SEMICONDUCTOR DEVICE AND METHOD OF DUAL-MOLDING DIE
FORMED ON OPPOSITE SIDES OF BUILD-UP INTERCONNECT
STRUCTURE Field of the Invention The present invention relates in general
to semiconductor devices and, more particularly, to a semiconductor device
and method of dual-molding semiconductor die mounted to opposite sides of
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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 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,



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
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perform high-speed calculations and other useful functions. Semiconductor
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inVONeS%HﬁﬁmﬁﬁﬁquCtor 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. Each die is typically identical and

contains circuits formed by electrically connecting active and



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
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by improvements in electrical interconnection and packaging
materials.

The electrical interconnection in a fan-out wafer
level chip scale package (FO-WLCSP) containing semiconductor
devices stacked on multiple levels can be accomplished with
conductive through silicon vias (TSV), through hole vias (THV),
or Cu-plated conductive pillars. Vias are formed in silicon or
organic material around the die using laser drilling or deep
reactive ion etching (DRIE). The vias are filled with
conductive material, for example by copper deposition using an
electroplating process, to form the conductive TSVs and THVs.
The TSVs and THVs further connect through build-up interconnect
structures which are formed across each semiconductor die. The
TSVs and THVS and build-up interconnect structure have limited
input/output (I/0) pin count and interconnect capability,
particularly for FO-WLCSP.

The semiconductor die are typically mounted to one

side of the build-up interconnect structure in the FO-WLCSP. To



accommodate the die, the build-up interconnect structure must be relatively
large, which increases manufacturing cost. Alternatively, if the die are
mounted to both sides of the build-up interconnect structure, the height of
the bumps must be greater than the height of the upper die in order to bond
the bumps to the build-up interconnect structure. The large height and

carresponding width of the bumps increases the bump pitch, and reduces I/
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making a semiconductor device comprising the steps of providing a
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nLcsgonductive pillars over the first interconnect structure, mounting a second
semiconductor die between the first conductive pillars with second contact
pads oriented to the first interconnect structure, depositing a second

encapsulant over the segaq@ rSenaieoRtCth e Kby St interconnect
structure, and forming a second interconnect structure over the second
encapsulant. -4 The second interconnect structure is electrically connected to

A need exists for a higher I/0 pin count in FO-WLCSP.
Accordingly, in one embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a temporary carrier, mounting a first semiconductor
die with first contact pads oriented to the temporary carrier,
depositing a first encapsulant over the first semiconductor die
and temporary carrier, removing the temporary carrier, and
forming a first interconnect structure over a first surface of
the first encapsulant and first semiconductor die. The first
interconnect structure is electrically connected to the first
contact pads of the first semiconductor die. The method further
includes the steps of forming a plurality of first conductive
pillars over the first interconnect structure, mounting a second
semiconductor die between the first conductive pillars with
second contact pads oriented to the first interconnect
structure, depositing a second encapsulant over the second
semiconductor die and first interconnect structure, and forming

a second interconnect structure over the second encapsulant.



the first conductive pillars and first and second contact pads of the first and
second semiconductor die. In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of providing
a first semiconductor component, depositing a first encapsulant over the first
semiconductor component, and forming a first interconnect structure over a
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seco?gfqggﬂgconductor component and first interconnect structure,
and forming a second interconnect structure over the second
encapsulant. The second interconnect structure is electrically
connected to the first conductive pillars and first and second
semiconductor components.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a first semiconductor component, depositing a first
encapsulant over the first semiconductor component, and forming
a first interconnect structure over a first surface of the first
encapsulant and first semiconductor component. The first
interconnect structure is electrically connected to the first
semiconductor component. The method further includes the steps
of mounting a second semiconductor component to the first
interconnect structure, depositing a second encapsulant over the
second semiconductor component and first interconnect structure,

and forming a second interconnect structure over the second



encapsulant. The second interconnect structure is electrically connected to
the first and second semiconductor components. In another embodiment, the
present invention is a semiconductor device comprising a first semiconductor
component and first encapsulant deposited over the first semiconductor
component. A first interconnect structure is formed over a first surface of the
encaflrst nc%psul t and first %emlconductor component. Theeflrst mttfrconnect
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connsegord semidonductor tompbrest ishosated-tortiie dirstrintercgrnesh t s .
structure, & secandl encapsulantis,depqsiied ueL (N SERML s o 35
semiconductor component and first irfterconnect structure. A second
semliipterdonnect steictiure isformedsovey the Secortd srcapsuldnt tTive segapdnent
ana BierConagRt LS glsclicaly comnectadiio e st g SEOMl ceor
semiconductor components. Brief Description of the Drawings FIG.
compillnstrdtes PP EBIWIth diffepamiappes ol patkages moUﬁte‘cPﬁ@T]@sism?’aﬁé a
£1r 1G5 2850 ustraiedurthes detall of tae aptesshiative SemicopduGifu e or
packages mounted to the PCB; FIGs. 3a-3h illustrate a process of
Compﬁ’@&l%mm@%rﬁkﬁﬁauétwﬁi@%@ﬁféﬂ oeppYsiteides GHislEdFally
connibtereannest structure in aRQAWLESR: FIG. 4diysyates the WLESP with
dual-molded semiconductor die mounted to opposite sides of build-up
semipedddfedt sERRIBEEIG . I5illtstrates hé dualmoldeddie WiliPEGIaLEIvE

st rupilarseextending fona the,engansulant; 6sF G B llustates the duakmeldesh g

die with the
semiconductor component and first interconnect structure. A

ly

second interconnect structure is formed over the second
encapsulant. The second interconnect structure is electrically

connected to the first and second semiconductor components.

Brief Description of the Drawings

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

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

FIGs. 3a-3h illustrate a process of dual-molding
semiconductor die mounted to opposite sides of build-up
interconnect structure in a FO-WLCSP;

FIG. 4 illustrates the WLCSP with dual-molded
semiconductor die mounted to opposite sides of build-up
interconnect structure;

FIG. 5 illustrates the dual-molded die with conductive

pillars extending from the encapsulant;



conductive pillars recessed with respect to the encapsulant; FIG. 7 illustrates
the dual-molded die with an exposed backside of the lower and upper
semiconductor die; FIG. 8 illustrates a build-up interconnect structure formed
over upper semiconductor die; FIG. 9 illustrates an EMI shielding layer
formed over upper semiconductor die; and FIG. 10 illustrates discrete

semicondlugtor gomppnents, mounted to,build-yp inferpannect styyctye.
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Detailed Description of the Drawings

The present invention is described in one or more
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. FEach die on the wafer contains active and
passive electrical components, which are electrically connected

to form functional electrical circuits. Active electrical



components, such as capacitors, inductors, resistors, and 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.
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transforming the semiconductor material into an insulator,
conductor, or dynamically changing the semiconductor material
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 to promote
or restrict the flow of electrical current upon the application
of the electric field or base current.

