SEMICONDUCTOR DEVICE AND METHOD OF PROVIDING Z-INTERCONNECT CONDUCTIVE
PILLARS WITH INNER POLYMER CORE Field of the Invention The present invention relates in
general to semiconductor devices and, more particularly, to a semiconductor device having conductive
pillars formed with an inner polymer core for providing z-interconnect in fan-out wafer level chip scale

packages. Background of the Invention Semiconductor devices are commonly found in modern
electronic pr&EﬁE@QﬂﬁaﬂﬁuaﬁP’&&ﬁcé&a HHRE nAfmPR AhGHE N it T)Pé@%‘fé I"ﬂﬁﬁ%onents.

Discrete semiconductor &8&\‘8&’55&?@6&1}% Uﬁgﬁlﬂé‘%‘?‘é’te&?ﬁﬁ ﬁ&%‘ht, e.g., light emitting

diode (LED), transistor, resistor, capacitor, inductor, and power metal oxide semiconductor field effect
transistor (MOSFET). Integrated semico_ndéj tor devjces_t p’ically_ contain hundreds to millions of electrical
components. Examples of integrated Seh §né’ ct&f"&e\ﬁgeseﬁ%h%fé microcontrollers, microprocessors,
charged-coupled devices (CCDs), solar cells, and digital micro-mirror devices (DMDSs).

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device having conductive pillars formed with an inner polymer
core for providing z-interconnect in fan-out wafer level chip

scale packages.

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), 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,

communications, power generation, networks, computers, and



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, communications, power generation, networks, computers, and consumer products.
Semiconductor devices are also found in electronic products including military, aviation, automotive,
industrial CUMtrMErRs, BRhE Bffide®equipfBht ° AUt e fiftbhaGStor teviees expliitifie Hlectrical
properties nf semigoneustordnatesialsn d heatamicistruciure of samigenduGton madatial allews its electrical
conductivity to be manipulated by the application of an electric field or through the process of doping.
Doping INtFSHLEES ifpufified irtd e Semitdndaélot HrateHAI B idfipulate and control the conductivity of
the semiconductor devizeni condudtseminendyetor depite contaias active-and passive electrical
structures. Active structurgs, including. transistors, contro] the flow of electrical current. By varying levels
of dopingPard Spplication ‘of AR EISHE Hield thd' traRsistor Bithef Bromotds or raStigts th eflo#of electrical
current. Rasslveosituctures, including resistorsy diddes, ahddnductarns, create @relationship hetween
voltage and current necessary to perform a variety of electrical functions. . The passive and active

Ut 3T Ly S Lo 8 [ R i B S e SEATOS O Bk to perform
highspeedrealgutatienssand: othap seful fungtiobng. introduces impurities into the

semiconductor material to manipulate and control the
conductivity of the semiconductor device.

A semiconductor device contains active and passive
electrical structures. Active structures, including
transistors, control the flow of electrical current. By varying
levels of doping and application of an electric field, the
transistor either promotes or restricts the flow of electrical
current. Passive structures, including resistors, diodes, 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.



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
passive components. Back-end manufacturing Involves singulating individual die from the finished wafer

and packaging the die &' Bréifide stricttFa sappon antreVAoRAfEntaidddtior. t© ProdineSyoal of

semiconducionmanytastuingis de producei sraaller semicoaducier deviges. mabardevices typically
consume less power, have higher performance, and can be produced more efficiently. In addition, smaller

semicontﬁﬁﬁ&ﬁﬂ?\/i&%‘sﬁa\?’é}g%ﬁaﬂ%‘?‘Y@otBﬁﬁé%i&eﬁ%ﬁaﬁféGfbr SHHANIEPBNE Prédiutte & Smaller die
size mayrherachieved-by iraprovements dutheifeent-entbprosess eesudiingiincdie withesmalker, higher
density active and passiye components. Back-end processes may result in semiconductor, device
packages'#ith a'smaft rYf%Btp% ? by improveiients in &leetical fterco ﬁgcﬁc’ghagr% batkiying materials.
The electsicabintersonnectiondietweed aefaniout wafer levebchip scate package{B@=YWAASP)i eontaining
semicon l#%céorfq:evri1 es 0 murltfifrélgéeverls (3-P device int%?f:gtign)aﬁn% external devices can be
accomplished with conductive rou§'h siicon wasg(TéQ/), rouglh ole vias ?FHV(}, or Cu-plated
conductiviepiflatsy I most ES\és dnd J4-Bis;¢he sidewatls tasd bditork-siedofithe akss arssconfprmally plated
with conducliye materials,joenhance adnesion. The L2y s and THYs are enfiled with angther
conductive materia]l, for exampﬁ1 , by copper deposition t r%ugh ane ectroﬁ?atlng process. Voids may be
formed withinithiendas;wetmicls causes defectscand feduces veliatility of tlerdeviee KESVramd THV can be a
slow and costly approach to make vertical electrical interconnections in semiconductor packages. The
plated metal pillars are typically very stiff which causes high stress at the interconnect joints, particularly
for high aspect ratio infer€orikets: heshigh jdiat steesteleads o highricsitact résistanice armfpatential

iomtﬁmuﬁ%véynw%Qy<§éﬁqg“ﬁﬁﬁggge (FO-WLCSP) containing semiconductor
devices on multiple levels (3-D device integration) and external
devices can be accomplished with conductive through silicon vias
(TSV), through hole vias (THV), or Cu-plated conductive pillars.
In most TSVs and THVs, the sidewalls and bottom-side of the via
are conformally plated with conductive materials to enhance
adhesion. The TSVs and THVs are then filled with another
conductive material, for example, by copper deposition through
an electroplating process. Voids may be formed within the vias,
which causes defects and reduces reliability of the device. TSV
and THV can be a slow and costly approach to make vertical
electrical interconnections in semiconductor packages. The
plated metal pillars are typically very stiff which causes high
stress at the interconnect joints, particularly for high aspect
ratio interconnects. The high joint stress leads to high

contact resistance and potential joint failure.



A need exists to provide a FO-WLCSP interconnect structure with low-cost interconnects and low stress
at the joint interface, while maintaining a high aspect ratio. Accordingly, in one embodiment, the present
invention is a method of making a semiconductor device comprising the steps of providing a sacrificial
substrate, depositing an interface layer over the sacrificial substrate, forming a first conductive layer over
the interface layer, forming a first polymer pillar over the first conductive layer, forming a second
conductive layer over the first polymet PR i¥ PatEREisP¥sR@Re pillar with inner polymer core,
mounting a semiconductor die or component over the sacrificial substrate, depositing an encapsulant over
the semiconductor die or co%jiionent and around the first conductive gillar, and forming a first interconnect

structure over a first side BFfE ERcapstiant. PREHrst tdrdonnBf&tructireSs SR8 fcily connected to
the first conductiverpillar JherveathedSurther bcluslesdhe stepsofremavingthe sacrifipial substrate and

interface layer, and forming a second interconnect structure qver a second side of the encapsulant
opposite %ﬁ}éﬁ%t ﬁﬂ&%%ﬁﬁ%@t’stm&gr%. The'sedsRd rilr%e?cgﬁh% t St e i edirically connected to the

first conductiverpillat 1y, in Inamothesembedimenthe present inventiontis armethod of making a
semiconductor device comprising the steps of providing a substrate, forming a first conductive layer over
the Substi R Foming AFat o uCeiE AR e e e o Tty & oS dustor e
or companent duemnthessubstrate, depoasitinglartertapsutéa over thessemicondectordie dragormponent
and aroung the first condustive pillar. and forming afirs Interconnect strugture,quera first sidg of the
encapsulant.rl'he irst Interconnéct structure’is e ectrlca‘TIy connected to the first conductive ﬁ/lﬁar. The
method fartker ckidestthe Stepeoflfeyming & secombimerconaéctstiuchae aver ssecondsside of the

encapsulapt.opgosite t@SJEﬁ%F_JEFR?‘éOQ%%FéJ?t,r“‘fi%'f%ﬂbe secand infercgnpect,siricture is glectrically

connected to the first conductive pillar. n another embodiment, the present invention is a method
of making assentibenductertdevide semppisingathe tstesr efbroviirig-a stbstatéy forining a first
conductive; piflar with japer stressyielishcore mounting a semiconductar:dis o1 component oyer the
substrate, depositing an encapsulant over the semiconductor die or component and around the first
conductiEpiar ant feififngta first Afterconfeet stiittdiercvet a fePsitietofide eRcapsulant. The first

Interconnegt structurs is eleetricaliyconnected to,thefirsheanductive Billakent  andnanather _
embodiment, the present invention is a semiconductor device comprising a first conductive layer. A first

conductive'Fillarwith infretSiess reliet coté s forrfedisver e first EdRdictivetiay&ro ASShiconductor die

or component iscmpuntegovey the first conductive layer. An-epcapsiant is geposited-qver the
semiconductor die and around the first conductive pillar. A first Interconnect structure is formed over a

first side bFffer&REHpRGRant SFAE firdt fntértonhBEL Sthiddreis Se AR cdrnettstl to'thé first
conductive-pillak: A secont Intarconnest stivieisg is formeshover aisecondside of thesergapsulant

opposite the first Interconnect structure. The second Interconnect structure is electrically connected to the
f”stcondﬁ%ﬁ&ybmghthe sacrificial substrate and interface layer, ard

forming a second interconnect structure over a second side of

the encapsulant opposite the first interconnect structure. The

second interconnect structure is electrically connected to the

first conductive pillar.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first conductive layer over the
substrate, forming a first conductive pillar with inner stress-
relief core, mounting a semiconductor die or component over the

substrate, depositing an encapsulant over the semiconductor die

or component and around the first conductive pillar, and forming



Brief Description of the Drawings FIG. 1 illustrates a printed circuit board (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-3f illustrate a process of forming a z-

a first interconnect structure over a first side of the
encapsulant. The first interconnect structure is electrically
connected to the first conductive pillar. The method further
includes the step of forming a second interconnect structure
over a second side of the encapsulant opposite the first
interconnect structure. The second interconnect structure is
electrically connected to the first conductive pillar.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a substrate, forming a first conductive pillar with
inner stress-relief core, mounting a semiconductor die or
component over the substrate, depositing an encapsulant over the
semiconductor die or component and around the first conductive
pillar, and forming a first interconnect structure over a first
side of the encapsulant. The first interconnect structure is
electrically connected to the first conductive pillar.

In another embodiment, the present invention is a
semiconductor device comprising a first conductive layer. A
first conductive pillar with inner stress-relief core is formed
over the first conductive layer. A semiconductor die or
component is mounted over the first conductive layer. An
encapsulant is deposited over the semiconductor die and around
the first conductive pillar. A first interconnect structure is
formed over a first side of the encapsulant. The first
interconnect structure is electrically connected to the first
conductive pillar. A second interconnect structure is formed
over a second side of the encapsulant opposite the first
interconnect structure. The second interconnect structure is

electrically connected to the first conductive pillar.



interconnect conductive pillar with an inner polymer core; FIG. 4 illustrates the FO-WLCSP with
z-interconnect conductive pillars having an inner polymer core; FIG. 5 illustrates stacked FO-WICSPs
electrically connected through conductive pillars having an inner polymer core; FIG. 6 illustrates
the FO-WLCSP with conductive pillars having an inner polymer core and bottom-side IPD formed prior to

die attach and encapsulation; ] o .
Brief Description of the Drawings

FIG. 1 illustrates a printed circuit board (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-3f illustrate a process of forming a z-
interconnect conductive pillar with an inner polymer core;

FIG. 4 illustrates the FO-WLCSP with z-interconnect
conductive pillars having an inner polymer core;

FIG. 5 illustrates stacked FO-WLCSPs electrically
connected through conductive pillars having an inner polymer
core;

FIG. 6 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core and bottom-side IPD formed
prior to die attach and encapsulation;

FIG. 7 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core and bottom-side IPD formed
after to die attach and encapsulation;

FIG. 8 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core and topside IPD;

FIG. 9 illustrates the FO-WLCSP with conductive
pillars having an inner polymer core formed over contact pads of
die; and

FIG. 10 illustrates the FO-WLCSP with z-interconnect

conductive—-coated polymer balls.

Detailed Description of the Drawings

The present invention is described in one or more

embodiments in the following description with reference to the



FIG. 7 illustrates the FO-WLCSP with conductive pillars having an inner polymer core and bottom-side
IPD formed after to die attach and encapsulation; FIG. 8 illustrates the FO-WLCSP with
conductive pillars having an inner polymer core and topside IPD; FIG. 9 illustrates the
FO-WLCSP with conductive pillars having an inner polymer core formed over contact pads of die; and
FIG. 10 illustrates the FO-WLCSP with z-interconnect conductive-coated polymer balls, Detailed

Descriptidn SF#eDrawingg+ ot 1iqhepreseatinvémiortisdeschibéd ifBfie oF notB-eBodiments in
the followdng deseriptionwith geferencedodh€ion 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, have the ability to control the
flow of electrical current. Passive 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. 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 in active devices,
transforming the semiconductor material into a permanent
insulator, permanent conductor, or changing the semiconductor
material conductivity in response to an electric field.

Transistors contain regions of varying types and degrees of



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

manufactiréd BSingtWo ctifplex maiiacafing ProcadBs Srdmcertd Arantfdaring aRd Baek-2nd

manufactiringe Efant-endunanufasturing invelves thesformation of apluralihef digwenitbgsushace of a
semiconductor wafer. Each die on the wafer contains active and passive electrical components, which are
electricallyfcdHhetted o form fafidtional electrical circuits. Active electrical components, such as
transistors, have the abitityitoccontiol thesflow of eleeticat auent Passivaaieaitical-cpmponents, such as

capacitors, inductoi[s, resistor§],, ég“r}cd transforr};ersE Create a relationshlép betwelgn volta%e and current
necessaf) 16 petform diectical dirctit HietionsS = 1 ¢4 L PRESVE ahtAttive Tompohents afefdrmed over
the surfate of thersemicpnducter wafer yfa series of process stepsinelsiding-dapingedepasition,
photolitho%rggh%, etgﬁiggtand pl arizggon. og%g introduces .imgg(itie%(i)nrto the se icongllqjcl:tor material

by techni]aues such ason ?’rﬁﬁlaﬁ ation or thermal diffusion. Selaoplng procesesxr%lgal ies the electrical

conductivitylof seagicenductor materiah irpactivectevides; transforming thessemiconddstor material into a

permanenhinsulatqr,{; rman tCOhd%lC'[Of, I ngineglthetse icgnductgr aterial cocrllductivity in
res.ponsep toyasnlglaectricgﬁbe?é %%gé%oré%%n?aimdions of vé:r?/lr%@ t%/(p:)e a%g]l(ﬂa%’re((a‘jsr.1 of doping arranged
as necessanctorenabie thelansistop v pronsete -or réstrict theviiow of eleetricad cdtrent upon the

application, ot an.glestric figld, , - Aglive and passive campongnis.are iprued py layers of materials

with different electrical properties. The layers can be formed by a variety of deposition techniques
determine@iy parbythe typee dwiatariat beirgrdepdsited sSFoe&xmAples e filra deposition may involve

chemical vapor depositign (¢YD),physical yapr.depasition (RVR), electrolytic.plating, and electroless

plating processes. Each layer is generally patterned to form portions of active components, passive
componefits, Gt elécifdalTonhecticiPbsthieepleamparieits, 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
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 voids formed by a previous
deposition/etch process using techniques such as electroless and
electrolytic plating.

