SEMICONDUCTOR DEVICE AND METHOD OF FORMING BASE LEADS FROM BASE SUBSTRATE
AS STANDOFF FOR STACKING SEMICONDUCTOR DIE Field of the Invention The present
invention relates in general to semiconductor devices and, more patrticularly, to a semiconductor device
and method of forming a plurality of base leads from a base substrate as a standoff for stacking
semiconductor die. Background of the Invention Semiconductor devices are commonlg found in
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components. DiscreteSermeondittSrANACEE ER& afly Sﬁlﬁﬂ?oﬁgwgpaga?gapﬁnponent, e.g.,

light emitting diode (LED), small signal transistor, resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MQS &Téént rated semiconductor devices typically contain
hundreds to millions of electrical compohenfs. aﬁg?eslgﬁﬁfb%’rgféd semiconductor devices include
microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and digital micro-mirror
devices (DMDs). Semiconductor devicesgoerforrin a wide range of fugctions such as signal
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processing, hlgh-speecrlE calcuiations, transmitting and receiving electromagnetic signals, controlling
electronic devices,drarsfarniing suakghitrta elecireity, andicreatingl visualprejestinns fordelevision

displays. emisonductor devices ate foyndin the figll, of enjertaliment, communicaions, power
conversion, networks, computers, an
base substrate as a standoff for stacking semiconductor die.

Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of
electrical components. Examples of integrated semiconductor
devices include microcontrollers, microprocessors, charged-
coupled devices (CCDs), solar cells, and digital micro-mirror
devices (DMDs) .

Semiconductor devices perform a wide range of
functions such as signal processing, high-speed calculations,
transmitting and receiving electromagnetic signals, controlling
electronic devices, transforming sunlight to electricity, and
creating visual projections for television displays.
Semiconductor devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and



consumer products. Semiconductor devices are also found in military applications, aviation, automotive,
industrial controllers, and office equipment. Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of semiconductor material allows its electrical
conductivity to be manipulated by the application of an electric field or base current or through the

process of doping. Doping Introduces impurities into the semiconductor material to manipulate and control
the condﬁ&ﬂlﬁk}%??hé’gé)%%?l%lucto?%‘%f‘c%@dmtOr ACSERiEBRdGEr Bevite EOHtIns Active and
passive eleatricalsirugtyes cAetivenstiuciyres: inclyding bipedariand field effeet-transistors, control the
flow of electrical current. By varying levels of doping and application of an electric field or base current,
the transistorifher promotdsbribsticts fFa%dwW' 6 Electrical current. Passive structures, including
resistors, capacitors, apdrindugctarse createl aretationshiplketweenyoliage and urrent necessary to
perform a variety of electrjcal functions. The passive and_active structures are electrically connected to
form circﬁfs‘?%ﬁ%&ﬁ giabl ﬁ%%ﬁﬁ&é%b%%? r QRIS to géornt RighSpaetCealcdisiions Snd other useful
functionssemi conSenticanducterrdevicesl drewge nerallyemantufactisre d asirgy o camplexocmaaufacturing
processes, i.e. er?n -egd mar]clﬁacturin ,.and%back-g:@d manl.ifactgrirfg, %achlinvolvi potentially

hundredsm(%lfrl sjtgb1 r%nt-kéﬁd méenuafggtuﬁﬁa AVOIVES the Tformation of a pjﬂjeraﬁtyoo]? i€ on the surface of a

semiconductarcwaferrEacir dieds typiealiyridentical @hddcamtaigs cirdwitsi foymedthyoelectrisally connecting
;‘ﬁiﬁs"heegrﬁﬁ%@gﬁﬂ%ﬁ%i%g%?gs‘iéo%ri% fapiadiunng involves singylating indiyidual die from the
control the conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,
which enable the semiconductor device to perform high-speed
calculations and other useful functions.

Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end
manufacturing, and back-end manufacturing, each involving
potentially hundreds of steps. Front-end manufacturing involves
the formation of a plurality of die on the surface of a
semiconductor wafer. FEach die is typically identical and
contains circuits formed by electrically connecting active and
passive components. Back-end manufacturing involves singulating

individual die from the finished wafer and packaging the die to



provide structural support and environmental isolation. One goal of semiconductor manufacturing
is to produce smaller semiconductor devices. Smaller devices typically consume less power, have higher
performance, and can be produced more efficiently. In addition, smaller semiconductor devices have a
smaller footprint, which is desirable for smaller end products. A smaller die size may be achieved by
improvements in the front-end process resulting in die with smaller, higher density active and passive
componentS Batk-eiid Broceseds mayesilt #1'SeRitohtteitr dedite pickages With a smaller footprint
by improvements in elegtdcaj daterconnestion and packagingiuatedals- ing is Semigerducter devices
are often stacked for efficient integration. The electrical interconnection between semiconductor devices,
such as WART f&el Eﬁfﬁjscc%%jﬁgrgl%‘gedﬁ/\‘fﬁégﬁ’) cont&iring seftfidortiittdridie S6r nliltiple levels (3-D
device integtation) anssextemad devices €an hgnaccomplisbed avitegonductive threggh sdicasadas (TSV),
through hole vias (THV), Cu-plated_conductive pillars, and conductive bumps. These vertical interconnect
structureS ate costlyand ﬂ%%yConsﬁ%iﬁéj Uting e MARUTE UMY b?oocré%] chid stSdeptibfe to high
stress, craskingaceliepsee and otherdefectsduring farmation. Summanpef thed hventiomnd A need
exists to ﬁgroaléqlec%imple Zilng £os -gffe(cjt:iLve velr'tzi(éaIIglgter%%nneg%ité%%tgr for ftacrk§9éem%%TL?ongCtor
devices. ccordlngiy, in‘One embodiment, the preseﬁ]t invention is a method (I)Tfpmaking a semiconductor
device carhpriging the-stepsrof prevddingess base sgbstrate havingtirstanad $econchogpesing surfaces,
forming aifet etch-resistat condugtive lRyer ausrbedpistsuriace of the hage subsitate. forming &
second efch-resistant conductive | yer over the second surface of the base ugstrate, prowc}/ing a first
semiconductorldie havirgra plurdlity tof budwpsifoemed ovepesntact pads emahlactivé surface of the first
semicondyctar, die. mannting the first semjconductordie to the hase substrate with the pumps bonded to
a first surface of the first etch-resistant conductive Layer, depositing an encapsulantover the first
semicondifcisrrdie bhd base substrate, removing a portion of the base substrate to form electrically
isolated base leads betyeen gppesing porions of the first eichsresistapt.condyctive fayer and:second
etch-resistant conductive layer, and mounting a second semiconductor die to the encapsulant and a
second suffaeg bt tHeofirst efcheresistaritichpalctivi RyePpafEer hetRisedeads. In another
embodiment, the presensinventionds a nmethod-of making ajsanaicongduciordevige comprising the steps of
providing a base substrate having first and second opposing surfaces, forming a first conductive layer
over the fifst SGfface o iheBaseds ate FoHfing a Secondontittive iﬁ/elg‘ Vet thelseddnd surface of

the base substrate; maunting aofirst seiicopduetos diestothedirst-condustive layigr oventhe base
substrate, de ositing an encapsulant over the first semiconductor die and base substrate, removing a

portion of'th trate to-formiElBetfitafly-iBlatéd bade fedds BétiveeA bpposmgpatiions of the first
conductiveriayer, ane spcardaonductivedayes, pad meuntingraisecond.semiconduetok die to the
encapsulant and first conductive layer between the base leads. ,

