing of areas.
may also include having the encapsulant cover the entire top die pad

[0027Burfatkeakthizdeaddi@meglexeeuictotmgrivthtitse obrat eashotliDeR6Inanelso include
semiconductor package according to the second embodiment may also

havingrtbkuttg disspa satesfahel izt fraaekngutiesd alfactantadktoatitbtheaghcapsulant
frame through the plurality of areas. [0027] The semiconductor package

cover dechatiiegchedxecaeboncbe thboehmitgay tidamfitbbithe diaypad sindatzp die
pad surface of the lead frame include a half-etched area and the

[0028Encapsukihbdonivertiuéabiifiegcnsairacoad ntd npddkay ecaveording po doendfodiment of
the top die pad surface. [0028] A method of manufacturing a

the ingemicomdlctes @ pkageiagcosdisgdte avite e bmosoréaveaindrebowemntsumface; b)
includes (a) providing a substrate with a top surface and a bottom surface;

providinger tedadifrgreel eath fxdopedveitiae tofade padtsumfdeepadisatfaoe diel padurality of
surface and a plurality of leads; (c) attaching a first die with a top surface

leads; 4c)chtdohitana Sustalte wotthetsplsstfate, antiareattornes lnditmtodhefackesththienvherein
first die is attached to the top surface of the substrate and the first die is

the botlmutsiodtiyecaiihe diest dee tisetadistiatethE)optacfice o tecuhdtdite withthe first die is
top surface and a bottom surface to the lead frame, wherein the top

electrisaliacenoitiber se cbedutitr g eq tfd)chidat ivinthe teotiodrddievitiad wyriackacf dhd a bottom
lead frame and the second die is electrically connected to the leadframe;

surfacgeip Hitdehitiyame, lehdrfiartte toflsarfopesuirthe sesbtitedst ssattaieheartd (fie bottom die
encapsulating at least a portion of the lead frame and substrate. [0029]

pad surtacenoéthe deafl inamea faduiiie gedvn d eimi ot dcicteal lyakageteddy Hisdeadframe; (e)
include attaching

attaching the lead frame to the top surface of the substrate; and (f) encapsulating at least a

portion of the lead frame and substrate.

[0029] The method of manufacturing the semiconductor package may also include attaching
solder balls to said substrate and singulating said semiconductor packages into individual
semiconductor packages.

[0030] The method of manufacturing the semiconductor package may also include having
steps (c) and (d) occur simultaneously.

[0031] A method of manufacturing a plurality of semiconductor packages according to a
second embodiment may include (a) providing a substrate strip with a top surface and a bottom
surface; (b) providing a lead frame strip with top die pad surfaces, bottom die pad surfaces and a
plurality of leads; (c) attaching a plurality of first dies with top surfaces and bottom surfaces to
the substrate strip, wherein the bottom surfaces of the first dies are attached to the top surface of

the substrate strip and the first dies are electrically connected to the substrate strip; (d) attaching
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solder balls to said substrate and singulating said semiconductor
packages into individual semiconductor packages. [0030] The method of
manufacturing the semiconductor package may also include having steps

a plurdfiyyaoikédp ot digssiithitapentfatys [f{iBidttometitxdasftontieutadtfrang: avherein the
plurality of semiconductor packages according to a second embodiment

top surfepedrdltides¢admieNeding atichstr adesimotvvith ¢idpadsuféazooitize hedtbframe strip
surface; (b) providing a lead frame strip with top die pad surfaces, bottom

and thdisepartti slistcares Rotlisalpjuraitg é deadhe (exdftanbisgie () catidyhidditse lead frame
dies with top surfaces and bottom surfaces to the substrate strip, wherein

strip tthtaeoibemn e at dsecliiser diessteigsande( Hitachpsl katitieatdpastisfpoetion tfiche lead
substrate strip and the first dies are electrically connected to the substrate

frame strip; gt} sutsolbegthig plurality of second dies with top surfaces and
bottom surfaces to the lead frame, wherein the top surfaces of the second

[0032Hies @he sttatitatdihdtbebotdoofadtenpeagtbe serneood dbo teadkagen@astajso include
and the second dies are electrically connected to the leadframe strip; (e)

attachaipstiideg baHslémehitbsulestsitgstaghedangulbtiog sdithee sidstdat st packagds into
(f) encapsulating at least a portion of the lead frame strip and substrate

individtaps¢0082]dlbmspaddenethod of manufacturing the semiconductor
package may also include attaching solder balls to said substrate strip

[0033phnd Sihguetabing seitickoficemdizxttr pgdkagesindodiradovidackage may also include
semiconductor packages. [0033] The second method of manufacturing the

havingsteps dodarctdd packagenmbgrelssinclude having steps (c) and (d) occur
simultaneously. BRIEF DESCRIPTION OF THE DRAWINGS [0034] Many
aspects of the inv@Rii6R D&d 6 hgtteNuadFersiaddRWW tbiléfence to the
following drawings. The components in the drawings are not necessarily

[0034}o scengasphetsisf the invention can be better understood with reference to the

following drawings. The components in the drawings are not necessarily to scale, emphasis
instead being placed upon clearly illustrating the principles of the present invention. Moreover,
in the drawings, like reference numerals designate corresponding parts throughout the several
views.