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



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 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

depositingthe MatBHaFAtb: the’dred50f Yoidls fOfANEd by-a previctR depositionféteR préces’Tifsing
techniquesigueh as elactrolassranckeleetrelytic plativg. dur ingDepOsiting athin fithxof material over an
existing pattern can exaggerate the underlying pattern and create a non-uniformly flat surface. A uniformly
flat surfaC& T8 regfeli$6 Protuee si4ierdh qorEoF@ﬁeﬁ@&ﬁ Phlked BEHVE AR Pa¥Sivé ShbiriPonents.
Planarizaiipntas ke used tol reraave,material from disurface-glieawaler and pradiicesa unifarmly flat
surface. Plaparizatjon involves oj%ishing the surface of the wafer with a polishing pad. An abrasive
material &hd £8fBsiVe thamicatard @dded to the surface of the wafer during polishing. The combined
mechanical action of tienabrasive anchodrsesive aotionr efftheschemicaltremayesrany irregular topography,

resulting in a uniformly flat surface.. Back-end manufacturing refers to cutting or, singulating the
finished WALSY G (ha haRidual ié BREIhaR backaging e dietfar sfaclura) subpor abe Sionmental
isolation.cka-giagulate thesdie | thefwafes is- scored ahdshrokem alengdnam-functionalregions of the wafer

called sayi stieefs of, scrifes. The water is singulated using 4 Jaser cutting deyics of saw blage, After
singulation, the ndividual die are mounted to a pacﬁage substrate that includes pins or contact pads for
interconnettioy withrothensystemadompanents. @dntabepads formedlovet tise semicoreitetordie are then

connected tp gontact padls withyn the; package., The glecical connegtions can be made.yith solder

bumps, stud bumps, conductive paste, or wirebonds. An encapsulant or other molding material is
deposite@bvertheParkage té previde physicaltsupporttard eledtricafiselatidhe The finishediratkage is
then inseted nto_an electrical system.and, the functionality f the semicpductor deyice js,made available
to the other system components. FIG. 1 illustrates electronic device 10 having a chip carrier
substratelGrygdiftea e edit Board-(FCB)- 12 with s pleiFal iy BP Sémitonductor pagkag&dunted on its

surface. Elecronicdrvice- 1@ mayhavs,ane bipe ofisemicandyctar packager on multinle fypes:of

semiconductor packages, depending on the&aﬁplication. The different types of semiconductor packages
are showndf F1&: terplfpdses oF fustratidnie €lectrical 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 system
and the functionality of the semiconductor device is made
available to the other system components.

FIG. 1 illustrates electronic device 10 having a chip
carrier substrate or printed circuit board (PCB) 12 with a
plurality of semiconductor packages mounted on its surface.
Electronic device 10 may have one type of semiconductor package,
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 10 may be a stand-alone system that

uses the semiconductor packages to perform an electrical



Electronic device 10 may be a stand-alone system that uses the semiconductor packages to perform an
electrical function. Alternatively, electronic device 10 may be a subcomponent of a larger system. For
example, electronic device 10 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 (ASICs), logic circuits, analog circuits, RF circuits,

discrete déVicdst OF othet Setritandu@or dieorefécifitdi conmorfeénts. ™Y 9R FG. 1, PCB 12 provides
a generaksuhsirgte ferratrustural suppprt-ard elegirical infercopargh ef the sesticonductersrackages
mounted on the PCB. Conductive signal traces 14 are formed over a surface or within layers of PCB 12
using evapbrafidh, WecrS e Batifig SAECrolBES PRitihg - B&iebh Printiig Py DY or BiHE Suitable metal
depositiop ipraeesseSigral sraces d4Hrovidetfor electrical semmticationobeiweeneachrof the
semicondyctor packages, mounted components, and other external system components. Traces 14 also
provide poWier SHEGTOAH CbAReBTENE Sach bf 1HE SR TcaNIUCHT RACRATEE S Mo IR Komte
embodimenits, acsamicondpetot device hasdwotpatkadingdevels.(Bigstdevel packaging is a technigue for
mechanicall}y andtelectricaqy attachin%tk%e se@blponductortdie toda carrie;cr. Second level gackaging
involves r%lecﬁgﬁicgﬂy and e?@ctr(fcld‘il(f/ a]ttasching the carrier to'the PCB.In other' émbodiments, a
semicondudterdesoe maydornty havel the first fevet pacdkaging whece thecdie is mechanically and
electrically mounted directl the P For the purpase of illustration, several types of first level
packaging, including Wlﬁé b%jnfn%'paellc'kggg]glégné) ﬁi%"ém;? 8?21%63 eojiﬁllr!lL on C%rﬁ\.éidg%%nally, several
types of sdcondtevel packagingtinchdling balt grid akrayn(BE8A) 20 bumpt the

semiconductor packages mounted on the PCB. Conductive signal
traces 14 are formed over a surface or within layers of PCB 12
using evaporation, electrolytic plating, electroless plating,
screen printing, PVD, or other suitable metal deposition
process. Signal traces 14 provide for electrical communication
between each of the semiconductor packages, mounted components,
and other external system components. Traces 14 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
mechanically and electrically attaching the semiconductor die to
a carrier. Second level packaging involves mechanically and
electrically attaching the carrier to the PCB. 1In other
embodiments, a semiconductor device may only have the first
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 16 and flip
chip 18, are shown on PCB 12. Additionally, several types of
second level packaging, including ball grid array (BGA) 20, bump

-10-



chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid array (LGA) 26, multi-chip module (MOM)
28, quad flat non-leaded package (QFN) 30, and quad flat package 32, are shown mounted on PCB 12.
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 12. In some embodiments, electronic device 10 includes a single attached
semiconduittér packager whité otherembddimehts cal forMRatipiéSnterddnnected packhdges! By
combiningang,or mare semiconduetor packagrsioves asingle substrate,dnanufaciusearsicandingorporate
pre-made components into electronic devices and systems. Because the semiconductor packages
include sBRfisCted FiNCtionatity? BiecHonit devided et BE matfutaéltife 1SRG cAREPEFCoBonents
and a streamlined mamfacturing precesst hhe sesiding devices aneless likelystodaihbnd desscexpensive
to manufacture resulting in lower costs for consumers. .FIG. 2a illustrates further detail of DIP 24
mounted ®n I-E’é@lffpﬁ%ﬁ%ﬂﬁc?u%%%%%%ﬁboﬁ&&&&ﬁ&i@% Navifg 28rtact PAdS 361 88miconductor die
34 includes antaciive regionrcbniaining araleg ot digitakcitciits implermentedsascactive devices, passive
devices, ggnd ctive .I%yers and dielectric IaI}/ekrjs formed Wl{g_glpg semi %@qu]%or di(f r?>4Sand are electrically
mple

interconnected accor in(é%]?ﬁél %Pec%ﬁca?%e&g% of the die: ori—é(>3<a € circuit moanﬁleinclude one or

more trarsigtors] kodes, induetirs occapaciters, aesistors,randiother gircuitglements farheetl within the

active region of die.34. Contact pads 36 agrle ade \Hith ae%%d&lctive @ateriellls h a%awminym (A1),

copper ( S)r?:ﬁﬁo(g%l,cni—igkrel ﬁﬁfe&%g’mﬁ ,loresil%r (%g), and are e ectsric%ﬂy connected t1o: the circuit

elementsﬁotme_dwittﬁﬂ?d?%ds@a_@@rﬂawpad@% awmmé@q?wﬁvmtm,rele@mﬁwi@rpﬂam@lor _
electrolesss plating progess. Durng assembly.of DIR. 24, semicondyctor die 34 is; moynied to.a.carrier 38

using a gold-silicon eutectic layer or adhesive material such as thermal epoxy. The package body
Includes BhSnSiAaecpackayiTy- material saéh aspolmedsrésramierCorditenmeads 40 are connected

to carrier;38 and wire;honds, 42 are formed hetween leads 40 and confact pads. 36,91 die 34 as a first level

packaging. Encapsulant 44 is deposited over the package for environmental protection by preventing

moisture BrdParicles o eftePingtRE backaye 6/E contarminaling die234 \corfadt paiei$ 36, or wire
bonds 42. IR, %4 is coppseaiedite PGB 12 by insgringJeads 40 irtoales formeddhrough PEB.12. Solder

material 46 is flowed around leads 40 and into the holes to physically and electrically connect DIP 24 to
PCB 12. Softet materidP¥e €85 betanymetal bt efekridally ‘conduetivk Afatestidt *@ g1 S Sed® (Pb), Au,

Ag, Cu, zing,(Zm ckishwthiaite (B1h @ndralloygdheregh mithran optienalfluxdnaterial. For example, the
solder material can be eutectic Sn/Pb, high-lead, or lead-free. .

FIG. 2a illustrates further detail of DIP 24 mounted
on PCB 12. DIP 24 includes semiconductor die 34 having contact
pads 36. Semiconductor die 34 includes an active region
containing analog or digital circuits implemented as active
devices, passive devices, conductive layers, and dielectric
layers formed within semiconductor die 34 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 die 34. Contact
pads 36 are made with a 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 die 34. Contact pads 36 are formed by PVD, CVD,
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FIG. 2b lllustrates further detail of BCC 22 mounted on PCB 12. Semiconductor die 47 is connected to a
carrier by wire bond style first level packaging. BCC 22 is mounted to PCB 12 with a BCC style second
level packaging. Semiconductor die 47 having contact pads 48 is mounted over a carrier using an
underfill or epoxy-resin adhesive material 50. Semiconductor die 47 Includes an active region containing
analog or digital circuits Implemented as active devices, passive devices, conductive layers, and dielectric
layers fofrt&FitRYSerfiicBhauctdP die?47 Sha aré elettifcdly Hhtercoritected &ccorlint 't dhe electrical
design ofthedlig, Ikorexample othe ciksuit faays include ane osmore transisters, diedes daduetors,
capacitors, resistors, and other circuit elements formed within the active region of die 47, Contact pads 48
are made with Eeohdticive atendlCetclTHS AF GG, SAYRE AT of AYC 8nd Gr8 Rletirically Eofftected to
the circuit elementsdarmedwithin diad 7o Sontact pads A8iarefarsed by PVARuCYDi edectrolytic plating,
or electroless plating process., Véi.rle bonds 54 and bond pads 56 and 58 electricall conr;lect ontact pads
48 of sen%%é‘%&l%t& AR 710 ContSd Pads s 8 BEE 22 forfihg the first Iever Backdging M8lding
compoundOoraarcapsulant 68ds depasitedi erer sSemicandiicter dierdYs wire hardstod;neomtact pads 48,
and cont%cttpads 52lto %rovigg: physical sggp%rt an% el%%tric%l [ olati%r}lfor the d vicetCJ({ntaci pads 64
are formed over a surface of PC ﬁgfrﬁg evapora |S6n, glectro yjti% p atinags,’ electroléss p gﬁr?g, screen
printing, P¥Bk ag dther suitablerneted depdgitian pregess idrebarevtypicatye platedk toyprevent oxidation.
Contact pads.64 electrically connect.to one or mare conductive signal traces 14. Solder material is
deposite& %g%ﬁgennmggrjﬁgét ads 52 E% BCC 22%an Vc%%n%alcr}[%ala%%}o §C§ﬂ1 ﬁ%étslo er material is
reflowed fo formebirmps 66 whichferrk aspeeahicalanaeleetricalbicohrectién betwéerrBQ&22 and PCB
12. 56 In FIG, 26 semigonducior dig 48 is mounted face dawnitg cagrier,76 with a flip chip style first
level packaging. BGA 20 is attached to PCB 12 with a BGA style second level packaging. Active region
70 contaihirgeannalog of digital éivcuirstimplerheAtedeasnactivie devicss, PaBsive devitesdesnductive layers,
and dielegtriclayers fopmed within, semicondugtor die; 18 is electrically Integconnseted according to the

electrical design of the die. For example, the circuit may include one or more transistors, diodes,

inductorsPeEpacifors yreaistors L &nd biter tlrtuit eleifertsTomed withirPactive? regi6e 70t

semicongugter, dig 18; Semigonductar digla:is electrgally-and-mechapically, attached to carrier 76
through a large number of individual conductive solder bumps or balls 78. Solder bumps 78 are formed

over bunipadsiérintéreBnnect sites BB whicH are’tispdsed 6rtactive fegldii70. Bump pads 80 are

made with aseRnductive Material, sHel as AlcGY, SReNbA, of Aah and ase elegtriaallyicpnnected to the
circuit elements formed in active region 70. Bump pads 80 are formed by PVD, CVD, electrolytic plating,
or electrdlé<<Eplating proc¥ssS 3ot buntpsSrs are'slectiitafty afd méchdricdty conhétted to contact
pads or inteycannegt sites| 82 @ Garriel=&6iby acsolder reflow process. BGA 20 is electrically and
mechanically attached to PCB 12 by a large number of individual conductive solder bumps or balls 86.
The solder bumps are ?&%’e&&é%&h‘?ﬁﬁ%? dr IMErdonhedtditts's4 THESUMpP JAaE 84°Ste electrically
connectesirioraterconnect sites-82 through canduativeilinesStratied through carrieri6. ISpntact pads 88
are formed over a surface of PCB 12 using evaporation, electrolytic plating, electroless plating, screen
printing, BvD or %fher%uﬁaﬁlegrﬁgtsatf dzﬁgg’?ﬁo %(r%cae%lsna%d arEg (;pi%%llyl i:“:’)IaIPeoélJ Potﬁr(gv%ﬂt (E)%lgation.
Contact pads8a electrivadly conhectdte onedorimorel cerdtictiye isignal franes d4dthe soldet dumps 86 are
electrical%/Ianda@{ercl:haréiggléy 8%nn%c&%d 11% contaI%t B%dcse r bg]réq_jng pgg§r88€on LF;ClB 12;5’ a solder reflow
process. olging co?[npoundaor er]?capsulant 92 i8 %ep05| ed over seniconductor die 1B and carrier 76 to
provide physieafsuppartarg electricat isolatinefor te deviee.iBhie flip .chi semicondiuctordevice
provides sho&el&egt(gi La}!jc(%%ndayctig@@ath fro(ren the acti(\D/e devices on %%ngnglrjctgggiiec% to conduction

tracks on 88 12 in order to redrlljce S|glnva? p?ogalg%rtlioﬁ d?sttgﬁcrzlel,nlngr

circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 47 and are electrically interconnected

according to the electrical design of the die. For example, the

circuit may include one or more transistors, diodes, inductors,
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capacitance, and Improve overall circuit performance. In another embodiment, the semiconductor die 18
can be mechanically and electrically attached directly to PCB 12 using flip chip style first level packaging
without carrier 76. FIGs. 3a-3f lllustrate a process of forming a vertical (z) interconnect structure
for a fan-out wafer level chip scale package (FO-WLCSP). In FIG. 3a, a sacrificial wafer-form substrate or
carrier 100 contains dummy or sacrificial base material such as silicon (Si), polymer, polymer composite,

metal, ceFAMRS Yid¥s? glass poky Baryfitith 6%0& o dther slitable Tt cst. rigitFhateridl b bulk

semiconductorpaterial frstuictwal support; A double-sidegadhesive layer d04ds apphiedto substrate
100. Alternatively, an Interface Jayer can be applied to substrate 100. A conductive layer 104 is

formed aS Coftict pis BATE lopdide Sisdhesivethyer 102 tling s depokitiGh afd paftBrhiAg Brocess.

Conductive dayer 10413 jorsrachusingdP\Ha, €W, sputtering, €lestrolyic Fatingeledatteless plading

process, '\%31'7 other sujtable metal deposition process. Contact pads 104 can be one or more layers of Al,
I,

Cu, Sn, Ni, Au, Ag"5F5thel 2itablé efdctridall Eonduitive maténal’ Inone efmbodimént, conductive layer
104 is a saletfilmofor cenductingrerireest farllatersformed cesductivieipitarsoCondidiverayercHy Includes

a plated seed layer aﬁ%u er gum metallization (UBM) pads, containing multiple_layers of selectively
plated NI?KG%I%U, T /C?u, 17 %ﬁgﬁﬁééﬂoﬁth%ﬁéc%%l\g%ngt%nt. rlce B pg S BFovide bondable pads for
bonding with solged bamps, @and May furtherprevide pasarrietoogolaecdiffdsidon amndrseedhlayer for solder
wettabilit In FIG. 3b, a stress-rek@‘llgg%r g|s gggggla%ddo%%r séurpggr te %91% pybs(g)lrh goating. The

irst level packaging.
stress re%e]ﬁayer IS P d d

deposited over semiconductor die 47, wire bonds 54, contact pads
48, and contact pads 52 to provide physical support and
electrical isolation for the device. Contact pads 64 are formed
over a surface of PCB 12 using evaporation, electrolytic
plating, electroless plating, screen printing, PVD, or other
suitable metal deposition process and are typically plated to
prevent oxidation. Contact pads 64 electrically connect to one
or more conductive signal traces 14. Solder material is
deposited between contact pads 52 of BCC 22 and contact pads 64
of PCB 12. The solder material is reflowed to form bumps 66
which form a mechanical and electrical connection between BCC 22
and PCB 12.