These vertical interconnect structures are costly and time

consuming during the manufacturing process, and susceptible to

high stress, cracking, collapse, and other defects during

formation.
Summary of the Invention

A need exists to provide simple and cost-effective
vertical interconnect structure for stackable semiconductor
devices. Accordingly, in one embodiment, the present invention
is a method of making a semiconductor device comprising the

steps of providing a base substrate having first and second



In another embodiment, the present invention is a method of making a semiconductor device comprising
the steps of providing a base substrate having first and second opposing surfaces, forming a first
conductive layer over the first surface of the base substrate, forming a second conductive layer over the
second surface of the base substrate, mounting a first semiconductor die to the first conductive layer over
the base substrate, depositing an encapsulant over the first semiconductor die and base substrate, and

removing°& PoftiotoftHE ase Substrate toForm eléctiicallyiSorafett 5ase feads HétEer the first

conductiveskayer and seeord eonductivedayele of thi aneibesembediment, the-presgntinvention is a
semiconductor device comprising a base substrate having first and second opposing surfaces. A first

conductivRyBFisTofhed over sCEMTASE" df the HSe subSTAte: K sEcond Conttichidé fayer is
formed over thessacond ssifiace 104 the base substrate aA fitstssemieandustandieds mounted over the first
conductive layer. An encapsulant is deposited gver the first semiconductor die and base substrate. A
portion of the e s traTe fo réntoved VoHrrh SI8LTcATy Tool5tal Bace A4S HeRneRh opposing
portions afthéfisstconfluctive layehand sesand ennductiiedayer. Aisecancsemicgnduecior die is
mounted pover Iche encacpsu(ljﬁlnt and fgst cqcndug%ve kl)aa}/eé betwe?n thﬁi basietlﬁe I?%Orlueg1 Description of the

S.
Drawings SEiG. 1O|rlllust(?§t%]§ a PCBwith ditferent tySélsk? 0 530 eagvtqas mo%?ﬁ(:éd over its surface;

FIGs. 2a+2eriliigstrate fartierdetais ot thecsemiCondector patkagesimoestedtover thieeROB;tive  FIGs.
3a-3c lluptrate a sgmiconductor water with aplyrality of 3gmicenductor die.senarated by saw streets;
die and base substrate, removing a portion of the base substrate
to form electrically isolated base leads between opposing
portions of the first etch-resistant conductive layer and second
etch-resistant conductive layer, and mounting a second
semiconductor die to the encapsulant and a second surface of the
first etch-resistant conductive layer between the base leads.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a base substrate having first and second opposing
surfaces, forming a first conductive layer over the first
surface of the base substrate, forming a second conductive layer
over the second surface of the base substrate, mounting a first
semiconductor die to the first conductive layer over the base
substrate, depositing an encapsulant over the first
semiconductor die and base substrate, removing a portion of the
base substrate to form electrically isolated base leads between
opposing portions of the first conductive layer and second
conductive layer, and mounting a second semiconductor die to the
encapsulant and first conductive layer between the base leads.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of

providing a base substrate having first and second opposing



FIGs. 4a-4j illustrate a process of forming a plurality of base leads from a base substrate as a standoff for
stacking semiconductor die; FIG. 5 illustrates a semiconductor package having base leads
formed from a base substrate as a standoff for stacking semiconductor die mounted over a PCB; and
FIG. 6 illustrates a semiconductor die mounted over a semiconductor package having base leads formed
from a base substrate as a standoff for stacking semiconductor die. Detailed Description of the Drawings

The pres8REhvERtTon s dEsthBed irf 5h& or AMBIEEMBIGMERS T thES6IIdWiRg ‘destfiption with reference

to the figuresr incwhish likedumgralssigpresent dhe sameidipimilacelements \While thesinvgption is
described in terms of the best mode for achieving the invention's ob{:ctives, it will be appreciated by

those skifldd in fheSar? ft s THEAGES t& EoveraltePiaives PiodicatioRs BHd - 8§uidalthis>ss may be
included wéthin-thedspiritcandiseopecofidhe ifveniionasndeftnetily thevappended daimssandtheir
equivalents as sugﬁlorte%%/ the followin%disclosure and drawin S . Semiconductor devices are
generally“anGfactired Ueing o ESmpx TRERGTACLFNG procéssest frbAtEhd manufacturing and
back-endsmanuftacturing. Frarteerach hanafacturing invetves the dormationiofq plurality obdiecan the
surface of g smicgndudtor wafer. Each die on fhe.paer contains active and passiye electrical
components, w ICh are éelectrica Yy connected to form functional electrical circuits. Active electrical
componéemts,wstreh astteansisters anchdiodesykave therability te €ontrdl therflbwe ofielectricabcurrent.
Passive electrical components, siich as capacitors. indyctors, [esistors At s on is a

semiconductor device comprising a base substrate having first

and second opposing surfaces. A first conductive layer is

formed over the first surface of the base substrate. A second

conductive layer is formed over the second surface of the base

substrate. A first semiconductor die is mounted over the first

conductive layer. An encapsulant is deposited over the first

semiconductor die and base substrate. A portion of the base

substrate is removed to form electrically isolated base leads

between opposing portions of the first conductive layer and

second conductive layer. A second semiconductor die is mounted

over the encapsulant and first conductive layer between the base

leads.
Brief Description of the Drawings

FIG. 1 illustrates a PCB with different types of
packages mounted over its surface;

FIGs. 2a-2c illustrate further detail of the
semiconductor packages mounted over the PCB;

FIGs. 3a-3c illustrate a semiconductor wafer with a
plurality of semiconductor die separated by saw streets;

FIGs. 4a-4j illustrate a process of forming a



transformers, create a relationship between voltage and current necessary to perform electrical circuit
functions. Passive and active components are formed over the surface of the semiconductor
wafer by a series of process steps including doping, deposition, photolithography, etching, and
planarization. Doping introduces impurities into the semiconductor material by techniques such as ion
implantation or thermal diffusion. The doping process modifies the electrical conductivity of semiconductor

material R1attive HeVices, hanrsioMRHSthE<SditomdiGormatdriat fifto an iRsHaBIICSHductsr, or

dynamically-changingstheisemigandustopmagerial conductivity in response to an electric field or base
current. Transistors contain regions of varying types and degrees of doping arranged as necessary to

enable the transistor td' promote ‘of T8StHE the v OF BIECHIEArEdrént Pthe diplicAflor’8fthe electric

field or baseiaurrentrmed frAetive BAdPassivecomponents are: tofmedbyrlayerstefdnatesials with
different electrical properties, The Ia}éers can be formed by a varjety of deposition techniques determined

in part by the typé of térial Heifly 4856Sited” Bor xample, T film deposition may involve chemical
vapor deposition (CVDy,1ghysical vaperdepasition (RvD); @letirotytic platngandteleéctsoless plating
processes, E?ggr@@é gso gen%rgﬂ% gttﬁgnvefl to fggrg é)ofliﬁcj)an off%crti&l/g &oprpoonegt% cé)saessive components,
or electriCal Connections betweer: mponenrt1 : e I?ayers can be paItTferne using
photolithegraphy awhkich snwolwesathécdep ositionsafdight sgnsitive. material - exg. dohotoresist, over the layer
to be patterned. A pattern is transferred from a photomask to the photoresist using light. The portion of
the photoresist pattern subjected to light is removed using a solvent, exposing portions of the underlying
layer to be patterned. The reRethadekrest tRe photpsdions eéntolred Dieavibgdshind a patterned layer.
Alternatively, some types of materials are patterned by directly depositing the material into the areas or

