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. Backﬂround of the Invention
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 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



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 inEitbe& micrsebRtrofi&rs! fricrdProcesgdrs® thargetecdtpiéd devieds DS 861hr cells, and
digital micro-mirror devicesi (MBSt tor deSepueonhictyyrdevicesiprifarahgavide range of functions
such as high-speed calculations, transmitting and receiving electromagnetic signals, controlling electronic
devices, frHASfoRRiHY SUHTighth SIL8HichY St GRAGHY v WlBrojé&?dﬁ%@b#e}é\ﬁsi@ﬁ%isplays.
Semiconducier deviges ate-tounddgthe fieldsiofenterfainment commynications; Qower generation,
networks, com§uters, and consumegrodugts. Semiconductor devjces are also found.in electronic

products TCIAdiRg military: ViAo GutdHlothvE: indudtial Cohtrofiersy and sffice &qliipmant.

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 controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or through
the process of doping. Doping 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



Semiconductor devices exploit the electrical properties of semiconductor materials. The atomic structure
of semiconductor material allows its electrical conductivity to be manipulated by the application of an
electric field or through the process of doping. Doping 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 SFEIEGACACuFEht. By FaRfid evei Stuphisand applicstnof dhvakEtticield, the transistor

either prospetestor Jestyictsuthe flons obelestrisgkcurrentoRassive stbetures ineludingrasistars sdiodes,
and inductors, create a relationship between VOIt?d%e and current necessary to perform a variety of
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Semiconductor devices are generally ma factucﬁled using tv}\ﬁ complex manufacturing]ogroce ses, i.e.,
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front-end® MARUAC UG, Bhd BadkCeAE g HvEIvINgSSoteAtalf Huhbredd'of steps.
Front-eng asanifacturing inmvwohes .the Barmmatioriofra plufality of diegor theoduréacesafaysemicongluctor

wafer. Each,di Is.typicall identcal and contains,tcults formed by elediricall_cannecting active and
passive components. Back-end manufacturing involves singulating fndividdal'die from ffie finished wafer
and packagingittie di¢ toprovide stsuctorat suppdrt@amdienvimoamentalisalation.on .

One goal of semiconductor manufacturing is to produce
smaller semiconductor devices. Smaller devices typically
consume less power, have higher performance, and can be produced
more efficiently. In addition, smaller semiconductor devices
have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in
the front-end process resulting in die with smaller, higher
density active and passive components. Back-end processes may
result in semiconductor device packages with a smaller footprint
by improvements in electrical interconnection and packaging
materials.

The electrical interconnection between a fan-out wafer
level chip scale package (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 wvias (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



One goal of semiconductor manufacturing is to produce smaller semiconductor devices. Smaller devices
typically consume less power, have higher performance, and can be produced more efficiently. In
addition, smaller semiconductor devices have a smaller footprint, which is desirable for smaller end
products. A smaller die size may be achieved by improvements in the front-end process resulting in die
with smaller, higher density active and g?;sive components. Back-end processes may result in
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Voids may be formed within the vias, which causes defects and reduces reliability of the device. TSV and
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packages. The plated metal pillars areutyplcaP(y Very s T 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 ailufe. Summary ofthe pvention oo . o fipediexiss fo prowide aFO-WLCSP
interconnect structure with Tow-cost interconnects and low stress at the joint interface, while maintaining a

high a_sp@(fmati:@.vmec_ondihglyl ¢rw0|¢_@ embbdhﬁgnpmh@pr@e@anQQWOﬁ i:srg semicornduetor device
comprising,a condyetivelayer and first cooductive pillar with, inper stress-relief core formed over the

conductive layer. A semiconductor die or component iS mounted over the conductive layer. An
encapsulaAtiiEvositdd aroumhthessernidongtdtor dircoraompgarient andrfirstoconductive pillar. A first

interconnegt structure is formed over a first surfags of the, encapsulant.and.a seeend-interconnect

structure is formed over a second surface of the encapsulant opposite the first interconnect structure. The
first inter€6HEEE Strictupe- isl@lBctfithlly eomeected 6 the first eerid etive plirerd thE Secohé

interconnegt, strugturgsisigleetricallycannected, to,thedirstigenductivg pilldfent is mounted
over the conductive layer. An encapsulant is deposited around
the semiconductor die or component and first conductive pillar.
A first interconnect structure is formed over a first surface of
the encapsulant and a second interconnect structure is formed
over a second surface of the encapsulant opposite the first
interconnect structure. The first interconnect structure is
electrically connected to the first conductive pillar and the
second interconnect structure is electrically connected to the
first conductive pillar.

In another embodiment, the present invention is a
semiconductor device comprising a conductive layer and first
conductive z-interconnect structure including an inner stress-
relief core formed over the conductive layer. A semiconductor
die or component is mounted over the conductive layer. An
encapsulant is deposited around the first conductive z-

interconnect structure. A first interconnect structure is



In another embodiment, the present invention is a semiconductor device comprising a conductive layer
and first conductive z-interconnect structure including an inner stress-relief core formed over the
conductive layer. A semiconductor die or component is mounted over the conductive layer. An
encapsulant is deposited around the first conductive z-interconnect structure. A first interconnect structure
is formed over a first surface of the encapsulant and a second interconnect structure is formed over a
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over the condyctive | aver. An encapsulant is dispesed arqund the first qonductive zJptereonnect
structure. grle%lﬁescrlptlon of the f)rawmgs
relief core formed over the conductive layer. A first
semiconductor die or component is mounted over the conductive
layer. An encapsulant is deposited around the first conductive
z—interconnect structure. An interconnect structure is formed
over a surface of the encapsulant opposite the conductive layer.
The interconnect structure is electrically connected to the
first conductive z-interconnect structure.

In another embodiment, the present invention is a
semiconductor device comprising a conductive layer and a first
conductive z-interconnect structure including an inner stress-—
relief core mounted over the conductive layer. A first
semiconductor die or component is mounted over the conductive

layer. An encapsulant is disposed around the first conductive

z—interconnect structure.
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-



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-WICSPs electrically connected through conductive pillars having an inner
pmymer&ﬂﬁerCOHHGCt 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
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



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 ESHeBIMET oVerEdiatEFads 6f dle24id as - FIG. 10 illustrates the FO-WLCSP with

z-interconnect conductiw@ncealed potnekallsces 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
doping arranged as necessary to enable the transistor to promote
or restrict the flow of electrical current upon the application
of an electric field.

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

part by the type of material being deposited. For example, thin
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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 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
polishing pad. An abrasive material and corrosive chemical are
added to the surface of the wafer during polishing. The
combined mechanical action of the abrasive and corrosive action
of the chemical removes any irregular topography, resulting in a
uniformly flat surface.

Back—-end manufacturing refers to cutting or

singulating the finished wafer into the individual die and then



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

changingthe amitenddtRormatera cORdUGtvity it reSponeE to AnkIE&tE firfii T aAsistors contain
regions of yanying trpes ansl dagrges of doping ariangedas negessanstosenakig the trapsistasto promote
or restrict the flow of electrical current upon the application of an electric field. Active and passive
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For example, thin film deposition may involve chemical vapor deposition (CYD), physical vapor
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pads within the package. The electrical connections can be made
with solder bumps, stud bumps, conductive paste, or wirebonds.
An encapsulant or other molding material is deposited over the
package to provide physical support and electrical isolation.
The finished package is then inserted into an electrical 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
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 devices, or



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 technigues such as electroless

and electrolﬁtlc plating. Depaositing a thin film of material over an existing pattern can exaggerate
the undefliR§patefht SRALrEHE Ao uRiforfri§ fiaf SGface FEARGTHY flat surface is required to
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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
chip carrier (BCC) 22, dual in-line package (DIP) 24, land grid
array (LGA) 26, multi-chip module (MCM) 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. 1In some
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packaging the die for structural support and environmental isolation. To singulate the die, the wafer is
scored and broken along non-functional regions of the wafer called saw streets or scribes. The wafer is
singulated using a laser cutting device or saw blade. After singulation, the individual die are mounted to a
package substrate that includes pins or contact pads for interconnection with other system components.
Contact pads formed over the semiconductor die are then connected to contact pads within the package.

The electRaPEoMEttidns RaR Henade vithvsoiGer Bumps 14tdd Bufnpst 2e8nGudtive3stE: or wirebonds.
An encapsstant of othergnolding madsrialiis depesitesiovarithe package tosproviderphysical support and

electrical isolation. The finished package is then inserted into an electrical system and the functionality of

the semidSHAUCISHUEV S RAGE aF&ifable T tHe BtRer systefti CorfpoRiits. Se™m+ COBf& I fastrates
electronigpdeviegd$ kaxing a chimearsies substrate©r printed eircuitkoard{REB)rlowith aalarality of
semiconductor packages mounted on its surface. Electronic device 10 may have one type of
semiconé)tfc?cﬂn}f?l &a‘gQ{HBP Hﬁ%ﬂ}ﬁe Nb%% of eeﬁ?ifgﬁldlfct&'eﬁfé&%ﬁegp epS nsdtfﬁgﬁn on the application. The
different Bpes o sentieonduciarpatkages apashawr in FHellfer pusposes afdHiustsation.

Electronic device 10 ma be a ftand-alone sgstem that uses the semlilcpnggctor Sﬁ)ackalurzkes to perform an

electrical hlrrllé‘tltoln?ﬁternd{(ve?y, %fetc]f%ﬁ%ccde\ﬁgé iﬁsmaci;1 be aesdrba}:%mpaone%]f% alllasrge?system. For

example céleetrenic devicerkhimaydreda graphies:oardn adtwerk urfterface cand, or otkerssigndliprocessing
card that ca bg insertgd nta a.comauter. The semicondyctor package san Inclyde pirgprqcessors,
memories, application speuﬁc mtegratet?cncuﬁs (%\ ICs), logic circuits, analog u?cwts, circuits,
discrete devicgsiofure resulting in lower costs for consumers.
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,
electrolytic plating, or electroless plating process. During
assembly of DIP 24, semiconductor die 34 is mounted to a carrier
38 using a gold-silicon eutectic layer or adhesive material such
as thermal epoxy. The package body includes an insulative
packaging material such as polymer or ceramic. Conductor leads
40 are connected to carrier 38 and wire bonds 42 are formed

between leads 40 and contact pads 36 of die 34 as a first level
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other semiconductor die or electrical components. In FIG. 1, PCB 12 provides a general substrate
for structural support and electrical interconnect of 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,
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a 4 3 A 14 A L1l
well as other electrohic ¢ mponents, can be connected to PCB 12. fri some
bismuthinite (Bi), and alloys thereof, with an optional flux

material. For example, the solder material can be eutectic
Sn/Pb, high-lead, or lead-free.