[0035] Figure 1A shows a cross-sectional view of a first embodiment of the invention.
[0036] Figure 1B is a cross-sectional view of a modification to the leadframe of the
invention.

[0037] Figures 2A and 2B show cross-sectional and perspective views of an embodiment of
a method of the invention.

[0038] Figures 3A, 3B and 3C show cross-sectional and top views of an embodiment of the
leadframe and substrate of the invention.

[0039] Figure 4 shows a cross-sectional view of a second embodiment of the invention.
[0040] Figure 5 shows a cross-sectional view of a third embodiment of the invention.

[0041] Figure 6 shows a cross-sectional view of a fourth embodiment of the invention.
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instead being placed upon clearly illustrating the principles of the present
invention. Moreover, in the drawings, like reference numerals designate
corresponding parts throughout the several views. [0035] Figure 1A

[0042Bhowsigu e Fssherstiotrabsisistiohal fristieotdiithentooidine i eEniemvention.
[0036] Figure IB is a cross-sectional view of a modification to the

[0043]eadfFigne: & shewiwerdiorneRidad] FHigurefsadixanshiBdihewt of the invention.
cross-sectional and perspective views of an embodiment of a method of
[00441he imigmiioreAOOB&INEIgarsisodAtoB Brand @€ sirtionatassrssctiasalemkl éofbodiment
views of an embodiment of the leadframe and substrate of the invention.
of the [DO8idrigure 4 shows a cross-sectional view of a second embodiment of
the invention. [0040] Figure 5 shows a cross-sectional view of a third
[0045Emb&iliporeritoz thewsventimbodidieht |oFig ovetitod v e anvrssectional
view of a fourth embodiment of the invention. 6 [0042] Figure 7 shows a
[0046Fross-gretdod shewsdreehiftiodimentiohe cbovdhidmalentitod (T4 Sdriidinea package.
8 shows a cross-sectional view of a sixth embodiment of the invention.
[0044] Figures DET AL #&iinl DESSHOM TP NMu@i-CToHS 1d8¢EOITAIOMNE WS of a
seventh embodiment of the invention. [0045] Figure IOA shows an
[0047Embotreimattef, dhe pthsrhointleationentlbbe [84d6béddnrdetdBogiveaysofiaxemplary
embodiment of a conventional method of assembling a package.
emboddRAASMAD BB RT tENI@WiNgtE THY BTN [O@AT]| iy reirzditemehis are
present invention will be described in detail by way of exemplary
intendedniocassise nsheitimdefsisniosgtofttie draevings. aNdecersatribtuhdsceto bisuy the scope of
embodiments are intended to assist in the understanding of the invention,
the inweamdi amematyinvtaydddhtouliimiuttibesd@pangfs for explaining the exemplary embodiments,

those components having identical functions carry the same reference numerals for which
duplicate explanations will be omitted.

[0048] The semiconductor package of the present invention includes an inverted lead frame
attached to a substrate. Each of the inverted lead frame and the substrate holds one or more dies.
When the inverted leadframe is attached to the substrate, an enclosed area is formed between the
inverted leadframe and the substrate and the respective one or more dies on the lead frame and
on the substrate face one another. The lead frame and substrate are connected by a solder
material present on the substrate or on the leads of the lead frame. The solder material can be
pre-printed onto the leadframe or onto the substrate. Mold material, which encapsulates at least
a portion of the lead frame and the substrate, can also hold both structures in place.

[0049] Figures 1A, 2A and 2B show an example of one embodiment of the semiconductor
package 10 of the invention. The package includes a substrate 100 with a top surface 100a and a
bottom surface 100b; a lead frame 200 with a die pad portion 201 and a plurality of leads 220; a
first semiconductor die 300 with a top surface 300a and a bottom surface 300b, wherein the

bottom surface 300b is attached to the top surface 100a of the substrate 100; and a second
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the invention in any way. Throughout the drawings for explaining the
exemplary embodiments, those components having identical functions
carry the same reference numerals for which duplicate explanations will
semichedoonditeiie FO0ABIM heopesnitaedittobindekrye f idapeeEn, Wierdiothe top
includes an inverted lead frame attached to a substrate. Each of the

surfacinyetted keeadHednweadiuttthe dislpat atefacédzoobhefotheleed fiegse YU0eTHagackage 10
inverted leadframe is attached to the substrate, an enclosed area is

may afsgrinetlbetnibad thmidoneuededlbGhve thrctthesfheirs00sadi thhbottom surface
respective one or more dies on the lead frame and on the substrate face