Active and passive components are formed by layers of
materials with different electrical properties. The layers can
be formed by a variety of deposition techniques determined in
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.,



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 remainder of
the photoresist is removed, leaving behind a patterned layer. Alternatively,
some types of materials are patterned by directly depositing the material
into the areas or vojds formed by, a previous_ depositjon/efch process using
PO R R 66 e 2o BISCUOIGSE Al SIEch S ie binG. DepBating o thiim
traneffrmateridl bvemam eristingnpeattern canrexaggerate ¢lse ahderdying paiteirt .
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remogifshicararel agdeaha fise sumbade efrthedvafer didring polishing.titve 1y, some
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and environmental isolation. To singulate the die, the wafer is scored and
e lechigRen talong Fohifufictional regions of the wafer called saw streets or
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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 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 to

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 package to provide physical support and
: electrical isolation. The finished package is then inserted into an electrical
0t R 2hd The FLHEdoRA of e Sommiconmtictor Hevice S Pads: avable
formtedtheathert$ysterancormpohents 1Gi 4 iHustrates electrondedcee 50 contact
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withdevidel80 rhayhave shedyprivbsemicenductor packages; or nuultiplentypesof -

an <S@Micondyctor packages, depending qputhe, application. The differenttypes

of semiconductor packages are shown in FIG. 1 for purposes of illustration.
PackERtrofiddeAcelS0 PhaisBE alstantaioie systernthat usegthelsolation.
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Alternatively, electronic device 50 may be a subcomponent of a larger
and &fxtehv FoF eRample; eletirohits desite B0 fMay e a Graptics éardhaetvork

availigifacecardner othersignalprecessing.eadithat can be inserted into a
computer. The semiconductor package can include microprocessors,
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electrical components. In FIG. 1, PCB 52 provides a general substrate for
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or multiple types of semiconductor packages, depending on the
application. The different types of semiconductor packages are
shown in FIG. 1 for purposes of illustration.

Electronic device 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may
be a subcomponent of a larger system. For example, electronic
device 50 may be a graphics card, network interface card, or
other signal processing card that can be inserted into a
computer. The semiconductor package can include
microprocessors, memories, application specific integrated
circuits (ASIC), logic circuits, analog circuits, RF circuits,
discrete devices, or other semiconductor die or electrical
components.

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

-10-



-10 traces 54 are formed over a surface or within layers of PCB 52 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

eracfQWer, and.around sgnnections to each, of the semicanduetarpackages, Iy
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directly to the PCB. For the purpose of illustration, several types of first level
othepackaghiyg dnclgdingstirecbome package 56 apddiip Thip 58 Cafershoiirorower

and §EBR% Additionally,several ypes of secend leyel @@85@_@986“& ingball
grid array (BGA) 60, bump chip carrier (BCC) 62, dual in-line package (DIP)

64, land GridSartay TGAY E6Srufi-cRipTREGHEIMICNMP B8 JqiEE fathas two
packRen{eaded, package-(QEN) 7Q.and guad flgt package.72 are shgwp for

mounted on PCB 52. Depending upon the system requirements, anﬁ ,
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an ifirstand secerd levelpackaging styles, asweall as ethes i@lgCieRie 1 ves
components, can be connected to PCB 52. In some embodiments, electronic
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onlyn%g%gegwgn¥%¥g¥ level packaging where the die is
mechanically and electrically mounted directly to the PCB.

For the purpose of illustration, several types of
first level packaging, including wire bond package 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
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. In 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
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packages over a single substrate, manufacturers can incorporate -11
pre-made components into electronic devices and systems. Because the
semiconductor packages include sophisticated functionality, electronic
devices can be manufactured using cheaper components and a streamlined
manufacturing process. The resulting devices are less likely to fail and less
re-§RENSIVe {0 manutaciyre resyiting in & lower gost for ansumets, FIGs.
P a-2c S%O\A?exemplary semiconductor packages. EiG. DR iGtFates Turther
Becadetail ofi ®1B Sdimoudtedtan PEB-52.9Semicoridubtorsdiplv4dsincludes @n

funcg%%’ﬁarfgkon, 9%%?@%”&%@%'0%@%&%‘%Ea'c%'r&“%% ?g'ﬁ%a“t%%ééﬁcﬁg% g
evices, passive devices, conductive layers, an lelectric fayers orme
cheawithinc thecdiecandsarereleetrieslfyeimtarcornected ateording toother efeetrical The

resudeSign o5 R die For exaraple, the, gycuitmay Include ONe.amoIe . s ve to

transistors, diodes, !nduc;ors, capacitors, resistors, and other circuit
manuglefiehts forarealwithia the agtive regionsfisehticosduttorndies74. Contact

pads 76 afe; one or moreg ﬁr%Qfeﬁmdé%yV%éﬂﬁt‘é%‘dﬁu%ésp?‘%ﬂ%& .
(Al), copper (Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
FIG.eleetrically ebnréced ot e EiFcuirdlements fdfm dafitiif UserficofduéteP 2 -

semi@ignifh Quringassembly of PIR 64, §%m£r&@wgt%di,i§o714 isdneuntedig atna1og
intermediate carrier 78 using a gold- silicon eutectic layer or adhesive

or defatdriat steh A8 thermaIPepaiay THeé package borydrcludes antrstiatie

devikackaging duateriaksuchas-polymey of ceramicr CoNduetor leads 8 andithin
wire bonds 82 provide electrical interconnect between semiconductor die 74

the dnd P53 Entapsulant B4'is HepobRed VYT the Patiager fot 9 to the

e lecemvironmerial protectionHyy preventing xmeistie Bad patticles from entesng
inclg%ipag§gggfwgore 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, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-
silicon eutectic layer or adhesive material such as thermal
epoxy. The package body includes an insulative packaging
material such as polymer or ceramic. Conductor leads 80 and
wire bonds 82 provide electrical interconnect between
semiconductor die 74 and PCB 52. Encapsulant 84 is deposited
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 i1llustrates further detail of BCC 62 mounted
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contaminating die 74 or wire bonds 82. FIG. 2b illustrates further detail of
BCC 62 mounted -12 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 packing interconnect between contact pads 96
and 98. Molding compound or encapsulant 100 is deposited over

ndu tor die 8 W|re bonds, 94 to row% hysical suppart an
on PR toal isgbon Be Eich CChptatt PRt 103 Srd e iarg. o0
us inguréaceuaidRC B 521 using @ suiabile snetabdéposition processslchas Wire

bon d%Ie g{o tI(% ‘Qleglg or glec&rgles§ P %tlr]glto reyent ox@%tlo& ontact n ads

ctrical y connecte to one or more con uctlve signa traces 54 in
contRCB mcauﬁ@s 404 dté fornied Betweercoarmactparls 98 o BCA &2tandP0 1s

depo%%‘é&t Rads 1920t BCRR2. 1B FIG, 2cqsemicondyctor die o8 issmoppted o5 e

face down to intermediate carrier 106 with a flip chip style first level
phy spackagintpetive 3edion 1o8afisemiconddcdr die S8 Eorthmsdaraleg or

cOnt‘A'SE%%l@é“@ dmplemented asactive deyices, passive, deyiegs, 5023'1%’?]:\%

layers, and dielectric layers formed according to the electrical design o
sultgel FofekampRSEes Circtit nraPintRRlesHe oPMmofe frahsistors idiodest 1ng

or eiDQHEFPJS?LeQ%p%PitQE%d@s@@rér@%ﬁ@%ﬁ@% elements withinactivess 102
region 108. Semiconductor die 58 is electrically and mechanically connected

f%)l@efrﬁéllf@é hroGgR BERTLT® BEA 60K s@é’&rl%ﬂfjé’rﬁbtﬁﬂé%héﬁ‘éﬁﬁ*}
trac@@@@tqdqtq:&% 52 with:aBGA style secondleve! packaging using Lumpsids