In FIG. 2c, semiconductor die 18 is mounted face down
to carrier 76 with a flip chip style first level packaging. BGA
20 is attached to PCB 12 with a BGA style second level
packaging. Active region 70 containing analog or digital
circuits implemented as active devices, passive devices,
conductive layers, and dielectric layers formed within
semiconductor die 18 is 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 active
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characterized by a high tensile strength capable of enduring significant stress without failure. The
stress-relief material typically contains long or cross-linked atomic chains. In one embodiment, the
stress-relief layer can be polyimide with high coefficient of thermal expansion (CIE), polynorbornene
having low stiffness, or other polymer material. An etching process is used to remove all portions of the
polymer layer exceyt over conductive layer 104, leaving polymer posts or pillars 106 for providing
stress-refiéd1on 70| PE|E 3t anrelacthiealy ésnduttive Fayet 10848 fortedidGerdhd-around polymer
pillars 1061using a €eposition andLpatterning process: Lansuctive layer 108 isbormeeausing £VD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process.
Conducti%@?a%ferri%k%?aﬂ 58 o8Ot Fristeday €18 T AT ey Ss i N AL, Rﬂ?ﬁﬁ]g%ferpﬁﬂv},soﬂo%)her suitable
electricallyccansitichvenpratadala Conduetivespads104bang coaddctive layer10s enelose pohwaer pillars
106 to for z-in}ge,r%%mect c(gnductive pillars 109 having an inne{?oolymer core. hegooolymer core of
conductive pilldrs 100 fEducs SHedich stesaCihich iggp%h%blar y usgfﬂ%r%%%saspecﬁgtio conductive
pillars, e gadeb aspectaatiobhased oned micromieiars (potbase and 2@ pm Beightwjth Bupmaaitch.
Semiconguctor g|§ %11:% areldig@%secd Qver substrg(t:et %80 di & eéween con u%t'ﬁ;/ee g%iyl%rg 109 with contact
pads 11 Srented toward adhesive f%lyely 162"Sémiconductor die T10 each Inclde a substrate with an
active redionrcontaiming @naleg ordigital Citcuits Buplenpented &% aotive Tevices, passive devices,
conducti yers, and dielectric layers formed within the die and electrically Interconnected according to
the elect\ﬁzﬁ He%%%ca?nraj ?‘u}f\%ctllgn %)%tafilai%.’ For efaneﬁle? (tjh%eecszirclﬁt(i r?”l%)l/ni%cﬁfagcognsesdr more transistors,
diodes, andlother dircwitelémentssforrhedtwithin it$ activel sudate toLivaglément basetyarw digital circuits,
such as digital signal pracessot (DSP). mpemory. o atherssignal Rrogessing gikcuit, Semigndyctor die 110
may also contain integrated passive devices (IPD), such as inductors, capacitors, and resistors, for radio
frequency ¢REPBighaPp®eessing. In another embodiment, a discrete component can be mounted over

substrate 100 betweenzgondustive pillars. 109, Semicondyctor die. 110 can be_flipchindype die or other

semiconductor die without bumps. For flipchip-type die, contacts are formed over adhesive layer 102

before bétiding.2 LY 2 Fier 3d showeSan efcapstlant Bt rholafie eshpoitnd 214 depbsitetbover
semicondycteydie 118, adhesive layes 102, apd araund %@%&ivsx@lﬁ%&ﬁg ysingsa paste printing,
a

compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, or other suitable

applicatot"EffcHtlEHt 118 dafih e folymer eoRipusitR #atefidl, 368h aspoky edihyvith filler, epoxy
acrylate with filler; oy pelymerith-proper filler; Engapsulant-Lldyis nongarductive andenvirpnmentally

Pt e R S O e D A P P S et over a
surface of PCB 12 using evaporation, electrolytic plating,
electroless plating, screen printing, PVD, or other suitable
metal deposition process and are typically plated to prevent
oxidation. Contact pads 88 electrically connect to one or more
conductive signal traces 14. The solder bumps 86 are
electrically and mechanically connected to contact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding
compound or encapsulant 92 is deposited over semiconductor die
18 and carrier 76 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 18 to conduction tracks on PCB 12

in order to reduce signal propagation distance, lower
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In FIG. 3e, a topside build-up interconnect layer 116 is formed over encapsulant 114. The build-up
interconnect layer 116 includes an insulating or passivation layer 118 formed over encapsulant 114. The
insulating layer 118 can be one or more layers of silicon dioxide (5i02), silicon nitride (Si3N4), silicon
oxynitride (SiON), tantalum pentoxide (1a205), aluminum oxide (Al203), or other material having similar
insulating and structural properties. The insulating layer 118 is deposited using PVD, CVD, printing, spin
coating, $i5B§ COLEAG SsinteTifg UrERéETTal O%idatibh. C1T CULFheS3SdE Buie-up Inferconnect layer 116
further Inghisesan elgetrigathegenduative dayer d20ferped in and pgownd insylatinglayarcklB ysing a
patterning and deposition process. Conductive layer 120 is formed using PVD, CVD, sputtering,
electrolytitplafin§ ecraiddy prltihg Processt bf Sthef suftabletmétal d8p8Sitida procedsPconductive
layer 120sear be pnesr meredayerscf i 6y, SnrNowtl, Ag; of ©therauitable electrically conductive
material. A portion of insulating layer 1%@'5 removed by an etching process to expose conductive layer
120. One portion of cobddctive 1ayer 120 CRETEAN cOFES TS Conductive"bifists 105° DifF Bortions of
conductivezlpyen 1 2@ canbecelectricallyt caramosrorzel€etricallyt iselated deperdingtonsthedeskign and
function of the semicqond vice. In FIG. 3f, substrate 100 and adhesive layer 102 are
ooVt e iRy R Bohaiial BEal OFf GRS Reh el g g o4t bake, lacer
scanningsobwet stripping. Aabotiem-sidé buitd:tip Interconmect ayes 422 i< fioried daesencapsulant 114.
The build-up Interconpect layer 122 Includes.an insulating or passivation layer 124.formed over
encapsulrgﬁ%ffi esfﬁ%hla%ﬁgﬁaléelrcloﬂ c(zsnlrt})é o%galo%rgn%rb Igﬁ?g moef%f())/ r,n%?fl\]IEGSION, Ta205,
Al203, omwtherlmateriad havingsimiar inglkating epebstructdal properties: The, insulatitd tayer 124 is
deposited using RV, GD. printing,; spin caafing. spray, coaling, sintpting, or thermal gxidation.,

The bottom-side build-up Interconnect layer 122 further Includes an electrically conductive layer 126
formed infamd arsuretinsalatingtper 124 dsinp apbtterridg dnddepositonlmvesss. Corductive layer
126 is formesl usina BVRLEYD: sputiaing, elaclialylpplalag.electoless plaingprogess, o gifer
suitable metal deposition process. Conductive layer 126 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or otk supableceleEricallp edadictivé Haterial. A portion of insulating layer 124 is removed by an

etching process to expgse seRductivelayer,126.1Qne partion.of conductive, layer 126 electrically connects
to conductive pillars 109, conductive layer 104, and contact pads 112 of semiconductor die 110. Other

portions &PE0HERRLIPE |3@R 226 EanlFer Sfectrically EdRINGh BFBIREHIchNY isttateB HepeRhBigon the
design apg- function of the, semicopductosdevices is roARelectdcally eansductive solder material is

deposited over conductive layer 126 using an evaporation, electrolytic plating, electroless plating, ball

drop, or strE&T Bnfity pfoceSEI PHe Soldel hidtérid caniss 5hY hictal ot élEctigalRf EGTdittive material,
e.g., Sn, bli, ArAg, R Bhisnd alloys thereeh with an optienalfhix matetiek Forexasple.she solder
material can be eutectic Sn/Pb, high-lead, or lead-free. The solder material is reflowed by heating the
material £60vets et pliRtfo oM Ephenital ballsSHbuthps 128. Mo apPiication§ solder bumps
128 are reflowed Besecoaddime 0 Ipprovedleditical contact i conductivenayemb2al iSalder, bumps 128
represent on%Ltprt?, of In&erconnelcé Z?tructure thalt,c n el;(l)r@ed over conductive Iager 126. The

. CQ e laver S; a. S0 ; or ,con L1lng current or .
mterconnec{lstruc ﬁ?’fe can éFso use b(jLnd WIres, é— mferconnects, con%cuc IVé:J paLS1 e, sflud bump, micro

bump, orlotherreléctricabinterodnnectve pillars. Conductive layer 104 includes

a plated seed layer and under bump metallization (UBM) pads
containing multiple layers of selectively plated Ni/Au, Ti/Cu,
TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads
provide bondable pads for bonding with solder bumps, and may
further provide a barrier to solder diffusion and seed layer for
solder wettability.

In FIG. 3b, a stress-relief layer is deposited over

substrate 100 by spin coating. The stress relief layer is
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Semiconductor die 110 are singulated with saw blade or laser cutting device 129 into individual
semiconductor devices 130 such as shown in FIG. 4. After singulation, the individual semiconductor
devices 130 can be stacked, as shown in FIG. 5. Conductive pillars 109 provide z-interconnect between
topside Interconnect build-up layer 116 and bottom-side Interconnect build-up layer 122. Conductive layer

120 electrically connects through conductive pillars 109 to conductive layer 104 and contact pads 112 of
semiconditASPGiE TADATRdth Serhit8RAIGBFdevics 136 Fhe irﬁ?é?%%%ﬁn@rfc&%dl%%%@rrounded by

conductivei lgyer 188,-provides hothy etactrical intercenaectiombetyeensuildup ayers i 46 and 122, as
well as stress relief for high profile pillars, using a simple, low-cost manufacturing process. The

low-stiffnE&E pGRmef, E Y.L Ebh, 180T stresd et bFthefhalesparsion - I FiBS6 shows an
embodimenbwithna:batiororside integratedpassive dewce (D )dermed pyer asubstrate, syhilar to FIG.
3a, prior to die attach and molding. An electrically conductive layer. 132 is patterned and deposited over
ihe SUbSTEBA 1A T AT bt G BAANS L SUaL iz LY AG I B PORIGHE G Eonductive layer
132 can he electricatly commeon os etectrigadly iselated=depensling on thescamrieciivity ot thesindividual
semiconducé%r %ig. (l;onductivel yer 132 is formgdaug(ien %YDmng’as utterin%,I eltelctéglgtic plating,

us . emove a orrigns o r X e
electroless plating process, or other Suitable metal deposition process. Conddctive layer 132 can be one

or more layersuwaftAlvEeu L Snei, MU Agl @ ofiter suitableselecinisally canduictive nsatéfial. for An
insulating layer. 134 is formed over conductive layer 132b and the substrate between conductive layer
13 layer 13

132e an P%g?nssu%tlensg Ia]§/8r can be one or more layers of SI3N4, 5102, SION, Ta205, ZnO,

Zr02, Al203, polyimide I behZétyclbbutene (BCBY; potybehyoxazoles (RRO),lorstherl Siitabte dielectric

material. d hig [osulating layey 134 is patterned using PVD, GVD ogrinting, sintering, o hermal oxidation. A

resistive layer 136 Is patterned and deposited over
and patterning process. Conductive layer 108 is formed using
PVD, CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 108 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
tungsten (W), or other suitable electrically conductive
material. Conductive pads 104 and conductive layer 108 enclose
polymer pillars 106 to form z-interconnect conductive pillars
109 having an inner polymer core. The polymer core of
conductive pillars 109 reduces junction stress, which is
particularly useful for high aspect ratio conductive pillars,
e.g., 1.5 aspect ratio based on 4 micrometers (um) base and 20
pm height with 8 pm pitch.

Semiconductor die 110 are disposed over substrate 100

and between conductive pillars 109 with contact pads 112
oriented toward adhesive layer 102. Semiconductor die 110 each
include a substrate with an active region 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
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Insulating layer 134 using PVD or CVD. Resistive layer 136 has individual portions or sections
136a-136b. Resistive layer 136a is deposited over conductive layer 132b. Resistive layer 136b is
deposited over insulating layer 134 between conductive layers 132e-132f. The individual portions of
resistive layer 136 can be electrically connected or electrically Isolated depending on the connectivity of
the individual semiconductor die. Resistive layer 136 is tantalum silicide (TaxSiy) or other metal silicides,
TaN, nickel chRSHRiuRT ENiES), 9IRS o d6ped poRESTicohvalftg a%@gisﬁ%&iﬁﬁetﬁﬂe%ﬁ@ﬁnd 100 ohm/sq.
Resistivedayeich3t and instdatingcayer 134 car befermed nithdhe same-mask andeiched atithe same
time. Alternatively, resistive layer 136 and insulating layer 134 can be patterned and etched with a
different ek & ST &H BiéetriGA cdhiudtive iyer 1487 pak&measiit defvdittd over conductive
layer 13Zenform individuahpertions 04 segtianssfor further interconnechwitys dhedadiviguad pertions of
conductive layer 140 can be electrically common or electrically Isolated depending on the connectivity of
the indivitdil SEH¥cBIAdo6P Bie- ConEVE RyEF LE6 TS ToFmed et PV CuD, Spiter, electrolyti
plating, elecirotessplating peacessar, othed suitahle metal, depositicriprocess.dienduyctiverayer 140 can

be one or more iayers of Al, Cu Sn,gﬁ, Au, Ag, or (()etgg(rD uitabl% electr'callgrconductive materjcal.
rl3

An insula?iﬁanoar pa%gﬁ/(éﬁgr? fe?y% s ?gr?negde OVEr Insu é{?r?gn aﬁ/e?l 28 res?s%i%e?gyé?ol%%? and

conductivealayers 182:and d40vEhe palssivatidre |ayed 188 candre onednaioredayers bd 5302, SI3N4,

SION, T , AlI203, or other material having suitable insulating properties. The depaosjtion of passivation
layer 132%225/ In?\%\r?el %8%%0%%6, é%/%,\ﬁC@D,CSr?ntﬁleg,%sll%%grﬁgg,%rwgr?nzﬁ %)?(idoart‘i)oﬁftkep%rtion of
passivatiortayer138ds pemaved 16 ekpose conductive Tayer ABLRp nsufatingdayeriE34, and resistive layer
136.  .o,Anelectdcallyconductive layer 142 s patterned and depositec over, condyctive layer 132,
insulating layer 134, resistive layer 136, and passivation layer 138 to form individual portions or sections
which can be electricalif€ompatbnsdroelectricaiyniselated deperding@hctheconpeetvitycofthd individual

semiconductor die. Gopgustive ayer 142, isformed bising PV, GV spuitering, elgstrolytig plating,
electroless plating process, or other suitable metal deposition process. Conductive layer 142 can be one
or more layérgnst Atceguspive pillars 109 using a paste printing,

compressive molding, transfer molding, liquid encapsulant
molding, vacuum lamination, or other suitable applicator.
Encapsulant 114 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 114 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

In FIG. 3e, a topside build-up interconnect layer 116
is formed over encapsulant 114. The build-up interconnect layer
116 includes an insulating or passivation layer 118 formed over
encapsulant 114. The insulating layer 118 can be one or more
layers of silicon dioxide (Si02), silicon nitride (Si3N4),
silicon oxynitride (SiON), tantalum pentoxide (Ta205), aluminum
oxide (A1l203), or other material having similar insulating and
structural properties. The insulating layer 118 is deposited
using PVD, CVD, printing, spin coating, spray coating, sintering

or thermal oxidation.
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Ni, Au, Ag, or other suitable electrically conductive material. An insulating or passivation layer 144
is formed over conductive layers 142 and insulating layer 138. The passivation layer 144 can be one or
more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating properties.
The deposition of passivation layer 144 may involve spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. A portion of passivation layer 144 is removed to expose conductive Ia%er 142.

The structures describédfn ERSS6 26ntitdte ore or oté PABSIE tirtdit 8fenmterits o 1PB&TIn one

embodiment coneuctive layeri32b:insylating dayer 134, nesistivelayersl36h: andrcongdyctive layer 142 is
a metal-insulator-metal (MIM) capacitor. Resistive layer 136b is a resistor element in the passive circuit.