voio!s formed by a prevjqus g)%%sé'gilocn/ggq{;qugg%% ysing techniques sych as electroless and electrolytic
plating. embodiments in the following description with reference to the

figures, in which like numerals represent the same or similar

elements. While the invention is described in terms of the best

mode for achieving the invention’s objectives, it will be

appreciated by those skilled in the art that it is intended to

cover alternatives, modifications, and equivalents as may be

included within the spirit and scope of the invention as defined

by the appended claims and their equivalents as supported by the

following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front—-end manufacturing and
back—-end manufacturing. Front—-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to

control the flow of electrical current. Passive electrical

components, such as capacitors, inductors, resistors, and



Depositing a thin film of material over an existing pattern can exaggerate the underlying pattern and
create a non-uniformly flat surface. A uniformly flat surface is required to produce smaller and more
densely packed active and passive components. Planarization can be used to remove material from the
surface of the wafer and produce a uniformly flat surface. Planarization Involves polishing the surface of
the wafer with a polishing pad. An abrasive material and corrosive chemical are added to the surface of

the wafer-di POy, THeSCorfibited THECHMIEH HRtibIT bf B abiasveEhd estdaive GBffon of the

chemicalremeoyes apydaegular tapogsaphy, resulting in-awiniformlyftat sugace. Back-end
manufacturing refers to cutting or singulating the finished wafer into the individual die and then packaging
the die for structural sUpportard RGirdHmental ISOIEtBRS TS Siryufatt thE gk, WE vafdiSs scored and
broken alongmon=functional regions of the-wafercatled saw streets D& schlfes dhe-wafes ts:singulated
using a laser cutting togl or, saw blade. After singulation, the individual die are mounted over a package
substrate'that Wiﬁf%%s%ﬁ% OF toffaiet pads ftin é)o%%Eejcﬁﬂoqﬁ Withother ?&s?gﬁn&jmﬁ&?ents. Contact
pads formed ower thetsemicondugtondieiarerthen connaeatpd ta contact pads within the package. The
electricalchngggti%sc%an b% (_Jrlr%%q:ei\év'thbsoldaeé H%Jrrﬁpsu eStUdsBl(J:[kEpg’s C(?Lnodnucyve Pagtcea,l or gvrilregronds. An
encapsulan{nor Sther mo?éing material is d%posffed over the package to provur:ing pﬁysmal support and
electricaltisalation. Thetfinishec package isdhendnsertecknto awelettrcal siisteal and thechuhctionality of
the semiconductor.device is made available to the other system component . FIG. 1 lllustrates
cloctron JEAICS B0 g & P s e bt o ot CHoui a3 (NEB) B2 ith 4 pluralty of
semiconductorsgackages niduntedondtssurfacer BEtectroniadeviog 50anay have ahettype of
semicondyclor package.or miple bipes ol semigandudarpackages. depanding, on dhq gpplication. The
different types of semiconductor packages are shown in FIG. 1 for purposes of illustration.

Electroni€ dledice50vmay bena SeapielalpAe 'system thiat cises the seritomduetor packagesto-perform one
or more glecticalfupetions. Alleratively; Slectigpicdeyee 50umax be asubromaanent of a larger
system. For example, electronic device 50 may be part of a cellular phone, personal digital assistant
(PDA), digfBlvideG EareE& (DVE) "GresthepElectrenkRcopmuRizaticn dedicet Altefrativelylelegtronic

device 5Q,can bea-graphigscard petwork inferfage gard, QF pthar signal precessing Gardthat.can be
Inserted into a computer. The semiconductor package can Include microprocessors, memories,

applicatictf spedfiCintedgratet drctie (ASIER 36gi€ ¢ireGis analog circuits, RF circuits, discrete devices,

or other semiconductop dieiqfelectricalcompenenisothe Rinjatirizationand the weightreddgtion are
essential for these products to be accepted by the market. The distance between semiconductor devices

must be 86&8aséd fo YdfiiBvE higher Yehsity.cCtr1cah RECREPERS? provides d Yeherdf 2lbstrate for
structurabsuppertnard skecliicah intercpnpecteidbe semieonductoripackages maunted @nthe PCB.

Conductive signal traces 54 are formed over a surface or within layers of PCB 52 ,
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. FEach layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

The layers can be patterned using photolithography,
which involves the deposition of light sensitive material, e.g.,
photoresist, over the layer to be patterned. A pattern is
transferred from a photomask to the photoresist using light.

The portion of the photoresist pattern subjected to light is

removed using a solvent, exposing portions of the underlying



using evaporation, electrolytic plating, electroless plating, screen printing, or other suitable metal
deposition process. Signal traces 54 provide for electrical communication between each of the
semiconductor packages, mounted components, and other external system components. Traces 54 also
provide power and ground connections to each of the semiconductor packages. In some
embodiments, a semiconductor device has two packaging levels. First level packaging is a technique for

mechanicat/snd-EleficBiy ARASTAg the SEMICIRAILEET i fo R ftBRnrédiaR>dattier: Second level

packagingdnvaives meshanicglly and elecirigallyrattaching thedptermediate eawierdo he P& In other
embodiments, a semiconductor device may only have the first level packaging where the die is

mechanically&hdeleiically rounted diréétyolthig PeB 31T e Ct g ARR Ut pdSW ofillstration, several
types of fitst levebpackaging; rcluding wvirg-baend packagenssi apd flip ehipb8sase shown on PCB 52.
Additionally, sev,etral tf\l/p()es oilsecond level packaging, including ball grid arra gBGAZﬁEO, bum'& hip
carrier ( C67. Ul e pREREGe (DIPY 547 1ana gHu-aHay (LSCA) 66 SmiiccHip Mddiie tHOM) 68,
guad flat mbadeadad packagea(QFN). 70, and quad flat package 72, are shown mounted on PCB 52.
Depending upon the s séemsreguirqemaengfsH anyfcomnbig?ti%agfe%emifogdlég:tor gacékagsetsigonﬁgured with
any combination of firs ahd second leve pé(r:]kagllng styles, as wellas Gther electronic com%onents, can
be connected: torRCB252. 4 sgprerembodiments deletlydamig devicecshOinelutlesrasinglezattanhed

semicondyclor gackage, while giher embodiments-gall oy myliple uierconnected ackages- By
comblnlng one or more semiconductor packages over a singie substrate, manufactu?ers can mcorporate
pre-madée comiponenrtsantoceleetrohiv aevicesrasrllsy stems cBecausevthe semiverducter packages

include sopisticated funciqnality. electronic deyices can he manuiagiured ising shaaner Ggemponents
and a streamlined manufacturing process. The resulting devices are less likely to fail and less expensive
to manufadtare restitity) infa loherwosefor zoAsmnersice a URELZalic Shew exeniplas -

semiconquclorpackages FlG,wa Wustrayes furtherdetil of DR 64 maunted ONBEBSZ, i o

polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back-end manufacturing refers to cutting or
singulating the finished wafer into the individual die and then
packaging the die for structural support and environmental
isolation. To singulate the die, the wafer is scored and broken
along non-functional regions of the wafer called saw streets or
scribes. The wafer is singulated using a laser cutting tool or
saw blade. After singulation, the individual die are mounted
over a package substrate that includes pins or contact pads for
interconnection with other system components. Contact pads
formed over the semiconductor die are then connected to contact
pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.