112. Semiconductor die 58 is electrically connected to conductive signal

98 ofralS 58 PEB 52 rdbgh Bifths £10, ¥igridtines 114, and bumps 112. A

molding campound bf eneapswWantilll isr die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
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 within 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
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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 -13 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

erfarmance. In another embodiment, %w semiconductor .die 58 can be ..
con CRaRcally and Skl Conbeeteaiacty (0 PCBes Cang iy onip - °°
to cstylddfirst levekpackagingwiRautS irtermedidtercarrer 8061del Gsi aBh

ill %t atg indregattiorq tg Flgs.%and -2 L process fdu I-molginoqV 11
pmpse%mi[b%nauct%r die molnted to 068 asfaltcelcsf“lgeg of abui d-ld@ interconnect
circstrictorrinc FORGL..CSPn IR FIG I3y, eewhfaetiforn Substratesemcaierd120 or

die GNMALY tBmnpLany o sachficialbase.material such as SUiGoD. NOYMeL e v 1y

polymer composite, metal, céramic, glass, glass epoxy, beryllium oxide, or
to Pethep suitatle ovi-cost, Figid materid of Isdk séaicdndretdratargiaifgrhout

int eStructural support. Carrigg 420 can be tape. An optional interface layer 122
can be formed over carrier 120 as a temporary bonding film or etch-stop

layer. In'FIG33bSemiconddetdF 86 compditerits 124 dre mbaftedltoand 2a-
2c, Wterfacelayer k22with contact pads J26-0mactive, surace 128 oriented,

toward carrier 120. Active surface 128 contains analog or digital circuits

OPPORBmERISFas Aofive HelitesPpasdife BEVIRES leohdiicfile Ffetd! ahdF O

wr.csdielectic dayers farmed withiarthe die, apdielectreallyjntereannesied 20
according to the electrical design and function of the die. For example, the

contaiiqii halRIade oRE of Afdre tridnsistord® fioded SntfdthePGifeyis S+1icon,
polyelements formed withipactive suifa€el, ceramic, glass, glass epoxy,

beryllium oxide, or other suitable low-cost, rigid material or
bulk semiconductor material for structural support. Carrier 120
can be tape. An optional interface layer 122 can be formed over
carrier 120 as a temporary bonding film or etch-stop layer.

In FIG. 3b, semiconductor die or components 124 are
mounted to interface layer 122 with contact pads 126 on active
surface 128 oriented toward carrier 120. Active surface 128
contains 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
128 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 IPD,

such as inductors, capacitors, and resistors, for RF signal
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128 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 IPD, such as inductors, capacitors,
and resistors, for RF signal -14 processing. A typical RF system requires
multiple IPDs in one or more semiconductor packages to perform the

rocieaaseany dlecirigal funcligas. In FIG, 3¢, anencansylant on mojding ;o
P compogrid 1 Olgpdleposite over carrier i% and active surface of
or msemicoaductondieci24 usimgkapastetprinting focompiessivee neoldiagytransfer

eleCrtnolldclgq,_ li uIleCgrilcaers.ulant molding, vacuum lamination, spin coating, or

other suitable appﬁceftor. Encapsulant 130 can be polymer composite
material Isuchlas egoxy aesianwithofiller aepoxyracrylats with filler orpdlymér 1s
depoWith properfiller, Epcapsulant 1304is nan-condygtive and, egviggnmentally
protects the semiconductor device from external elements and
semiegitdhitarits diige iMérmisdiate struvisrecdesetibed Y FIGSIB-86 &l ve

mo1dil¥grted and carer 1 20;and optional intedface layer 122 a1 remeved B un

_chemical etching, mechanical peel-off, CMP, mechanical grinding, thermal
Lamipakel Paser Seannimg2 b wet stippingeds SHewa FIGPSd. /A Bhfd-up

Enca&agemgw&eqtﬁtﬂ&weo@%&f §d&c§/ﬁb§%m@r}%@@fﬁﬁ 124 a0 a5 epoxy
_surface of encapsulant 130. The build-up interconnect structure 132 ,

resimpchiied a?ﬂiﬁ%ﬁlﬁtinﬁ]%?béséi%ﬁ&rﬂa%e?’i’é@ cBh@a}n%ﬁg one BpP Hﬁﬁ?@lfayé%h

propefsilcon dipxidex($iQ2) ssilicen nitride (SiINA). sijcer OxYRilide($HION),

tantalum pentoxide (Ta205), aluminum oxide (A1203), or other material

NV IR IRG SirfitarY indti ARG dhd Sthuctarat BROPEHES THERSGating tayer 1337 et

elements and contaminants.

The intermediate structure described in FIGs. 3a-3c is
inverted and carrier 120 and optional interface layer 122 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping, as shown in FIG. 3d. A build-up interconnect
structure 132 is formed over semiconductor die 124 and a surface
of encapsulant 130. The build-up interconnect structure 132
includes an insulating or passivation layer 134 containing one
or more layers of silicon dioxide (Si02), silicon nitride
(Si3N4), silicon oxynitride (SiON), tantalum pentoxide (Ta205),
aluminum oxide (A1203), or other material having similar
insulating and structural properties. The insulating layer 134
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

The build-up interconnect structure 132 further
includes an electrically conductive layer 136 formed in

insulating layer 134 using a patterning and deposition process
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is formed using PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation. The build-up interconnect structure 132 further includes
an electrically conductive layer 136 formed in insulating layer 134 using a
patterning and deposition process -15 such as PVD, CVD, sputtering,
electrolytic plating, and electroless plating process. Conductive layer 136
canb e ore layers of Al, Cu,-On, Ni, Au, Ag, or other suitabl
el%gtr%a y conductiv l}r%gtee?i}aﬁl.%neé %)Srcf%ﬁbo %%ﬁgugtr}vaetc er%%’r 1%%85
elecélectrieally poanected ta cortast pads 126 of isemitenductoBdieck2d. iGthene or
nor e_pcirélogs of 89n%ggtlvgday%r 1,3% lc?nébe,elg t,rlcglly cemmon.or. %Iggtflcal!y
isola edfglependlng on the 3e5|gn and tnction of the semiconductor device.
eleclrRIG Bey onermtumareviayestofphotoresist arec deposited bveroa urdade of
1ay<Quiichyp Inerconnect sinolyre 132, oppOSe semicanductordlie L24¢A.
portion of the photoresist is” exposed and removed by an etch development
semigredss e formidas 2 €ondutive material oschrds ARG AN, Auy Ag, 136
can tanium (T); ungsten- O solder, pely:silicon, of ombinationthereah isi ng on
deposited in the vias using a selective plating process. The photoresist is
the slripped awdy 1EAVIAG behirtf indifdEardsHRende pillaf$ Y40 8n another
embodimenty condyetive pillars 140,can be fermed,as stud bunps or stacked
bumps. In FIG. 3f, semiconductor die or components 142 are mounted

dePopdtprnBHIdURIE PHIARS 188 WiR EhTAR phds 22061 Sicive Shiatd a6l 32
oppoeriented da the surfage-ef build-up dntergonnect stucture 182 opREst® esist is

semiconductor die 124. Contact pads 144 are electrically connected to ,
exPo&ﬁﬂhﬁﬂgeﬂiﬁﬁved by an etch development process to form vias.

such

Conductive material, such as Al, Cu, Sn, Ni, Au, Ag, titanium
(Ti), tungsten (W), solder, poly-silicon, or combination
thereof, is deposited in the vias using a selective plating
process. The photoresist is stripped away leaving behind
individual conductive pillars 140. In another embodiment,
conductive pillars 140 can be formed as stud bumps or stacked
bumps.