FIG. 2b illustrates 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 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,
capacitors, resistors, and other circuit elements formed within
the active region of die 47. Contact pads 48 are made with a
conductive material, such as Al, Cu, Sn, Ni, Au, or Ag, and are
electrically connected to the circuit elements formed within die
47. Contact pads 48 are formed by PVD, CVD, electrolytic
plating, or electroless plating process. Wire bonds 54 and bond

pads 56 and 58 electrically connect contact pads 48 of
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embodiments, electronic device 10 includes a single attached semiconductor package, while other
embodiments call for multiple interconnected packages. By combining one or more semiconductor
packages over a single substrate, manufacturers can incorporate pre-made components into electronic
devices and systems. Because the semiconductor packages include sophisticated functionality, electronic
devices can be manufactured using cheaper components and a streamlined manufacturing process. The

resulting AeVteS e fésetikehFo%fail BRd Fess este i o maRbidttire 1éstifiRg it fowet Tosts for
consumefsirst lewdG. gadltusirates furiher detajl ofdRlbb24 maunted e GB di2: DB 2ddncludes
semiconductor die 34 having contact pads 36. Semiconductor die 34 includes an active region containing
analog of GigRAMGiFTItS TnpleM8hiea B HTHVE diiftes, padsivé dBIRES, chivduthive fiyerd A dielectric
layers fornged withincseiceonductor die234 ang aver etestrically intercannested-acaonding to the electrical
design of the die. For.example, the circuit may in¢clude one or more transistors,6 iodes, i?ducto(rjs,
capacitors; Fesidtors. and Bthér cirdlit sléments formad Withiry the-activerégion°of die 34" Cohtict pads 36
are madeowith aacanduttive matepalzsuch as atumiauap At copperd Ceg ttiro (Sn)i nickel (Ni), gold (Au),
or silver f}gé,tand ar%\?leggicg:ﬂ% conn ctgd rt10 the (éir%uitnelemer%s %orme&)%ithig]gi%gﬁégontact pads 36
are form y B; slet roﬁyﬁc% Ating, of elgécfro?essppﬁaltlnglpr%’cess. During assembly of DIP 24,
semiconducttradiéS4nis tmdunted ¢ atcarrier3® asing agdldasikconyeliteetid layet et adheésive material

such as thermal 0xy; he packag bg includes an i suiativ Ipack ging material such as polymer or
ceramic.%%%\é%%%gr eat sa§§ are co(r:ér?ecg[égn%o }cjgrcr?l%rrggaendev%ﬁe %%23%20158 Srérlrjﬁe(l‘jé BetOV\I/le%n leads 40
and contact panis36-ohdie 34ixs a firstrievel t packagingt Encapsdiant 44 isdepdsitetl over the package

for enviropienial proteclion hy, preygpting moisturesand, pagicles,som, entering the packageand

contaminating die 34, contact pads 36, or wire bonds 42. DIP 24 is connected to PCB 12 by inserting
leads 40 @rftoFofestformedifrotghdRCBMRt Solder material 46 isflowed aratindolends 40%nd into the

holes to physisally and elegtrically, connect DIP 24.to RGB 12 Sglder material 46 gap,be-any metal or

electrically conductive material, e.g., Sn, lead (Pb), Au, Ag, Cu, zinc (Zn), bismuthinite (B1), and alloys
thereof, \#itifaf ©ptidrRal flux material. For example, the solder material can be eutectic Sn/Pb, high-lead,

or lead-free. 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
region 70 of semiconductor die 18. Semiconductor die 18 is
electrically and mechanically attached to carrier 76 through a
large number of individual conductive solder bumps or balls 78.
Solder bumps 78 are formed over bump pads or interconnect sites
80, which are disposed on active region 70. Bump pads 80 are
made with a conductive material, such as Al, Cu, Sn, Ni, Au, or

Ag, and are electrically connected to the circuit elements
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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 forméd'@fthitséifiicoRBuctr diea7’ dnd ardBReciiicitly IRteféshnectétdedordingto the electrical

design ofthg die.karexample ctheicircuit qnay include-ene, 0k BOre transistorsrdiedss,.Inductors,
capacitors, resistors, and other circuit elements formed within the active region of die 47. Contact pads 48

are made>With & cSHtlREive thatefial® SGaT s A 1Sy, SRINTAT 3P AGR and ar& Biktticlly ‘Wdnnected to
the circuit elemerns fermedwithindie 4d9n Lontact pads 48arerformed by PViD, GYDs etecidytic plating,
or electroless platin process. Wire bonds 54 and bond pads 56 and 58 electrically connect contact pads
48 of seﬁ?cfgjh%"ﬂcpc% ofi€ 47 to contact pads 52 of BCC 22 forming the first level packaging. Molding
compound or encapsulaB 60 (s tdepesitedtaviersemicamductercdie i/ avireybendsabheedntact pads 48,

and contg apf 562 toaprfglde EpBIh¥S|9% If,ug@or{ agd ei%ctrlc_‘[al |solg'5|1ontf.or the device. ]CO:ontact pads 64

are formed Gver‘a Stirface of P USing evaporation, efectroRtic plating, electroless plating, screen

printing, BYDpat bthet Suitalbleemetal depositiop precessiandrare typieallyoplatedtalprevent oxidation.
Contact pads 64 electrically conne t{o ong or mare conducti 8 signal traces 14. gyer material is
deposite& %dé?ﬁgeonnggﬁféc'[g 58%555% of B(rllgh izg%lapco%?gcjst p%dsagﬁeofeééﬁ%lrzlﬁ%e Solder material is
reflowed to forachedps €6which formr arhechdrical @hdtélectrigal conm@etion betweereBCH 22 and PCB

12, r ol EIG 26 Sepucondyctar die 8 is maunted f%%%go‘é’g tg.carrer, 76 with aflip chip style first
level packaging. BGA 20 is attached to PCB 12 with a BGA style second level packaging. Active region

70 contaidingfasalog or didital dircuitsnienslementettas activel @eViees) passivie ldevices; conductive layers,
and dielectriclayersformed withip, semiconducior dig 18 is elegiically Inferconnegted-according to the

electrical design of the die. For example, the circuit may include one or more transistors, diodes,
inductorsheapaciftR®resistors, ad 6T citdit @iménts ¥6ied withi&ctiveYeBiohVFa: bf

semiconducterdie 8. Semigenductordie 1isiselectrically.and, meghanically gttached,to carrier 76
through a large number of individual conductive solder bumps or balls 78. Solder bumps 78 are formed

over bunfiPPACSinteredARECt Sited 8BS which ark dispesétdn Befive reétfior?76. Bump pads 80 are

made withaeenductive yatgrHaksuel as A1CY, SBnNE Al @r AY, apdate elggdtically.connected to the
circuit elements formed in active region 70. Bump pads 80 are formed by PVD, CVD, electrolytic plating,

or electraleSEIBRANG Process. 8BIder Buifps 78 are*etbttifcally Sha médirically connettedo contact
pads or |atergennect sites 82 opLarter 76 by asseldeieflowprecess. semi conductor 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
capacitance, and improve overall circuit performance. 1In
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 illustrate 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
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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 formed over bump pads or Interconnect sites 84. The
bump pads 84 are electrically connected to Interconnect sites 82 through conductive lines 90 routed
through carrier 76. Contact pads 88 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 platstFtodrevent Gadaticht CotftaGPHd 88 e RBRHIEAIY EoRREE 16 bR rmdréFconductive
signal traggs d4i Ihe selder bumps) 86 are etecirically apdanechanically:carmestaditoecontact pads or
bonding pads 88 on PCB 12 by a solder reflow process. Molding compound or encapsulant 92 is
deposited'8VEr serfiftbRltctor i £8 and CafTerFE i probideypHysithl Sppért afd etddifital isolation for
the deviceuThelipchipsesieanductoyidevice: providesoa shart lelectrical €onduetion pathdram the active
devices o€1 semiconductor die 18 to conduction tr%:rs_on,PCS 12 LQ order t%Treduce signal propagation
distance, 18Wer CApAcitAngs, SNETRProve overal BrUitp&Ifomiatees i Snother embddimeént, the
semicondugiaridie li8-canibe mechanically andlelectrieallyattachesrditectly ta 2B 12 wsing-#ip chip style
first level ackagiigjgev(\éithaoout cagie{r7a6. e 100 FIGs. 3a-3f lllustrate a process of forming a vertical (z)

C u watfer Ilevel'

interconnect Stricture for a fan-ot chip scale package (FO-WLCSP). In FIG. 3a, a sacrificial

wafer-form substrate oR carietdQ0icontding eumimyt or sacrificial base matetiabsugheas siticom (Si),

polymer, polym cor’%pos'ﬁz metal,feramic1 SS, qla S epaxy, beryllium axide, or.qther suitable
|OW-COSt,1%DI %n%zraeter(ljal oarcé)u?lfégr%ico%ﬁﬁgtorgfnatléﬁalnf%r gtrggé?aﬁls%ﬁ%grt? %&%F&Sﬁ%éna%hesive
layer 1020isapptied to Sabstrate 1100, Ateratively, an Ihterface laysrrcanfdb®applidd to substrate 100.

A conductivg layer;104 isdormed as }?QE@ pads oy a topside ofadhesive laygr, 102 ysing a deposition

and patterning process. Conductive Tayer 104 is formed using PVD, CVD, sputtering, electrolytic plating,
electrolesy plating preceissabr othes saitallewretal depositior protess CCoiraet padsis04 €4n be one or

more layers pfil, GHeSB-Ni AL A, 0L pthersuitableglectsically condyctive mnatepial, ipope
embodiment, conductive layer 104 is a solid film for cond'uctlr)g current for later-formed conductive pillars.
Conductive &y 1949 helalEs addlatedssetNayerandargériump mMeétafizatiGhAIBMYPaEs containing

multiple layers.of selectivelyplated NIAU/CY; TIVIGU /EWNIVIGY, ek thely combipgtion:the UBM

pads provide bondable pads for bonding with solder bumps, and may further provide a barrier to solder
diffusion 4Ad Seedtaystdorsoldervettabifity. 1ars. 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
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 (CTE), polynorbornene having
low stiffness, or other polymer material. An etching process is

used to remove all portions of the polymer layer except over
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In FIG. 3b, a stress-relief layer is deposited over substrate 100 by spin coating. The stress relief layer is
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 I%?@Péfé’ép‘f%vé??é@ﬁdi%e |y I 1A BOlyRTET posfFoPpitdrRT060r pf&iding
stress-religfov i dinglnskke 3¢, aaielegtrically conductive layer 108 is formed over and around polymer
pillars 106 using a deposition and _patterning_process. Conductive layer 108 js formed using PVD, CVD,
sputtering, electrolytic pfatihgCelectrole8 piatigProceds, or StRErSiitabie ma¥s depdtition process.
Conductive tayes 188candbelione o mpredayers0f Al,1CurSn,1Nk Aus Agg tungséer A}, iasrother suitable
electrical%q%;mductive material. Conductive % 104 and conductive Iager 08 enclose polymer pillars
106 to foft 2-Riercinedt CoREa& R pillars T8 VNG ah THiTer pioqém F oot Tha p%?yﬁﬂ r core of
conductivevpillarsvi09 raduces rumetionestressy whichiis particidardy, ussfakfor dighsaspelct ratioyconductive
pillars, e.g., 1.5 aspect ratip based on 4 micrometer. %)mé base.and 20 pm height with 8 pm pitch.
SemconBi s S 15 s HeboseH e UGG 100 B HokpbeR Eodugive LTS L03 i contact
pads 112lenented fGwarhadiresiveslayer 102 .cSémiconductdr Hie 110 eabl Inélide Awsubatrate with an