Other indVidUASetliSHS Bf COFductive Tayer A 32540 tHof cSitiuctive 1R r a2 CHPBE WoliR or coiled in
plan-viewtoopreglsce or exhibithe desued praparties of anrtrducteri 1§edRPD, stauatyre provides electrical
characteristics needed for high frequency applications, such as resonators, high-pass filters, low-pass
fiters, baPEBAGETHETS, ShRTETE FI-C raeoPant fan SO Rore, HEEnR HetRre: &Rd iing
capacitorsr The iRbs canhtxousednas fronttepd wireless RFcomponents;which tar bespasitioned
between {t}% arétenn%ang t(garg)scelilr\l/oerr.e Tli% IF;E in%%ct%rlcar?:be a A-Q IS)?M% Ltlraniformoeg, or coil,
operating uUp to 160 |gaﬁlertz.]1n some apﬁﬁlcatcions, multip e Baliing are formed OVer a same substrate,
allowing miuitte basd dpekatione Forexamplel ywo ondnare batunsaarerised. in équad-band fofmobile

phones olrr%rllleiragclobal system f r olgilse (:GSM\)ézgmmunicatei ns, each balun d(gdigated for a frequency

band of operation of the qa Ad-band device. typlcal}ﬁ]F %&stemﬂeﬁ%ﬁe@?ﬁﬁﬁﬁle IPDs and other high

frequency @irduit;tihvm]el_an/mloré Q@miqdm_j@cmlﬁatkag@i tmp@m Mnémaryléléctrical _functions.
A polymet jayer is deposited aver passivation layer 144 and conductiye dayer 42y spip.cogfing. An

etching process is usedto remove all portions of the polymer layer except over conductive layer 142,
leaving pofynsesmsbsts oF pillarsy £46, sivilgeto FIS. She Ahraleetticsllycesmtitios layer 148 is formed over

polymer pillars 146 using a;deposition and,patienning, process SiMilgh .EIG 56, Ganductie layer 148 is
formed using PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable
metal depositiGeProtess UChbREuEtREUFer 148 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, W, or

other suitable electrically, copductiye material. Conductiye layers 442 ang.148,enclose polymer pillars 146
to form z-interconnect conductive pillars 150 having an inner polymer core. The polymer core of

conductiveePiRFRM B rethteds CarctRindtress; whithhid hariculaRPisetaffor Righ aspect ratio conductive
pillars negded $0, pravide;z-intereRnnect, -semicgaductor dewgses having-a;highvertigal dimension.

stripping. A bottom-side build-up interconnect layer 122 is
formed over encapsulant 114. The build-up interconnect layer
122 includes an insulating or passivation layer 124 formed over
encapsulant 114. The insulating layer 124 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. The
insulating layer 124 is deposited using PVD, CVD, printing, spin
coating, spray coating, sintering or thermal oxidation.

The bottom-side build-up interconnect layer 122
further includes an electrically conductive layer 126 formed in
and around insulating layer 124 using a patterning and
deposition process. Conductive layer 126 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating

process, or other suitable metal deposition process. Conductive
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Semiconductor die 152 is disposed over the substrate between conductive pillars 150 with contact pads
154 oriented toward conductive layer 142, similar to FIG. Sc. Semiconductor die 152 includes a substrate
with an active region 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, ah@'6ther Gifcuftelem@nt forMedWififin #t8 ¥etive Shrfade tdimplément basébanddigital circuits,

such as RSP memory, 9K athes signakprocessing cisHiusemiconduietor tie 152 maypalse gontain IPD,
such as inductors, cagacitors, and resistors, for RF signal processin%] In another embodiment, a discrete

component ciR BEAGURRRAGVET the slbstratt BERWEEN REnductvePildre 18°°€5S TAn encapsulant

or moldingsgarapourchdbé isi depasitedover semicondustortdie 153 £ passivation: layern 344 xand around
conductive %illars 150 usin lagpastergrinting, compre sivg ,moldin,giéransfg,\{ oldinég;, gﬂmd encapsulant
molding, VARu(mI&minatdn, or SEF SGitble Appheator sififlaPto RIS 3d. EncapSilght 16 can be
polymer cempesitematerial, suohtas-ep@adresin with fillegepoxy @cnate witk:fillerpor polymer with

proper filler. %n%arpssulafntclSr%s non-congductive ?Q%envwo men élgé)rotegaslthe semiconductor device

from extérnal eléments an coHt%il:ﬁngnts?yer t88§l|deebuﬁ -up iﬁ%e?conﬁec??én%?rb%ris formed

over encapsutamtitsoland condudtive pikars A%S0nFherouildaipdiatergonrect lgyerdS8anclades an
insulatin Qr passivation layer 160, formed over encapsulant 156. The insulating layer 160 can be one or
more IaygecrseofSSelg]Zl,Céjigﬁﬁ,X%%N,d'?gé(gg, ‘Al203, or other material having similar insulating and structural
properties. The insulatiig layerct80 isadeposited disinglP¥Ds CME primtingr $pih cbating, spray coating,

sintering gr thermal oxidation. A pertion; oLinsulating fayer 160,15 remoyed by an qtghing process to

expose conductive pillars 150.
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 128. In some applications, solder bumps 128 are reflowed
a second time to improve electrical contact to conductive layer
126. Solder bumps 128 represent one type of interconnect
structure that can be formed over conductive layer 126. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

Semiconductor die 110 are singulated with saw blade or
laser cutting device 129 into individual semiconductor devices
130 such as shown in FIG. 4. After singulation, the individual
semiconductor devices 130 can be stacked, as shown in FIG. 5.
Conductive pillars 109 provide z-interconnect between topside

interconnect build-up layer 116 and bottom-side interconnect
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The topside build-up interconnect layer 158 further includes an electrically conductive layer 162 formed
over insulating layer 160 and conductive layer 148 using a patterning and deposition process. Conductive
layer 162 is formed using PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 162 can be one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. One portion of conductive layer 162 electrically
connectstB cbhabEtivegifiar 156 -OtheP POHIONS S coRdGEtiveRyai §62 EaR beldle ritamFEdmmon or

electricallyriselated depending 08 the design antbfupstion & thecsemicoaduetor devigad The
build-up interconnect Ia%er 158 further includes an insulating or passivation layer 164 formed over

passivatiof THy&T 160 dorflufive TYer 182V $he institting Ay 8f 164 Cin B ore 8P Mot fayers of
5i02, Si3N4y SK2N 1 3a205,74203 nereathppmaterial havingisimjlaks insulaiingandsstructural properties. The

insulating layer 164 is deposited using PVD, CVD, printing, spin coating, spray coating, sintering or
thermal GABRIERE A or O BF MU Iyt BTy Ay et Bt i B/ocee0 of Expbse

conductivestayee 216211 1 d-upl Hex selstrate @ndradhesie layerssre remaveddychemitcalfetching,

mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet stripping, similar to
by etk SR g Mo Ot pRb i G e S
passivatiom tayes 438. The blildup intérfconnectdayemtss includes an BRalatingdr passivaties fayer 168
formed over_conductive layer 13% and passivation layer 138. The insulating layer 168 can be one or more
layers of %%%?%f?;l\? , §%ﬁnﬁaa20?%ﬁf(§3l or other material having similar insulating and structural

p_rope_rties. The insulatjrﬁ@ﬁayér mmﬁmsﬁ@@mmﬁvwm,mﬂmmgpsﬁﬁJ'csﬂ;ating, spray coating,
sintering oy thermal oxidation.; . 4. 1he bottemyside byild-up Interconngct layer 166 fugther Includes an

electrically conductive layer 176 formed in and around insulating layer 168 using a patterning and
depositiohréééss. Condective ldyer 476 ig forael ysing PYDLICYD, sputterivry; electrdlAic plating,

electroless plating pracess, orothes suitable metal depasition; pracess Gonductiverjayer 176 can be one

or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. A portion of
insulatin 1y 168 s Fedwednby: Bft EtékiHg processiieexpose eoAdHEHVR lAyert?6 ©ne portion of

conductivie,layer 476 elgctrically conpgetsde conductive; layers;132-and 142, conductive pillars 150, and
contact pads 154 of semiconductor die 152. Other portions of conductive layer 176 can be electrically

common ®t @fecticaIY idol SR Gty 67 e dedigh ahtifiAcHsh B sEmigoRductBfdevice.

Conductive layer di76ilncludes UBM padsforexdternalintersonneebr die. Arcelggtricallygonductive
solder material is deposited over conductive Iabyer 176 using an evaporation, electrolytic plating,

electroles<SBfRfing Fall dropC BREEreBR TrAtiRY protads; TREELTdE Material &4t be By Tietal or

electricallyicondugtive materiall e gs, $n.Ni Ay, Ao PEsB]l, and allays-thereefa with anseptional flux
material. For example, the solder material can be eutectic Sn/Ph, high-lead, or lead-free. The solder

material i25BASWED BY HEETnG I5e matBRAMHovESts méfing pointtdTor sPpREMEAT BANS ©r bumps 178.
In some applications, solderdaymps 178 are reflowed or other suitable electrically

conductive material.

An insulating layer 134 is formed over conductive
layer 132b and the substrate between conductive layer 132e and
132f. The insulating layer 134 can be one or more layers of
Si3N4, Si0O2, SiON, Taz205, Zn0O, Zr02, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. The insulating layer 134 1is
patterned using PVD, CVD, printing, sintering, or thermal
oxidation.

A resistive layer 136 is patterned and deposited over
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a second time to Improve electrical contact to conductive layer 176. Solder bumps 178 represent one type
of Interconnect structure that can be formed over conductive layer 176. The Interconnect structure can
also use bond wires, 3-D interconnects, conductive paste, stud bump, micro bump, or other electrical
Interconnect. The semiconductor package can be stacked and/or mounted to a package

substrate that Includes pins or contact pads for interconnection with other system components.

Conductiv® piitars 186 ptevias zinterdonritt bBétvéen topeide RESHESHME& btAdSp ayér 256 and
bottom-sigedntereennect build-vipdayer 166:1Genductive layer di6?2 electdeally;cennegisthroagh
conductive pillars 150 to conductive layer 142 and contacg?pads 154 of semiconductor die 152, as well as
the IPD stiicHifBOPRE fithe? Polyrtercote 146 stAbhnded by onBcivE ayér 148 FrovidaSs both
electricalistetegrhectien between build-up 1ayers dp8ranti 166 asswelh as stress telief farahigh profile
pillars, using a simple, low-cost manufacturing process. FIG. 7 shows an embodiment with a
bottom-sHe DL formed aeF 16 A Atattand Molding °AouBRS b AineaN Eayeris applied to the
sacrificiabsuhstrate, risimiartp Fén 3ac fecondtictive tayet A80 1y farmethas dontactpads gn artopside of
the adhe%i\P/e layer usir]agi.La d%ogiyonﬁndi%a&tlemig pyocess. ngguctcive layer 180 is formed using PVD,

CVD, spu ee?ing?réfé%%ro in%: ating, e éectrolessvﬁa Ing pr(?cnéls(s:, or other Suitabieé me 3F&es|§oletleon

process. Contact paelsi1:80cecartbe wne or maoredaydrsaof AlyCupBnpNh &, it @ other suitable

electrically,qonductive material, In ong embodiment, conductive layer 180 is a salid film for conducting
current foér/ ater- grr%séd conductive p?le[LarsC. grr{]&ﬁlé%ivgﬁal?erﬁl%o Includes agglgt%% Seed’ layer and UBM
pads contdinihganultipleliagers ofeselettively plated WA, H/CudT IVW/C WL ICeMIV/Cu, or their

combinatior. The; UBM pads proyide bondable pads for bonding with solder,bumps. ang may further
provide a barrier to solder diffusion and seed layer for solder wettability.
the same mask and etched at the same time. Alternatively,

resistive layer 136 and insulating layer 134 can be patterned
and etched with a different mask.

An electrically conductive layer 140 is patterned and
deposited over conductive layer 132 to form individual portions
or sections for further interconnectivity. The individual
portions of conductive layer 140 can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. Conductive layer 140 is formed
using PVD, CVD, sputtering, electrolytic plating, electroless
plating process, or other suitable metal deposition process.
Conductive layer 140 can be one or more layers of Al, Cu, Sn,
Ni, Au, Ag, or other suitable electrically conductive material.

An insulating or passivation layer 138 is formed over
insulating layer 134, resistive layer 136, and conductive layers
132 and 140. The passivation layer 138 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. The deposition of
passivation layer 138 may involve spin coating, PVD, CVD,

printing, sintering, or thermal oxidation. A portion of
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A polymer layer is deposited over the adhesive layer and conductive layer 180 by spin coating. An etching
process is used to remove all portions of the polymer layer except over conductive layer 180, leaving
polymer posts or pillars 182, similar to FIG. 3b. An electrically conductive layer 184 is formed over
polymer pillars 182 using a deposition and patterning process, similar to FIG. Sc. Conductive layer 184 is
formed using PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable
metal depasifidry proceisledhRdudtive 1ayer B8P ¥&R b DSt b re RYSRCGHAIS CLE BRT NI, Ku, Ag, W, or

other suitaplg,eleetricglly sonductive matetiak Ganductive layess 186@nd 184 enclose polymer pillars 182
to form z-interconnect conductive pillars 186 having an inner polymer core. The polymer core of

conductive pillars 186 fEUUTES SIAcHoR sPesSORAERNS Fartciary dsetulfor Righ-&3pee rétit conductive

pillars needed #a peavider 21intesconnect incsemicenductor deviees having a highrvertiegl dimension.
Semiconductor die 188 is dispased over the substrate between con% tive pi%ars 186 with contact pads
190 oriert&d téWardcordlictive myer i@é, SiRiiar 16 FiS s e Séhic % uétor 8 188 includes a substrate
with an active reigiom coptairting analog aredigiial icircwits rhplemented as active devites,quassite devices,
conductive layers, and dielectric layers farmed within the die and electrically.interconnected according to
the electial oS ARG 3 T e BB SRATRIes he B AG Tod g bnd b e nansistors
diodes, anddithedcircuitssiementsiformed within its Getive strface ieineplemént ilasebanddligital circuits,

such as D3P, memayy. e pther, signal pracgssing clreuity Semjeqpryetoy gie 188 mjay,alsg gontain IPD,
such as inductors, capacitors, ahd resistors, for ES|gna >f>roce ing. Tn ahother embodiment, a discrete
componept ean e moartedsoved the sbistrate betlween venddctiverpiliars 186. procesAn encapsulant

or molding gompeund. 192 i3.deposited gvep semyicongducior die 188.and arpupd copguctive pillars 186

using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum
laminatiolier éther Aditalsle applicator il FIG: dr EpedpsulanntoZ can berpolyphérdomposite

material, such as epoxy resip with, filler epexyacrylate with filler, ot polymer; with prapey filler. -
Encapsulant 192 is non-conductive anc?envwonmentally protects the semiconductor device from external
elementsCantfesitaifindmgers 142 and insulating layer 138. The passivation

layer 144 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating properties.
The deposition of passivation layer 144 may involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A
portion of passivation layer 144 is removed to expose conductive
layer 142.

The structures described in FIG. 6 constitute one or
more passive circuit elements or IPDs. In one embodiment,
conductive layer 132b, insulating layer 134, resistive layer
136b, and conductive layer 142 is a metal-insulator-metal (MIM)
capacitor. Resistive layer 136b is a resistor element in the
passive circuit. Other individual sections of conductive layer
132 and/or conductive layer 142 can be wound or coiled in plan-
view to produce or exhibit the desired properties of an
inductor. The IPD structure provides electrical characteristics
needed for high frequency applications, such as resonators,

high-pass filters, low-pass filters, band-pass filters,
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A topside build-up interconnect layer 194 is formed over encapsulant 192 and conductive pillars 186. The
build-up interconnect layer 194 includes an insulating or passivation layer 196 formed over encapsulant
192. The insulating layer 196 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other
material having similar insulating and structural properties. The insulating layer 196 is deposited using
PVD, CVD, printing, spin coating, spray coating, sintering or thermal oxidation. A portion of insulating
layer 196°E1BMoved by arPetchitiy protess 5 expuseecondutave taye? 184t works, TRBYopside build-up
interconneghlaygr 494 durtherdacludes aneledrieally gendustive layer 198{orned pyekinsylating layer
196 using a patterning and deposition process. Conductive layer 198 is formed using PVD, CVD,
sputterin%,Felgé’fP&chBféfingf’”@lf@&ro?@% PatRG PHoCeeSr BHEY SGRabiBMERFGEPSsifcH process.
Conductive dayerd98«can berase opmaradayers of A.CweSa, Nii Apl, Ag] on pther suii@bleraiectrically
conductive material. Ongtj’{)fgrtion of conducsti)é% Iagl,er 98 electricalll%/ connects to_conductive pillar 186.
Other poftfonS®f tondbcivealdr 158 t&n GHRAIRF Smmon orSiBtricaR isSRted 88pending on
the desigmdndi fuhetion dfithe semicondueidr devicea same Fhe buid-tp,intercanniect layer 194 further
includes I%Gi'nsul%t ng.or %assivtatiorq Iay%f 2r00 formeijeover passivation layer iI1916 and conducgve layer

; 7300 tan be one of more IPéjyeré oFngf,rSfﬁRﬁ? S?@ ‘i%z@E?Aié%%, or other

198. The msmﬁéﬁng aye
material haviag simidarbhasulating andlsiructuralprepertesothe msulativgllagers2@mistaeposited using

PVD, CVD riTtin ~SRIN coating. spray coating, sint%rin or thermal oxi‘gijat'or% A portion of insulating
layer Zoomlg}gr)ém%v%:gifi)%i/JrSI anggtr% m% p?rao%égg i egﬁocse (k:jc%ndﬁ%tiég %y%? %é °*"% The substrate and
adhesiveflayerareqgmoved byfchamicaltetehingf nechanicaflpoelrolf, ©MP¢ mechanicabgrnding, thermal

bake, lasgr, scanning, qrowetistioping, similac ta Fi53. 3, A hattom-side huild-up interconnect layer 202 is
formed over conductive layer 180 and encapsulant 192. The build-up Interconnect layer 202 Includes an
electricallyicorigiictivé fayer204whiclh & patteried dndtdeposited avesthecsulssirate o form individual

portions gr.sections. The individual;partions of,cenductive layer 204 can be electrically common or

electrically isolated depending on the connectivity of the individual semiconductor die. Conductive layer
204 is formed using PYDPCVDISputtenivy, electfshiprsplatifg celeétréless piatihg Proeesssor other

suitable metal depositign process. Conductiverlayer 204 gap beong,or mere layers gBAl, Cu, Sn, Ni, Au,
Ag, or other suitable electrically conductive material. Conductive layer 204 electrically connects to
conductivFRyer $86 andtondbetivepifdR f8g. Portions of the polymer layer

except over conductive layer 142, leaving polymer posts or
pillars 146, similar to FIG. 3b. An electrically conductive
layer 148 is formed over polymer pillars 146 using a deposition
and patterning process, similar to FIG. 3c. Conductive layer
148 is formed using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 148 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, W, or other suitable electrically conductive
material. Conductive layers 142 and 148 enclose polymer pillars
146 to form z-interconnect conductive pillars 150 having an
inner polymer core. The polymer core of conductive pillars 150
reduces junction stress, which is particularly useful for high
aspect ratio conductive pillars needed to provide z-interconnect
in semiconductor devices having a high vertical dimension.