An encapsulant or other molding material is deposited over the



Semiconductor die 74 Includes an active region containing analog or digital circuits Implemented as
active devices, passive devices, conductive layers, and dielectric layers formed within the die and are
electrically Interconnected according to the electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors, resistors, and other circuit elements formed
within the active region of semiconductor die 74. Contact pads 76 are one or more layers of conductive
material, B3EK 28l VAL copper-@, fHPSAY nidke? (4, 55did AQ). of SINEHAYY),-and are
electricallyconnegtechtothg Lineds €lerpentsdarmed withinisernicondtctor die- 74 Jauring,assembly of DIP
64, semiconductor die 74 is mounted over an intermediate carrier 78 using a gold-silicon eutectic layer or
adhesive Mdteriaf sieh S5 #tat BPoRy of BFoxy PEsit P hadkade Body IhIU82E%n insulative
packagingwmatesial suctvas pelymerar cepamien Conduetosdeads 80 and wire bonds 82 provide electrical
Interconnect between semiconduggr die 74 and PCB 52. Encapsulant 8%:93 g‘e osited ovey the package
for environmental protéctidh by prevBRENG mMotstire Sihd PRrticlssS fdm enteri &p e'Jackage and
contaminating ther 74w iiteshends-82ir i nt ed FG r2in lllustratessfurtheBgetadl of BCC £2 mounted on
PCB 52. S;mic n uctoréie 88.is mountgd over carrier 90 usingcag under.fiél or elpojgfg-resin adhesive
material §2.Wire bond3 o4 Sr%%/f: enfflrlslf level Eéa&a%?negslnTgr%Bnﬁect%%tﬁegn “con agtep'ads 96 and 98.
Molding ¢oepaurchorcenecapstiaritA006s depositecthoverysemicondectordied88 and wirechengs, 94 to
provide physical support and electrical isolation for the device. Cantact.pads 102 are formed over a
Curace O b &5 (g L LiAni et e S Brocaeg i Ho AISErIgte ety o) Glectoless
plating tomevertéxidation. Contadtipaeissl02 argcelectritalheromecied toone arkaore coadactive signal
traces 54.in PCB 52. Mpﬁl%gr%gggg&etwgeg £pntact pads 98 of BCC 62 and contact pads 102
of PCB 52. In FIG. 2c, semiconductor die 58 is mounted face down to intermediate carrier 106
with a flip chip style firstlevel packagifg vActivedfegitry 108 of seiicohdadordies 38 contdifisanalog or
digital cirguits;implemented as agtive, deyiges. passive deyices, canductive layers. and dielectric layers
formed according to the electrical design of the die. For example, the circuit may include one or more
transistors! Gees CtuEtors, fepagitors tEstors; ardlothe Péifctitrélementewithin activBdEgion 108.
Semiconductgr die8 igelaetrically-and mechapically copnected.to cagier106 thiugh bumps 110.

BGA 60 is electrically and mechanically connected to PCB 52 with a BGA style second level packaging
using buMpE142. Zenficohdieteicdié 58fs eled@ridaliydonriaetfeey tokondtiitive Sighalfaces 54 in PCB

52 througfsbyps 410, signal lines,2 14, angdibumps 342:-A melding, cayppeund or encapsamnt 116 is
deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical isolation

for the d&WREE TP thip SEMitORductdl BBYiRE prEvidEs assHortelabtticaltondietion pafitfrom the

active deyices orsginicenductordiensd i-eanduction teacks oaRCBH2 ibrarder irgesice signal
propagation distance, lower caEacitance, and improve overall circuit performance. In another

embodineht Ghi& SERfcSititoriis s8¢hnFe MethahitRlly Bhd eletit&l Ednnectetdirectly to PCB 52
using flipchip stylelfinst levebpackaging withaudbtermediaie cariereldfors, memories,

application specific integrated circuits (ASIC), logic circuits,
analog circuits, RF circuits, discrete devices, or other
semiconductor die or electrical components. The miniaturization
and the weight reduction are essential for these products to be
accepted by the market. The distance between semiconductor
devices must be decreased to achieve higher density.

In FIG. 1, PCB 52 provides a general substrate for
structural support and electrical interconnect of the
semiconductor packages mounted on the PCB. Conductive signal

traces 54 are formed over a surface or within layers of PCB 52



FIG. 3a shows a semiconductor wafer 120 with a base substrate material 122, such as silicon,
germanium, gallium arsenide, indium phosphide, or silicon carbide, for structural support. A plurality of
semiconductor die or components 124 is formed on wafer 120 separated by saw streets 126, as
described above. FIG. 3b shows a cross-sectional view of a portion of semiconductor wafer 120.
Each semiconductor die 124 has a back surface 128 and an active surface 130 containing analog or
digital cireGitS i EMRNTE a8 Active: BEVHERS, assiviedevicks, conhdactiveliaysrsP afd tidlectric layers
formed withircthe die andielegtrieallyintereornactas ascerding tothg Alectieal dasigneard function of the
die. For example, the circuit may include one or more transistors, diodes, and. other circuit elements
formed withf'&dtiverétirfite 3Pl HptEmERE a6 TirtGits o FATGRANCifctits CSudiFad afyital signal
processos 4DHPYASKS memony rafwtherrSigaaligeessing aineuitl Sesniconduaier, dignk?4 may also
contain integrated 1{ilssive J(Cdevices (IPD?, such as inductors, cap cjxtori and resistors, for RF signal
processifg: - <A BRcuitaiy SBnGaliveIa)e 132 s Brmad ovef adive diAcE 130 liSihg PVD,
CVD, elestralytie platinge electrotessrpiating prockss,fortothessuitabie hetalde posiiondgerecess.
Conductive layer 132 can be one or more Ia¥lecrs of Al, Cu,.Sn, Ni, d)Ag or otherguita@le electrically
conductive material. Condictive I%/merO gpersélfesaaés’ contac péltfs effecﬁfec‘éﬁyc/: Connécted To the circuits
on activersurfazei180. Bemapss134 Ale formeehanl coatagbpeadsyl32. la onecémbadienentrsemiconductor
die 124 is a flipchip.t semiconductor die. n FIG. 3c,.semicaonductor water 120 is singulated
through S0y o S Lot HIGUE oy ek Bl Dol Fad o S i Sor e 124,
Each semicondtetondi@iE24has bumps -1345formed over edntaetpads 182 1nvolveRlGs. 4a-4] lllustrate,
in relation to. F1Gs. L,.and 2a:2¢. ayprocess.of feyming.a phulity of base leads figm.a bas sybstrate as a
standoff for stacking semiconductor die. FIG. 4a shows a wafer-level base substrate or leadframe 140
containingCu,hGu BffBys, Alnorcdther sgitdbiel coadbctiveem artial Bebecsubstiate’ 146 hassurface 142
and opbasite suffage 144, Wafeclevel base subsiiaje 140 inssuffiglentargaito process multiple
semiconductor die, as described below. In FIG. 4b, an electrically conductive layer 146 is formed
over surfa€e 142 bf Base sabsrabSIdrand An el@tHedIR contietive layep 148%s forfhed over surface

144 of base substrate #4Q using patterning and an electrplytic plating-Qrelggtreless plating process.
Conductive layers 146 and 148 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electrical €otidutBVE MmaAtefHI2 fione efffotitAent chdGetivendy &’ kand 848 2ach tohtain Au, Ag,
or other eighyesistant matgrial,an 3 preplatedieaditame(Ag/RRR plating).Candugfivedayars 146 and

148 operate as contact pads for later mounted semiconductor die or Interconnect structures, such as

bumps. second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded
package (QFN) 70, and quad flat package 72, are shown mounted on
PCB 52. Depending upon the system requirements, any combination
of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other
electronic components, can be connected to PCB 52. 1In some
embodiments, electronic device 50 includes a single attached
semiconductor package, while other embodiments call for multiple
interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate

pre—-made components into electronic devices and systems.