active region co tainin% analorg ar %i ital_circuits Implemented as, ctive device igassive devices,
conducti\%eulré%?se,%n((j d)iélegtricqu(-:-%g fSFln”llé:(? %v’ft%ine%%é and glé/ct(r:lggl%/ul%?ercce)nnected according to
the electrical desigh.and-fumdtion of thecdiés FoP éxamples thelvirduitimay dnclude 0fewraiorestransistors,

diodes, ad;afher, circuitielements formed yithin its active. syrface to-Implement basekand digital circuits,
such as digital signal processor (DSP), memory, or other signal processing circuit. Semiconductor die
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
include one or more transistors, diodes, and other circuit
elements formed within its active surface to implement baseband
digital circuits, such as digital signal processor (DSP),
memory, or other signal processing circuit. Semiconductor die
110 may also contain integrated passive devices (IPD), such as
inductors, capacitors, and resistors, for radio frequency (RF)

signal processing. In another embodiment, a discrete component
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110 may also contain integrated passive devices (IPD), such as inductors, capacitors, and resistors, for
radio frequency (RF) signal processing. In another embodiment, a discrete component can be mounted
over substrate 100 between conductive pillars 109. Semiconductor die 110 can be flipchip-type die or
other semiconductor die without bumps. For flipchip-type die, contacts are formed over adhesive layer
102 before bonding. FIG. 3d shows an encapsulant or molding compound 114 deposited over

semicondiittoPie A} haHe SIVE Tayer192r ahd atdhdPedritifctive Pitirs 168%usiig & paste printing,
compressiye moldingi ansfer maldingeliquid epsapsdamtimpleing viaggundlamination; 9 other suitable
applicator. Encapsulant 114 can be polymer composite material, such as epoxy resin with filler, epoxy
acrylate WitA & OF pofymet ith prdper fild- Bndapshignt 114 RAOR oA TctveSind environmentally
protects thersemicenduciordeviee froteextenmal elementsyand coamyFats. bondinlg .FIG. 3e, a
topside build-up interconnect layer 116 is formed over encapsulant 114. The build-up interconnect layer
116 includes an insulaﬁﬁ&()r é%&\?&%% I%?e?ff@?dsﬁﬁea&l vet'enca g&l%%t ffﬂl.pﬂgéll shﬂa%?ng layer 118
can be onepo aicredayers of siindr diakide: (5i02)] silican nitdde £SidiNg) 1 siljieon axynitrided SiON),
tantalum ]?Qtog('decgla Og ,.algminLFLrTa(l)%(ide wzo\’@igr otaherarlns terial havinglsimilar insulating and
structura pro%er ies. The mslu\iatir:ﬁjgl ayer flé 5 délposn%d uﬁng %/Ij?rd\?ls,lpﬁrﬁting, spin coating, spray
coating, sinteringo¥ thrermel lokidationt rans feFheddpsidg build-apiidtercorameot layer 116 further

includes an f,é%ctricall\y condﬁjctli\é%llz:xgg :ngO formedoi&and aroun irﬂsulatinq !Laé'aeE %]_;8 using a patterning

and deposition Sr%besg.cé%lnductlve layer 120 ig?orme(fasiﬁld , CQ,Vf)?%putterlng, electrolytic plating,
electrolessplating prodess] 8r other saitalslé ymetal depositiort pracess rCenductivellayer E20ean be one

Ornnxel%@??ﬁﬁﬁﬁtguf§migb/“@ﬁgkyracrylate 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.

The topside build-up interconnect layer 116 further
includes an electrically conductive layer 120 formed in and
around insulating layer 118 using a patterning and deposition
process. Conductive layer 120 is formed using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process. Conductive layer

120 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or
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other suitable electrically conductive material. A portion of insulating layer 118 is removed by an etching
process to expose conductive layer 120. One portion of conductive layer 120 electrically connects to
conductive pillars 109. Other portions of conductive layer 120 can be electrically common or electrically
isolated depending on the design and function of the semiconductor device. In FIG. 3f, substrate
100 and adhesive layer 102 are removed ]t‘)lié;:hemical etching, mechanical peel-off, CMP, mechanical

grinding, théYRtal Dake2lRS8r Sd&ifrird, Gt wet SRPPIHG TA BottBrkSteuild-dp PrércoRRettiayer 122 is
formed oversencapstipnt 434+ The duild-uphntareanngect dayes d22ilnglugdes @aadpsulating pp passivation
layer 124 formed over encapsulant 114. The insulating layer 124 can be one or more layers of S102,
SI3N4, STORTFEE05 CAILBEEr dthr matefalHaving Sinfilhr HEuHting arf dFd&arat %ngerties. The
insulating:leyet +24 is depoesiteddising PYD; MR cpARNG Spineaatingy sprayteoating osintesing or
thermal oxjdation. The bottom-side buillgii-u nterconne(ﬁ]slayer 122 further Includes an electrically

. P
conductive 1ay8r 196 forffed mYand g}oﬁmaalﬁls Sty Ryer 128 tsihg 8 Par8rmidg and deposition
process. €onductive: layer 126 is formedeaygsingl PMD , GV D hsputtesing, electrofytic qidting, efectroless

plating process, or.other suiﬁlble Qeta:lLI deposition process. Conductive layer 126 can be one or more

layers oftA ,ecﬁ,egﬁﬁ\cfﬁl%%? %,ror other Suitable electrically conductive material. A portion of insulating

layer 124 is removed byrarrétehingfprosess torexposetcormtuttive tayer 126 1 Onerpartien af eonductive
layer 126 elect\;icgl%connects (0] (iorédcuc tiye I%Pillars 10§hconqgctivg éa%e# f104c%f9d contact pads 112 of

. emo henica n mec 1C e . .
semiconductor die 110. Other portions of conductive layer 196 an be electrica y’common or electrically

isolated depamdinigren the desighandifuactionl ofthkessendiesrductordenica., or wet

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 Si02, Si3N4, SiON, TaZ205, 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
layer 126 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. A portion
of insulating layer 124 is removed by an etching process to
expose conductive layer 126. One portion of conductive layer
126 electrically connects to conductive pillars 109, conductive
layer 104, and contact pads 112 of semiconductor die 110. Other

portions of conductive layer 126 can be electrically common or
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An electrically conductive solder material is deposited over conductive layer 126 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 heatinaqthe material above its melting point to form spherical balls or bumps

128. In sGmedpplicatidris, Sofet bEmpseres dre reflolved s seSohdPfim@ e Irpréve &RBcfrital contact to

conductivehlayee26.09elder bumps-128sepresent 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’Bunfipg,Shifckd Bamp? of OtHEt SiectficaIntErontect ial isgemiconductor die
110 are sirguatedwith saw biadelorlasee catiing devive 129 ino indivddual semiconguctor devices 130
such as sell'u:]]own in FIG. 4. After singulation, the individual iemjcond thl)l: deyices 130 can be stacked, as
shown inFI1ES 5° Sbhahstive Siﬁéfggxof fovide 2-Hterdd %&F@étvv% ]Ioélgig’lnt%Fcosh%%%?Build-up
layer 116pcarichbatiomeside drterconniet builddep layer 4222 Conductive layer 120 electrically connects
through conductive pillars 109 to conductive layer 104 and contact pads 112 of semiconductor die 110 of
each serﬁiggr%lfc Sl‘g g\%cé: 13 .u‘f%el Ynene?%%%:rﬁgjrﬁforg 108 sgﬁbu?%éd §/1 bo%gtﬁc(t?\?/%’la)%ér’ 108,
provides both electrical interconiiectionthetareenuildsupllayérs<l G ard 122, as et as stress relief for

high profile illaﬁs using a simple, low-cost manufacturing_process. The | -stifgneshs;iol mer, e.g., 1
GPa, redﬁ}ciegén Streds Jetz ectgé;}f%ﬁgrmma?%e%éﬁgoﬁg 0 egﬁ}%%slhcov%g zé?]%e’mboloqmen?%vﬁh a
bottom-side integfatedgrassivEldevicel 1PD) ferhsedi everis sulsstiat@esiniilar teFIG.13a, prior to die attach

and molding. 4n glectrically C?@Q“%Q’ggg}é%' 132 rpatierped gnd deppsited oyen thg sypstrate to form

individual portions or sections 132a-1
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
build-up layer 122. Conductive layer 120 electrically connects
through conductive pillars 109 to conductive layer 104 and
contact pads 112 of semiconductor die 110 of each semiconductor
device 130. The inner polymer core 106, surrounded by
conductive layer 108, provides both electrical interconnection
between build-up layers 116 and 122, as well as stress relief

for high profile pillars, using a simple, low-cost manufacturing
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The individual portions of conductive layer 132 can be electrically common or electrically isolated
depending on the connectivity of the individual semiconductor die. Conductive layer 132 is formed using
PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition
process. Conductive layer 132 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable

electrically conductive material. ___Aninsulating layer 134 is formed over conductive layer 132b and
the substratd¥etieen TORAUEIVE ByEr 156 aRE 133F ThefinSulating Fiyer 13364 8hé BF fore

layers of Si3N4:t502,£SION. Fa205% 406h L£r63,. Al203, polyimide, benzocyclobutene (BCB),
polybenzoxazoles (PBC£ or other suitable dielectric material. The insulating layer 134 is patterned using
PVD, CVD, printing, sifi ﬁng?orsll?]%Y”rﬁaF‘BxiSQﬁ)&ﬁlment " FsidtivRIA S T36- Ratterned and
deposited averinsulating dayerd34ausing PV opC Vs Resistivedayer k36bas idividyalportens or
sections 136a-136b, Resistive layer 136a is deposited over conductive layer i32b. Resi? [ve layer 136b is
deposited Bvér ﬁw%ﬁng%}e‘ﬁﬁ%e Weeh Condlcieayers 135k 135 TheShdiidtar pdrtions of
resistive layed 136 taa besglectrically cenpected onetectrically dgalatedadie pending-ar the connectivity of

the individual semicon ucct:%die. Resistive layer 136 is tantalum silicide Tgxivg\/% or %Ig%r metal silicides,
TaN, nickel chromium (Ni r),rlnlll\l, or éopedlpolypsmconohaving a‘Tesistivi y between’5'and 100 ohm/sq.
ResistiveTlageri 136 andirsulatingtlagers1 34 car heédoimed withythe sapie naskland etched at the same
time. Alteerri%tl\éerl)é, Jesistive Iarxl% %39 rangllgcsj%lgtm% i@er 134 caa{letga %attern gnand etc@%% with a

. 1 . .
different mask. An %?ectrlcally conductive ayer 1407 patterne and epogsn%a over conductive

layer 13_20t©rf0ﬁmﬁr-id1'\it'rduab|§ortibﬁ_s ongevtichsfor &mﬁay@m@mcﬂﬁw Th@_dndiwdua‘ifportion_s pf
conductive layer 149 can be glectically comman or&lgctrically isolated depending on the connectivity of

the individual semiconductor die. Conductive layer 140 is formed using PVD, CVD, sputtering, electrolytic
plating, efdcitolest platisg prockess soiPdthe sgitalile pestal depositidreprotess.abdsductive Jayer 140 can

be one opmore jayess b AL &b SN, NipAl A8 1 Yothey suitable elegirically gondygtive, material.
layers of Al, Cu, Sn, Ni, Au, Ag, 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, Si02, SiON, Ta205, 7ZnO, Zr02, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. The insulating layer 134 is
patterned using PVD, CVD, printing, sintering, or thermal
oxidation.