500b, evrereirothe botftben lsathti@ bt airchtabisicthie thectaosunéate 3 (0a afSthiel irst
material present on the substrate or on the leads of the lead frame. The

semicsaduetomdite8ed Caineldeadfranpyipbechaséadib @ dd auditdone20t  dirst $kaped portions 202,
substrate. Mold material, which encapsulates at least a portion of the lead

internfedine poditine 230t stsatedciopatspontitchd2dl staibbites ipopimos . 24004%he first sloped
Figures IA, 2A and 2B show an example of one embodiment of the

portios@dcatjdinsttire paghadpoiiionf 20 iovenirernTdudapmpbegs 2@y ded the second
substrate 100 with a top surface 100a and a bottom surface 100b; a lead

slopedi@zortéo 2 @04ath candithp atquorgitint@ Pdrdod 20p|to atigybofttrage2R0; 205 itstform a
semiconductor die 300 with a top surface 300a and a bottom surface

doubl800N\sttcirametiae shattonm sugtaese BOMDAEdABHh ethiodiegptolpstirtac201 has a top
100a of the substrate 100; and a second 7 semiconductor die 400 with a

die patbjudacaz2614G0d amdttobotierpasietiaize120L). Wier gitethedaie porfems 203, second
400a is attached to a bottom die pad surface 201b of the lead frame 200.

slopedTme tpask2feahd hoihyna|swr tookiZebaahindselerde ol tiet deadifraBOO200h & will be
top surface 500a and a bottom surface 500b, wherein the bottom surface

appre@aen ibahtidg heetthedetud reopesasrtimser B@0aothik e fitsid seenicoasia clarldésdown set
300. The leadframe 200 has a die pad portion 201, first sloped portions

frame 20Radrframeadtlititenocetibais t20BJ@socats slepatbpotticses.204 and bottom
portions 205. The first sloped portion 202 adjoins the die pad portion 201

[0050%0 thd het&instseiieopdutitor 2@HAN dtiackedoria an adhesive 700 to the substrate 100

with its bottom surface 300b facing the top surface 100a of the substrate 100. The first
semiconductor die 300 is electrically connected to the substrate 100 by way of wire bonds 310
extending from the top surface 300a of the first semiconductor die 300 to the top surface 100a of
the substrate 100. The second semiconductor die 400 is attached via an adhesive 700 to the
bottom die pad surface 201a of the leadframe 200. The second semiconductor die 400 is
electrically connected to the intermediate portion 203 of the leadframe 200 by way of wire bonds
410 extending from the bottom surface 400b of the second semiconductor die 400 to the
intermediate portion 203 of the lead frame 200. A third semiconductor die 500 is attached via an
adhesive 700 to the top surface 300a of the first semiconductor die 300. Wire bonds 510
electrically connect the third semiconductor die 500 to the substrate 100. Solder balls 800 are
attached to the bottom surface 100b of the substrate 100. The leadframe 200, except for the top

die pad surface 201a which is exposed to the outside, are encapsulated with molding compound
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sloped portion 204 adjoins the intermediate portion 203 to the bottom
portion 205 to form a double down set frame as shown in Figures 1A, 2A
and 2B. The die pad portion 201 has a top die pad surface 201a and a
900. Bedtose the pPadiEuptatsuP@dd 20 edhtreradipdenpQ0®diReREG ese0ahd outside, it
sloped portions 204 and bottom portions 205 form the leads of the
enhanteadiFardssipgiohwill will spppeciziettdribawihidetirdrichetivimeaasdescribed in this
described in this embodiment, has a double down set frame, a lead frame
embodifitermaga theemsvior donnrirgptteotdyabismbecticasib¢00eEN thbelidestnd their respective
semiconductor die 300 is attached via an adhesive 700 to the substrate
substrd@e®@rvathlftarhgtahesiofiace Bélebt fimaing tihectiyns yuicces O ohireonnection as
substrate 100. The first semiconductor die 300 is electrically connected to
descrilied furstaaipld 00 Fiyuay, ohayiksbdirdsossibleextending from the top
surface 300a of the first semiconductor die 300 to the top surface 100a of
[0051fhe srbistiapartioOlarl benlsedionehis ¢mitygeki atbthdieh @G esnattachietb v @ies00 is
adhesive 700 to the bottom die pad surface 201a of the leadframe 200.
attachddhto see tead Semma @Ol Ustoaulie Hhovie stetizrcsdiyicomhettedies 8G9, 500 are
intermediate portion 203 of the leadframe 200 by way of wire bonds 410
attachecterttlensy isbratdHed O dttdeadsol theded0tbnod tire beadvd es rrsariaiadtaittliéhe smaller
400 to the intermediate portion 203 of the lead frame 200. A third
semiceranztondiestd0@iBmOtxmsbattaohte dasiacampadth ésifehEQ0rse thestdpOsyuacs00 are
300a of the first semiconductor die 300. Wire bonds 510 electrically
stackedorengciltigerticvoveatmoahshnctorrdiec &0 aokigesubstrate 100. Solder balls
800 are attached to the bottom surface 100b of the substrate 100. The
[0052]eadffagnee 2@isexcepafgenientop adia tpadhsafisned 20dret wiioner prpome?01c of
to the outside, are encapsulated with molding compound 8 900. Because
the leatitsaiop 209 paultbadade @0k bntfigueatB a0 #) exptebed, totlexample, half-
outside, it enhances heat dissipation. It will be appreciated that while wire
etchech amthiag@re destiine @04 ¢lubthendsdfiianen? @@ alhecaoisf@dfbeamngpprove
electrical connections between the dies and their respective substrate or
engagkseelftafnide otlodt fortesab PO taribellewtirae @08 sodieanstibefifochietter secure the
connection as
lead frame 200 to the substrate 100. It will be appreciated that while the notch 240 is described

in this alternate embodiment as being etched at the corner portions 201c, the notch 240 may be
formed on any other portions of the lead frame 200 to promote engagement of the mold
compound 900 thereto.