Because the semiconductor packages include sophisticated
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FIG. 4c shows a plan view of conductive layer 146 as formed over surface 142 of base substrate 140.
Conductive layer 146 Includes contact pads 146a, contact pads 146b, and redistribution layer (RDL)
146¢. Contact pads 146a, RDL 146¢, and contact pads 146b are electrically continuous over surface 142
of base substrate 140. An RDL can also be formed on active surface 130 of semiconductor die 124.
Some contact pads 146b have no corresponding RDL. FIG. 4d shows a plan view of conductive layer 148
as formed lb%ﬁéﬁﬁ?é‘ééih of b5&& ElPstratd T4b° TONTREH RS I8 148 Hicludés B6ritaet pads formed on

surface 1l4dcfihasesihstatent40 directly eppasiteiconactpadsidAbaon sufaeetd2s. Thdn FIGs.
4e-4f, semiconductor die 124 from FIGs. 3a-3c are positioned over and mounted to conductive layer 146

over surfa&& 145 bt a6 ShibSFae 40 G§ifg hipicK &nd pldc dpération N r& Ep&dificall§, bGmps 134
are metaturgicadly andeleetscaltyieennected to-certain pottionsrofconduativeslayer 146, i.e., contact pads
146b, depending on the electriéal f ncti%?/ of semiconductor die 124. In FIG. 4%, an encapsulant
or molding compound 150 % déositedoteY seritbhdticlor His 154" shi ia¥e SbstAate 140 using a paste
printing, earapressivelmalding, teansfermaldingidiquidlencapsnokant malding - eacurkn krBinaton, spin
coating, or other sutable anglicator, Encapsulant 120 can be plymer compasite material, sych as epoxy
resin with ﬁﬁ[ér, epoxy acrylate with4ﬁller, or po?ymer with proper fi [&r.9n one em%oéin’?en%, enca%sulant
150 is deposited; as almoldrunderfill (MPFtownerny base stulistrate 40 a teps and side surface of
semicondiiclor die 124, 23 well.as the area betwegn ie semicondustor e apd pass substrate. The MUF
can use a side injection with opposite side vAcuum assisted draw mo?(}fng apparatus to compﬁetely fill the
area betwéen démicomdustor die €24 ahddabe substrateo@ Erchpsatart d50ds honidoaductive and
environmentally, pratectsthe; semicpngucto device from externgl elements and gantaminants. In
FIG. 4h, a portion of base substrate 140 is removed by an etching process to form electrically Isolated
base leads'¢408940bhedwes® bPPESiAY ToAHOEHe AYer E46al and 248 Fhe ARPRRPE ptatihg nature of
conductive.layers,146 and 148:is tesistant to;the sfehing progess, Ihe, etchant regets more aggressively
in removing material within base substrate 140 than with conductive layers 146 and 148. Consequently, a
central péRivhBasesubsirakOT40 cLer uhder ¢éndudtive taydr Rehsanth 146€ i9 Feémbved BECause
there is npQRposing-condugtive jayerl48. The centralpodion-of hase.subsiate 14Q.isyeserved as an
area for a subsequently stacked semiconductor die. The portion of base substrate 140 between opposing
etch-resistait cortduttivetdyers 19465 antVida reffadifis delectfi€alflisBRted Bade |2 Bi0a-140b for
z-directiopivertical dntergonneech Lonductive {ayer 146b.and HGsalse semainpartially gmbedded and
exposed from encapsulant 150 after the etching process. FIG. 41 shows a semiconductor die 152
with activeSSUrtR IS A Cdntditing’ dnalof ' Higita? efETH méntehte s aBfi GENEES [Rssive
devices, garductive dayessnard dislestric flayers formediwitkin the die-and elegtrically dntgroqnnected
according to the electrical design and function of the die. For example, the circuit may Include one or
more transistofs HicdEsS Ghd OtHEMGfcuit el EMBRES TOTmMBE Withtd AcfSuface 154 15 implement analog
circuits oegdigital circuitsosychras DSP, ASIE, paemens oboetherisignal geecessingheitcuit: Semiconductor
die 152 may Elso ,containtIPDs, ﬁuch a Inductorf, capacitors, and resisto:? for RFtsi?n | processing. In
one emb8dimeht; §emicondactor die* i8%a ﬁfﬁ)cﬁfﬁeﬁ/pgrse?nelggﬁndlu%tor e’ 8blﬁta% pa&éa 56 are
formed oA @ctive sutface 254 @mdsalegtricallyieorriented to-the circuits onrthe @ctive suefaee. A plurality of
bumps 138 iz, formed Qs cqpiach Rads, 456 gemicondygor dic, 192 is g Jested known.good unit

over the package for environmental protection by preventing

moisture and particles from entering the package and

contaminating die 74 or wire bonds 82.

FIG. 2b illustrates further detail of BCC 62 mounted
on PCB 52. Semiconductor die 88 is mounted over carrier 90
using an underfill or epoxy-resin adhesive material 92. Wire

bonds 94 provide first level packaging interconnect between
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(KGU). Semiconductor die 152 is mounted over conductive layer 146b, as show in FIG. 4]. More
specifically, bumps 158 are metallurgically and electrically connected to conductive layer 146b. Some
bumps 158 are electrically connected to portions of conductive layer 146b common to bumps 134. Base
leads 140a-140b provide vertical electrical connection for semiconductor die 124 and 152, as well as a
vertical standoff or headroom for clearance of semiconductor die 152 as the height of base leads

140a-140 R Gre4te? ah 4 thitRAesEof séfitonductoPBRIBF and b 3R Bndthér &fnbodiment,

a discrete sgBuGaNSHICEOF LOMRANEAS A Semicongiustos pagkage can bednadnted aver gppductive layer
146b. Wafer-level base substrate 140 is singulated through encapsulant 150 using saw blade or

laser cutftiy fobf fo- sEPARRF the S¥itoRGIctdFdie artPproviddindRidUar enfletited wafer-level ball grid
array (eWldB); snaferlenel ahip seale mackage (WGSR), andquas ftat pack nezload {Q-N) semiconductor

packages 160 for_further integration. Within semiconductor package 160, semiconductor die 124 is
Clectioaly okt d o s IER0S 1 108 AL AP CormOUche ToyohS G55 b 248 T 14 Bumps 134

are bonded te baetside ekeontaettpads 146k Semicondudctardiectb? iseiectteallypeamnerted to an
opposite side of.contact CpaPE 146b. Acc%rdéngcl%, some contact pads 1é6b are common &o bumps 134 and

bumps 1§§.eoﬁ1le?%gﬁ act paés 7486 Can be electrlc%lllf/D Connected o' e}fﬁetrlﬁfl?mbc’% 93% on one side of

the contact pad ©r béimips F5800 the othensidel Ofdthecontactpad. Pok those comtaict padsddéb common
to both bﬁ@%%%@%?“g‘&? 1c5§h£haec%li§1g§§l. Ra Qﬁtwf;? sggyconductor die 124 and 152 is short,
an

which enhances electrical performance. ductive layers 148 contain etch resistant material, so
the etching process tolrenioMe.base subsstrate 140 dgavesbiehind elettrically isolateddrasédeads