A resistive layer 136 is patterned and deposited over
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 136D
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
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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 5102, 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
passivation layer 138 is removed to expose conductive layer 132, insulating layer 134, and resistive layer

136.  1aYAn idbtritally-eonductie Tayer AUDSs pattérnet) and depdsited'GVet conductive layer 132,

insulatingslayer 134 sresistive layesid36, and passivation tayer 188n9 ferm inslhddualqogtions or sections
which can be electrically common or electrically isolated depending on the connectivity of the individual
semicondUctdr°diB. EBNdGEIVR I5§§rlf4_21TéJTBYmQS%@WP%D?@/[},OS%U%W@,qelectrolytic plating,
electroless:plating procesgeor other syiiahle snetat depositgr: pracess ccanductivedayer 142 ean be one
or more layers of Al, Cu, gn, Ni Au,%?, r other suitable electrically ¢ r%ductive material. An
insulating%?p&f‘éﬁ\?at%%sl y&nﬁf% ried over Goltdiittive 1Aers 142 4Hd MEUIATNG Tlayer 138. The
passivatior tayer 144 canyleeone ©r moete layersof biQR, SigN4, SION cEa205x Al203,cofrather material
having suitable insulating.properties. The deposition of passivation layer 144 may involve spin coating,
PVD, Cvf){l(gri%%%,esémt‘ge#\g, 6r fiéﬁ%gfgﬁgaﬂn@nsf% portion of passivation layer 144 is removed to

expose conductive lay@énl42.ectricallheystructdrestdeseribed ér FIG 06 tonstittitecomesdr mode passive

circuit elements ar IRDs. In one egpbodimgnt conduclt'g/g I yer 132b, insoylati.n layer 13%,.re istive layer
d T 1 .
136b, and CORAULIVE (3yeF 14 & o MEESUIAIOr-rmetal (I Sapacior. Restverlayer 136D is a

resistor etementinithe @aésivgiﬁirpum.@thigtntrﬁﬁviduabgetcti@hs y_)f _coﬁ@@cti&_ﬁ@daye'xdlw_land/or c_onductive
layer 142 ¢an be wound or golled in planpyiew;to prgduce, opexhibit the desired properties of.an inductor.

The IPD structure provides electrical characteristics needed for high frequency applications, such as
resonatofs; fiigh-pass-filters slohapass filtarsnidamd:pass filkerscoymatetiy Hi-D risohhAat transformers,

matching;networks, anduning sapacitors. The IPDs gan be used as fropt-end witeless RE components,

which can be positioned between the antenna and transceiver. The IPD inductor can be a hi-Q balun,

transformet 18cdil Bpefating HPts- 160 Gigahett fy s6metdpplieatdns) multiprBaleisare formed over
a same sybsirate, allowingJuultihand. gperatign -Eenexamaple: twe gomore balunsare dised
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
passivation layer 138 is removed to expose conductive layer 132,
insulating layer 134, and resistive layer 136.
An electrically conductive layer 142 is patterned and
deposited over conductive layer 132, insulating layer 134,
resistive layer 136, and passivation layer 138 to form
individual portions or sections which can be electrically common

or electrically isolated depending on the connectivity of the
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in a quad-band for mobile phones or other global system for mobile (GSM) communications, each balun
dedicated for a frequency band of operation of the quad-band device. A typical RF system requires
multiple IPDs and other high frequency circuits in one or more semiconductor packages to perform the
necessary electrical functions. A polymer layer is deposited over passivation layer 144 and
conductive layer 142 by spin coating. An etching process is used to remove all portions of the polymer

layer exceptovertbhtiudfive YR 142 feating polyHBFPGHS 6F plifY§ 146 *<imifar tPERS3b. An

electricallyscanguetive layen 148ds farmethoverpolinespillarsc-146 using &, depasition-arg patterning
process, similar to FIG. Sc. Conductive layer 148 is formed using PVD, CVD, sputtering, electrolytic

plating, eiectrold¥s PIARRG ProceR, Srdther SUItABIE hretiFdédosiio froctss. EoRdiictive layer 148 can
be one orawede tayers of Al £3U, 1SIP, NiaAupAg WG of pthesrsuitableselectsically comdijctive material.
Conductive layers 142 and 148 Encloswglgm]rer pililEars 146 to form z-i%rconnect conduc,tiv%eY pillars 150
having ah et polyter Cre CTHE bolyMercars of 88&6&&%@%@‘1 Yettdes Uhction dtress, which
is particularly useful forhighraspest tatip conduietive pilaisneadsobto providesz-interconnectdn
semiconc(lzuocrtlgtr) decv.icees q%viggg i% vgrti al glim nastior}i 1 Sq_rtj;i,gond; tgr diesls52 gs dig%]osed over
the substrate between conductive pillars o with contlac?paﬁg 754 oriented towdrd conductive ayer 142,
similar tol—l&=1Scl $emieonductomndie d52nckidés pesubstrates with ansactivé, regiohiGoritaining analog or

ot TR Sied oA SRR e du e, condisd e s e e
me_For@%ﬁnmegmeition 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,
symmetric Hi-Q resonant transformers, matching networks, and
tuning capacitors. The IPDs can be used as front-end wireless
RF components, which can be positioned between the antenna and
transceiver. The IPD inductor can be a hi-Q balun, transformer,
or coil, operating up to 100 Gigahertz. In some applications,
multiple baluns are formed over a same substrate, allowing

multi-band operation. For example, two or more baluns are used
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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 152 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 150. An encapsulant or molding compound 156 is deposited over

semicondudttér dieAG2PpaSsivafoRyer $4R ARt SrdthdCdtdticive Bitars Y506 §8ing % paste printing,
compressive maldingstiansfenmaoldipg: liqid eneapsulaatimelding vagude lagynation, or other suitable
applicato% similar to FIG. 3d. Encapsulant 156 can be polymer composite material, such as epoxy resin
with filler L EFGRFAGY IR With Fiile PRt polyrR8r With propefiier. Eithpdtiaht 156 i&nbiRbhddctive and
environmentallypretecis thei serpicenductel deviee drom externalelementsrardicentaminants. A
topside build-up.interconnect Iagler 158 is formed over encapsugng 156 and cond?nctive \%%ars 150. The
build-up ﬁ%&%k?ﬁﬁés‘cﬁéyéﬂ%s ihcllidas anThegighing oF passidsticiiialer 266 forhied ovétencapsulant
156. Therinsulating layer 260 candle aneor tnatie layers of 5i02, Si3N4, SION, Ta205, Al203, or other

material having similarAinsuOI:iuirI]T%%nqgtrg%tui%l RIo (e)gilegégh%‘ifrésrulatg] Slaxgrtl%%isl%e osited using
PVD, CVD, printing, spin %oaﬁ’ng, spra)?]coatlng, sintering or thermal Bxidation. A portio c?frinsulating

layer 16014 4emoved dydurretchinglproeess texposecdonductive pidlars 250etchingThe topside
build-up |nte;§onr§ecltslg¥1er 1§8tfgrther mcludef an elggq%g§y ggr.\(g%cetlveolﬁ er 162 formed over insulating

) gyl 1 . )
layer 16Opz11:r(1j ggnductlveiaeyer 148%38&7% paatterﬁl(rj]g and deposition proce én.e on(ﬁf]c%\r/e layer 162 is

formed usmngp@W,@pudeﬂmg,\@edtwyﬁc plating lelevtroless platingprocesss o@lothe_r suitable
metal deposition progess. Gondugtive ayeri 162 aan be gnecordnorelayers ofaly G Sn, i, Au, Ag, or

other suitable electrically conductive material. One portion of conductive layer 162 electrically connects to
conductivepitiar 136. Othef portishsofcondadtiveciayer 162 £an bételeétticallypconnonidriglactrically

isolated depending ap e, design andJunction efthesenigenductor devicer ct i ve 1ayer
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

between conductive pillars 150 with contact pads 154 oriented
toward conductive layer 142, similar to FIG. 3c. 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
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The build-up interconnect 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
5i02, Si3N4, SiON, Ta205, Al203, 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 layBr £63'aY 1NCIPRE sGRstrate dhasdHesfiesiayérstate e 8 by*cleriaFétching,
mechanical pegl-off <CMR: iaechanical grinding: thermal hake lasernsGaing, ©r wes sireping, similar to
FIG. 3f. A bottom-side build-up interconnect layer 166 is formed over conductive layer 132 and
passivatiOf T 1383 1A bildap TritBrdonnettiale A £66 iHeludET 4 hsuldting I PasSivation layer 168
formed opelocendiictive dayet 132 andspassivaiiondayer 13& Thezinsulatiag ayet d68-can leeone or more
layers of 5i02, Si3N4, SiON, Ta205, Al203, or other m%erial having similar insulatin% and structural

propertie§ *The Hsutating 598168 S deposited usiy PYDS EV iting spin coatiRg; spray coating,
sintering or theraal ogidation. anotheFhehbtianrside budddipsnisscennecttayes 166dartherincludes an

electrically conductive layer 176 formed in and around insulating layer 168 using a patterning and
depositioﬁop%%ées(gs. %Vo%édlultéﬁ\?e Falyl/e? ]?%nclée f(()iijr(renlt‘evélelﬁesrllngC m%é\}ffsﬁﬁ%gﬁﬁ% electrolytic plating,
electroless plating processsorethen saitéblemetal deposittomprocess. 1ConductivedaypertEsb can be one
or more Iayjers of Al..Cu én Ni, Au Aeq, cher suitable elgctrifall coqdlpftive r’r&aterial. A portion of

. . hdutt d , t 42, ar-
msulatlngola%r 168 hfsCPemgveaj 6y an etc%ing pltrjé‘jcsesslsvtcanl el><pgse ac%yﬁauctlve Ia%lr 176. One portion of
conductivelager 176 electridally cohheéctstorcondusivat kayersiti32 agd 149mparductive pillars 150, and

contact nads 154 of semicanducter dig 152 Ofher nortions. of condyative laver 176 can.ie glectrically

common or electrically isolated depending on the design and function of the semiconductor device.
Conductivemayer 176N nclades UBM padstfeléstenrat literdorineceimilar Arpeleéfricallyl conductive

solder materialis feposited gver.conductive Javer 176.using an eyaparation, elegtrolytic plating,

electroless plating, ball drop, or screen printing process. The solder material can be any metal or
electricallyPéoreuétive nfatedalr e. .S PSHIYNE Aty At Phy Bl ahd bll6ys tHefed© Withh @ptidhal flux

material. 5@6§é§”@1%ﬂ@% solder maserialcan he putectig /BB high-lead, orlgad-free. The solder
material is reflowed by heating the material above its melting point to form spherical balls or bumps 178.