Semiconductor die 152 is disposed over the substrate
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A resistive layer 206 is patterned and deposited over encapsulant 192 using PVD or CVD. Resistive layer
206 is TaxSiy or other metal silicides, TaN, NiCr, TiN, or doped poly-silicon having a resistivity between 5
and 100 ohm/sg. An insulating layer 208 is formed over conductive layer 204. The insulating layer 208
can be one or more layers of Si3N4, Si02, SiON, Ta205, ZnO, Zr02, Al203, polyimide, BOB, PBO, or
other suitable dielectric material. The insulating layer 208 is patterned using PVD, CVD, printing,
sintering F5TtH8fMalidationt Ve P11 idriRsdiRting b pasSsSivaasT 1ayRr 216 1 fdmEd Vet encapsulant
192, resistiveslayer-2061iasulating laysr 208 2and eendugtivedayer204 d he passivadinn layes210 can be
one or mare layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating
propertieg.l?hci/ dépoSition OF PassiFAiti By EF 216 hihy iMvEIvE Shin E6&IHY, PV \CVB ! Bfinting,
sintering zerdhegmaloxidafione A pariien of passivatar layet 230 istameveditoexpase conductive layer

204, resistive layer 206, and insulating layer 208. An electrically conductive layey 212 is patterned
and depdiRaa BUer CORAETE et DU 1ESstE B8t 26t Rahg faydt S0 Mo Hhidual
portions erisectionsier fuither infercbanectivity 1 The Individualhpartiars ob canduttivg layert2i? can be
electrically. common ar electrically isglated depending op.the connectjvity of the individual semiconductor
e, Conh AT DS el Qe B CVEL sUoag eletitytt Bing elbtroless plating
process, oi nther tsuitapleimetakdeposition process. Coadudtdtedlayer 212 das beaone ortimere layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. An insulating or ivation layer
214 is for%é:(f over (%n%%ﬂ%es Iaj%’ly%%n 3?2 an Iﬁpla%sﬁ/%%oﬁ%yle\?% 1%?%%%%%3%%@%% %y%%% 4 can be
one or mbeskyersiofd3 102, 8I3N4r SIONs Ta205hARE3DoFethee naterial hravirgsuitable insulating
properties, The depasition of passivation,layer, 214 may Inyalve spin, coating, PR, CYD, printing,
sintering, or thermal oxidation. A portion of passivation layer 214 is removed to expose conducfive layer
212. suclThesstruetiies descrilsed icRIR 7Seormstitute Ohestransre passive cisdudnéléments or IPDs.
In one embadiment, conduetive layer, 204 insulating fayer 208; and cpnductive layar 212 js g MIM
capacitor. Resistive layer 206 is a resistor element in the passive circuit. Other individual sections of
conductiClayer 212 ¢an behRognd oF E6iledl iInGilaT-wievs (3 prodiutE Oriekhibitthe telired properties of

an Inductor. An encapsulant or molding compound 156 is deposited

over semiconductor die 152, passivation layer 144, and around
conductive pillars 150 using a paste printing, compressive
molding, transfer molding, liquid encapsulant molding, wvacuum
lamination, or other suitable applicator, similar to FIG. 3d.
Encapsulant 156 can be polymer composite material, such as epoxy
resin with filler, epoxy acrylate with filler, or polymer with
proper filler. Encapsulant 156 is non-conductive and
environmentally protects the semiconductor device from external
elements and contaminants.

A topside build-up interconnect layer 158 is formed
over encapsulant 156 and conductive pillars 150. The build-up
interconnect layer 158 includes an insulating or passivation
layer 160 formed over encapsulant 156. The insulating layer 160
can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or
other material having similar insulating and structural

properties. The insulating layer 160 is deposited using PVD,
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An electrically conductive solder material is deposited over conductive layer 212 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The solder material can be
any metal or electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, B1, and alloys thereof, with an
optional flux material. For example, the solder material can be eutectic Sn/Pb, high-lead, or lead-free. The
solder material is reflowed by heating the material above its melting point to form spherical balls or bumps

216. In sOME agphicationy soffet Bunis-216 are’ rfdWed L 5edohd B 16 TrhproverelbbfiicdPdontact to

conductivexlaygr 232, Solgepbumps 2 12represent onadype otlntarconnect:stiusterg thgt can be formed
over conductive layer 212. The Interconnect structure can also use bond wires, 3-D interconnects,

conductive- FRSBIsREBUMTS, rhiers BERES of St Eidctficdl inte?&ohneet. The semiconductor package
can be stacked and/or Tmeuntgsstoca package-sibsirate thad hineludes pins:or coataat pars for

interconngection with other system.components. Conductive pillars provide z-interconnect between
topside INESHCLHIGE: BEIE L ayeh Toand B SE B Pna oAl fayal 309, Gonductive layer
198 electticallyl earinects threugh €onductiveqpiliars t1B6<to Iconductiviss layet 180 andzcontact pags 190 of
semiconducéor die 188, as well as the IPD étru%turqc. The iTner @oqg]fr core 182, sOHrrounded by
conductive ayefe ng,lpr%)\(?%e%%%?ﬁe%F’e'ctrica??n erconnectioh bétween biiil -36: Té%/ersu 194 %nd 202, as

well as st&ss reliébfor gt profilen pillars] eisinged gimple ploa:cost madufatturihg proedss: ing FIG. 8

shows an embodiment Withcﬁ]t%pssigle 1I:F;l lfgrrpn%dcg?egto dig .aétacrq and molding. %dggl&leis.ig]ed
A : :

adhesivqu%:relg %’ppﬁéd? e sacrificia substrate, simifar fo FIG. 34, A ggﬁgdctlveqayerczzjo is formed

as contadt_qiadls orra t_@psidév@f me'sadhesi\m{l%lyéwsﬁng a;de@d;itidiuan@patt@ﬁung%pmo@gs. Conductive
layer 220,15 fatmed using.RYR. CYD. spytienng. electrolylic plating, electialess plgling process, or other

suitable metal deposition process. Contact pads 220 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other stiitabfendlectricafly éeonductivednaterial. 1n oaélemisedineat, conductvellayet 220 is a solid film

for condysfing gurregbfor IajefsJormerd eandhctive pllassrondurtiyg ayer 220 Inghudes a plated seed
layer and UBM pads containing multiple layers of selectively plated NI/Au, 11/Cu, TIW/Cu, Il/Cu/NIV/Cu, or

their combirftionl Thé UBMPEHR provide lsstidablipads for bbnbfty Wil SBRIER Buftiipst Bfid may further

provide ajparrien to,selder,diffusion and seed laygr far slder yettabilify.e | A polymer layer is
deposited over the adhesive layer and conductive layer 220 by spin coating. An etqhin% process is used
to remove all portions SfthePolyrerRyéregceptovert layer 158 further includes

an insulating or passivation layer 164 formed over passivation
layer 160 and conductive layer 162. The insulating layer 164
can be one or more layers of Si02, Si3N4, SiON, Taz205, A1203, or
other material having similar insulating and structural
properties. The insulating layer 164 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 164 is removed by an
etching process to expose conductive layer 162.

The substrate and adhesive layers are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 166 is formed
over conductive layer 132 and passivation layer 138. The build-
up interconnect layer 166 includes an insulating or passivation

layer 168 formed over conductive layer 132 and passivation layer
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conductive layer 220, leaving polymer posts or pillars 222, similar to FIG. 3b. An electrically conductive
layer 224 is formed over polymer pillars 222 using a deposition and patterning process, similar to FIG. Sc.
Conductive layer 224 is formed using PVD, CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive layer 224 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, W, or other suitable electrically conductive material. Conductive layers 220 and

224 encldsepolyiet piaTs 225 16 forhf¥ ShtetnnetEctiidtitive Pilldrs 226t fifg®a fnner polymer
core. Thespolymes £okes of eanductive pilays 226 segucas wnstion stess, which is/paricularly useful for
high aspect ratio conductive pillars needed to provide z-interconnect in semiconductor devices having a
high vertital'dinfEnsidh U1 2t 1 S lidofiGddor die?2 8k Wisdsed over thE subStrad betWeen
conductivespidars1226 with coptact pads 230rafierted taward genduetiveslayep220 simtantp, FIG. Sc.
Semiconductor die 228 Includes a substrate with an actjve region containing analog or digital circuits

ImplemerifdtiTas &te dlices PaSsive delices EoRttictive taers Ahd dielectric layers formed within
the die and electrically Thiercarnnestedsaceordingto-the electricat cesigntandfuactian 6f the die. For
example,gQ;&rgwt rrglacyllllpglude one or more traﬁlstors %llod S, an(éother C|{(‘7Lé|t %Iemeenés i%rmed within

its active SUMacs to erp ement baseband %I|rgl|t(§;1(f1(:lr&fuitcs?guxlf‘nC as bs ,ar%%rrnory, or other signal

processirgdircuitb Samicosducioridie 228ymay Bsb centam ¥y such@asiinduetors, capacitors, and
resistors, for RF. i%al proc%séssirég. In@onot er e.mboqimeen% aiqigcreste £om ﬁoargent can bEVrBounted over
oldi

d . t ’ .
the substrate between conductive p|IIaran 6. A encapsufant orm nlglsc%)%?pound 232 is

deposite@_iﬁ?er Wni@bﬁd@@t@r d'@lE_Zﬁagdﬁté@h@é@ﬁdumiveﬂfawQQ@Q}S@QD&@E?ét@JpHNihg, _
compresgjye malding, fransfer molding, iquid encapsylantmelding, vacuumlamination, oL ofher suitable

applicator, similar to FIG. 3d. Encapsulant 232 can be polymer composite material, such as epoxy resin
with filler lepexy dct§lata withdillensorpolymecwith peaserdiflef lencapsufant 282 is Abn-cdbaductive and

environmeptallyprotects the semicenductor device from gxiernal elements.and cantagunanis.

of insulating layer 168 is removed by an etching process to
expose conductive layer 176. One portion of conductive layer
176 electrically connects to conductive layers 132 and 142,
conductive pillars 150, and contact pads 154 of semiconductor
die 152. Other portions of conductive layer 176 can be
electrically common or electrically isolated depending on the
design and function of the semiconductor device. Conductive
layer 176 includes UBM pads for external interconnect.

An electrically conductive solder material is
deposited over conductive layer 176 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or

bumps 178. 1In some applications, solder bumps 178 are reflowed
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A topside build-up interconnect layer 234 is formed over encapsulant 192. The build-up interconnect layer
234 includes an insulating or passivation layer 235 formed over encapsulant 232 and conductive pillar
226. The passivation layer 235 can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating properties. The deposition of passivation layer 235 may involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A portion of passivation layer 235 is removed

to exposé cORARNe G 275, 1MPT OV FdiBEficali Condittive Tayet 25678 Hatterited 446 Heposited
over the sutestrate 4a frm indhividual portiansrerssactions.<T he;fhelivddual postionsefcanductive layer 236
can be electrically common or electrically isolated depending on the connectivity of the individual

semicondUctardiBT 8 ohlativetiByEF236 IS 1ormeY UsingBYBS EVIS, spttefing, 8lectrdiyfic plating,

electroless\plating precesss ek athen suitakle rmetabdepesitiompracesssGCosductive layer 236 can be one
or more Iaéers of Al, Cu or other suitable electrically conductive material. Conductive

Sn, Ni, Au, Ag,
Jayer 236 ABGHEAN COdotS 14 COMAUCHve TS 2281 0 DUk eGkiiog 14yeFo35 4 pahitied and
deposited dweredndiictive tayet 236cartd. insulating layer 235 using PVD or CVD. Resistive layer 238 has
individual portions or Stfcf‘tions 238a-2§8b.tResistivq<la er 238ags debj%osi?do?ver §9nductive layer 236.
Resistive layer 238b is eeposéletgé over }ﬁ%u%ﬁinﬁﬁgyear 5. The individua Sort%rrlls of Tesistive layer 238
can be electricailyl connected ok @fectricallytiselate dudhepending. on ¢lve pomsectivity of thecindividual
semiconductaor %igrR?gitstive Ia%/er 2§§ IS T%%% %rtqﬁ;[ger metatlesrit!icicdoerg TgNﬁtzNiCr, TiN, or doped

0 ohm i

poly-silicgﬁjl gvmgaress?ﬁﬁ;? etween b and 7sqS¥ASn insulatin ?ayeer 40 is formed over

resistive %yedgssa.\fﬁhev Frﬂslﬂaiﬁgﬂé@erpzzmmm be ph@t@moml!ayermssm, _S@IDZS, 8i©N Ta205,
ZnO, Zroz, A203, polyimide, BOB, RBO, oL other suitale diglectric material, The ipsylating layer 240 is

patterned using PVD, CVD, printing, sintering, or thermal oxidation. An insulating or passivation
layer 24208 férnedb oversasshvdtion |aper238-ang condgativeddyerlz3e; rasistiveylayen288.tand

insulating layer, 240 The; passivation layer 242 san be qne,ar mote layers of SiD2; SIINA, SION, Ta205,

Al203, or other material having suitable insulating properties. The deposition of passivation layer 242 may
involve spitréoxtingPPYD, BVD Opriritiety Sivelity: ©F thidrmal oxidationA lpbrién bR padsiVation layer
242 is remoyvgd £ exposergendugtive layer 236, resistive layer 238, andhinsulating layer 240 o An

electrically conductive layer 244 is patterned and deposited over passivation layer 242, conductive layer
236, and régistive thyer P38 Yd f5iin fridiivid Fall Portorisodr settishs forfarthePmtéiebiifstivity. The

individualpartigng®f 1ayers 158 and 166, as well as stress relief for high

profile pillars, using a simple, low-cost manufacturing process.
FIG. 7 shows an embodiment with a bottom-side IPD

formed after to die attach and molding. A double-sided adhesive
layer is applied to the sacrificial substrate, similar to FIG.
3a. A conductive layer 180 is formed as contact pads on a
topside of the adhesive layer using a deposition and patterning
process. Conductive layer 180 is formed using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Contact pads 180
can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable electrically conductive material. In one embodiment,
conductive layer 180 is a solid film for conducting current for
later—-formed conductive pillars. Conductive layer 180 includes

a plated seed layer and UBM pads containing multiple layers of
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conductive layer 244 can be electrically common or electrically isolated depending on the connectivity of
the individual semiconductor die. Conductive layer 244 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal deposition process. Conductive layer 244 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.