140a-14Qh, Baseeads 140a-140D proyide d’@r@%ﬁ'%trﬁﬁgﬂ‘i‘ﬁio&é‘?ﬁ gepigondugiar dhe 124 and

152, as well as a vertical standoff or headroom for clearance of semiconductor die 152 as the height of
base leads ¢40a-140b is freateethandal thickhess of seidordudtortdie 182andtnps a58sBase leads

140a-14Qh alsg serve as heatdissipation paths for semiganductor die 124 apd, 152, The vertical

interconnectior] of semlcpnductor die 124 and 152 can be achieved ina cost effective manner.
FIG.5 sri%%%séﬁcﬁhéﬁé?m%@éim@rﬁrbi%@ﬁﬁé’(ﬁwd]tﬂ@rrﬁack@l@@ 164 speitar 6 F]@§¢4§-4£%1ﬂ?d

semiconducterdielp2imoupedhacksurface 1aostogncapsuiant 45Q andconductive layer 146b and

146c¢ with die attach adhesive 166. Semiconductor package 164 is mounted over PCB 168. Conductive
layer 148 8etetficAIRYcorHettPthPoFg P hade feads DRl BACH fy cShtactSrads Ay forRed-over PCB

168. Bumpsoke8 arg-electrically egpnected 4o sentact pads 172 farmedavey REBHLES. active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
PCB 52 with a BGA style second level packaging using bumps 112.
Semiconductor die 58 is electrically connected to conductive
signal traces 54 in PCB 52 through bumps 110, signal lines 114,
and bumps 112. A molding compound or encapsulant 116 is
deposited over semiconductor die 58 and carrier 106 to provide
physical support and electrical isolation for the device. The
flip chip semiconductor device provides a short electrical
conduction path from the active devices on semiconductor die 58
to conduction tracks on PCB 52 in order to reduce signal
propagation distance, lower capacitance, and improve overall

circuit performance. In another embodiment, the semiconductor
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FIG. 6 shows another embodiment of semiconductor package 174, similar to FIGs. 4a-4], with a plurality
of vias formed through semiconductor die 124 while in wafer form, see FIGs. 3a-3c, using laser drilling,
mechanical drilling, or deep reactive ion etching (DRIE). The vias are filled with Al, Cu, Sn, Ni, Au, Ag,
titanium (li), tungsten (W), poly-silicon, or other suitable electrically conductive material using electrolytic
plating, electroless plating process, or other suitable metal depaosition process to form z-direction vertical

conductivE-farodgF eMicoit vBS TFaWA AF51 EntapsRanti50 s planarZde\with 8Gribtie? dowh to back
surface 128 afcsenycondlcior die k2440i9xpose conduetive TSVl 3 Ac-serpicepductondiec176 has
active surface 178 containing analog or digital circuits implemented as active devices, passive devices,
conductive la§ERE dhd dielediric iyers $8rmed within the die and electrically interconnected according to
the electrical design arrfunctian ehthesdie. Eemexamplec the-cikciitmay 2nclude Bne asdaere transistors,
diodes, and otger circuit elements fo Ted witr};n active fburface 178 to implement agil,o circuits or digital
circuits, SUSRASBSP, ASIET id (;Té or Sther sighal procesSing Tircliit 'SeMiconductor die 176 may also
contain IRDsgesucteas incdictors ptapacitorss andresistorsdor Birsignal, processing.datanesdmbodiment,
semiconductor dig 176.is alfgegrlig tépe emiconducg[)r die. Co tactopads 180 a[eenform]e;%}oni%ctive

féd raﬁﬁ/ 0

surface 178and eléctr%aﬁy connectdd o the Circuits on the active su?fa%gfnﬁoprllu umps 184 is

formed o¥ercentactrpadstE80. SEmisepductordiebl/7 Gisvstatkerbaverisémicarduttorcdield2d with bumps

184 electriggl\ly connected to conductive ISV 175. While one or more embodiments of the present

invention-have been illustrated in detail, the skilled artisan will appreciate that modifications and
adaptations to those embedinéntsimaysbe ntadeswitheuttdepaating frem the scaperdfihe pedsent

invenﬂonégﬁ%géﬁﬁﬂélgﬁf%ﬂ?@@“ﬁ%@ﬁ”sEggwﬂéemiconductor die 124 has a back

surface 128 and an active surface 130 containing analog or
digital circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within the die
and electrically interconnected according to the electrical
design and function of the die. For example, the circuit may
include one or more transistors, diodes, and other circuit
elements formed within active surface 130 to implement analog
circuits or digital circuits, such as digital signal processor
(DSP), ASIC, memory, or other signal processing circuit.
Semiconductor die 124 may also contain integrated passive
devices (IPDs), such as inductors, capacitors, and resistors,
for RF signal processing.

An electrically conductive layer 132 is formed over
active surface 130 using PVD, CVD, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. Conductive layer 132 operates as contact pads
electrically connected to the circuits on active surface 130.

Bumps 134 are formed on contact pads 132. In one embodiment,
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What is claimed: 1. A method of making a semiconductor device, comprising: providing a base substrate
having first and second opposing surfaces; forming a first etch-resistant conductive layer over the first

surface of the base substrate; forming a second etch-resistant conductive layer over the second
surface of the base substrate; providing a first semiconductor die having a plurality of bumps formed
over contact pads on an active surface of the first semiconductor die; mounting the first

semicondictaraie 3 e basde Substfate with thelBliips bbrBEd FR Firstsiitalc8Tof tHéE first etch-resistant
conductive layer;  depositing apencapsuloshavertbe firstrsemiconduciosdieandhase substrate;

through saw street 126 using saw blade or laser cutting tool 136
into individual semiconductor die 124. Each semiconductor die
124 has bumps 134 formed over contact pads 132.

FIGs. 4a-4j illustrate, in relation to FIGs. 1 and 2a-
2c, a process of forming a plurality of base leads from a base
substrate as a standoff for stacking semiconductor die. FIG. 4a
shows a wafer-level base substrate or leadframe 140 containing
Cu, Cu alloys, Al, or other suitable conductive material. Base
substrate 140 has surface 142 and opposite surface 144. Wafer-
level base substrate 140 has sufficient area to process multiple
semiconductor die, as described below.

In FIG. 4b, an electrically conductive layer 146 1is
formed over surface 142 of base substrate 140 and an
electrically conductive layer 148 is formed over surface 144 of
base substrate 140 using patterning and an electrolytic plating
or electroless plating process. Conductive layers 146 and 148
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment,
conductive layers 146 and 148 each contain Au, Ag, or other
etch-resistant material on a preplated leadframe (Ag/PPF
plating). Conductive layers 146 and 148 operate as contact pads
for later mounted semiconductor die or interconnect structures,
such as bumps.