In some &pplicafiBRs Kolderbutmps 278 aréd Péflovia- 5 SREURd e @ itfitove elechicaf EBAtact to
conductive layer 1 46.-9elder bumps 178represent 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’bunfip,micto Bimis! orBthet efécrcadhterdhtict. 1 8 1s 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 S$i0O2, Si3N4, SiON, Ta205, Al203, or
other material having similar insulating and structural
properties. The insulating layer 160 is deposited using PVD,
CVD, printing, spin coating, spray coating, sintering or thermal
oxidation. A portion of insulating layer 160 is removed by an
etching process to expose conductive pillars 150.

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
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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 150 provide
z-interconnect between topside Interconnect build-up layer 158 and bottom-side Interconnect build-up
layer 166. Conductive layer 162 electrically connects through conductive pillars 150 to conductive layer
142 and contact pads 154 of semiconductor die 152, as well as the IPD structure. The inner polymer core
146, surrBMHde&%? coRBUthverayer 148, 5516viae¥ both BreRiricaP mtértBAheStigirsetieeh Bt d-up layers
158 and 166,asswell as stress reliaf fehigh prefile pillass.dising arsipples daw-costmanutacturing
process. FIG. 7 shows an embodiment with a bottom-side IPD formed after to die attach and
molding. Ad&TbléJTetPadissive fayeF iS4 Piflied I8 The sadrifictal substrafy, siitart8 FI1893a. A
conductiver-layen 280 is:forametaseaeniactipagisign adopside of thenadhesiva layeodsinga-depesition and

patterning process. Conductjve layer 180 is formed usjng PVD, CVD, sputtering, electrolytic plating,
Clectiolo S pAg FSots. o s SRABTHEE! SEIONIST BEERS. CBnEkHaas 158 can be one o
more layerslafaAd, CEOSN, Ni, A Ag, o dther suitablenelectrically cenditctive materiabdn one
embodimeeft,cqcopductjl\ie Iaé/glrn%go isog sg!Li%I fi]ErQ fc():ra (éLnductigq cg(rergnt feoréa};tgr.-formgd Qc%néjuctive pillars.
Conductive ?ayerjl%f) néludes a ﬁated seedclayér and UBM paas con%n?mg rﬁﬁllﬁpleriayers of selectively
plated Nid&s IHCua TN Cun di CaNMICuher theiriconmination: TdwevdB#. pads provide bondable pads for

bonding with solder bu S, ntlzllrg%{)urtihne{ ]!O\/Oig%é’sl bcar ier teorsqlg%r (}iggiiggrangn%eleddlgger for solde_r
wettability. A po ymerUIayer is"deposited over the adhesive layer an conductlveliayer 180 by spin

coating. An elctring process s uped to rEmaven all purionsaof the polneriayenrexcept everon
layer 160 and conductive layer 162. The insulating layer 164
can be one or more layers of Si02, Si3N4, SiON, Taz205, Al1203, 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
138. The insulating layer 168 can be one or more layers of
Si02, Si3N4, SiON, Ta205, Al203, or other material having
similar insulating and structural properties. The insulating
layer 168 is deposited using PVD, CVD, printing, spin coating,
spray coating, sintering or thermal oxidation.

The bottom-side build-up interconnect layer 166

further includes an electrically conductive layer 176 formed in
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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 deposition process. Conductive layer 184 can be one or more layers of
Al, Cu, Sn, Ni, Au, Ag, W, or ather suitable electrically conductive material. Conductive layers 180 and
184 enclGRpaHy A& PillRs 183 td F6tm 237terdohhelf coITLEtive pilfirE 188 HRfhg an inner polymer
core. Thejpplyrter £ore pheerdiictive pilais d86-veducaseinctien skess mhieh isspargicelarly useful for
high aspect ratio conductive pillars needed to provide z-interconnect in semiconductor devices having a
high verticAPdiniBRSIit T 1197 SeifibbAductor diR A8 R Hisposed dver e stbétra hetween
conductiye-pilarss] 8 with teptact pads 3 90 arientad toyyard icondhctiverlayes 180 csimilartoi ks, Sc.
Semiconductor die_188 Inclgjdes a substrate with_an active r %3; containing analog or di%tal circuits
layer

ImplementedSs active devicss, Passivé davices; Goiduttiv s aHd didlectric 1ay8ts fofrmed within
the die and etectriically dntesconnecied-accardingyto the @lectricat desigarand functiop of thieodie. For
example,otpe .crilrgu'% may Inc&udeeg:nqbgrémOQe traIpLgistGO sbdiog%s, n otrkller ci_[%lg:igglemceonts formed within
its active surfaceé to ?mpl)fé%enatlbase and ]dlgié?CIl’gUI s, Stch'as D ,lm%n‘Pory, or other signal
processirgpiccuit. Semivonductorl digck88lmay alsomeomtaintlPDy suth@asrdducttors; capaeitors, and
resistors,lf% Rglséig@%lipcrgg%ssin n anothetr embodiment, a d'?‘greet% go nent carn E)e mounted over

. G 1 . , .
the substrate between condudtive &ﬁgr% 86,0 AN ér\{ceapsui\/ant or molding compound 192 is

deposited oversarnicondadtba die 188 and adowrh terrductivd pilldrs 186 usinyga pastecprinting,
compresgjye malding, H@HéfFEHbQJ‘EiESn@qLB‘} engapsulantmolding, vacyum laipation, or other suitable
n

applicator, similar to FIG. 3d. Encapsulant 192 can be polymer composite material, such as epoxy resin
with fillersépoxyracrylate withrfillen orpodfrertwite prdperifilet.ated 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
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
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Encapsulant 192 is non-conductive and environmentally protects 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, Ta205, Al203, or other material having similar insulating and structural properties. The

insulating"RYBF 296 F€d8p&Setaiking BT IS, pridting! Spi eGatingt 8ray cdating2sinhtering or

thermal oxidationo A partier b isulatingrlayerti9&isHemoyed dunan etghbig-proeess to expose
conductive Ia%er 184. The t()é)side build-up interconnect layer 194 further includes an electrically

conductive’iRYBF 168 Fortied-6vet inslafiig 1AYeF 186 LRIy & paRtEming ahd Wepo5itBi Hicess.
Conductive tayet 1:98ds fonmed using PN,V D5 spuitering, etectradyititeplating, elecireless plating

process, or oﬁh(ir suitable meta epositio% process. onductiv%la%%r 198 can § one or more layers of
Al, Cu, SRUNI: AUAg; DY Sther QUitable S8 rically cordiictive Haterial Gne fortién ot 2BRdve layer
198 electricallysgbnnents! ta-edndugtive pilas 1860 Otherqaortions of-eondustive 1ayerd8 can be

electrically common or electrically isolated depending on the ign_and function of the iconductor
device. T%%rbu%-tuﬁo %%rc%ggec a%ernfg%o%%l%%r ?n%cludlees afr?%"su%?invdeo{rl%a%givéhgnSl[g/ger 200 formed
over passivatiorlayer. 196 andiconductivel layer 188 rEhe #sulatingdayerd2Q0 can beomedarimere layers

of 5102, §I3N4 Sllgé\l Ta205, Al203, or oth%{?rg%teriayiaviirqg similar ig%;@%tggg ggg%rggtural properties.

. , 1d¢€; th \ . .
The msulaﬁﬁﬁfayer ZOﬁg%%pogl%e Ssmg% Evb, prlntlng,rscp?r?%oatlng, spray coating, sintering or

thermal dxidatidonuA gertien of is8lating layeér, 2G0iswemmoved bytareetchirglprotess to bxpdse
Cm“ﬂmuﬂ%%¥§ﬁé9%illars, 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
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 180 by spin coating. An etching process is

used to remove all portions of the polymer layer except over
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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 electricaEoGH dPeiBEritally isbfiftEd d8pBARITGTN tieConnettvity dfthé individual

semiconductaordie. €onductivespyer 204 isiferned asing, PV &VR. ispulttesingrelesirolytic plating,
electroless plating process, or other suitable metal depasition process. Conductive layer 204 can be one

or more I59&raSt AIVED, BRINTHNU, A 67 bher Suitdbie e tricaRPEdidutive Material. Conductive
layer 204-elecuicaliy gopnects i corductivetayer E80candeandustivepitarsd86ayer 18A resistive
layer 206 isﬁgg%t rned and deposited over encagsulant 19 usinﬁg PVD .or C\D, Resistive layer 206 is

TaxSiy of 8 SE-&ciaes, TaN NG T SGrdbhedsly-shicoR haviny & redistivity between 5 and
100 ohmésie Anrindating layet 208 is taraned, over conducetivailayeb2e4 neha insakating dayer208 can be

one or more layers of S|3N4, 5102, SlTLON,Ta %25 Zn0, %roz Al203, pol imi(ép BOB, PBO, or other
cuitable BB et TR ThEaIntAd Ty el 206 & bttt usiho UG, COB: binfig yitering, o
thermal oxidatiom, Ni, AN iAsulaling or passieaticnilayeb2t0 slformedcvel encapsulantiid?, resistive

layer 206, insulating layer 208, and conductive layer 204, T assivation layer 210 can.be one or more
ayers of B3 S, SR FAA0S AIBS oty el v LM EPIE ri Ao o hGs, The
depositioh®f passivation fayen 24 0gnay involveospin coating JRVDaACY D, frintiny isiatering, or thermal
oxidation, A partian of passivaion layer 210 5 amovedipexpese conductivelayen 204 Jesistive layer
206, and insulating layer 208. An electrically conductive layer 212 is patterned and deposited
over condgctivedayer2o. resistivie iyer 206 1ahd insulzaing layera208todfeahurdifietnahpaitions or

sections far further, interconnectivity. The individual portions of condugtive:layer 212 can he electrically

common or electrically isolated depending on the connectivity of the individual semiconductor die.
ConductiVe |8/r 22118 ferhsed dsiFg PVD heVbRSpattéritly) eféttfolrtplatAg eleéctfoless plating

process, or other suitablemetah dgpesition process. Conductiveslayer L2 can beqnesermoke layers of
Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material.
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
baseband digital circuits, such as DSP, memory, or other signal
processing circuit. Semiconductor die 188 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 186.