In FIG. 3f, semiconductor die or components 142 are
mounted between conductive pillars 140 with contact pads 144 on
active surface 146 oriented to the surface of build-up
interconnect structure 132 opposite semiconductor die 124.
Contact pads 144 are electrically connected to conductive layer
136 with bumps 147. Active surface 146 contains 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
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136 with bumps 147. Active surface 146 contains 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 -16

elements formed within active surface 146 to i %ement.an 0g_circuits o
] rALHE- o 56 BSP: ASIC, G of hG: Sghal prbceang
circcifduit. Sensdaorductordie ddltmay ailsoh centdrs 2D ASUch, asirdoctors,or

(:apa.c'tgrs.I and resis ars for .RF signal processing. In.FIG. %% an

h 42 1
ot eéncsestlp u?ant%?%%ai%ﬁé c%rr%gucnu %48 iséedlgpl)gs?ﬁ%dc}l r%\J/C:e?rrbwd?up may atso
contimtercoRRect staictre 1820 semicorrdiretortdie 142aand aresindtors, for

RF Sg%%tigg Dillars %8 using a paste printing, compressive molding, transfer
molding, liquid encapsulant molding, vacuum lamination, spin coating, or

other suitabfel&pplizatora Encasutan! B8 -carr be pbiymmer corposied 148 1s
depoMALRNial SHch 8% .epexyesinwith fillgr, epoxy acrylate with, ifler, gf polymer

with proper filler. Encapsulant 148 is non- conductive and environmentally

semigRRERS B sérhfcohtitcf Yeticel RSnTexeHdl Blemenitslaies 140 using a

pasteoMaminants. Encapslant 148 is jlanauzed by, a8 £I1ChiRG PrAGRSS 191 quid
expose conductive pillars 140. In another embodiment, semiconductor die or
SNCaESMpERENtSCT42 Bfe mEtRtet witR Contdct PAds B4 brPactive Sinfaee 146 ST

suitamgrtedte the surdace ofbuild-up intarconnectstrugdres32, RPPOosittposite
semiconductor die 124 (without ,formin% conductive pillars 140). Encapsulant

matey4g iy deptisited HVaP Biid-upS iterébhRedt'stlcture SRS and s€micdnduttor
fil1die, 142 Aoolymer with proper filler. Encapsulant 148 is non-

conductive and environmentally protects the semiconductor device
from external elements and contaminants. Encapsulant 148 is
planarized by an etching process to expose conductive pillars
140.

In another embodiment, semiconductor die or components
142 are mounted with contact pads 144 on active surface 146
oriented to the surface of build-up interconnect structure 132
opposite semiconductor die 124 (without forming conductive
pillars 140). Encapsulant 148 is deposited over build-up
interconnect structure 132 and semiconductor die 142. A
plurality of vias 1s formed in encapsulant 148 using laser
drilling or etching process, such as DRIE. The vias are filled
with Al, Cu, Sn, Ni, Au, Ag, titanium (Ti), W, poly-silicon, or
other suitable electrically conductive material using PVD, CVD,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form conductive vias

through encapsulant 148. The conductive vias are electrically
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plurality of vias is formed in encapsulant 148 using laser drilling or etching
process, such as DRIE. The vias are filled with Al, Cu, Sn, Ni, Au, Ag,
titanium (Ti), W, poly-silicon, or other suitable electrically conductive material
using PVD, CVD, electrolytic plating, electroless plating process, or other
suitable metal deposition process to form conductive vias through
encapsulant 148, The conductive vias are electrically -17 connected to
Comgocr%té?t égdscfféfﬁﬁﬁilgégﬁ, grigiéln’[erconnect structli/re 149 is formed over
encapsulant 148 .anthcorductivé pillars: 140 LA telectricakly ¢driductive dayerd

over 2NISOMEA NSN3 Palieming, And depostion process guch gg PVD, CVD,
sputtering, electrolytic plating, and electroless plating process. Conductive
eleclayer230 zan decore ovmote lagfers 60PAL UL SmeNi, Wed Ag), ar piererning

ana $ulabla eleirically conductive material, Copgucting ayer 159 gperates as

an under bump metallization layer (UBMJ and rédistribution Tayer (RDL) for a
elecgreatett inpub/batput ¢1/OF pith COLiELAR bicttrically conduetiviechgmp material

condi§deposited ,over copductive ayer, 150, and glectrically,connecied tocy,, gp,

~conductive pillars 140 using an evaporation, electrolytic plating, electroless
Ni, PAfatingSbalPdropt BFEcreen tipdifig Sproeess.Crie Buppfiateriar eampe o ial -

condSBcNi; AL Ags Py B, sglder, and gombinations therert with1an gptional
flux solution. For example, the bump material can be eutectic Sn/Pb,

layeﬁiglﬁqg% sBlifer FGdéad-freeSotdar. #ﬁé%n{ﬁﬁﬂeﬁéﬁs SoHdedte”
i npueonductive layer dH0dising a.syitable attachment or bonding process. In one

embodiment, the bump material is reflowed by heating the material above its

mehMg|§ﬂn qaﬁﬁlcally conductive Pbump material is deposited
over conductive layer 150 and electrically connected to
conductive pillars 140 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 150 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 152. In some applications, bumps 152
are reflowed a second time to improve electrical contact to
conductive layer 150. The bumps can also be compression bonded
to conductive layer 150. Bumps 152 represent one type of
interconnect structure that can be formed over conductive layer
150. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

Semiconductor die 124 are singulated with saw blade or
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spherical balls or bumps 152. In some applications, bumps 152 are reflowed
a second time to improve electrical contact to conductive layer 150. The
bumps can also be compression bonded to conductive layer 150. Bumps
152 represent one type of interconnect structure that can be formed over
conductive layer 150. The interconnect structure can also use bond wires,

stud _bump, micro.bump,.or ather electrical interconnes ico tor die
1250} AR R e G S ARE o LB ASSF g SEoR 164 il ¢ hows
FO-WindBadued FCO-NWIeCSP 1RG4 8hows FOWLCSRIL60 aftedsimgulatioand 142
are 8%%%“#“%0%%9 $84.andlag, ar P?OUI{‘ée_%E%%%%eﬁ'de%8£§”§omected
eectncaymterco%necte ﬁwrough U|Ida-up interconnect stracture 13 . By
thromenting lsermigondictordient24 and 142 to opposite sides ofibuild-Lipg

semi IGIGARRQG! shucture 132, g orgater ytilization;qf the byild- up intercopneet