[0053] Figure 4 shows an example of a second embodiment of the semiconductor package 10
of the invention. Like-numbered elements are the same as those in the previous figures. In this
embodiment, the substrate 100 has a cavity 110. Another difference is that the first
semiconductor die 300 is attached to the bottom of the substrate cavity 110 via an adhesive 700.
[0054] Figure 5 shows an example of a third embodiment of the semiconductor package 10
of the invention. Like-numbered elements are the same as those in the previous figures. Like

the second embodiment, this embodiment also has a cavity 110 in the substrate 100. Another



described for example in Figure 5, may also be possible. [0051] In this
particular embodiment, the largest of the three semiconductor dies 400 is
attached to the leadframe 200. Because the two smaller semiconductor

differaties is@tht 30O fare sattitcreld dothie30tsisaieat Nét ittstead mfdineofehdisalmaeate cavity
the bond wires associated with the smaller semiconductor dies 300, 500

110 vieaolder $honjgr 329 compared to if the three dies 300, 400, 500 are stacked
vertically in conventional semiconductor packages. [0052] Figure IB is an

[0055Enlargigorerd shioavs aliestmtg lemba fhorentwbodinenpof tionseaidendticioe package 10
leadframe 200. In the embodiment in figure 1B, a notch 240 is etched, for

of the @xaaniids, hailke etoimbdrdo thements arepbrisamse2@lth ot tinethequtédns #QOres. This
The notch 240 can improve engagement of the mold material 900 to the

embodéadfitaiesrdibé) tnthedinstrenbtatieneattexcepcthat ihbasemoatia@mien20& taidbeductor die
substrate 100. It will be appreciated that while the notch 240 is described

600 atiadind altesinathesivectlitnenthab dtong setchesddadthef thersecqal Semscaddactor die
the notch 240 may be formed on any other portions of the lead frame 200

400. ho goiditwtctiesrg agemieabohtlsd iditht ebeopmatiy @fihébeteddo{0OBRInfigunductor die
4 shows an example of a second embodiment of the semiconductor

600 topackagenidiatt therirore2@®of thkdendimaoer @d®lements are the same as
those in the previous figures. In this embodiment, the substrate 100 has a

[0056FavitFigute Astaitvsraditheasmpde of atfdttheenticeti semi obtickistori che B@ispackage 10
attached to the bottom of the substrate cavity 110 via an adhesive 700.

of the [0OBH ¢tig k& rinobes eane tevaensl @refthet bardecas Huiemieib@pteeous figures. This
semiconductor package 10 of the invention. Like-numbered elements are

embodireesdimsiastndedhie fing prenaduseiifaresplikat ahby skedingt emdlsedament,
this embodiment also has a cavity 110 in the substrate 100. Another 9

semicaliifentorodiés B0ataimd 406 aseshivond fuddithiraBSrigatidiatieddieslebdtiempart of the
of the substrate cavity 110 via solder bumps 320.

semiconductor package 10. In addition, the top die pad surface 201a of the leadframe 200 is not

exposed to the outside; rather the molding compound 900 completely covers the entire leadframe
200.

[0057] Figure 8 shows an example of a sixth embodiment of the semiconductor package 10
of the invention. Like-numbered elements are the same as those in the previous figures. This
embodiment is also similar to the first embodiment except that the third semiconductor die 500 is
connected via an adhesive 700 to the substrate 100 instead of the top surface 300a of the first
semiconductor die 300.

[0058] Figures 9A, 9B and 9C show an example of a seventh embodiment of the
semiconductor package 10 of the invention. Like-numbered elements are the same as those in
the previous figures. In this embodiment, the molding compound 900 encapsulates the entire top
die pad surface 201a of the leadframe 200, except for a plurality of areas 260 shown in the top
view of figure 9A. The areas 260 expose a plurality of leads. As shown in figure 9C, a quad flat

package (QFP) 20 can be attached via leads 22 to the exposed plurality of leads 260. Likewise a
10



[0055] Figure 6 shows an example of a fourth embodiment of the
semiconductor package 10 of the invention. Like-numbered elements are
the same as those in the previous figures. This embodiment is similar to

quad flaerftr éinpaskiage (OBt shiolivhimay Rdgitioned senssidadesinedtions to the
600 attached via an adhesive 700 to the bottom surface 400b of the

exposegphndlspmideaubzaor die 400. In addition, there are wire bonds 610 that
electrically connect the fourth semiconductor die 600 to the intermediate

[0059portidie 03 miethed efdisambl 2OthEDREhfigLsemicehducsorpakageie ibba described
fifth embodiment of the semiconductor package 10 of the invention.

in conhdotioumiltie feglil@id&nts are the same as those in the previous figures.
This embodiment is similar to the first embodiment except that only the

[0060first andtsp&iAY the seicmmbsecticatiescBHi antha 0 st istwturthddoltconaie pad
semiconductor dies could be part of the semiconductor package 10. In

surfaca@ditioof the iz fiemea2Doy et et 2104 sanfetienbeimdftep 84 BOthésfinstt semiconductor die
exposed to the outside; rather the molding compound 900 completely

300 iscitaehedte tetiep Inaticarh@0L00tHO Ol fatg W@ 8 Nertymatep &2Aptaedeaond die
sixth embodiment of the semiconductor package 10 of the invention.