An insulz%%% or passivation layer 246 is formed over conductive layers 244 and passivation layer 242.

The passivationtdyér246>¢ar Be dive/drmoreta§ers of'8102 s13M4 CSION V14205, Hi268 Sortother
material baving sditaklg insutatingipropssties. Jhedepostivnipassivation fayerdéanay Involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A portion of passivation layer 246 is removed

to expos& tERAGAVeTay & oA 219 g dHidiies dUstHBES IR FIGS &6stitGte“SHe 6  more

passive circait edarmantsmr IPBsd In ape embodinentconduetivedayer236, resistive layer 238a,
insulating layer 240, and conductive ]Iiayer 244 is 2 MIM ,ca%) citor. Resﬁstiv%;yer 238b_is a resistor
element in the passive’ tifctitBier iidividuarsEioRE of tondlctive 185 er 24 8aN be Wdlird or coiled in
plan-viewatodpredude ot exhibitdhe desged pyopasties oban imductorn etchThe substratesand adhesive
layer are rgrggvgg b}_/ (%Trl}enéicglleltching mechanii;:alt%%el-ogfI CI\éP, mecQ;(_;micalC rir)Cdin et@ermal bake,
laser scaﬁnlng, or wet sfjri‘f)ping, sirﬁffarttéci'—rié. 3. A bottSm-side %uﬂl&-}ﬁp Interconnect ayer 248 is formed
over conductivedayers22(grd eh8apsulantv232y Tihe lhuike:up treérconnectilayen248 kicjudes an

electrically;gonictiye layex 250,unich is patterned and deposiied aver the subsiraje,fo form individual
portions or sections. The individual portions of conductive layer 50 can be electrica ly common or
electricalfcisolateduependidy oathe tohaectivity Of thve individgalsemicdrductorddie. Conductive layer

250 is foymed using, RyB, G¥D, spuliering. Sleqtrolytichlayng, elecholess plaling, o 184 s
formed using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 184 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, W, or other suitable electrically conductive
material. Conductive layers 180 and 184 enclose polymer pillars
182 to form z-interconnect conductive pillars 186 having an
inner polymer core. The polymer core of conductive pillars 186
reduces junction stress, which is particularly useful for high
aspect ratio conductive pillars needed to provide z-interconnect
in semiconductor devices having a high vertical dimension.

Semiconductor die 188 is disposed over the substrate
between conductive pillars 186 with contact pads 190 oriented
toward conductive layer 180, similar to FIG. 3c. Semiconductor
die 188 includes a substrate with an active region 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 its active surface to implement
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process, or other suitable metal deposition process. Conductive layer 250 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. Conductive layer 250 electrically
connects to conductive layer 220 and conductive pillars 226. An insulating or passivation layer
252 formed over encapsulant 232 and conductive layer 250. The insulating layer 252 can be one or more
layers of 5102, SI3N4, SION, Ta205, Al203, or other material having similar insulating and structural
propertieB>PREAIAd G AGr 555 RUddipositad RIS PYBE CVIS ThtinfingOSpin oating,1S8tay coating,
sintering or $resmal pyidationuA porticn-efiinsulating dayel 2521s semayed by anetehingproecess to
expose conductive layer 250. An electrically conductive solder material is deposited over

conductive' @850 USingta 8vastBaGH, EIEcrolgit platiig Séi8EFole5S DldtingS bt @fop, or screen
printing pseeesss  hegoldermmatesiahean baiasy imetat or elegtrically cenduetivenmateriahre.ge Sn, Ni, Au,
Ag, Pb, B1, and a IoC\)/s thereof, with an ?%tiongql flux material. For example, telfe soldeé%gaterial can be
eutectic SPBRighiéat, 6rfeadtres: The soider naterial IS Tefiowéd By Heating the aterial above its
melting point to form sphericat baks:0abhtumps 2641 dn sogmeapplications) solder dempsi2&=Hare reflowed
a second time to Improve Ie%tricaldcont?%tgo cogductive Igyer 2%0. alder bu ps 2541rggresent one type
of Interconnect Structure that can be formed over cgﬁdjﬁlc?ive?gferlﬁ% . Thelnteréornect Structure can
also use bend gviresp 3 entercomneots, conductive paste stud bump, mierosliempiorl othep electrical

Interconniect, o o, The.semigONGUStor package gan b stacked.andiormoynied o apackade
substrate that Includes pins or contact pads for interconnection with other system components.
Conductieepillars 226 provide kainterconneet betiveerktopsideulhterconnect buildgp layer284 and

bottom-sidg |ntercenneet bujld-tip layer 248, Conductive layer 236,apdne PP St&%%&{ electrically

connect through conductive pillars 226 to conductive layer 250 and contact pads 230 of semiconductor
die 228. The inel polipmidr doré 222, sarronrdedby condbctivedager 224, Istovides both electrical

interconnegtion between buiid-up laysrs 234.and.248. aswellas siress.selief farhigh prafile pillars, using
a simple, low-cost manufacturing process.

the semiconductor device from external elements and

contaminants.

A topside build-up interconnect layer 194 is formed
over encapsulant 192 and conductive pillars 186. The build-up
interconnect layer 194 includes an insulating or passivation
layer 196 formed over encapsulant 192. The insulating layer 196
can be one or more layers of Si02, Si3N4, SiON, Taz205, Al1203, or
other material having similar insulating and structural
properties. The insulating layer 196 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 196 is removed by an
etching process to expose conductive layer 184.

The topside build-up interconnect layer 194 further
includes an electrically conductive layer 198 formed over
insulating layer 196 using a patterning and deposition process.
Conductive layer 198 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other

suitable metal deposition process. Conductive layer 198 can be
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In FIG. 9, a double-sided adhesive layer is applied to the sacrificial substrate, similar to FIG. 3a. A
conductive layer 260 is formed as contact pads on a topside of the adhesive layer using a deposition and
patterning process. Conductive layer 260 is formed using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition process. Contact pads 260 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. In one

embodinfhE cShchictive EF 360 55 a’biid filtn forcortitictiftf cufrent foF IstbRfdrztidsHitRtive pillars.
Conductive dayer 2691n¢ludes @ platedserglayernand UBM pads €optairing cawtipledayers of selectively
plated NI/Au, 1l/Cu, TIW/Cu, Il/Cu/NIV/Cu, or their combination. The UBM, pads provide bondable pads for
bonding With Sblder BuRrTssS Bhd FRdy Hurfiiet prévide BbarnBA SoidEr Hiffddidh and’seed IB)EF for solder
wettabilitport i on sSemicondactor the:262 isdisposedavierdbesubstrate-with gontaahpads 264 oriented
face-up, Ii awa frOﬁ condu%ive layer 260. ,emicondl% tor die 262 Inclu%ie a substrategvith an active
region containing aralag of Aigial Srcuitsimplerentdd ds Sctive delices passive tevite’! conductive
layers, andhdietectric tayers fosmedewithia the die and electrically interconnected according to the
electrical design and function of the die. For example, the circuit include .one or more transistors,
diodes, and other CirCt#:[h (ﬁer%%ﬁ#sdeﬁlrlﬁleﬁr\l/éﬁﬁr? ?tg%%ﬁ\% gﬁ%’rS&‘e o] i%nr%lgr%%}ﬁ%aétgb@c;nudj 3i§ital circuits,
such as RSP nremaery i ogother signal processingareuit 28 émitondedtor dier 262 sisdyvalso wontain IPD,

such as inductors, capacitors, and resistors, for RF signal processing. . polyme eris
depositec? over- tr?%ega%hae%?\?egltaj&%ﬁ %e(%rln\fgoﬁlcﬁ%%r d%@&, g% con ucltfa\/%]1Iz}l)cft-:-pr‘l fé/oggy 559?1/ coating. An
etching precessss esed ¢o rernoee AH portiornstofIhe polymenldyeSexdépt BadbéonduktiVe layer 260 and

contact pags 264, leaving, polymer posts; qf;pillars 266 and 267, simijaio G 3b, An electrically

conductive layer 268 Is formed over polymer pillars 266 and 267 using a deposition and patterning
process, Bimikr16 F36 : 3c.Thenductivedsyer2egigdorméed usingPyDs CVE! spaittefing Vélectrolytic

plating, e&%r,olﬁim@%%ﬂ%%ﬁ, %%tb%iyitasm% metaldenositionprocess (Gondudtive layer 268 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

oxidation. A portion of insulating layer 200 is removed by an

etching process to expose conductive layer 198.

The substrate and adhesive layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 202 is formed
over conductive layer 180 and encapsulant 192. The build-up
interconnect layer 202 includes an electrically conductive layer
204 which is patterned and deposited over the substrate to form
individual portions or sections. The individual portions of
conductive layer 204 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 204 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 204 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive

layer 204 electrically connects to conductive layer 180 and
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W, or other suitable electrically conductive material. Conductive layers 260 and 268 enclose polymer
pillars 266 to form z-interconnect conductive pillars 270 having an inner polymer core. Contact pads 264
and conductive layer 268 enclose polymer pillars 267 to form z-interconnect conductive pillars 271 having
an inner polymer core. The polymer core of conductive pillars 270 and 271 reduces junction stress, which
is particularly useful for high aspect ratio conductive pillars needed to provide z-interconnect in
semicondrAOMFEVIEEs Raving ahigl Vertical dimension. An encapsulant or molding compound 272 is

deposited over semicendugtargdie 2621angaropind coadgetive-pillats 270:24L pisingra pastedarinting,
compressive molding, transfer molding, liquid encapsulant molding, vacuum lamination, or other suitable
applicatof SIS FI6. i Eﬁ%éﬁgulg}{%Z?f il Be pdiyiner Edmipodite ifatéid, difch 45 8pdxy resin
with fillercep@yhaacrylate withfilet, or poymerwith piaper filexn Encapsutant 22 is,nen-cosdyctive and
environmentally protects the, semiconguctor device from gxipraal elements,and contaminants.

layer 208 is formed over conductive layer 204. The insulating

layer 208 can be one or more layers of Si3N4, Si0O2, SiON, Ta205,

Zzn0, Zr02, Al203, polyimide, BCB, PBO, or other suitable

dielectric material. The insulating layer 208 is patterned

using PVD, CVD, printing, sintering, or thermal oxidation.

An insulating or passivation layer 210 is formed over
encapsulant 192, resistive layer 206, insulating layer 208, and
conductive layer 204. The passivation layer 210 can be one or
more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating properties. The deposition
of passivation layer 210 may involve spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. A portion of
passivation layer 210 is removed to expose conductive layer 204,
resistive layer 206, and insulating layer 208.

An electrically conductive layer 212 is patterned and
deposited over conductive layer 204, resistive layer 206, and
insulating layer 208 to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 212 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 212 is formed using PVD,

CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 212 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other suitable electrically conductive material.

An insulating or passivation layer 214 is formed over
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A topside build-up interconnect layer 274 is formed over encapsulant 272. The build-up interconnect layer
274 includes an insulating or passivation layer 276 formed over encapsulant 272. The insulating layer 276
can be one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having similar insulating
and structural properties. The insulating layer 276 is deposited using PVD, CVD, printing, spin coating,

spray coating, sintering or thermal oxidation. A portion of insulating layer 276 is removed by an etching
process oBXPosSE CORLEN Fillars?2 P8r37P2 S S 1VatERadidyide biifdlup inftBfconnect layer 274 further

includes gn eiactaeallyrcongiistive layer 248 fermed over mswlating layes 246 usinga patterning and
deposition process. Conductive layer 278 is formed using PVD, CVD, sputtering, electrolytic plating,

electroless-piting précess™of Bitrer hitQM1B The AP BEFdSiton Prodeds SEohaldive 187 278 8%h be one
or more lpyenseafileCu, SmhlNi, Aab &g ©f othes suitableieleetrically egrductive materiah-@esportion of
conductive layer 278 electrically connects to conductive pillars 270-271. Otlker ortjons of conductive
layer 278°€ar bE RfecticHlly cORimon or eidctricallydsolated - Fépehtting bn the tidSign and function of the
semiconductardevice. A porThebudd-upsintercannent layey 27 4funhesinckides<an insulating or
passivation Iac}/er 280 f8rm%d ove%gg]ssiv%tgl)g layer 276 and conductive layer 278. The insulating layer
280 can l%éi%ng%r(fﬁélreulgyér‘éeof 102, 'Si , SION, Ta205, Al203, or other material having similar
insulating and structurdltpropérnties t The insidatmgilayer 280 isIdepositedusingcRYD, @D ,qarinting, spin
coating, spray coating. sintefipg of fhermal gxidation. Agortion of insylating Jayer, 260,is removed by an
etching process to expose conductive layer g e substrate and ad esweﬁayer are removed
by chemicakhetehingy methgnicakpdel-offy TMPT mechanical gafding Aathérmahibake; Jaser seganing, or

wet stripping, siquilar 1o, H1G. 31,4 dogtom-side uildsup infercennegiayer 282 is jormed over conductive

layer 260, encapsulant 272, and semiconductor die 262. The build-up interconnect layer 282 includes an
electricalfyleorrictive layee 288 f6rved evecaridapsufdint 27 2 iuxiiga pattersing ahdeposition process.

Conductive layer 288 s farmed ysing PVD,CVD, sputtering, elegtrolytic plating. elegiraless plating

process, or other suitable metal deposition process. Conductive layer 288 can be one or more layers of
Al, Cu, SRIR{'VIE ALY of Bifidrisuithbre eleétieany Bamiriive $iatefiak O gortibA©f conductive layer

288 electrically connects, ta.genductive Jayer 260-and-condugctive pilagrs 2404 Qther portions of conductive

layer 288 can be electrically common or electrically isolated depending on the design and function of the
semicondiiersddite over conductive layer 212 using an evaporation,

electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 216. In some applications, solder bumps 216 are reflowed
a second time to improve electrical contact to conductive layer
212. Solder bumps 212 represent one type of interconnect
structure that can be formed over conductive layer 212. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The semiconductor package can be stacked and/or
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An insulating or passivation layer 284 is formed over encapsulant 272 and conductive layer 288. The
insulating layer 284 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other material
having similar insulating and structural properties. The insulating layer 284 is deposited using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. A portion of insulating layer 284 is
removed by an etching process to expose conductive layer 288. _An electrically conductive solder

material BUEposHed Over EGiThrdive Tayet 288N Gsing'ah evaportion, BiettoRfic phatirt Electroless

plating, bal gkop,cyr screesy pERtiRg-prosess.i the selder majerialcandig-any metal or electrically
conductive material, e.g., Sn, Ni, Au, Ag, Pb, B1, and alloys thereof, with an optional flux material. For

example tReTdfder Hiateial € bé Eutddiic SR bZ hightead Cor1B&d- et The solddthaterial is
reflol_wec_i bytraabléagrglé@matéaéiglcabqycfalli@yrgelting@cgéim@oﬁam @mheri@ail bﬁH_ﬁéJlfbumpsOZBG. ":j some
applicatigns, er bumps re reflowed a second time t prave electrical contact to conductive
(ayer 588 Chdbr B 356 1o s o INFE Ut SHUGERE 2 b BECTORRER Dver
conductiventayery288.cHue: itterconpedtistrtctureccanocalso nise dohdavites; ScDlistereonhects, conductive
paste, stud bump, micro b , or.other electrical Interconnect The semiconductar package can
be stacked’ grgﬁng n?oau%%egr?oe a%%cl%génel (szﬁgscﬁrléie?ﬁat ﬁ%lu%l%g ’pir‘ijssorw gofn]tagtspac]%sefgrf‘ (}i?)n erconnection

with othes systetmicempofi@nrts iCoaductiveypiltars@¥0eprovide zintercondect betweendopsidee

Interconngct b%ilq-gglla%er 274 and B(%g m-slide Intercopnlegtcte)uild-légéacyer 282 Congg%tive pillars 271

. aye TOvVidés electrica TCo T1O01l betw
provide Z-interconnect between topsi nterconnectcbund-up layer hd contact pads 264 of

semiconductdddier26Ra Gondudtive kayer 298 andcontdct padls 26deofsemicorductordieizB? electrically

connect {yayafy condhuctiye pilags 270-27 Lip pondictys,layer. 288 e Inner polymer,qores 266-267,

surrounded by conductive layer 268, provides both electrical interconnection between