. structure can be achieved and its size can be redyced, Which saves .
int eaaDfRtrirf costt Eh€apstdantal 3Dr&sd- 48 dreldeposited apduridie build-

up is@rBicopducior die 124 and 142, fespechively. Build-ypjinterconnect strugturg
132 is electrically connected to RDL 150 and bumps 152 by z-direction
reduipgstcorhédtitohdletive pillars 4ol which arSalso coverstPby eHeapsllantd

148 343 Bydualimelding-of semiconduciondie-124 and k42 and ysing,,
conductive pillars 140 for z-direction interconnect and RDL 150 for lateral

resPREdreshnect, thepitdh oPbamps 15218 F6ducid WhfchbRcreased the 1/0 pin

elecCQUMaFIG: S-shews FQWILLSB11625with, gandiigtive pillars 340, extending: on
from encapsulant 148. In this embodiment, encapsulant 148 in FIG. 3g is

integRBR DAtk SORRCLONGuTVE bifars 148 protrtad fonk e ERca R FoPY
enca@isectdnterconmect to,other packages gr devicesiconductor die 124 and

142 and using conductive pillars 140 for z-direction
interconnect and RDL 150 for lateral interconnect, the pitch of
bumps 152 is reduced which increases the I/O pin count.

FIG. 5 shows FO-WLCSP 162 with conductive pillars 140
extending from encapsulant 148. In this embodiment, encapsulant
148 in FIG. 3g is etched back so that conductive pillars 140
protrude from the encapsulant for direct interconnect to other
packages or devices.

FIG. 6 shows FO-WLCSP 164 with a reduced height for
conductive pillars 140. In this embodiment, conductive pillars
140 and a portion of encapsulant 148 away from semiconductor die
142 in FIG. 3g are etched back with respect to a portion of
encapsulant 148 over semiconductor die 142 to reduce the overall
height of the FO-WLCSP.

FIG. 7 shows FO-WLCSP 166 with conductive pillars 140
and encapsulant 148 planarized to expose a back surface of

semiconductor die 142. Likewise, encapsulant 130 is planarized
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FIG. 6 shows FO-WLCSP 164 with a reduced height for conductive pillars
140. In this embodiment, conductive pillars 140 and a portion of encapsulant
148 away from semiconductor die 142 in FIG. 3g are etched back with
respect to a portion of encapsulant 148 over semiconductor die 142 to
reduce the overall height of the FO-WLCSP. FIG. 7 shows FO-WLCSP 166
with condu%t(iav&pillars f’L4O ag]cii encaEsuIa(g{1 %%% Plaorﬂariz %). expose a back

ko “&litace 6f Sémiconductor die 142 T 8@%& encapsujlgnt is planarized

-19 to eXpbse aSbadlosurface-ofisepriconductordieck24d HGi8shpwslars 170
FQ-WLCSP, 1 ith conductive pillar 0 _formed arqund semiconducto
formgi% 1azaog€(§1b§§é¥\igonc{1uéjt})r &Ié‘ $24 afr?& IS Emke Ll l?,‘tergés'ﬁnéct

up interconnect layer 172 formed over a surface o
layeendapsufantiS0. ivihis ensbhodiment, ohesoraaprailayers dfghotoresist lare

embotigRRSIEd Quer carrigr120 PQ%Eosd%‘%o%t}i{&%’}%y{a@ﬁéoci@@@i§8-dA over

portion of the photoresist is exposed and removed by an etch development
carrpcess to forarvias cCosmagdive imatepiak apek ban Al 1GY Om, NilAu, Ag; Ti,A

port Wb solderpalysilicon, ok combination hereot, isdepasised in iie vias using
a selective plating process. The photoresist is stripped away leaving behind
deveihgRAIgIH cBRaGERR (FifarSCEZD. i afothef CEABSdIMENtTeditiuttive pilags as

a1, (0 can peyormed assiud bumpg, osstagked byapg. The remainder of the
structure is formed according to FIGs. 3c-3g. A build-up interconnect ,
combdpddtare1 P2 e fofthed bvef Bitapsafant 136 AR d tohtubtive FillarsSEAF ct - ve

platIRe byildups interconpegtisiructureilsi2 inslugdes andagulatiag or passivation
Jlayer 174 containing one or more layers of SiO2, Si3N4, SiON, Ta205,
behig 26@,ddr"dtﬂélﬁﬂnafé3r{h%ﬁ€ih}jesiﬁﬁﬂéﬂi"ﬁ%ﬁlaﬁﬁ@ andl " another

embodiment, conductive pillars 170 can be formed as stud bumps
or stacked bumps. The remainder of the structure is formed
according to FIGs. 3c-3g.

A build-up interconnect structure 172 is formed over
encapsulant 130 and conductive pillars 170. The build-up
interconnect structure 172 includes an insulating or passivation
layer 174 containing one or more layers of Si02, Si3N4, SiON,
Ta205, Al203, or other material having similar insulating and
structural properties. The insulating layer 174 is formed using
PVD, CVD, printing, spin coating, spray coating, sintering or
thermal oxidation.

The build-up interconnect structure 172 further
includes an electrically conductive layer 176 formed in
insulating layer 174 using a patterning and deposition process
such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating process. Conductive layer 176 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electrically conductive material. One portion of conductive
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structural properties. The insulating layer 174 is formed using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. The
build-up interconnect structure 172 further includes an electrically conductive
layer 176 formed in insulating layer 174 using a patterning and deposition
process such as PVD, CVD, sputtering, electrolytic plating, and electroless

lating process. Conductive layer 176 can be one or. mqre layers of Al, Cu,
laye%ngl QNQ? A}us, A?gf,eocr%?ﬁecragullt\éb eo%Teeccfﬁcea Iytc%n%%%toll\lllecortnla\{griﬁ . gg\%rpsort‘lﬂgno )
Otheof conductive -20 layend 6 is ekeclricatly cofnected tbeondectiveipildrsyl70.

ltlher 0 ti'o of.co ctiv I@er 6 can be electricrqll +GO0 nor
Commgectorllgaﬁy ?;&osfartég T epénéﬁsﬁ% oantt%% ees%errl1 gﬁ& gfu(rjwctiéén 8fr§i@eglgn and
funcgemiconfuttor devive cnEIG: 9 FOYVIICSP 180 has shielding layer 182

formed qyer,semicgndyordiest?4 apd shielding layer 184 faumed oyer formea

semiconductor die 142. A portion of encapsulant 130 is remove
oversKieltirpPRYer 182, ahdta potfticHef erfcepsalany 1488 Tehfoveldomed over

semi%ﬁ@f&we[‘i}@Al@Qi?ldi@g WFE%JD%Z éﬁdélrgéa @ﬂpgngu’lélﬁlfei"gt%%rmoved
carbonyl iron, stainless steel, nickel silver, low-carbon steel, silicon-iron
for seeP f6il ®pokyy ebnddctiveresin? aRdUther metals BRdRdMp3tted tapalsle

remo@%@l%m%%ri@@ﬂa?gﬂ%@!&om@gneti%iﬂaeé%&%%e (ENMD-tadie Areguency 4
interference (RFI), and other inter-device interference. Shielding layers 182
can &fd 184 cahralds bé B-formErr hidtdrial Stieh asSdatban itk oradmintif <€ 1

silviake togeduge tbe effests of EMI and RRlrBhF &e@. ,$eHBQQr}d'~!§}t>Qfx@i‘? or

cond e A e RO, Ca e S oA AP
blocking or absorbing electromagnetic interference (EMI), radio
frequency interference (RFI), and other inter-device
interference. Shielding layers 182 and 184 can also be a non-
metal material such as carbon-black or aluminum flake to reduce
the effects of EMI and RFI.