FIG. 4c shows a plan view of conductive layer 146 as
formed over surface 142 of base substrate 140. Conductive layer
146 includes contact pads 146a, contact pads 146b, and
redistribution layer (RDL) 146c. Contact pads 146a, RDL 1l46c,
and contact pads 146b are electrically continuous over surface

142 of base substrate 140. An RDL can also be formed on active
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removing a portion of the base substrate to form electrically isolated base leads between opposing
portions of the first etch-resistant conductive layer and second etch-resistant conductive layer; and
mounting a second semiconductor die to the encapsulant and a second surface of the first etch-resistant
conductive layer between the base leads. 2. The method of claim 1, wherein a height of the base leads is
greater than a thickness of the second semiconductor die. semiconductor die over the first

semicondUtidrdig. ¥ $neimefibaHaim P iwRerRin the-firsteftR-resitatt coRatctiveaYer includes a
first contactpads redistribution hayel; ardisecond contact padw S. Ihgimeathedaf caim 1, further including

depositingégggggzileséul%gt usin% a mold underfill process.

yer 148 as formed over surface 144 of base
substrate 140. Conductive layer 148 includes contact pads
formed on surface 144 of base substrate 140 directly opposite
contact pads 146a on surface 142.

In FIGs. 4e-4f, semiconductor die 124 from FIGs. 3a-3c
are positioned over and mounted to conductive layer 146 over
surface 142 of base substrate 140 using a pick and place
operation. More specifically, bumps 134 are metallurgically and
electrically connected to certain portions of conductive layer
146, i.e., contact pads 146b, depending on the electrical
function of semiconductor die 124.

In FIG. 4g, an encapsulant or molding compound 150 is
deposited over semiconductor die 124 and base substrate 140
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, spin coating, or
other suitable applicator. Encapsulant 150 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler. In one
embodiment, encapsulant 150 is deposited as a mold underfill
(MUF') covering base substrate 140 and a top and side surface of
semiconductor die 124, as well as the area between the
semiconductor die and base substrate. The MUF can use a side
injection with opposite side vacuum assisted draw molding
apparatus to completely fill the area between semiconductor die
124 and base substrate 140. Encapsulant 150 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants.

In FIG. 4h, a portion of base substrate 140 is removed

by an etching process to form electrically isolated base leads
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6. A method of making a semiconductor device, comprising: providing a base substrate having first and
second opposing surfaces; forming a first conductive layer over the first surface of the base substrate;
forming a second conductive layer over the second surface of the base substrate; mounting a first
semiconductor die to the first conductive layer over the base substrate; depositing an encapsulant
over the first semiconductor die and base substrate;  removing a portion of the base substrate to form

electricallyi26ratet Pafe le4as hetWBErS bPPoSIRG PortionEof R st contitictive!iayer and S8tond
conductivejlayer; anda t 1 igounRting-a seeond semiconductos gie-to theeencapsulast agd first conductive

layer between the base leads. ,
resistant to the etching process. The etchant reacts more
aggressively in removing material within base substrate 140 than
with conductive layers 146 and 148. Consequently, a central
portion base substrate 140, i.e., under conductive layer 146b
and 146c, is removed because there is no opposing conductive
layer 148. The central portion of base substrate 140 is
reserved as an area for a subsequently stacked semiconductor
die. The portion of base substrate 140 between opposing etch-
resistant conductive layers 146a and 148 remains as electrically
isolated base leads 140a-140b for z-direction vertical
interconnect. Conductive layer 146b and 146c also remain
partially embedded and exposed from encapsulant 150 after the
etching process.

FIG. 4i shows a semiconductor die 152 with active
surface 154 containing analog or digital circuits implemented as
active devices, passive devices, conductive layers, and
dielectric layers formed within the die and electrically
interconnected according to the electrical design and function
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
active surface 154 to implement analog circuits or digital
circuits, such as DSP, ASIC, memory, or other signal processing
circuit. Semiconductor die 152 may also contain IPDs, such as
inductors, capacitors, and resistors, for RF signal processing.
In one embodiment, semiconductor die 152 is a flipchip type
semiconductor die. Contact pads 156 are formed on active
surface 154 and electrically connected to the circuits on the
active surface. A plurality of bumps 158 is formed over contact

pads 156. Semiconductor die 152 is a tested known good unit
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7. The method of claim 6, wherein the first conductive layer Includes an etch-resistant material. Includes
an etch-resistant material. 9. The method of claim 6, wherein a height of the base leads is greater than a
thickness of the second semiconductor die. 10. The method of claim 6, wherein the first semiconductor
die and second semiconductor die are electrically connected to opposite sides of a portion of the first
conductive layer. 11. The method of claim 6, further including mounting a third semiconductor die over
the first séﬁﬁgdnductor die. 12. The method of claim 6, further including: forming a plurality of
conductive vias throughdhe Hest seprieenductordie; and mounted over conductive layer

146b, as show in FIG. 4j. More specifically, bumps 158 are
metallurgically and electrically connected to conductive layer
146b. Some bumps 158 are electrically connected to portions of
conductive layer 146b common to bumps 134. Base leads 140a-140Db
provide vertical electrical connection for semiconductor die 124
and 152, as well as a vertical standoff or headroom for
clearance of semiconductor die 152 as the height of base leads
140a-140b is greater than a thickness of semiconductor die 152
and bumps 158. In another embodiment, a discrete semiconductor
component or semiconductor package can be mounted over
conductive layer 146Db.

Wafer—-level base substrate 140 is singulated through
encapsulant 150 using saw blade or laser cutting tool to
separate the semiconductor die and provide individual embedded
wafer-level ball grid array (eWLB), wafer level chip scale
package (WLCSP), and quad flat pack no-load (QFN) semiconductor
packages 160 for further integration. Within semiconductor
package 160, semiconductor die 124 is electrically connected to
base leads 140a-140b and conductive layers 146 and 148. That
is, bumps 134 are bonded to one side of contact pads 146Db.
Semiconductor die 152 is electrically connected to an opposite
side of contact pads 146b. Accordingly, some contact pads 146b
are common to bumps 134 and bumps 158. Other contact pads 146Db
can be electrically connected to either bumps 134 on one side of
the contact pad or bumps 158 on the other side of the contact
pad. For those contact pads 146b common to both bumps 134 and
bumps 158, the electrical path between semiconductor die 124 and
152 is short, which enhances electrical performance. Conductive

layers 146 and 148 contain etch resistant material, so the
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mounting a third semiconductor die over the first semiconductor die electrically connected to the
conductive vias. 13. The method of claim 6, further including depositing the encapsulant using a mold
underfill process. 14. A method of making a semiconductor device, comprising: providing a base
substrate having first and second opposing surfaces; forming a first conductive layer over the first

surface of the base substrate; forming a second conductive layer over the second surface of the base
substrate® = R afiintihg @St SémiconauictoP dretoSthBirstddhabitive fiyer dverihehse substrate;

depositing an-enrcapsulant pyen thesfirsbsemicpadyetor digsand base sghsikatecand 140a-
140b provide vertical electrical connection for semiconductor
die 124 and 152, as well as a vertical standoff or headroom for
clearance of semiconductor die 152 as the height of base leads
140a-140b is greater than a thickness of semiconductor die 152
and bumps 158. Base leads 140a-140b also serve as heat
dissipation paths for semiconductor die 124 and 152. The
vertical interconnection of semiconductor die 124 and 152 can be
achieved in a cost effective manner.

FIG. 5 shows another embodiment of semiconductor
package 164, similar to FIGs. 4a-4j, with semiconductor die 152
mounted back surface 165 to encapsulant 150 and conductive layer
146b and 146c with die attach adhesive 166. Semiconductor
package 164 is mounted over PCB 168. Conductive layer 148 is
electrically connected through base leads 140a-140b to contact
pads 170 formed over PCB 168. Bumps 158 are electrically
connected to contact pads 172 formed over PCB 168.