400 ishikee bundedreed i@ deaditaraee? (0o sahaeths shosdimdlie gep\8aBs thg fiess die 300 is
This embodiment is also similar to the first embodiment except that the

wire bidmozcéntreosubstige ARO50hes, cosiep @8 tived eadfaalihe 20@ i200viottdueand attached to
substrate 100 instead of the top surface 300a of the first semiconductor

the sublar80Q0[D&EAE BinjtoespdA| B 05 d9) shivler anatersah pled dhersadtagritte leadframe
embodiment of the semiconductor package 10 of the invention.

200 andkeersubibeite d @dearecpitcetantharsddneresethudd matdreap960iensfigulpdss &b least a
this embodiment, the molding compound 900 encapsulates the entire top

portiodief plaeissbstazte 200 s dthbdebeHnan®@00\fexdbptfolding|uresdisp Glasedder balls
260 shown in the top view of figure 9A. The areas 260 expose a plurality

800 arefazdiedAs ttedwitamfiydiac® C)Gb gdkffabspatkage. (PRRPZDcte pbeckage is
attached via leads 22 to the exposed plurality of leads 260. Likewise a

singulated.

[0061] Because the two die attach steps (S1A and S1B) and the two wire bonding steps (S2A
and S2B) for the semiconductor dies have been combined, the assembly time decreases and the
units per hour (UPH) rate increases.

[0062] The assembly method can also be performed for a plurality of semiconductor
packages. See for example, figures 3A, 3B and 3C. Figure 3A shows a cross-sectional view of a
leadframe strip 200' that includes a plurality of leadframes 200. Figure 3A also shows a cross-
sectional view of a substrate strip 100’ that includes a plurality of substrates 100 with external
solder ball connections 800 formed at a bottom surface 100'b.

[0063] Figure 3B shows a top view of the leadframe strip 200" which shows a matrix of
leadframes 200. Figure 3C shows a top view of the substrate strip 100" which shows a matrix of

substrates 100.
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10 quad flat no leads package (QFN) (not shown) may be attached via
solder connections to the exposed plurality of leads 260. [0059] Next, a
method of assembling the inventive semiconductor package will be
[0064 PescDibeidgithe maredtion nvithpligesss, 0Au PG fl seata Lt dihdi @econbe attached
semiconductor die 400 is attached to the bottom die pad surface 201b of

to botlthtadeeatiframest®d 2a0ichad tberpasuisstime stripteP0SABihdsafitstime. Next, the wire
semiconductor die 300 is attached to the top surface 100a of the

bondirsy betwdtepd @orMixfoiralteftiEstnthe skeonddite. 200nshyileatracedtidp 200’ and
the lead frame 200, and at the same time in step S2B, the first die 300 is
substraversthipridod de dteachdustoadach @dherhed, pracde inS3ntie Vet amdealfidame strip
inverted and attached to the substrate 100 at the bottom portion 205
200" ancithg sabeeatmstidpialarck threasiittdte fefomoaps2adandndieidublsseateconductor
100 are placed in a mold where mold material 900 encapsulates at least a
packagex tioraef deated hstsitgl@oand the leadframe 200. After the molding, in
step S4, solder balls 800 are attached to the bottom surface 100b of the
[0065ubstasenitfling sestepodydive prokleage irs a singuiatedcd 0 06t bide dmtis ¢hthenits per
two die attach steps (S 1A and S1B) and the two wire bonding steps (S2A
hour ratechi@P&)ctwadhe semiconductor dies have been combined, the assembly
time decreases and the units per hour (UPH) rate increases. [0062] The

[0066 pssefriiaynvesttionl afer atsudia pevimtayed dveatpdurahitye i sepadayds ata methods.
packages. See for example, figures 3A, 3B and 3C. Figure 3A shows a

For exaropke settnmahdievyg afsenddeddianvestogn @000 thesistahed dsnatatioralapcbd larger die
leadframes 200. Figure 3A also shows a cross- sectional view of a
in a sesoipstrétetstmad@getvair énadnde $on thieisadillavfdse s thetesnlioOngitti@xpeckade of the
solder ball connections 800 formed at a bottom surface 100'b. [0063]
preserﬁiigumm shokepbatogheitas pbshibd le adifartte stigd l200lenhattacheniite the substrate.
In the Toag\rlz(n?ignal semiconductor package, the top smaller die will have a longer wire bond.
[0067] In the present invention, when stacking more than two dies, a “pyramid” stacking of
dies on the lead frame and on the substrate can be maintained while keeping the wire bonds for
the smaller dies with conductor/resistance limitations as short as possible. This can be achieved
by stacking the smaller dies with conductor/resistance limitations in a pyramidal structure on the
substrate and stacking the larger dies in the same manner on the leadframe. In the conventional
method of die stacking, to maintain the shortest possible wire bond for the smaller dies, the dies
would need to be stacked in an inverted pyramid manner on the substrate. As will be understood
by persons skilled in the art, an "inverted pyramid" manner of stacking of dies would require
further processing steps so that the larger top die does not sit on the bond pads of the smaller
bottom die. The further processing steps may include using spacers or interposers between the
dies which may result in potential package reliability issues.