In FIG. 10, semiconductor die or components 190 are
mounted to a temporary carrier with contact pads 192 on active
surface 194 oriented toward the carrier. Active surface 194
contains 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
194 to implement analog circuits or digital circuits, such as
DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 190 may also contain IPD, such as inductors,

capacitors, and resistors, for RF signal processing. A typical
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surface 194 oriented toward the carrier. Active surface 194 contains 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

RE cm;tun elements formed ithin ac \E%%Jrface 194 to [ glement %réalg detor
gIrCUItrg or d:r[glf‘a]i cwcuﬁls u% as AI:SI?:n memory or ¥ other signa
packpmes@ngmﬁmrﬁemmmmeﬂgﬁlmayJaismdorﬁamdPLbrsach as

mductor% nc%p%%lltog a?nd re st%résIL for gi(%} Lproces d@g At&%l 12% ed
RF system requires multiple | Ds In one or more semiconductor pa kages to
overpétfernt thernecessary ekeotricahfunctions. d&@eﬁ:@@ps&ﬁammran@ldmge

prinfaMRound, 136 is depasiteoh QYL the Garper-and Semic n?‘r? @{&5%&90

using a pasté printing, compressive molding, transfer molding, liquid
encagrcapsutanterelding; vaesuvTarhiation téein coaling, srosthénsuitable other

suitapalicalor, Encapsylant 196 .can pe polymer.composiie material, SH%'H@% site

epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler.
mateEﬁéépsu‘Wfﬂ}l%slsWféoﬁéﬁéﬂve“@ﬁﬂleﬁ\hﬁdrﬁentawEﬁbté&ﬂﬁ@te with

£ 11188Micopdyetoy devics : ramexdgmal elements and cotaminants. 19 s non-
intermediate structure is inverted and the temporary carrier is removed by

condpdmical efeRindy FecPIRReaF Soekl- oﬁrewqﬁeéﬁ&nlé%ﬁfanﬁ@ﬁngevwe

frombake; dasef 1 ScarniRg, +of Welstupping A huid-4p interconnect structure 198
is formed over semiconductor die 190 and encapsulant 196. The build-up

intercond&@& shubfirBA%B3hEIUEES BATHE Rathy ‘dr FaEERALGR hyer 200
t empeRHaining:ene or mase tayers &fl SkP2chemical etching, mechanical

peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping. A build-up interconnect structure
198 is formed over semiconductor die 190 and encapsulant 196.
The build-up interconnect structure 198 includes an insulating
or passivation layer 200 containing one or more layers of SiO2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 200
is formed using PVD, CVD, printing, spin coating, spray coating,
sintering or thermal oxidation.

The build-up interconnect structure 198 further
includes an electrically conductive layer 202 formed in
insulating layer 200 using a patterning and deposition process
such as PVD, CVD, sputtering, electrolytic plating, and
electroless plating process. Conductive layer 202 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive

layer 202 is electrically connected to contact pads 192 of
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Si3N4, SION, Ta205, A1203, or other material having similar insulating and
structural properties. The insulating layer 200 is formed using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. The
build-up interconnect structure 198 further includes an electrically conductive
layer 202 formed in insulating layer 200 using a patterning and deposition

semiPI008SS Sueh AsPYD, CVD, spultering, clegtroly(c plating, aad elecioless
plaﬂng process. Eonductlve layer 285 can %e one or more layers o %@f, 6u,
can Da, Ni,Au, Ag; o bthercsuitables electrcal lyicomtugtivies materal. Oappuottiony on
f conductive, layer 202 is electrically connected to contact pads 192 of -22
the ¥ lye la gelifally & 24,19 contag! )
© se?nsﬁz Irlldugtor dklllen %OI.OCS?th%r portleon% 5‘?1 c%%éugt?veolléyer %%ecan be
electricafiy:eommaorroeelestrically Eolatbd depeading oir ¢heldesightad over a

sur £i0ctan of the, semiconductor deyice. Ope.qf merelayers of photaresist are

deposited over a surface of build-up interconnect structure 198 opposite
semiggmitoptactor dic 190.-A pbriprdfithe phbtdresisPrrdxposed sand fernsvweged

ana BXLABRICh develapment Prcess 10 farm vigs » Ganductive giaterial, such as

Al, Cu, On, Ni, Au, Ag, Ti, W, solder, poly-silicon, or combination thereof, is

Condyepdsiedin thehdds usinga seleétive Slating prodess. TtHe phdtorédist 8-
so1dsipped awayileaving behind-indiyidual condustiveiliars 204, Jpanother in

embodiment, conductive pillars 204 can be formed as stud bumps or stacked
the Hidmps A Phrafity St discrété samitbradctBF E6mponents POP ICHOUREF T 19

stribgeencondustive pilare204 0 thessurface-af buildruptdnteecopnectirs 204.
structure 198 opposite semiconductor die 190. Discrete semiconductor

In a&ﬂﬁbsﬁeﬁgg@é%%ﬁ%eréﬁ&%ﬂgtlve pillars 204 can be formed as

stud bumps or stacked bumps.

A plurality of discrete semiconductor components 208
is mounted between conductive pillars 204 to the surface of
build-up interconnect structure 198 opposite semiconductor die
190. Discrete semiconductor components 208 can be resistors,
capacitors, inductors, or discrete active devices.

An encapsulant or molding compound 210 is deposited
over build-up interconnect structure 198 and discrete
semiconductor components 208 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, spin coating, or other suitable applicator.
Encapsulant 210 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 210 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

An interconnect structure 206 is formed over

encapsulant 210. An electrically conductive layer 212 is formed
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capacitors, inductors, or discrete active devices. An encapsulant or molding
compound 210 is deposited over build-up interconnect structure 198 and
discrete semiconductor components 208 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, vacuum lamination,
spin coating, or other suitable applicator. Encapsulant 210 can be polymer

composaitcecrenaterial such as ?quxyd resin with filler epoxy acrxlg}tle \éVithEtht’

HS NG Solymer wrltrﬁ“ﬁ?opaer} iler. ncapgﬁlgﬁf‘ 167 ﬁgr?-conaugtlve an

CVD, eswironireenitally protects:thé gemicantuctorgevicedfrerhaxternat steméntsing .

and contaminants %Qi terc ec}j tructure 206 is formed ovey {en su Iqt
2 15 7 ’
Condﬁ%o.l,&fne elg%f]r?crélly con Sgti\?gé;a?erg 217 is %?r%e ayzé?,rugsir?g a patttgcr’ilﬁnggjl
Ni, anmd nmetal depositiohrprogessibich ad PMD, 1 CVD, Bputteringteleetrolgticerial .