FIG. 8 shows an embodiment with a topside IPD formed
after to die attach and molding. A double-sided adhesive layer
is applied to the sacrificial substrate, similar to FIG. 3a. A
conductive layer 220 is formed as contact pads on a topside of
the adhesive layer using a deposition and patterning process.
Conductive layer 220 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Contact pads 220 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. In one embodiment, conductive
layer 220 is a solid film for conducting current for later-
formed conductive pillars. Conductive layer 220 includes a
plated seed layer and UBM pads containing multiple layers of
selectively plated Ni/Au, Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their
combination. The UBM pads provide bondable pads for bonding
with solder bumps, and may further provide a barrier to solder
diffusion and seed layer for solder wettability.
A polymer layer is deposited over the adhesive layer

and conductive layer 220 by spin coating. An etching process is

used to remove all portions of the polymer layer except over
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build-up layers 274 and 282, as well as stress relief for high profile pillars, using a simple, low-cost
manufacturing process. In FIG. 10, a double-sided adhesive layer is applied to the sacrificial
substrate, similar to FIG. 3a. A conductive layer 290 is formed as contact pads on a topside of the
adhesive layer using a deposition and patterning process. Conductive layer 290 is formed using PVD,
CVD, sputtering, electrolytic platirég%electroless plating process, or other suitable metal deposition

process. EUMAG pads 290VEn Bé bne diiigredapers oo, €aS8A, R AU W BF ofifersuitable

electricallyigonduetive, materialz . one gmbosirents gonguctiviedayeri220 is=a,selicbfilm fog conducting
current for later-formed conductive pillars. Conductive layer 290 Includes a plated seed layer and UBM

pads cont&hifgmaitiple BY&d 6 serectivalyplated NFAGAIR L FARFEL M W@RR//Cu, or their
combinatiornt JheldBY pads-pravjdeshendable pads for.bonding withaetderhumps;andamay further
provide a barrier to salder diffusion and seed Iagger for solder wettapility. Semiconductor die 292 is

disposed SVePTite Sibdtrate With contactatis 294 Brented toward &iid Sldeticaliy Tontacting conductive
layer 290; simitard0 446. StaSemicanductordie 292dneludes aistdisiratenwith andagtive redgion containing
analog or grlgltal cwcwtgém lemented fs actlv?er fv&eg, Basswe devices, conJ[ductlve Ig}lg_r%land dielectric

layers formed within the die an le‘féectrlélaiflﬁ/rln connected a&r:lgrd?nrg tothe eréctrical esign and function

of the dieCEor example, the ciréyit may locludelome erunoebiransistors, diodes, andatherceitcuit elements

formed witin s gstive surfage to.mplament hasehand digita) ircyits, sueh, a5 DS, memary, or other
S|gnal processing circuit. Semiconductor die 2 may also contain , such as’inductors, capac:|tors, and
regsungﬁﬁﬁREbs@pmmpmxiggmggonnect conductive pillars 226 having an

inner polymer core. The polymer core of conductive pillars 226
reduces junction stress, which is particularly useful for high
aspect ratio conductive pillars needed to provide z-interconnect
in semiconductor devices having a high vertical dimension.

Semiconductor die 228 is disposed over the substrate
between conductive pillars 226 with contact pads 230 oriented
toward conductive layer 220, similar to FIG. 3c. Semiconductor
die 228 includes a substrate with an active region 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 its active surface to implement
baseband digital circuits, such as DSP, memory, or other signal
processing circuit. Semiconductor die 228 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal
processing. In another embodiment, a discrete component can be
mounted over the substrate between conductive pillars 226.

An encapsulant or molding compound 232 is deposited

over semiconductor die 228 and around conductive pillars 226
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In applications requiring a wider pitch, a metal-coated polymer ball 296 is formed over conductive layer
290. The metal-coated polymer ball 296 includes an inner polymer core ball 298 and outer conductive
layer 300. The polymer core reduces junction stress, which is particularly useful for high aspect ratio
conductive pillars needed to provide z-interconnect in semiconductor devices having a high vertical
dimension. An encapsulant or molding compound 302 is deposited over semiconductor die 292
and aroutd Mictaf c&3teHHORFMEIBAIE 296° TG SopdSte Prihting ScorhprassivemBiaiiyt Bansfer
molding, liguidencapstiast moldingcvacus) lasaipatian, emotherswtaple appliaater, simitarto £1G. 3d.
Encapsulant 302 can be polymer composite material, such as epoxy resin with filler, epoxy acrylate with
filler, or pORFMEF Wit broper tileA Ercapsafant 382 is ﬁBﬁ-%BﬁHé)@ﬁVé &nd efidiforitfiemaly Brdtects the
semicondugigiodaviee flameextemnal elements anscontamitants:ith i 1A &psidgbuid-up interconnect
layer 304 is formed over enc lant 302 and.semiconductor die 292. T,hg build-up interconnect layer
304 includ&s %ﬁ%ﬁ&ﬂﬁﬁg ofé?is%&tio%la?&; %85 orthied ovar &icapSiant 302 and semiconductor die
292. Therdnstdating kayer 308 can heconreonmore layers ofl Si2; Si3NAcSION, 1 Taz05, Ad2@3; or other
material h%\éin% s}nrr{ig:a(jrr;g%ucl%%r}g gggflsggc%lg%lnprgg%retigga'[h%i%s#l%tjcng Iax(eir 306 is deposited using
PVD, CVE), prinﬁng, Spin coating, spray coating, sintering or thermal oxi ation. A portion of insulating

layer 306cisremovediysan etching process to expose metal-coated polymer balls 296. The
topside build-up |nterc%nnteoc1g Isalyger 381411 ifygh%% mglg@g; Cagn(%lggt{lc?%%%n%yvg SlaerOrISHQGS dformed over
over encapsulant 192. The build-up interconnect layer 234

includes an insulating or passivation layer 235 formed over
encapsulant 232 and conductive pillar 226. The passivation
layer 235 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating properties.
The deposition of passivation layer 235 may involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A
portion of passivation layer 235 is removed to expose conductive
pillar 226.

An electrically conductive layer 236 is patterned and
deposited over the substrate to form individual portions or
sections. The individual portions of conductive layer 236 can
be electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 236 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Conductive layer 236 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. Conductive layer 236 electrically connects
to conductive pillars 226.

A resistive layer 238 is patterned and deposited over

conductive layer 236 and insulating layer 235 using PVD or CVD.
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Insulating layer 306 using a patterning and deposition process. Conductive layer 308 is formed using
PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition
process. Conductive layer 308 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive layer 308 electrically connects to metal-coated
polymer balls 296. Other portions of conductive layer 308 can be electrically common or electrically

isolated d&pehiding’6n Hie’ 8&sigrA AndFinctish- Sf-Hesenhiednddter @évies Ct+ons PR Bild-up

Interconnect inyer 304 furtherdnclides anipsulating op passivation layer 340 fermegoversiasulating layer
306 and canductive layer 308. The insulating layer 310 can be one or more layers of 5102, SI3N4, SION,
Ta205, A2, or Bter thaterial R¥\Gihg sifffarifs(aHTg AhG Sutilfiral Stopéfies ¥he IWsitiating layer
310 is depwsited using PR CY s priptng,ispiR coating Spsay ceating; sintedny ernthesmal oxidation. A
portion of insulating layer 310 is removed by an etching process to expo uctive layer 308.

S i b

e cond
The substraté 5hd adnediveJAVErS &re réhobed By chemical etdhing, r%icﬁlgﬁ’lgg -o%/fr,l CMiS,
mechanical grindingy thermat bake, |aseri scanmnirig, osmiet stipping,rsianllar. to Rk i3ftAbettom-side

build-up Intercon layer.312 is formed over conductive layer 290 and encapsulant 302, The build-up
Interconn{;ac%]?arye%%%ZJlﬁclu%é{zss an e?é:ctﬁggﬁ/rco%%%éves ﬁ%/%(r: é% ?érméaglc bv%ilé%dapgﬁ%’nt 302 using a
patternind @anddepositioniprocess. lCondugtive tayet 3l4us fornisttusing P/ DRyr@V DO 8puttering,
electrolytich%l ting, elgctrolgss EI ting rocess, ok pther sujIIabIe etal deposition process. Conductive
layer 314ocan96 one or n%orseulaf%rls o#) A%a&ﬁ?Sn, IE\JI]%ASU Aogr,%?r%tﬁevrgsruit]égfeleslgcl:t\r]i%a f donductive
material. 7hea portibns conmgudtiel layerl 3Y4 cad e electricallypoemaonrorreledicalysisofated depending

on the degjgn,gnd function of the semucondugtos deyices 21203, polyimide, BCB, PBO,
or other suitable dielectric material. The insulating layer 240
is patterned using PVD, CVD, printing, sintering, or thermal
oxidation.

An insulating or passivation layer 242 is formed over
passivation layer 235 and conductive layer 236, resistive layer
238, and insulating layer 240. The passivation layer 242 can be
one or more layers of Si0O2, Si3N4, SiON, Ta205, Al1l203, or other
material having suitable insulating properties. The deposition
of passivation layer 242 may involve spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. A portion of
passivation layer 242 is removed to expose conductive layer 236,
resistive layer 238, and insulating layer 240.

An electrically conductive layer 244 is patterned and
deposited over passivation layer 242, conductive layer 236, and
resistive layer 238 to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 244 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 244 is formed using PVD,

CVD, sputtering, electrolytic plating, electroless plating
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An insulating or passivation layer 316 is formed over encapsulant 302 and conductive layer 314. The
insulating layer 316 can be one or more layers of S102, SI3N4, SION, Ta205, Al203, or other material
having similar insulating and structural properties. The insulating layer 316 is deposited using PVD, CVD,
printing, spin coating, spray coating, sintering or thermal oxidation. A portion of insulating layer 316 is
removed by an etching process to expose conductive layer 314. An electrically conductive solder

material B'd¥gosted ovePENTuCTVE Ayt 3 1Aty ARRVApbItonP BRCHORtic PratiHy: eleclidless

plating, ball gkep,carscreen penting:pcess Eha solders material canbe any metal arglectgcally
conductive material, e.g., Sn, Ni, Au, Ag, Pb, B1, and alloys thereof, with an_optional flux material. For

example the Solfer riktetiaPdan bie eutecticSnPbCRIgAYEEd V6 BaGSfek The solder material is

reflowed by heating the materdal labovedtsanelting poirtdodarm spbericad balls of bumps Ik AN some
applications, (ﬁolder bumps 318 are r ro(\B/]rvgd a second time tQ Improv e?Iectric | contact to conductive

layer 314 St buRTps 318 tépredéntdite B or fAtetédhnetY Struétife that &&n be formed over
conductivealayer 314.chhe nferconneéctsiructureccan also mse dohdywires, SEDIntercormieets) conductive

paste, StLéd BﬁmpT g%ré) bLAr?BO%r,other gltekcl:trical Interconnect. . Thte sgfnicondu or_package can

be stacked and/or Mounted 16 a pac%ge substrate that Taclu %gbnllr% Sr'con actepalcfésf%r fhterconnection

with othepsystentéemponéiits. The owetal-coated pohmsenadllsci206l provide?Z-intercpnneetietaeen

topside interconnggtctilfllild-ueﬁyerg%l andrl:iot%olm-side interconnect bour“dT:LfPe@ 35312. Conductive layer

308 elect?fgéﬁy connects through metal-coated po?ﬁr’]erst)lﬂlsez%%nt%’conductlve ayer 314 and contact
pads 294cefistriconductér gier2920:Thefinnespdlymer eorel 298 rsutrgunde disyrcondiictive layer 300,

provides gggbglgcg'gg&m%rf%n%%tgp&begwggn build-up layers 304 and 312, as well as stress relief for

high profile pillars, using a simple, low-cost manufacturing process.
The structures described in FIG. 8 constitute one or

more passive circuit elements or IPDs. In one embodiment,
conductive layer 236, resistive layer 238a, insulating layer
240, and conductive layer 244 is a MIM capacitor. Resistive
layer 238b is a resistor element in the passive circuit. Other
individual sections of conductive layer 244 can be wound or
coiled in plan-view to produce or exhibit the desired properties
of an inductor.

The substrate and adhesive layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 248 is formed
over conductive layer 220 and encapsulant 232. The build-up
interconnect layer 248 includes an electrically conductive layer
250 which is patterned and deposited over the substrate to form
individual portions or sections. The individual portions of
conductive layer 250 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 250 is formed using PVD,

CVD, sputtering, electrolytic plating, electroless plating
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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. Claims What is claimed: 1. A

method of making a semiconductor device, comprising: providing a sacrificial substrate; depositing an
interface layer over the sacrificial substrate; o ,
process, or other suitable metal deposition process. Conductive

layer 250 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. Conductive
layer 250 electrically connects to conductive layer 220 and
conductive pillars 226.

An insulating or passivation layer 252 formed over
encapsulant 232 and conductive layer 250. The insulating layer
252 can be one or more layers of Si0O2, Si3N4, SiON, Taz05,
Al1203, or other material having similar insulating and
structural properties. The insulating layer 252 is deposited
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation. A portion of insulating layer 252 1is
removed by an etching process to expose conductive layer 250.

An electrically conductive solder material is
deposited over conductive layer 250 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 254. 1In some applications, solder bumps 254 are reflowed
a second time to improve electrical contact to conductive layer
250. Solder bumps 254 represent one type of interconnect
structure that can be formed over conductive layer 250. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The semiconductor package can be stacked and/or

mounted to a package substrate that includes pins or contact
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forming a first conductive layer over the interface layer; forming a first polymer pillar over the first

conductive Layer; forming a second conductive layer over the first polymer pillar to create a first
conductive pillar with inner polymer core; mounting a semiconductor die or component over the
sacrificial substrate; depositing an encapsulant over the semiconductor die or component and around

the first conductive pillar; forming a first interconnect structure over a first side of the encapsulant, the
first inter&Ghect Sfructute bemgraectieally ddnhecté ¢ fo heshereaidtiRavE Pifr; removing the
sacrificiakbsuhstrata and interfaee layes; anbvide z-interconnect between topside

interconnect build-up layer 234 and bottom-side interconnect
build-up layer 248. Conductive layer 236 and the IPD structure
electrically connect through conductive pillars 226 to
conductive layer 250 and contact pads 230 of semiconductor die
228. The inner polymer core 222, surrounded by conductive layer
224, provides both electrical interconnection between build-up
layers 234 and 248, as well as stress relief for high profile
pillars, using a simple, low-cost manufacturing process.

In FIG. 9, a double-sided adhesive layer is applied to
the sacrificial substrate, similar to FIG. 3a. A conductive
layer 260 is formed as contact pads on a topside of the adhesive
layer using a deposition and patterning process. Conductive
layer 260 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Contact pads 260 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 260 1is
a solid film for conducting current for later—-formed conductive
pillars. Conductive layer 260 includes a plated seed layer and
UBM pads containing multiple layers of selectively plated Ni/Au,
Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads
provide bondable pads for bonding with solder bumps, and may
further provide a barrier to solder diffusion and seed layer for
solder wettability.

Semiconductor die 262 is disposed over the substrate
with contact pads 264 oriented face-up, i.e., away from
conductive layer 260. Semiconductor die 262 includes a
substrate with an active region containing analog or digital

circuits implemented as active devices, passive devices,
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forming a second interconnect structure over a second side of the encapsulant opposite the first
interconnect structure, the second interconnect structure being electrically connected to the first
conductive pillar. 2. The method of claim 1, wherein the first interconnect structure includes an integrated
passive device. 3. The method of claim 1, further including: forming a second polymer pillar over a
contact pad of the semiconductor die; and _ forming the second conductive layer over the second

polymer fiftariorédfe 4 3¥Eart condudive fdrwith ilAEFpslyhfertore i thin 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 its active surface to implement baseband
digital circuits, such as DSP, memory, or other signal
processing circuit. Semiconductor die 262 may also contain IPD,
such as inductors, capacitors, and resistors, for RF signal
processing.

A polymer layer is deposited over the adhesive layer,
semiconductor die 262, and conductive layer 260 by spin coating.
An etching process is used to remove all portions of the polymer
layer except over conductive layer 260 and contact pads 264,
leaving polymer posts or pillars 266 and 267, similar to FIG.
3b. An electrically conductive layer 268 is formed over polymer
pillars 266 and 267 using a deposition and patterning process,
similar to FIG. 3c. Conductive layer 268 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 268 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
W, or other suitable electrically conductive material.
Conductive layers 260 and 268 enclose polymer pillars 266 to
form z-interconnect conductive pillars 270 having an inner
polymer core. Contact pads 264 and conductive layer 268 enclose
polymer pillars 267 to form z-interconnect conductive pillars
271 having an inner polymer core. The polymer core of
conductive pillars 270 and 271 reduces junction stress, which is
particularly useful for high aspect ratio conductive pillars
needed to provide z-interconnect in semiconductor devices having
a high vertical dimension.