[0068] As mentioned above, when the top die pad surface of the leadframe is exposed to the

outside, the leadframe can act as a heat spreader that can provide increased thermal performance

12



leadframes 200. Figure 3C shows a top view of the substrate strip 100’
which shows a matrix of substrates 100. 11 [0064] During the
manufacturing process, a plurality of semiconductor dies can be attached

in bothctHxedfutlendiianandignty @0dahetdddipistlisiraiesy)p TR edd firud@rogn also act
time. Next, the wire bonding step is performed for all of the

as a stielieg (ickictdeatiesafhetictimcldadiieashistdingOnhanthesphkagteistipembled onto a
100" are attached to each other and placed in a mold where the leadframe

printegttipcldOBO@add R@Bubstrate strip 100" are encapsulated. After
encapsulation, individual semiconductor packages 10 are created by

[0069BingWHatidly, WRBSIHAssr0biiBMisSetimeans sictor palgkagedies staxtkial foether, more
can increase both the units per hour rate and accuracy. [0066] The

dies come bt @ deffiers mekaga aiventaipes rxg thib éeighy ehtheppelcgegbsoagh the use of
methods. For example, when bundling a smaller die with

the invertedlictal fresistamdt substiisto Packad eathangesstienyi fuatbenbie @ndrmted by coupling
package, wire bonds for the smaller die in the semiconductor package of

the intbeeglest Mameeozaavtyg kepheasisi@teas possible while the smaller die is
attached to the substrate. In the conventional semiconductor package,

[00701he tophsia diepdisentiihhentoa asdeewpa tiarakly{806/h inthéepeabetitvith reference
invention, when stacking more than two dies, a "pyramid” stacking of dies

to exeomldry mralobftameataitit @ofthie wubberateleatobe by dize oddnaiméeykeeimgthe art that
the wire bonds for the smaller dies with conductor/resistance limitations

variolas syt sais possibhe. detad canaypbeanhdevibdrdiy stidiukin geper temyeilemdiesspirit and
with conductor/resistance limitations in a pyramidal structure on the

scope siixtrptesemtd rsteationcgpshaefarebbylids fioltbesgmEimanner on the
leadframe. In the conventional method of die stacking, to maintain the

[0071Fhorté8tap essibimadiie: bond for the smaller dies, the dies would need to
be stacked in an inverted pyramid manner on the substrate. As will be
understood by persons skilled in the art, an "inverted pyramid" manner of
stacking of dies would require

13



further processing steps so that the larger top die does not sit on the bond
pads of the smaller bottom die. The further processing steps may include
using spacers or interposers between the dies which may result in
potential package reliability issuesJOA®BIAs mentioned above, when the
top die pad surface of the leadframe is exposed to the outside, the
1. leadbmigencaictachackageeahgpisiader that can provide increased thermal
performance 12 in both theta Ja (junction to ambient) and theta Jc
(jasobistrate wite) tdhsuldack adeheatomlsorezie;as a shielding (i.e.,
electromagnetic interference shielding) when the package is assembled
oatieal framtediciraudiodiarpa(RUBcf0aBRIBmally pathderfaee\sadausiurality of leads,
embodiments show only two dies stacked together, more dies could be
whereadihed dadfearkageatthdles dhiaithaitop gutfadeatiecdutbstrpieckage through the
use of the inverted lead frame and substrate. Package thinness may
furttest bie initiraved fyrfacephda bednveuntédtdeaddraim entobattaviturfateas attached
substrate. [0070] While the present invention has been particularly shown
to the éoyisdefaceiioé thevaibstfasearubtio fese dip iz sl etnivat invents et émthé suibstrete;
understood by those of ordinary skill in the art that various changes in
farseamd detavishnady s rfendander bottantsoufade pahtang rirtnttpessfade is attached
and scope of the present invention as defined by the following claims.
to the [ithh Wb abdssoldiaceaf 1e118aC fralivtint. tAesenticd nduistetepacdadlyeconnected to the
comprising: a substrate with a top surface and a bottom surface; a lead
leadfrraenandith a top die pad surface, a bottom die pad surface and a plurality
of leads, wherein the lead frame is attached to the top surface of the
sabstreapsulant covering at least a portion of the lead frame and substrate.

2. The package of claim 1, further comprising:
a third die with a top surface and a bottom surface, wherein the bottom surface is attached

to the top surface of the substrate and the third die is electrically connected to the substrate.

3. The package of claim 2, further comprising:
a fourth die with a top surface and a bottom surface, wherein the top surface is attached to
the top bottom surface of the second die and the fourth die is electrically connected to the

leadframe.