FIG. 6 shows another embodiment of semiconductor
package 174, similar to FIGs. 4a-4j, with a plurality of vias
formed through semiconductor die 124 while in wafer form, see
FIGs. 3a-3c, using laser drilling, mechanical drilling, or deep
reactive ion etching (DRIE). The vias are filled with Al, Cu,
Sn, Ni, Au, Ag, titanium (Ti), tungsten (W), poly-silicon, or
other suitable electrically conductive material using
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form z-direction vertical
conductive through silicon vias (TSV) 175. Encapsulant 150 is
planarized with a grinder down to back surface 128 of
semiconductor die 124 to expose conductive TSV 175.

A semiconductor die 176 has active surface 178
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removing a portion of the base substrate to form electrically isolated base leads between the first
conductive layer and second conductive layer. 15. The method of claim 14, further including mounting a
second semiconductor die to the encapsulant and first conductive layer between the base leads. 16. The
method of claim 15, wherein the first semiconductor die and second semiconductor die are electrically
connected to opposite sides of a portion of the first conductive layer. 17. The method of claim 15,
wherein & ABight Bf fHe Base RAdS s Bﬂe%iéﬁhaﬁ%ﬁwﬁésé%ﬁ’ﬁr?é‘%ﬂ SemigohdtiGor die. 18. The

method of slaicld, Whereinvibedissticanductive tayer IReudes an ejcharesisiartimateriab 19. The
method of claim 14, wherein the second conductive layer Includes an etch-resistant material. 20. The

method of TimS14, Fartfer ifciuding déifositiy ferchpShfant tsing aMofd GRAf process.

according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
178 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 176 may also contain IPDs, such as inductors,
capacitors, and resistors, for RF signal processing. In one
embodiment, semiconductor die 176 is a flipchip type
semiconductor die. Contact pads 180 are formed on active
surface 178 and electrically connected to the circuits on the
active surface. A plurality of bumps 184 is formed over contact
pads 180. Semiconductor die 176 is stacked over semiconductor
die 124 with bumps 184 electrically connected to conductive TSV
175.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those
embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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21. A semiconductor device, comprising: a base substrate having first and second opposing surfaces; a
first conductive layer formed over the first surface of the base substrate; a second conductive layer
formed over the second surface of the base substrate; a first semiconductor die mounted over the
first conductive Layer; an encapsulant deposited over the first semiconductor die and base substrate,
wherein a portion of the base substrate is removed to form electrically isolated base leads between
opposing portions of the first conductive layer an&d$88H conductive layer; and

What is claimed:

1. A method of making a semiconductor device, comprising:

providing a base substrate having first and second opposing
surfaces;

forming a first etch-resistant conductive layer over the
first surface of the base substrate;

forming a second etch-resistant conductive layer over the
second surface of the base substrate;

providing a first semiconductor die having a plurality of
bumps formed over contact pads on an active surface of the first
semiconductor die;

mounting the first semiconductor die to the base substrate
with the bumps bonded to a first surface of the first etch-
resistant conductive layer;

depositing an encapsulant over the first semiconductor die
and base substrate;

removing a portion of the base substrate to form
electrically isolated base leads between opposing portions of
the first etch-resistant conductive layer and second etch-
resistant conductive layer; and

mounting a second semiconductor die to the encapsulant and
a second surface of the first etch-resistant conductive layer

between the base leads.

2. The method of claim 1, wherein a height of the base leads

is greater than a thickness of the second semiconductor die.
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a second semiconductor die mounted over the encapsulant and first conductive layer between the base
leads. 22. The semiconductor device of claim 21, wherein the first conductive layer includes an
etch-resistant material. 23. The semiconductor device of claim 21, wherein the second conductive layer
includes an etch-resistant material. 24. The semiconductor device of claim 21, wherein a height of the
base leads is greater than a thickness of the second semiconductor die. 25. The semiconductor device of

claim 21,3wherei fheTisEEEMIcbnatétor die ard 5EEGTd <ehicondletor ai are deétricaiy Eonnected to
opposite sidesof aipertion of the fikst eonductivedayesemi conductor die.

4. The method of claim 1, wherein the first etch-resistant
conductive layer includes a first contact pad, redistribution

layer, and second contact pad.

5. The method of claim 1, further including depositing the

encapsulant using a mold underfill process.

6. A method of making a semiconductor device, comprising:

providing a base substrate having first and second opposing
surfaces;

forming a first conductive layer over the first surface of
the base substrate;

forming a second conductive layer over the second surface
of the base substrate;

mounting a first semiconductor die to the first conductive
layer over the base substrate;

depositing an encapsulant over the first semiconductor die
and base substrate;

removing a portion of the base substrate to form
electrically isolated base leads between opposing portions of
the first conductive layer and second conductive layer; and

mounting a second semiconductor die to the encapsulant and

first conductive layer between the base leads.

7. The method of claim 6, wherein the first conductive layer

includes an etch-resistant material.

—-21-



8. The method of claim 6, wherein the second conductive layer

includes an etch-resistant material.

9. The method of claim 6, wherein a height of the base leads

is greater than a thickness of the second semiconductor die.

10. The method of claim 6, wherein the first semiconductor die
and second semiconductor die are electrically connected to

opposite sides of a portion of the first conductive layer.

11. The method of claim 6, further including mounting a third

semiconductor die over the first semiconductor die.

12. The method of claim 6, further including:

forming a plurality of conductive vias through the first
semiconductor die; and

mounting a third semiconductor die over the first

semiconductor die electrically connected to the conductive vias.

13. The method of claim 6, further including depositing the

encapsulant using a mold underfill process.

14. A method of making a semiconductor device, comprising:

providing a base substrate having first and second opposing
surfaces;

forming a first conductive layer over the first surface of
the base substrate;

forming a second conductive layer over the second surface
of the base substrate;

mounting a first semiconductor die to the first conductive

layer over the base substrate;
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depositing an encapsulant over the first semiconductor die
and base substrate; and

removing a portion of the base substrate to form
electrically isolated base leads between the first conductive

layer and second conductive layer.

15. The method of claim 14, further including mounting a second
semiconductor die to the encapsulant and first conductive layer

between the base leads.

16. The method of claim 15, wherein the first semiconductor die
and second semiconductor die are electrically connected to

opposite sides of a portion of the first conductive layer.

17. The method of claim 15, wherein a height of the base leads

is greater than a thickness of the second semiconductor die.

18. The method of claim 14, wherein the first conductive layer

includes an etch-resistant material.

19. The method of claim 14, wherein the second conductive layer

includes an etch-resistant material.

20. The method of claim 14, further including depositing the

encapsulant using a mold underfill process.

21. A semiconductor device, comprising:
a base substrate having first and second opposing surfaces;
a first conductive layer formed over the first surface of
the base substrate;

a second conductive layer formed over the second surface of
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the base substrate;

a first semiconductor die mounted over the first conductive
layer;

an encapsulant deposited over the first semiconductor die
and base substrate, wherein a portion of the base substrate is
removed to form electrically isolated base leads between
opposing portions of the first conductive layer and second
conductive layer; and

a second semiconductor die mounted over the encapsulant and

first conductive layer between the base leads.

22. The semiconductor device of claim 21, wherein the first

conductive layer includes an etch-resistant material.

23. The semiconductor device of claim 21, wherein the second

conductive layer includes an etch-resistant material.

24. The semiconductor device of claim 21, wherein a height of
the base leads is greater than a thickness of the second

semiconductor die.

25. The semiconductor device of claim 21, wherein the first
semiconductor die and second semiconductor die are electrically
connected to opposite sides of a portion of the first conductive

layer.
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