An encapsulant or molding compound 192 is deposited

over semiconductor die 188 and around conductive pillars 186
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An insulating or passivation layer 214 is formed over conductive layers 212 and passivation layer 210.
The passivation layer 214 can be one or more layers of 5i02, Si3N4, SiON, Ta205, Al203, or other
material having suitable insulating properties. The deposition of passivation layer 214 may involve spin
coating, PVD, CVD, printing, sintering, or thermal oxidation. A portion of passivation layer 214 is removed
to expose conductive layer 212, The structures described in FIG. 7 constitute one or more

passive Giretit €lEmBAG S IPDSY in'Bfie eRbdifAgft Eontiadtie1dyer 264 Ihsiflafiivg fay/F 208, and

conductive lgyer2t2 isa MiM: eapaciton.iResistive-layer 206 isha resistor slementdn the passive circuit.
Other individual sections of conductive Igyer 212 can be wound or coiled in plan-view to produce or

exhibit theRdesred propertic bt ah 1hGuétdl - 39 AHERREEATY Conddctiva sdifernaiiart is
deposited ompoeandtctive dayes P 12415ing an evapakatioaselecirolytic platingr plestrelgss plating, ball
drop, or scree grintin %gc]gs The solder material can_be any metal or_electrically conductive material,
e.g., Sn, f{ﬁ,rﬁ\(ﬂ, AG, IygL fahd Qfoys theredt XMt all bp oﬁﬁﬁﬁﬁ(rmgfe]r?a(ﬁ:or example, the solder
material earcbe ®utectic SrYPb; highdeadcordead-free. The saldermatesiat islreflowed thydeating the

material a %vesit%ring(ljtgn p%ig%todfo‘rfrycsghgrigal k()ealltseorr bau‘{tn%ié%&nl Some applications, solder bumps
216 are reftowdd & second time to ?mprove el6CtriCal contact to conauc |vealayer 212. Solder bumps 212

representone sypenefminterconnect structure that can be formed over conductive layer 212. The

Interconnect structure gar% g.|SOiL(,IjSee %q gl_rgglrS-DDEglE%rg nn%ctts,lcondrucyg% pagtefgtrude ump, micro

bump, or other electrical Intérconnect. & semiconductor paa%?(age can be stacked and/or
mounted o arpackage substratelthat Fctudespins bk eentact pads for divtercortnection Withugther system

componens. Gongdyetive pillars. 186 provide z-jpiercannech bewean, topside Interegnnget build-up layer

194 and bottom-side Interconnect build-up layer 202. Conductive layér 198 electrically connects through
conductiviepitlarsl P86 tfooesrrductive fayer 180ahdredntaltZpadsTigo b semizbhddctordir188), s well as

the IPD can be one or more layers of Si02, Si3N4, SiON, Taz205, A1203, 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
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 198 electrically connects to conductive pillar 186. Other
portions of conductive layer 198 can be electrically common or
electrically isolated depending on the design and function of
the semiconductor device.

The build-up interconnect layer 194 further includes
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structure. The inner polymer core 182, surrounded by conductive layer 184, provides both electrical
interconnection between build-up layers 194 and 202, as well as stress relief for high profile pillars, using
a simple, low-cost manufacturing process. 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

adhesived8yer\iSing & 'd¥position it patteriihg'progess: Cordiictie 14767 2284 forkied Ging PVD,

CVD, sputtefing, etectrohdic plating €lestrolesseplating process, anethek suitaple metal deposition
process. Contact pads 220 can be one or more layers of Al, Cu, Sn, Ni, Au aé?g or other suitable

electricaljPCbrdfuciVE niHtefA” fr e 8rbodimeant %Onéﬁcotw/%’la;s‘é'r%o 537 E3Nd At for contucting
current faydater-farmed-cenduciive pillass riGonductive dayeri22p mcludesaplatechseed layer and UBM
pads containing multiple layers aof selectively plated NI/AH,OII/,Cu, IW/Cuy, 1l u/NI,V/CuP\gr their
combinatigr FHe UBM pa ESroWeu Siidabie pads fortiondity Witk Sotder buntas: Gnd May further
provide advarriepta salderdiffasion anthsaedylayeptorsotder wettabilky.nter i ndA polymerdayér is
deposited over Lpe adhesjve la er. %nd 8(%nquctil\1/ a{%yéenr 2210 Lk})é%spi%1[)(:[§)ating. An et%kgn% I%Jrocess is used

oX a on. @) 1 ns r mov an
to remove aﬁ porﬁons of eppo ymer layer except over OI’IC?l ive ayerIZSZOr,?eavmg pofymer posts or

pillars 2221 similag tp FtG3l3. A electricadly conductiveviayér®24 islfoémed over polymer pillars 222
using a deposition and atterniggtprrg%%ssaégniga 1;[(e) FIG, SEaCOnductiverlg%erVZM g, formed using PVD,

) ) d o
CVD, sputtering, electro yetlcsplfatlng, electroless p atlr?gl E?oces ,egr other suitable metal deposition

process. @mftducti\l_e fayen 22_4 ,calmebeh(an_ie* ormare ¢ayers 6f ACNCU, SrENiaAl ,C/&\g3 A, ondthrer,suitable
electrically, congluctiye materjal Conductive; layers 220 and 224 eqclase palymer pillags 222 to form

z-interconnect conductive pillars 226 having an inner polymer core. The polymer core of conductive pillars
226 reduéés junttion stress, swhieh s padicurarynisefddonkigh aspeetratioconguctivepillars needed to

provide zgiptereenpegt in semiconductor gevices haying.a high,yeriigal dimension, i 1 g—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
conductive pillars 186.

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, Si0O2, SiON, Ta205,
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Semiconductor die 228 is disposed over the substrate between conductive pillars 226 with contact pads

230 oriented toward conductive layer 220, similar to FIG. Sc. 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, afdbthérAreuiteiéMentPrornst Mithin RsRctive Surface &-itslemieht BRsEband digital circuits,

such as RSP memary, ALether signal pracessing 1Gireuit cSerncondpictor die 228 maynalgo contain IPD,
such as inductors, capacitors, and resjstors, for RF signal processing. In another embodiment, a discrete

component taf be touftddover the Sfstrate betledy cofdudtivepifdrs 2267210 - Ap encapsulant
or molding compound 232 isxdepesitedpver spauconduciartie 228angiarousd congductivepitars 226

using a paste printing, compressive molding, transfer ding, liqujd encapsulant malding, vacuum
aminatioR 07 BBl Elitathe ApplERoF S ar o, S EnLBUIARTSD LAIBE pmer Cimposite
material, such asteipoxy rasiarwitdfiller, epexypacrylate withrfilles yor pabyimerwith peoperdiller.
Elréc;‘gé)rs];!%% Og?;% %SY agr%%;(g Sc.lgtithEarédl gp[\éltorgrﬂ%%t?ll% QE%tg(ftsAtE% 5§En|%q:ndo cktl%rrdewce from external

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
conductive layers 212 and passivation layer 210. The
passivation layer 214 can be one or more layers of Si02, Si3N4,
Si0ON, Ta205, Al203, or other material having suitable insulating
properties. The deposition of passivation layer 214 may involve
spin coating, PVD, CVD, printing, sintering, or thermal
oxidation. A portion of passivation layer 214 is removed to

expose conductive layer 212.
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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 S102, 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. Ac][t)ortion of passivation layer 235 is removed

to expose conductive pilks 226 1St UL e PEIaetitafy comddictive Idy&r2s5is Patertéfafd deposited
over the suhstrate e fare individual pertionsnersestionspkhe individual portions: ef-canductive layer 236
can be electrically common or electrically Isolated depending on the connectivity of the individual

semicondUEFGie - Eonddetive 1a)ér 236 EFhed Usiry BYD? 3D, plittering "&b Iy tié hiting,

electrolessi platiag processcapather suifablrdanetat depositigr: pravess.icondueiivedayer 236 can be one
or more Iaglers of AI,,Cu%rEn, Ni, Au, ﬁeg or other suitable electrically conductive material. Conductive

layer 236 elelfrichlly Bormécts T6° EoNTuctive Piltars 228 TRRTE&IRNTE I13/eT 2381 patterned and
deposited ovencanductive Jayer 286 anchinsalating tayes235ausirgl PMD pr €VB: Resistive layer 238 has

individual @%@Sns or J_§ect>i< niski%%Sac-%éSt&.eReiigtive |ra er 2%%% jss d%oosriltegno er ggnductive layer 236.
Resistiveplayer 238b’is c?eposn ed over insuFéJtingC}as]?er /%5 e individual portions of resistive layer 238
can be electrically condected oc eleictridally 1solatedodepending drthewgormectivity ©f the individual

semiconductor die, Resistive layer, 238 is Taf Iy Qr ozttﬂ r metal silicides, T Nr iCr, TIN, or doped
poly-silicglrrj? ]ﬁg\slihgeg regs.Yse'[ﬁ/itg %/%?ﬁggnlg%ndgf%eor ohm sq?%hq%sﬁﬁtiﬁv?g%r%iﬁg formed over
resistive faler 2884 yThe insutingdayerl240-can be orelortmore laperslofBigN4, Si02; Siedn Ta205,

Zn0O, Zr0 ré\!@g@m oiyygiggsEQ_B,ﬁ%os858@—:-rIﬁgi&@l}]tfﬂelggwcggatgﬁ@l.J@@aims%lgting layer 240 is
patterned using PVD, CVD, printing, sintering, or thermal oxidation.
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
mounted to a package substrate that includes pins or contact
pads for interconnection with other system components.
Conductive pillars 186 provide z-interconnect between topside
interconnect build-up layer 194 and bottom-side interconnect
build-up layer 202. Conductive layer 198 electrically connects
through conductive pillars 186 to conductive layer 180 and

contact pads 190 of semiconductor die 188, as well as the IPD
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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 5i02,
Si3N4, SION, Ta205, Al203, 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’ fayBF 246 -~ TheAn RIsttrie4Il COMtUEHVE lay8r 242 18 pAitEINE dnd REd oVer

passivation {aver 242, conduictive dayritd36; anduesistive layes 238 ta &orm hdividualfortions or sections
for further interconnectivity. The individual portions of conductive layer 244 can be electrically common or

electrical}FisoREPdefiditg br thé &dnAdéivity df e individ Fai sefficdirducidr dis” cBhdlictive layer
244 is fomed usingdPMD Y P, sputiering, elegirelyticl plating,selectrolass ptatingpyoeesss ©f other
suitable metal deposition process Conductivegt% r.244 can pe one or more layers of Al, Cu, Sn, Ni, Au,
Ag, or other suitable eIE(I,ﬁE)i'caﬁy ORUTCtRR 1h ¥i§f‘.ment " AHindulatiRg bt passivaticn ﬁréi/%r 246 is
formed owereanductive dayers 244 anddpassivatiog layer 242,10 he-passivatiadayer2461caretle one or