Condﬁlg‘gnig*eari%%lgft@lf§s Hlating. Condudlive layer Z can be ong.arpare 1 /o
layers of Al, Cu, On, Ni, Au, Ag, or other suitable electrically conductive
pin gaterial. Conductive layer 212 operates as UBM and RDL for a greater 1/0

pin couni An electrically copductive bymp majerial is deppsited \Qvelicposited
conductive layer 212 and electrically connected to conductive pillars 204

overysingancévapdratiort: electroliid prating Lt eleefdiess pratirc baf disp, or

condSCrEERPIipting Jprocess: Theibumpmatetishean be Al @i A AG FD,
Bi, Cu, solder, and combinations thereof, with an optional flux solution. For

platépempRl it BampTHateHal &Y be RtdctiRiSHPHO hiGiFeRPs Adér bt NI
proclead-freerseldgrdheunp materiakispbonded torconductive Jayes 2121ising |,

ca, BSitable attachment or bonding process. In ane embodiment, the bump,
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 212 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 214. In some applications, bumps 214
are reflowed a second time to improve electrical contact to
conductive layer 212. The bumps can also be compression bonded
to conductive layer 212. Bumps 214 represent one type of
interconnect structure that can be formed over conductive layer
212. The interconnect structure can also use bond wires, stud
bump, micro bump, or other electrical interconnect.

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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reflowed by heating the material above its melting point to form spherical
balls or bumps 214. In some applications, bumps 214 are reflowed a second
time to improve electrical contact to conductive layer 212. The bumps can
also be compression bonded to conductive layer 212. Bumps 214 represent
one type of interconnect structure that can be formed over conductive layer
212. The interconnect structure can, Iso use bond wires, stud bump, micro
bump, or other electrical interconnect.a\ﬂpuﬁe one or more embodiments of the
present invention have been illustrated in detail, the skilled artisan will

Wh appreg@%? %{1 modifications and adaptations to those embodiments may be
at™1's imed : . . .
made without departing from the scope of the present invention as set forth
in the following claims. -24 Claims What is claimed: 1. A method of making a

1. semicopdugtor deyice,; comprising: PLoAing 4 temparaly cartier, maynting a
first semiconductor die with first contact pads oriented to the temporary
carrier deposgitmgte i eacapstdanticier the first semiconductor die and

temparanLearder removing. e Jemporayy Garuer, farning adirstigtargennedt 4
~ structure over a first surface of the first encapsulant and first semiconductor
oriegiecthetfirst iteFEOMrRERSTUGBFE BEIRG electrically connected to the first

cerigelnads.ef the firstsemicenductordie; farming adlyralityof fiksli conductor
~conductive pillars over the first interconnect structure; mounting a second
die seWlicoRtibelor tie bétekrthe first

removing the temporary carrier;

forming a first interconnect structure over a first surface
of the first encapsulant and first semiconductor die, the first
interconnect structure being electrically connected to the first
contact pads of the first semiconductor die;

forming a plurality of first conductive pillars over the
first interconnect structure;

mounting a second semiconductor die between the first
conductive pillars with second contact pads oriented to the
first interconnect structure;

depositing a second encapsulant over the second
semiconductor die and first interconnect structure; and

forming a second interconnect structure over the second
encapsulant, the second interconnect structure being
electrically connected to the first conductive pillars and first
and second contact pads of the first and second semiconductor

die.
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conductive pillars with second contact pads oriented to the first interconnect
structure; depositing a second encapsulant over the second semiconductor
die and first interconnect structure; and forming a second interconnect
structure over the second encapsulant, the second interconnect structure
being electrically connected to the first conductive pillars and first and
second cgntact pads of the first and second semiconductor die. -25 2. The

2 m%iﬁo&n Scf%gf%n f,atdfu?%hae%1r|nncﬁhjdir£1]g1;1:r?%)elrjr%ifnglél1 %ﬁ%ﬁ?%f second conductive
piflarstovey the démporaryycarfierspriomd fomnidgthe Viestentapswanty@andthe

empQYIING AL leCORAECt A EIR Q15" Atpoprd Bt LU IS, ana
encapsulant opposite the first surface of” the first encapsulant, the third
inferconmectstructure beirige efestrically connectadre thesecend eonddctive

sur sRilars.gnd fizstinterconnect stucture. 3, Jhemethod of daim 1, wherein.. o
forming the second interconnect structureincludes: forming a conductive

the ayepbvantheseednd encapsulaht: aAd L formiPbimps over teeaduetived

e LeclByerand fistoconductve pllags, 4. Jhesmethadkohdlaim, L whereln the.fist

~conductive pillars extend from the second encapsulant. 5. The method of

firsgaih 1S Wherelf e fifsteehdtctive pillars are recessed with respect to a

portion of the second encapsulant over the second semiconductor die. 6.

The method of claim 1, further including planarizing the first encapsulant to
3. exXpuosdaback sGface Bfthelfirst’erein forming the second

interconnect structure includes:

forming a conductive layer over the second encapsulant; and

forming bumps over the conductive layer and first

conductive pillars.

4. The method of claim 1, wherein the first conductive pillars

extend from the second encapsulant.

5. The method of claim 1, wherein the first conductive pillars

are recessed with respect to a portion of the second encapsulant

over the second semiconductor die.

6. The method of claim 1, further including planarizing the
first encapsulant to expose a back surface of the first

semiconductor die opposite the first contact pads.

7. The method of claim 1, further including planarizing the

second encapsulant to expose a back surface of the second

semiconductor die opposite the second contact pads.
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semiconductor die opposite the first contact pads. 7. The method of claim 1,
further including planarizing the second encapsulant to expose a back
surface of the second semiconductor die opposite the second contact pads.
-26 8. A method of making a semiconductor device, comprising: providing a
first semiconductor component; depositing a first encapsulant over the first
g s,g&mliqg:gggu%t%rj Tfﬁolmrg@cinent; forming a Iflir t interconnect structure over.a first

n SEMIC, uctor device, compr 1Nnaq.
surface o Irst encaﬁsu?ant and fIDrs semiconaductor Cbmpon%n& ?he %lrst

interconnectstracture deirgeelectrically tcomnected ¢o ¢het first semiconductor
cQ %8%%%H‘(’”Q“@%Pg%ecé’xﬁ‘gase&}'E%%‘%U%t%%or@ gnentigthe irst . o nductor

interconnect structure; depositing a second encapsulant over the secon
compseraitonductor component and first interconnect structure; and forming a

secangsiptereonnect strugture ovar the secopd encapsulant, the seeand o, ¢4 .0

interconnect structure being electrically connected to the first conductive
of tpilarsiard-fish caissdcond serficoadidioreomponemstorTikemeahedbf the

£ 1 r stlaim 8. further dpcluding: forming aplurglity ,of copductive pillars Quer the first ¢ 1
~interconnect structure prior to forming the second encapsulant; and
firsepssitim tHe SEcohd&itapsaRaRt over the second semiconductor

campareniand firstintercornect structurg.and, appundhthecondugtive pilars.