An encapsulant or molding compound 272 is deposited
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4. The method of claim 1, further including: stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through the first and second interconnect structures
and first conductive pillar. 5. The method of claim 1, wherein forming the first interconnect structure
includes: forming a first insulating layer over the encapsulant; forming a third conductive layer over the

first insulating Layer, the third conductive Iagler being electrically connected
over semiconductor die 262 and around conductive pillars 270-271

using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator, similar to FIG. 3d. Encapsulant 272 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.

Encapsulant 272 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

A topside build-up interconnect layer 274 is formed over
encapsulant 272. The build-up interconnect layer 274 includes
an insulating or passivation layer 276 formed over encapsulant
272. The insulating layer 276 can be one or more layers of
Si02, Si3N4, SiON, Taz205, Al203, or other material having
similar insulating and structural properties. The insulating
layer 276 1is deposited using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation. A portion of
insulating layer 276 is removed by an etching process to expose
conductive pillars 270-271.

The topside build-up interconnect layer 274 further
includes an electrically conductive layer 278 formed over
insulating layer 276 using a patterning and deposition process.
Conductive layer 278 is formed using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 278 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 278 electrically connects to conductive pillars 270-271.
Other portions of conductive layer 278 can be electrically
common or electrically isolated depending on the design and

function of the semiconductor device.
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to the first conductive pillar; and forming a second insulating layer over the third conductive Layer. 6.
A method of making a semiconductor device, comprising: providing a substrate; forming a first
conductive layer over the substrate; forming a first polymer pillar over the first conductive Layer;

forming a second conductive layer over the first polymer pillar to create a first conductive pillar with an

inner stress-relief core; , , ,
The build-up interconnect layer 274 further includes

an insulating or passivation layer 280 formed over passivation
layer 276 and conductive layer 278. The insulating layer 280
can be one or more layers of Si0O2, Si3N4, SiON, Ta205, Al203, or
other material having similar insulating and structural
properties. The insulating layer 280 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 280 is removed by an
etching process to expose conductive layer 278.

The substrate and adhesive layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 282 is formed
over conductive layer 260, encapsulant 272, and semiconductor
die 262. The build-up interconnect layer 282 includes an
electrically conductive layer 288 formed over encapsulant 272
using a patterning and deposition process. Conductive layer 288
is formed using PVD, CVD, sputtering, electrolytic plating,
electroless plating process, or other suitable metal deposition
process. Conductive layer 288 can be one or more layers of Al,
Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive
material. One portion of conductive layer 288 electrically
connects to conductive layer 260 and conductive pillars 270.
Other portions of conductive layer 288 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

An insulating or passivation layer 284 is formed over
encapsulant 272 and conductive layer 288. The insulating layer
284 can be one or more layers of Si0O2, Si3N4, SiON, Ta205,
Al1203, or other material having similar insulating and

structural properties. The insulating layer 284 is deposited
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mounting a semiconductor die or component over the substrate; depositing an encapsulant over the
semiconductor die or component and around the first conductive pillar; forming a first interconnect
structure over a first side of the encapsulant, the first interconnect structure being electrically connected to
the first conductive pillar; and forming a second interconnect structure over a second side of the
encapsulant opposite the first interconnect structure, the second interconnect structure being electrically
connectedotAe firdt condbctiver piltar "B THE MethtR 6f-Q1dim BPIvREriA e fitt intéftonhéttstructure
includes ap integrated passive device. & Thermethodaf daign7awherein the-integratedspassive device

includes a capacitor, resistor, or inductor. ,
removed by an etching process to expose conductive layer 288.

An electrically conductive solder material is
deposited over conductive layer 288 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 286. In some applications, solder bumps 286 are reflowed
a second time to improve electrical contact to conductive layer
288. Solder bumps 286 represent one type of interconnect
structure that can be formed over conductive layer 288. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The semiconductor package can be stacked and/or
mounted to a package substrate that includes pins or contact
pads for interconnection with other system components.
Conductive pillars 270 provide z-interconnect between topside
interconnect build-up layer 274 and bottom-side interconnect
build-up layer 282. Conductive pillars 271 provide z-
interconnect between topside interconnect build-up layer 274 and
contact pads 264 of semiconductor die 262. Conductive layer 278
and contact pads 264 of semiconductor die 262 electrically
connect through conductive pillars 270-271 to conductive layer
288. The inner polymer cores 266-267, surrounded by conductive

layer 268, provides both electrical interconnection between
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9. The method of claim 6, wherein forming the first interconnect structure includes: forming a first
insulating layer over the encapsulant; forming a third conductive layer over the first insulating Layer,
the third conductive layer being electrically connected to the first conductive pillar; and forming a
second insulating layer over the second conductive layer. 10. A method of making a semiconductor

device, comprising: providing a substrate forming a first conductive layer over the substrate;
build-up layers 274 and '282, as well as stress relief for hlgh

profile pillars, using a simple, low-cost manufacturing process.

In FIG. 10, a double-sided adhesive layer is applied
to the sacrificial substrate, similar to FIG. 3a. A conductive
layer 290 is formed as contact pads on a topside of the adhesive
layer using a deposition and patterning process. Conductive
layer 290 is formed using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. Contact pads 290 can be one or more layers
of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material. In one embodiment, conductive layer 290 1is
a solid film for conducting current for later—-formed conductive
pillars. Conductive layer 290 includes a plated seed layer and
UBM pads containing multiple layers of selectively plated Ni/Au,
Ti/Cu, TiW/Cu, Ti/Cu/NiV/Cu, or their combination. The UBM pads
provide bondable pads for bonding with solder bumps, and may
further provide a barrier to solder diffusion and seed layer for
solder wettability.

Semiconductor die 292 is disposed over the substrate
with contact pads 294 oriented toward and electrically
contacting conductive layer 290, similar to FIG. 3c.
Semiconductor die 292 includes a substrate with an active region
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 its active
surface to implement baseband digital circuits, such as DSP,
memory, or other signal processing circuit. Semiconductor die

292 may also contain IPD, such as inductors, capacitors, and
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forming a first polymer pillar over the first conductive Layer; forming a second conductive layer over
the first polymer pillar to create a first conductive pillar with an inner stress-relief core; mounting a
semiconductor die or component over the substrate; depositing an encapsulant over the
semiconductor die or component and around the first conductive pillar; and forming a first interconnect

structure over a first side of the encapsulant, the first interconnect structure being electrically connected to
the first coRbethF il ©F RF signal processing.

In applications requiring a wider pitch, a metal-
coated polymer ball 296 is formed over conductive layer 290.

The metal-coated polymer ball 296 includes an inner polymer core
ball 298 and outer conductive layer 300. The polymer core
reduces junction stress, which is particularly useful for high
aspect ratio conductive pillars needed to provide z-interconnect
in semiconductor devices having a high vertical dimension.

An encapsulant or molding compound 302 is deposited
over semiconductor die 292 and around metal-coated polymer balls
296 using a paste printing, compressive molding, transfer
molding, liquid encapsulant molding, vacuum lamination, or other
suitable applicator, similar to FIG. 3d. Encapsulant 302 can be
polymer composite material, such as epoxy resin with filler,
epoxy acrylate with filler, or polymer with proper filler.
Encapsulant 302 is non-conductive and environmentally protects
the semiconductor device from external elements and
contaminants.

A topside build-up interconnect layer 304 is formed
over encapsulant 302 and semiconductor die 292. The build-up
interconnect layer 304 includes an insulating or passivation
layer 306 formed over encapsulant 302 and semiconductor die 292.
The insulating layer 306 can be one or more layers of Si0O2,
Si3N4, SiON, Ta205, Al203, or other material having similar
insulating and structural properties. The insulating layer 306
is deposited using PVD, CVD, printing, spin coating, spray
coating, sintering or thermal oxidation. A portion of
insulating layer 306 1is removed by an etching process to expose
metal-coated polymer balls 296.

The topside build-up interconnect layer 304 further

includes an electrically conductive layer 308 formed over
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11. The method of claim 10, further including forming a second interconnect structure over a second side
of the encapsulant opposite the first interconnect structure, the second interconnect structure being
electrically connected to the first conductive pillar. 12. The method of claim 10, wherein the first
interconnect structure includes an integrated passive device. 13. A method of making a semiconductor
device, comprising: providing a substrate; forming a first conductive layer over the substrate; forming a

first polyrhBF BilaF &v&r thd¥irst contiubfive Bagera & Lo minty a $BEoAG RBRMICRR IRYEISGRET the first
polymer pilactocareate a Hrst condyctive pillamaith ap inrRerstiressaelief eiertering,

electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 308 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 308 electrically connects to metal-coated polymer balls
296. Other portions of conductive layer 308 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device.

The build-up interconnect layer 304 further includes
an insulating or passivation layer 310 formed over insulating
layer 306 and conductive layer 308. The insulating layer 310
can be one or more layers of Si02, Si3N4, SiON, Taz205, A1203, or
other material having similar insulating and structural
properties. The insulating layer 310 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 310 is removed by an
etching process to expose conductive layer 308.

The substrate and adhesive layers are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping, similar to FIG.
3f. A bottom-side build-up interconnect layer 312 is formed
over conductive layer 290 and encapsulant 302. The build-up
interconnect layer 312 includes an electrically conductive layer
314 formed over encapsulant 302 using a patterning and
deposition process. Conductive layer 314 is formed using PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 314 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,

or other suitable electrically conductive material. The
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mounting a semiconductor die or component over the substrate; and depositing an encapsulant over
the semiconductor die or component and around the first conductive pillar. 14. The method of claim 13,
further comprising forming a first interconnect structure over a first side of the encapsulant. 15. The
method of claim 14, wherein the first interconnect structure is electrically connected to the first conductive
pillar. 16. The method of claim 15, wherein the first interconnect structure includes an IPD. 17. The

method S LFHHCTE fGRREMEIMBsinG f6imiAg 4 SetonbSntet&orinett Strbdtufe BT a SEcond side of the
encapsulanteppasiteithe firstintereonnesb SHUEWIEE.on the design and function of

the semiconductor device.

An insulating or passivation layer 316 is formed over
encapsulant 302 and conductive layer 314. The insulating layer
316 can be one or more layers of Si02, Si3N4, SiON, TaZ205,
Al1203, or other material having similar insulating and
structural properties. The insulating layer 316 is deposited
using PVD, CVD, printing, spin coating, spray coating, sintering
or thermal oxidation. A portion of insulating layer 316 is
removed by an etching process to expose conductive layer 314.

An electrically conductive solder material is
deposited over conductive layer 314 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen
printing process. The solder material can be any metal or
electrically conductive material, e.g., Sn, Ni, Au, Ag, Pb, Bi,
and alloys thereof, with an optional flux material. For
example, the solder material can be eutectic Sn/Pb, high-lead,
or lead-free. The solder material is reflowed by heating the
material above its melting point to form spherical balls or
bumps 318. In some applications, solder bumps 318 are reflowed
a second time to improve electrical contact to conductive layer
314. Solder bumps 318 represent one type of interconnect
structure that can be formed over conductive layer 314. The
interconnect structure can also use bond wires, 3-D
interconnects, conductive paste, stud bump, micro bump, or other
electrical interconnect.

The semiconductor package can be stacked and/or
mounted to a package substrate that includes pins or contact
pads for interconnection with other system components. The

metal-coated polymer balls 296 provide z-interconnect between
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18. The method of claim 17, wherein the second interconnect structure is electrically connected to the first
conductive pillar. 19. The method of claim 18, wherein providing a substrate comprises providing a
sacrificial substrate. 20. The method of claim 19, further comprising removing the sacrificial substrate.

21. The method of claim 20, further comprising depositing an interface layer over the sacrificial substrate.

22. The method of claim 21, further comprising removing the interface layer.
topside interconnect build-up layer 304 and bottom-side

interconnect build-up layer 312. Conductive layer 308
electrically connects through metal-coated polymer balls 296 to
conductive layer 314 and contact pads 294 of semiconductor die
292. The inner polymer core 298, surrounded by conductive layer
300, provides both electrical interconnection between build-up
layers 304 and 312, as well as stress relief for high profile
pillars, using a simple, low-cost manufacturing process.

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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Claims

What is claimed:

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

providing a sacrificial substrate;

depositing an interface layer over the sacrificial
substrate;

forming a first conductive layer over the interface layer;

forming a first polymer pillar over the first conductive
layer;

forming a second conductive layer over the first polymer
pillar to create a first conductive pillar with inner polymer
core;

mounting a semiconductor die or component over the
sacrificial substrate;

depositing an encapsulant over the semiconductor die or
component and around the first conductive pillar;

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the first conductive pillar;

removing the sacrificial substrate and interface layer; and

forming a second interconnect structure over a second side
of the encapsulant opposite the first interconnect structure,
the second interconnect structure being electrically connected

to the first conductive pillar.

2. The method of claim 1, wherein the first interconnect

structure includes an integrated passive device.
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3. The method of claim 1, further including:

forming a second polymer pillar over a contact pad of the
semiconductor die; and

forming the second conductive layer over the second polymer
pillar to create a second conductive pillar with inner polymer

core.

4. The method of claim 1, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the semiconductor devices through
the first and second interconnect structures and first

conductive pillar.

5. The method of claim 1, wherein forming the first
interconnect structure includes:

forming a first insulating layer over the encapsulant;

forming a third conductive layer over the first insulating
layer, the third conductive layer being electrically connected
to the first conductive pillar; and

forming a second insulating layer over the third conductive

layer.

6. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first conductive layer over the substrate;
forming a first polymer pillar over the first conductive
layer;
forming a second conductive layer over the first polymer
pillar to create a first conductive pillar with an inner stress-—

relief core;
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mounting a semiconductor die or component over the
substrate;

depositing an encapsulant over the semiconductor die or
component and around the first conductive pillar;

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being
electrically connected to the first conductive pillar; and

forming a second interconnect structure over a second side
of the encapsulant opposite the first interconnect structure,
the second interconnect structure being electrically connected

to the first conductive pillar.

7. The method of claim 6, wherein the first interconnect

structure includes an integrated passive device.

8. The method of claim 7, wherein the integrated passive

device includes a capacitor, resistor, or inductor.

9. The method of claim 6, wherein forming the first
interconnect structure includes:

forming a first insulating layer over the encapsulant;

forming a third conductive layer over the first insulating
layer, the third conductive layer being electrically connected
to the first conductive pillar; and

forming a second insulating layer over the second

conductive layer.

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

providing a substrate;

forming a first conductive layer over the substrate;
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forming a first polymer pillar over the first conductive
layer;

forming a second conductive layer over the first polymer
pillar to create a first conductive pillar with an inner stress-—
relief core;

mounting a semiconductor die or component over the
substrate;

depositing an encapsulant over the semiconductor die or
component and around the first conductive pillar; and

forming a first interconnect structure over a first side of
the encapsulant, the first interconnect structure being

electrically connected to the first conductive pillar.

11. The method of claim 10, further including forming a second
interconnect structure over a second side of the encapsulant
opposite the first interconnect structure, the second
interconnect structure being electrically connected to the first

conductive pillar.

12. The method of claim 10, wherein the first interconnect

structure includes an integrated passive device.

13. A method of making a semiconductor device, comprising:
providing a substrate;
forming a first conductive layer over the substrate;
forming a first polymer pillar over the first conductive
layer;
forming a second conductive layer over the first polymer
pillar to create a first conductive pillar with an inner stress-—

relief core;
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mounting a semiconductor die or component over the
substrate; and
depositing an encapsulant over the semiconductor die or

component and around the first conductive pillar.

14. The method of claim 13, further comprising forming a first

interconnect structure over a first side of the encapsulant.

15. The method of claim 14, wherein the first interconnect
structure is electrically connected to the first conductive

pillar.

16. The method of claim 15, wherein the first interconnect

structure includes an IPD.

17. The method of claim 16, further comprising forming a second
interconnect structure over a second side of the encapsulant

opposite the first interconnect structure.
18. The method of claim 17, wherein the second interconnect
structure is electrically connected to the first conductive

pillar.

19. The method of claim 18, wherein providing a substrate

comprises providing a sacrificial substrate.

20. The method of claim 19, further comprising removing the

sacrificial substrate.

21. The method of claim 20, further comprising depositing an

interface layer over the sacrificial substrate.
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22. The method of claim 21, further comprising removing the

interface layer.
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