more Iaygrss_(g 5|1(izlesd3[él4 %%N,S)TaZO%iAéIZg%, %ru%)tgggrglcat_eriasl h@i\j/)iln%isl itglb iél.sugaéing _p&operties.
The deposmor‘Pg passwa(flon ayerazci%lmayjlnvolve spin coa%hg, PVD, , printing, Sintering, or
thermal oxidationt Avporiiery of pagsivatoontlayer246 fs remmovecttorexposerconductivel yer244.
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
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. 3c. 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,
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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 etchiﬁr;?g‘;, mechanical

a

peel-off, EMP, FRechdnicatrintfhg, Yherffal DaR8 I a8 §édhfinG 16t Wt StAgping CORflar to-ERs. 3. A

bottom-siglgdeuildup, Intersenneetilaxen24&isformed pver condugtive dayera2lvard-epgapsatant 232,
The build-up Interconnect layer 248 Includes an electrically conductive Ia%er 250 which is patterned and

deposited d¢erfhe SUbBtrate -foFmARaRdual BBHIORE b Sektidns Thelindivitiuat P8rtihs of conductive
layer 2501 earebe ptecitically conymon T €lectncallyiselates depenstiag:on the: cennaciiviy of the
individual semiconduyctor die. Conductive layer 250 js formed.using PVD, CVD, sputtering, electrolytic
plating. STEATUTE ARG brabeRb: e tihet Gaitabla indtaF dekigat BrotBse ‘Condiot Hyer 220 can
be one ormose tayess 0bAL €L G, NieAd 1 Agaarsothee Suitahle efectrically contiuctive-materiad.
Conductive Iag/er 250 eAectEically connects %) conductiv%I layer 220tand (ionoguctive Pillars 226. An
insulatingl(r)lr pe(félr}sll\(/:a(fh%nul(azly((ajrr 2€f formed ovaeYlerﬁ%aSSU ant 232 and %%nduclt?\l/%nl%yéjrn 250. The insulating
layer 252 can be one ddemoredayerstaf:S102; S13M41SI0ON sPa265s) Al2e3, alatheumateral diaving similar

Insulating,g0d, sCigl Rigperlies, The Insulafing Iayer,29% Isdegosiied using PYR, Gu printing, spin
coating, spray coating, sintering or]%herma oxidation. A portion o msﬁ%tlng ayer is removed by an
etching processdo expdse tondudtiveslay@?®50.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
using a paste printing, compressive molding, transfer molding,
liquid encapsulant molding, vacuum lamination, or other suitable
applicator, similar to FIG. 3d. Encapsulant 232 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.
Encapsulant 232 is non-conductive and environmentally protects

the semiconductor device from external elements and
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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, 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
254. In s6MeEPplicatids; solder bumps 254 are reflowed a second time to improve electrical contact to

conductive layer 250. SoldepburipsiZbairepresent one dype etintargoanect structure dhatean be formed
over conductive layer 250. The interconnect structure can also use bond wires, 3-D interconnects,

conductiv®’ fAste "SR BUMP. mitr bump; Or Bther ETé6tricd ifterc8HIecE 12YeT The'semiconductor

package can bessiacked and/on mouniedto a package substiate dhatincludes pms ereontact pads for

interconnection with other Lg%stem comp%gnents. Condgclti%% %gaﬁrs 226 provide z-interconnect between
e inte

topside iftBICHRRRCEDUIACTp I18EF 234 5Rd Botlom nect BUdRASRYEF 248 Conductive layer
236 and theylPD stauctuemelectricaly connectdhroughrcondtictivepillasi 2261 10 sarndyctive 2ayer 250 and
contact pggiggo (g se(gq_‘i%%nduc(_;E%réq_j(la61%8Fl T‘Degnn%r‘giqilérgfr C(:)er?SZ 2,tslurr1roundgd é)é(tcogguctive layer
224, provides both electrical intrconnection betwdert bui -upﬁayers anc?23§, as well 3 stress relief
for high profileqeiftars,iusing asimple; sowcosbmahafacturiipprocessnvolve IgRElG. 9, a double-sided
adhesiveclg%%r.ig appﬂ% to EggrPsacrilﬁiciI%a,lC §ggstrast§h%ignri|§£ to F!j(% . 3&%@'61‘: cqu%c}gii/ga!%g%rDZGO g formed
as contact pads of a topside o the adhesive layer using a 3ép05|tion and patterning process. Conductive
layer 26Qcisformed asingaR\vDyevDy splterng,lecticlyticeplating, électaless platimgdprotesss or other
suitable @@@iggpgggqn 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 is a solid film
for conducting current for |gtee-fdrmethddnductivg pillary.cCdrdisstive 3ayer 2 aoRlhtkides plated seed

layer and.UBM. pads,containing, multiple {avers of selegtively plated NUAU, JCu, TW/Gy, II/CU/NIV/Cu, or

their combination. The UBM pads provide bondable pads for bonding with solder bumps, and may further
provide aSl5&rfieP o soldérgiffiBidh art SdedPlRyer for Soffer wrstelbiity.Ve 1ayeSemicondadtor die 262 is

disposediver the. substate with.cemactpads 264 erented Jagerypakeq 2@y drom cgnductivedayer 260.
Semiconductor die 262 Includes a substrate with an active region containing analog or digital circuits
ImplemeRtednsxCactNetdevidest Pas<ive Hevices lesfductive STat-Gielectie Ayefs f6Pmed within

the die and, glectricadly nterconnegtedsaccpreing tohe elegtrical design, and funetion pf the die. For
example, the circuit may include one or more transistors, diodes, and other circuit elements formed within

its active’stfatB Yo IIfpRnTeit aSebRnd tigidl Br&isS Suckbs B Imémbr rother-signal
processirg:pitcLit: Semisenducier. die625may aleo cenrtain IPE: 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.

Resistive layer 238 has individual portions or sections 238a-

238b. Resistive layer 238a is deposited over conductive layer
236. Resistive layer 238b is deposited over insulating layer
235. The individual portions of resistive layer 238 can be

electrically connected or electrically isolated depending on the
connectivity of the individual semiconductor die. Resistive

layer 238 is TaxSiy or other metal silicides, TaN, NiCr, TiN, or
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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, SHRitAt tBEET 3¢ 1E6AGUARE 1aFer268 R H5imEd biEing VBB VD, 3pittéfiflg, electrolytic
plating, elgctroless plating pEACESs i eothey switable mefakdepesition process.iGenductive Jayer 268 can
be one or more layers of Al, Cu, Sn, Ni, Au, Ag, W, or other suitable electrically conductive material.

Conductife i4yers 266 aHa=268 Eridigse B8fymer Hilldre 2680 T8 2ntEréshntY Bofd(diive pillars 270
having arg irses pofyaner, care o€ pntagt pads 264 andracondustive lyep 268 enclose patpmeppifiars 267 to
form z-interconnect conductjve pillars 271 having an inner_polymer cqre. The polymer core of conductive
pillars 278ran%it%'f‘f resdﬁ%té%!ﬂfﬁct% s ?e%%::@vﬁigﬂai%%%ﬁ?c]umnf E?eff]ﬁ%? E?gtﬁlggp(ﬁc‘??zﬁfo go%%uctive
pillars needeg da peavidel zxintencprrient incsamiconducton devises havingsg high wetticalalimension.

An encapsula?rt or molding compound 272 is deposited over semiconductor die 262 and around

conducti\?exﬁl ars 27b-271 using a paste printing, compressive molding, transfer molding, liquid
encapsulant molding, Vecuunslahsination,or atherssuitableoapplicatar, Sibailar 0 F4@Em38d. Erveapsulant 272

\‘m‘] ?)?;;)%% %ﬁee{r%’@ipé’ﬁ“? Inaterigh such as epoxy Lesip Vit fller. epoxy aerylate wirh fifley, or polymer
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
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 insulating or passivation layer 246 is formed over
conductive layers 244 and passivation layer 242. The
passivation layer 246 can be one or more layers of Si02, Si3N4,

Si0ON, Ta205, Al203, or other material having suitable insulating
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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, Ta205, Al203,
or other material having similar insulating and structural properties. The insulating layer 276 is deposited

using PVEY, TR Trfrting, SPm COHRING -Spral) cohtiRg Ssintering Bt thémTal oxffatiBhy AlpBridn of
insulatingslayer 246 ts removecbby aneiching Pracess te expese egnduetiverpilitars 270-271. The
topside build-up interconnect layer 274 further includes an electrically conductive layer 278 formed over
insulating fay/er 278 Using’a BakérmMy 8hd Rpositiah procesdY Bonditivellay&FS78 % formed using
PVD, CVbxsputiering eleatiohdtic plating,celectroless plating process, or other suitable metal deposition
process. Conductive layer 278 can be one qr more layers of Al, Cu, Sn, Ni, Ay, Ag, or other suitable
electrically conductive ?eﬁgl?bﬁiélbroerﬁorg of CoRATE ivérfageIer788eI88t?i%5ﬁ)¢Egr?neocrfg td’Eonductive
pillars 2702l ©2ther pertiohs of tonductiverlagerc278 ears be efectricallycedrnmoneatelectrically isolated

depending on.the desigr1 and fur}%t' n of the semicorlductor (%%/%ce. . The builjtti-u interconnect
aver o a, 1
280 forme |on%|

layer 274 ﬁﬁ%@?Fn%Yuedes an instira ihgroefsp%lsésﬁ/‘éﬁon ?&9%? d %%Fﬂ Ealsnﬁva it ]éyer 276 and

conductiv&tiayer 238 chelinstlating layerr280idan be @ng10f mareslayersrof 5iG2,sSiSN4y SiON, Ta205,
A, St [ AT UBIRR 0 S B T gl 200
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
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
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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 overeriédpsafarit 27 2UsiftPa pattening and deposiionptdtesss €dhduttve Rryer 288 is formed
using PVl £34D), sputteringrelestrelytic plating: slectrolessplatingsprogesscor-ather suitable metal
deposition process. Conductive layer 288 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other
suitable SIEETCART EdndUCtvE MidteHal. OﬂéepdﬁﬁﬁJo‘?llEE)H&&IRP@ﬁy@PZ?SSIEIe%ﬁ%%ﬁ)}ESHnects to
conductiveslaygr 260 andwonduetivecpilars 2¢0. Other perigns af conddetiveilayer 288.ean beelectrically
common or electrically isolated depending on the design and function of the semiconductor device.