10. The method of claim 9, wherein the conductive pillars extend from the

L0t egEEHRFGiCapSHRET 7

depositing a second encapsulant over the second
semiconductor component and first interconnect structure; and

forming a second interconnect structure over the second
encapsulant, the second interconnect structure being
electrically connected to the first conductive pillars and first

and second semiconductor components.

9. The method of claim 8, further including:

forming a plurality of conductive pillars over the first
interconnect structure prior to forming the second encapsulant;
and

depositing the second encapsulant over the second
semiconductor component and first interconnect structure and

around the conductive pillars.

10. The method of claim 9, wherein the conductive pillars

extend from the second encapsulant.

11. The method of claim 8, further including forming a

conductive via through the second encapsulant.
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11. The method of claim 8, further including forming a conductive via through
the second encapsulant. -27 12. The method of claim 8, further including:
forming a plurality of conductive pillars adjacent to the first semiconductor
component prior to forming the first encapsulant; and forming a third
interconnect structure over a second surface of the first encapsulant
opposite the first surface of the first encapsulant, the third interconnect
structure being electrically connected to the conductive pillars and first

12. intéreomnredtstiructure 130T e methdchefrclame Bpwhepein forming the

sqfconrg. interconnect Stt cturefin ludes: formi afgnd ctive layer qver th n
SeCont AL G of 1he st encapsUIAnL: and forfaing bumpe over i © e
firsgonrdhuctivetayer o4, Tirenmetivod ofelaiw 8t furtherinclading forming ta
enca@@gl_géqgtlgy%gver the first semiconductor component or s_econd .
semiconductor component. 15. A method of making a semiconductor device,
carphising: providing alfilst semicunductor Coftporen® \tRaposititg P fitt

sur £aReanstlant over thefirs semicondyetos compenent, Orminga fitst race of

interconnect structure over a first surface of the first encapsulant and first
the damriondnEP e8mpohent tite Hstinterebmicttsiraeture bekgteleetrieaty 9

e 1eceqnnected ta-they first smiconductor companent; 281mayating,a secerd

semiconductor component to the first
interconnect structure.

13. The method of claim 8, wherein forming the second
interconnect structure includes:

forming a conductive layer over the second surface of the
first encapsulant; and

forming bumps over the conductive layer.

14. The method of claim 8, further including forming a
shielding layer over the first semiconductor component or second

semiconductor component.

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

providing a first semiconductor component;

depositing a first encapsulant over the first semiconductor
component;

forming a first interconnect structure over a first surface
of the first encapsulant and first semiconductor component, the
first interconnect structure being electrically connected to the

first semiconductor component;
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interconnect structure; depositing a second encapsulant over the second
semiconductor component and first interconnect structure; and forming a
second interconnect structure over the second encapsulant, the second
interconnect structure being electrically connected to the first and second
semiconductor components. 16. The method of claim 15, further including:

forminngca lurality of cogductive piII%rs atd(lacent to the first semiconductor
mou 1& a ¥e$on s%glgon UCLOr Fo?po%ﬁpt to the Tirst
componentprior to forming the Tirst encapsulant; and forming a thir

inteintergormect strogtureover a second surface of the first encapsulant

opngsite (e fistsurtacs of thediglencapsulant, e ird Intgregnnect
structure belné glectricaﬁy connected 16 the conductive pillars and first
semiiptardontect sterrecl?. Hrelmethiod oficlaiy ¢Snfurthier ifcludihg fermingd

a segngluctive viathroug hi,‘}?@esze&é’f?gl &hcapsylapt. 18, Themethod of claimy

15, further'including: forming a plurality of conductive pillars over the first

encamw&qﬁﬁect@mcﬁﬁé@ﬁ@r i@feﬁﬁm@ﬂ@ciew‘hﬂuamb@gmtnﬁnd
e 1ectenesiting thesecopdencapsylant everdhe se¢ond SeMRiCORAUCION gy ct or

component and first interconnect structure and around the conductive pillars.
compagerd SThe method of claim 18, wherein forming the second interconnect
structure includes: forming a conductive layer over the second surface of the

first encapsulant; and
16. The method of claim 15, further including:

forming a plurality of conductive pillars adjacent to the
first semiconductor component prior to forming the first
encapsulant; and

forming a third interconnect structure over a second
surface of the first encapsulant opposite the first surface of
the first encapsulant, the third interconnect structure being
electrically connected to the conductive pillars and first

interconnect structure.

17. The method of claim 15, further including forming a

conductive via through the second encapsulant.

18. The method of claim 15, further including:

forming a plurality of conductive pillars over the first
interconnect structure prior to forming the second encapsulant;
and

depositing the second encapsulant over the second
semiconductor component and first interconnect structure and

around the conductive pillars.
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forming bumps over the conductive layer and conductive pillars. 20. The
method of claim 15, wherein the second semiconductor component is a
discrete semiconductor component. 21. A semiconductor device, comprising:
a first semiconductor component; a first encapsulant deposited over the first
semiconductor component; a first interconnect structure formed over a first

surface of the firsten apsulqrét andnfirst semitconductorc mponent éhe first
19. " The met o? of cldim L. W ﬁreln org%nﬁ]t e "secon
interconnect structure being eléectrically connected 1o the ‘first semiconductor

intecomporent; atsecondsemicanduttor :component mounted to the first

injeseqnnect stiugliei.a seond eneapsylant deposiied gyer theseoond. ¢ o
semiconductor component and first interconnect structure; and a secon
firsintergonmect structureformed over the second encapsulant, the second

InfereonRectstcture being ielectrically connected to.the figst and.second.

semiconddctor components. 22. The semiconductor device of claim 21,
pillfyether including a plurality of conductive pillars formed over the first

interconnect structure. -30 23. The semiconductor device of claim 21, further

including: a plurality of conductive pillars formed adjacent to the first

20. sdmiroRatERf compohent: ahda I RAtetcoMTect SHOBRING PRVt T
compserand sufaceq of thefirst encapsylant oppesite thefirsk surface of the first

encapsulant, the third interconnect structure being electrically
21. A semiconductor device, comprising:

a first semiconductor component;

a first encapsulant deposited over the first semiconductor
component;

a first interconnect structure formed over a first surface
of the first encapsulant and first semiconductor component, the
first interconnect structure being electrically connected to the
first semiconductor component;

a second semiconductor component mounted to the first
interconnect structure;

a second encapsulant deposited over the second
semiconductor component and first interconnect structure; and

a second interconnect structure formed over the second
encapsulant, the second interconnect structure being
electrically connected to the first and second semiconductor

components.
22. The semiconductor device of claim 21, further including a

plurality of conductive pillars formed over the first

interconnect structure.
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connected to the conductive pillars and first interconnect structure. 24. The
semiconductor device of claim 21, further including a conductive via formed
through the second encapsulant. 25. The semiconductor device of claim 21,
wherein the second semiconductor component is a discrete semiconductor
component. -31

23. The semiconductor device of claim 21, further including:

a plurality of conductive pillars formed adjacent to the
first semiconductor component; and

a third interconnect structure formed over a second surface
of the first encapsulant opposite the first surface of the first
encapsulant, the third interconnect structure being electrically
connected to the conductive pillars and first interconnect

structure.

24. The semiconductor device of claim 21, further including a

conductive via formed through the second encapsulant.

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

semiconductor component is a discrete semiconductor component.
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