4. The package of claim 1, further comprising:

a third die with a top surface and a bottom surface, wherein the bottom surface is attached

to the top surface of the first die and the third die is electrically connected to the substrate.
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a first die with a top surface and a bottom surface, wherein the bottom
surface is attached to the top surface of the substrate and the first die is
electrically connected to the substrate; a second die with a top surface

5. amdephokiyn slucfaioe Anbetieindhegapisgrface is attached to the bottom
die pad surface of the lead frame and the second die is electrically
carfoectedidatie aleaditafaes anthdnrocanstlantwoseimthatdpasiface is attached to
portion of the lead frame and substrate. 2. The package of claim 1, further

the botompisiage ef thidadiend/die atdpreuidant disdselntidral Buctarecwbeoetre leadframe.
the bottom surface is attached to the top surface of the substrate and the
third die is electrically connected to the substrate. 3. The package of claim
2, further comprising: a fourth die with a top surface and a bottom surface,

6. Whergiackgdob daifade fisrtt¢acbenbtisirihe top bottom surface of the
second die and the fourth die is electrically connected to the leadframe. 4.
Ta¢hpdakiageatbfactepsulfdfeethet abotmisingfaehindaimmtiib @pcufactasattached to
and a bottom surface, wherein the bottom surface is attached to the top

the bottorfesiefat¢raf fhstseberahdi¢henthird die is electrically connected to the
substrate. 14 5. The package of claim 4, further comprising: a fourth die
watplarabipysef farel avicbs dootiected ndbees mthe lmttdimestofaceidbtte third die and the
attached to the bottom surface of the second die and the fourth die is

leads endbiicabyficomnected to the leadframe. 6. The package of claim 1, further
comprising: a third die with a top surface and a bottom surface, wherein
the top surface is attached to the bottom surface of the second die; and a
plurality of bond wires connected between the bottom surface of the third

7.  diehapddkage of claim 1, wherein the encapsulant covers the entire top die pad surface of

the lead frame.

8. The package of claim 1, wherein the encapsulant covers the entire top die pad surface of

the lead frame, except for a plurality of areas.

9. The package of claim 8, further comprising a second semiconductor package that is

connected to the lead frame through the plurality of areas.

10. The package of claim 1, wherein the top die pad surface of the lead frame comprises an

etched area and wherein the encapsulant covers the etched area, but not remaining portion of the

top die pad surface.
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leads on the lead frame. 7. The package of claim 1, wherein the
encapsulant covers the entire top die pad surface of the lead frame. 8.
The package of claim 1, wherein the encapsulant covers the entire top die

11. pAdsshiitarelgdtdhpadaddreongriskagpt for a plurality of areas. 9. The
package of claim 8, further comprising a second semiconductor package

thakel franreritddaciheitqnd afed adogbringippaabtyfat@seds plralhg of leads;
package of claim 1, wherein the top die pad surface of the lead frame

caryiisesanitetctopcsaraasandodtveneorfhce carchpsaldaty, odheeedittie lead frame is
etched area, but not remaining portion of the top die pad surface. 15 11.
attachédsenhecogswfacpatkemsubstraprising: a lead frame with a top die pad
surface, a bottom die pad surface and a plurality of leads; a substrate
watfigttdie suitfed e psbrfticsase o doeoanslief auy iyherdi e din okoieest fface és attached
is attached to the top surface of the substrate; a first die with a top
to the saviacefahe sulmittderasd tfecksivtiersialtoeribaliy oo suetiarbts thttachst cht¢o
the cavity of the substrate and the first die is electrically connected to the
sast@id dieseitbrndahswittaaapashotare aurtheebottoreis tintaiop, swfaceiis attached
the top surface is attached to the bottom die pad surface of the lead
to the rattoenatie phe setaredtibddeakt ttavalhnddmnsmtentitdithis eleatifcalhyec@amdcted to the
an encapsulant covering at least a portion of the lead frame and substrate.
leadfrdr@e Tdvel package of claim 11, further comprising: a third die with a top
surface and a bottom surface, wherein the bottom surface is attached to
trem eaviapsolattitecoubrstgpat laasl amttion afi¢his lebectrarad prob sutesttatd. to the
substrate.

12.  The package of claim 11, further comprising:

a third die with a top surface and a bottom surface, wherein the bottom surface is attached

to the cavity of the substrate and the third die is electrically connected to the substrate.

13. The package of claim 12, further comprising:
a fourth die with a top surface and a bottom surface, wherein the top surface is attached to

the bottom surface of the second die and the fourth die is electrically connected to the leadframe.

14. The package of claim 11, further comprising:
a third die with a top surface and a bottom surface, wherein the bottom surface is attached

to the top surface of the first die and the third die is electrically connected to the substrate.

15. The package of claim 14, further comprising:
a fourth die with a top surface and a bottom surface, wherein the top surface is attached to

the bottom surface of the second die and the fourth die is electrically connected to the leadframe.
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13. The package of claim 12, further comprising: a fourth die with a top
surface and a bottom surface, wherein the top surface is attached to the
bottom surface of the second die and the fourth die is electrically

16. cOhegeigdde dheladimheathddcomerisackage of claim 11, further
comprising: a third die with a top surface and a bottom surface, wherein
thetihiodtdiv witiface psatfached toviiteotopustatacaindrtie fikstapeufatéhieattached to
third die is electrically connected to the substrate. 15. The package of

the botieimslade ih eecsaayprisitig aadfche thidiediriib edop sueamasuded twotherfead frame.
surface, wherein the top surface is attached to the bottom surface of the
second die and the fourth die is electrically connected to the leadframe.
16 16. The package of claim 11, further comprising: a third die with a top

17. suifapackadesolbottim klrigeeeinvhieseinctipeulaptsiafaceths atihehted the pael surface of
bottom surface of the second die and the third die is electrically connected

the ledd tlaenkead frame. 17. The package of claim 11, wherein the encapsulant
covers the entire top die pad surface of the lead frame. 18. The package
of claim 11, wherein the encapsulant covers the entire top die pad surface
of the lead frame, except for a plurality of areas. 19. The package of claim

18. 1¥héuptoeegoofmlisimgld, seweyaoh sesrdccapmu tzor aekate #mdirestop die pad surface of
connected to the lead frame through the plurality of areas. 20. The

the legublckange exicefdifor Bl faditgioftiikedeop die pad surface of the lead frame
comprises a half-etched area and wherein the encapsulant covers
half-etched area, but not remaining portion of the top die pad surface. 21.
A method of manufacturing a semiconductor package comprising: (a)

19. pridvdgiackagsudistiate V81Huathep cumiacs rana sedoodsansoofatefor package that is

connected to the lead frame through the plurality of areas.

20. The package of claim 11, wherein the top die pad surface of the lead frame comprises a
half-etched area and wherein the encapsulant covers half-etched area, but not remaining portion

of the top die pad surface.

21. A method of manufacturing a semiconductor package comprising:

(a) providing a substrate with a top surface and a bottom surface;

(b) providing a lead frame with a top die pad surface, a bottom die pad surface and a
plurality of leads;

(c) attaching a first die with a top surface and a bottom surface to the substrate, wherein
the bottom surface of the first die is attached to the top surface of the substrate and the first die is

electrically connected to the substrate;
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(b) providing a lead frame with a top die pad surface, a bottom die pad
surface and a plurality of leads; (c) attaching a first die with a top surface
and a bottom surface to the substrate, wherein the bottom surface of the

fi(el) dieaihimgackuwedrio thevamh audiaserbicthengdubisttaim o dbetéinsleddsframe,
electrically connected to the substrate; 17 (d) attaching a second die with

whereintihe sypfaceacendfateaitoonsditticatiadhe leathérbonemwitepeihstiréatemf the lead
surface of the second die is attached to the bottom die pad surface of the

frame leadltHeasvemhdithe decwivdl e i ederiicatiyedoadfeate to the leadframe;
(e) attaching the lead frame to the top surface of the substrate; and (f)
e(@asisking ghat lksaish-anmotditre ob preitfxed dfathreesabstratdysimete. 22. The
method of claim 21, further comprising: attaching solder balls to said
syh stnedpsaitatisingiliietsng paiticseohiterdat foarpackdgabsimbteindividual
semiconductor packages. 23. The method of claim 21, wherein steps (c)
and (d) occur simultaneously. 24. A method of manufacturing a plurality of
semiconductor packages comprising: (a) providing a substrate strip with a

22. tofhsunkdbedaoicckipoRbpfstidacemimigingviding a lead frame strip with top
die pad surfaces, bottom die pad surfaces and a plurality of leads; (c)
attathing aghtleraball ofofssiddielsstvath dog surfaces and bottom surfaces to
the substrate strip, wherein the bottom surfaces of the first dies are
atiaghkding Haeltsgscofatetof faelagestateinstividanbstne dostdies peekages.
electrically connected to the substrate strip; (d) attaching a plurality of
second dies with top surfaces and bottom surfaces to the lead frame,
wherein the top surfaces of the second dies are attached to the bottom die

23. patdesodtimesodiclaim 21, wherein steps (c) and (d) occur simultaneously.

24. A method of manufacturing a plurality of semiconductor packages comprising:

(a) providing a substrate strip with a top surface and a bottom surface,

(b) providing a lead frame strip with top die pad surfaces, bottom die pad surfaces and a
plurality of leads;

(c) attaching a plurality of first dies with top surfaces and bottom surfaces to the substrate
strip, wherein the bottom surfaces of the first dies are attached to the top surface of the substrate
strip and the first dies are electrically connected to the substrate strip;

(d) attaching a plurality of second dies with top surfaces and bottom surfaces to the lead
frame, wherein the top surfaces of the second dies are attached to the bottom die pad surfaces of
the lead frame strip and the second dies are electrically connected to the leadframe strip;

(e) attaching the lead frame strip to the top surface of the substrate strip; and

(f) encapsulating at least a portion of the lead frame strip and substrate strip.
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25.

26.

the lead frame strip and the second dies are electrically connected to the
leadframe strip; (e) attaching the lead frame strip to the top surface of the
substrate strip; and (f) encapsulating at least a portion of the lead frame
Strige anstisabsfreltérsteip. frth@bcdrhgrisiathod of claim 24, further
comprising: attaching solder balls to said substrate strip and singulating
satthsieiny cohdbuidiall Pracad esbstratinstivpoaral semiconductor packages.
26. The method of claim 24, wherein steps (c) and (d) occur

siimgltdatenustid d@niconductor packages into individual semiconductor packages.

The method of claim 24, wherein steps (c) and (d) occur simultaneously.
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