An insulathg Of FHLEN atan 14yt 984 is forHad Vet Hoab AT 272 dnd S6rEluCeve Iajer 268, The
insulating- layer 284 cande ene-br more taye:ss of bi02e Sidg SION J@20%¢ Al203; or biter material
having similar insulatingnanedl%té%(%gral r{;%_ré%perties 'I'chae.insulati g(l%yewr1 az,ggfris deposited using PVD, CVD,

printing, spin coating, Spray coatlng,csﬁ1 ingc%rrl%lermlaY%de% ion. A portlonl‘ciJ1 in%ﬁlating layer 284 is

removeddyyarsetchihgoprocess talexpiasescormuetive fdyen 2889 an evApatedtrically conductive solder
retetl SESPOSIE ST SN L 298 0 O ol . s
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
pads for interconnection with other system components.
Conductive pillars 226 provide 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

-38—-



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 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 conddctiveRayersss ThetiRterdSimdct Sirlicttid RaR WG BBNE Wiese3-B ihtértonRects,

conductivespaste, steid irap,omigfo Bumpe: o1 other electdealiaterconnest: high ghhersamiconductor
package can be stacked and/or mounted to a package substrate that Includes pins or contact pads for
interconrRtliofA With OtRersy e EBmonerityd CofdudtivR Hilfkrs 276 ot FEifterconnect between
topside interconnect build-up tayey 274 anslibattom-sideliniercesneet buildeip layern282.iCanductive
pillars 271 provide z-interconnect between topsijde gnterconnect build-up layer 274 and contact pads 264
of semicdnductsrdie 262 Eondlidtiie AVer 278 Bhd Tontatt pads 263 of seniicdiidtictordie 262
electrically=ganneet thraugt conductive pikars 270-2E0t0 conductive tayes 288. The inngrgolyraer cores
266-267, surrounded b%vcon uctive ]Eaj\_/er 268, provjC es both electrical interco&megtior% between build-up
layers 27%1‘31€1ynedr Zé]f,lar}s ell as3uess relief for iﬁﬁ prg”fﬁg hﬂ%rg,ruos(fr%s g'simp er,1 OW-COSt manufacturing
process. layer I FIGsl@ erdedblessided adhesive layes isiappliedto, the sactificidlsubstrate, similar to

FIG. 3a. A conductivee?é(g][v%gg IS formfd as contact%)%adss ona t%ﬁ%lg% of th %g@esiv%lcagfr using a

depositio%la%%laﬁfernmg progegsé%gndﬁfj%ﬁ\r}glfy%? 014 forme usmg%{}D, Egputterlng,

electrolytiteplating, ielectraless pkating protess;; opathrer suftablermetal depositionprecessy €oatact pads
290 can lgqf ope ,or&greégye_rﬁiof AAUCuAgr,\, ngj A&Jt&gf oggghcea(gﬂgaglfeeéggggg%gonductive material.

In one embodiment, conductive layer 290 is a solid film for conducting current for later-formed conductive
pillars. Cerdactivelagen2dtrintules alplatstessstPlagemand UBM pdds tcontaininganulfiple lagers of

selectively platpdNifAUTikCL: TMMIGU-UICHINMChie Ot corubipation e UBM pads pfavide

bondable pads for bonding with solder bumps, and may further provide a barrier to solder diffusion and
seed layétifor déldler WweRBBIGL 1Ve 12 GemiédRdudter dids0Biskiisgosddshrt the Eabstrdte with

contact pag 294-riented towardand glectically soatacting candugtive Jayer 290, similayitpAIG. Sc.
Semiconductor die 292 includes a substrate with an active region containing analog or digital circuits

implemerted@s activB/devicest pas<iVe dévices Cdoriditive fepd, HHd ditectrid ray R formed within the
die and elgcirically intereemnectesd accardingderthe elecirical designandfurstion of thendie. For example,
the circuit may include one or more transistors, . .

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,

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 262 may also contain IPD,
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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 resistors, for RE' 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 reduitesjuAction StrEdsOvhicH RRrticarty usérdl fot high aspect F&tio BondddiNe illars needed to
provide zJptareerness in semiconductor devices having a high vertical dimension. An
encapsulant or moldin%coma%(zund 302 is deposited over semiconductor die 292 and around metal-coated

polymer balls 296 using &FastBprintifg SCompresshRThbfihg’ Yansfetmarding figGid ehtapsulant
molding, yacuwarlaminaiiond oeother suiakle epplicatorsimilaktorF It BdoEncapsulastd@2gan be
polymer composite, material, such as epoxy resin with filler, epoxy acrylate with_filler, or polymer with
Proper fileh. ERGAbSUAN 028 hohSohtiiive ahd BVirohontany proteets the SEmEanalEsr device
from exteragkelementspand centaminanist ive 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

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
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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 Si02,
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 %ﬁﬂ%t%‘?f?ﬁ%fﬁ&ﬁ%@ﬁ]Sﬁ%‘fﬁﬂ@%}fé&“%ei%tr@ﬁ%%dWEfbﬁir?dl ocess to expose
metal-coatedRalmeniballs 296. The topside build-up interconnect layer 304 further includes an
electrically conductive layer 308 formed over insulating layer 306 using a patterning and deposition
process. Conductive ldyeF 888 1€ forfet (Sing PV, BB 8 teringY fectrofitit HldtiHg etectroless
plating precess,«atibersuitable metal deposiioniprocess. (Genductivie tayer 308:can’e one or more
layers of Al, Cu, Sn, Ni, Ay, Ag, or other suitable electrically conducti e ma erial. One portion of
conductive fay8r368 %Téchrilcsa'%%/ac%hﬂ%ct%ﬁopn%s’t%ﬁgggfea éﬂﬁ%? bélls 296."Ather portions of conductive
layer 308=carsbe electricallycommboa of etactécallygsalates-depsnding.obd¢he design andfanction of the

semiconductor device. . . T uild-up interconnect | r§04further includes an insulating or
passivat%r‘%1 Ye?yre?‘ 3(1%ef8rlr%d o%é%%ﬁla iﬁ% éye%%’%%gén§ ggr? Uctive Igfekf%é? The'insu ating layer 310

can be oheoi mpre layiers of 5iG2; SIBN4gSHON, Fa205b;tAI203, grothermaterial halimg similar insulating

and structural pr ertiesi The inil,&l ting layer 310.is depasited §}Bg P ’CVDiH inting, spin %oating,
spray coalt]ilnsgl,1 s%ﬁjelﬁﬁg or thermal gxi%i%atig%.p& %%)Ftleo% 0 |rl1§l%a%ng [ayer 1045 rerrr%\r} d bé)%h etching
process toceXpose conduetiveclagern 898. sinterThe solystrdte andladiresietiayers arg removed by

chemical eiching, meehanicalneel:off, CNMR, mechanical arinding, thermal hake, laser seajning, or wet
stripping, similar to FIG. 3f. A bottom-side build-up interconnect layer312 is formed over conductive layer
290 and éncapsRdertt 3020 dhe hliild-uptihtereeniedt tayer 312 includes an electrically conductive layer

314 formed over encapsylant 302;using a;patterning and, depgsifion progess. Gondyctive ayer 314 is

formed using PVD, CVD, sputtering, electrolytic plating, electroless plating process, or other suitable
metal depdsitoR!pfocess SCeRducIvelayercPTAEarT bEDnksiThore/layERTETAl, €GeSn, Ni, Au, Ag, or

other suitablg,electrically sonductive matexial- Thepertions E@”%‘rﬁ‘?}iV@é?}b%fi%]iAoﬁabeS &glectrically
common or electrically isolated depending on the design and function of the semiconductor device.
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.
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
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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 5i02, 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 [S°HEpsited ovePeoituctive I&fer 513 Usng A evapsration? efedtrbflie pratingy eféttroless

plating, ball @rap.prsEsRRL BriRting:RINsSess cBhri selder materal.can e, any metal or electrically
conductive material, eg., Sn, Ni, Au, Ag, Pb, B1, and alloys thereof, with an optional flux material. For

example, the solder matefiaPEai? bE Bute @S HPHE fighSedd Y6Headrde> TRESDIR material is
reflowed bydieating the materal abovedisimeltinggpointde forngpherieal hals o8 buspsndli.dgn some
applications, sold]%r bu IPS :‘;18 are reflowed a second time tct) Improve electrical cont%ct to conductive
layer 314~ Eoidst d%%‘g; 318 F&5resntohe e otintétlorhect SRudtre that thRbeformad over
conductivaflayen3bd.tthentertonhedtistrugturercarralsa nise tbhohdywires, 82D istefecomnects, conductive

paste, st%d ggm A rrln(j{{:lr((:) blump,l%r %theggléactricgl !—jnter&ﬁQQ%Ctzm am]"hg slg{ngg%(gﬁdugé%r package can
be stacked and/or mounted fo a p%\cﬁage stbstratethat Includes pins or contact pa s for interconnection

with othed systefcomporents i ThHe metaktceated podymerliallsr2 98 providel z1titercannect between

topside Int?rcqtnnect %ild-ug la ert304 arld botto -éséd%lnt rconnect build-up la er 311132 ggnductive layer
308 elect?icgl?y connects thcroag metal-coatéd ]f)or?ymer ba ﬁ%ez 6 to conductive ﬁz;yaeIr1 13 and contact
pads 294usfisemigopdudtor dierk0 2 Thedanespslymer corec298, -surfoundied thyveonductive FBer 300,

provides bothelectrigal intefcopnection between Auild-yp lavers 304 3qd 312, 35 well as, stress relief for
high profile pillars, using a simple, low-cost manufacturing process.
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
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 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
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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
semiconductor device, comprising:

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
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 1is 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
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a conductive layer; a first conductive pillar with inner stress-relief core formed over the conductive
layer; a semiconductor die or component mounted over the conductive layer; an encapsulant
deposited around the semiconductor die or component and first conductive pillar; a first interconnect
structure formed over a first surface of the encapsulant, the first interconnect structure being electrically

connected to the first conductive pillar; and ,
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 is
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
resistors, for 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
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a second interconnect structure formed over a second surface of the encapsulant opposite the first
interconnect structure, the second interconnect structure being electrically connected to the first
conductive pillar. 2. The semiconductor device of claim 1, further including a semiconductor device
mounted over the first or second interconnect structure. 3. The semiconductor device of claim 1, further
including an integrated passive device formed in the first or second interconnect structure. 4. The

semiconddttSrdeViCR Bralams XRherER the htgrated pa8sive tibvica s SoRfigitéato operate as a
capacitor, resistor or ingbiCtdfcapsulant 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, liguid 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
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
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5. The semiconductor device of claim 1, further including a second conductive pillar with inner stress-relief
core formed over the semiconductor die or component. 6. A semiconductor device, comprising: a
conductive layer, a first conductive z-interconnect structure including an inner stress-relief core
formed over the conductive layer; a semiconductor die or component mounted over the conductive
layer; 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 Si0O2, Si3N4, SiON, Ta205, Al203, 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
portions conductive layer 314 can be electrically common or
electrically isolated depending 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
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an encapsulant deposited around the first conductive z-interconnect structure; a first interconnect
structure formed over a first surface of the encapsulant, the first interconnect structure being electrically
connected to the first conductive z-interconnect structure; and a second interconnect structure formed
over a second surface of the encapsulant, the second interconnect structure being electrically connected
to the first conductive z-interconnect structure. 7. The semiconductor device of claim 6, further including

a semicoRbGEtor BeditetAOMTEE bver thelfhSt oF S&ddhd interdamitect $trictute 80 The ‘S&thiconductor
device ofiglainy6 plurthecinejuding AR intggraipd passive deyicesiormed i the firg) Ok seeand interconnect

structure. . i . . . .
or thermal oxidation. A portion of insulating layer 316 1is
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
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
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9. The semiconductor device of claim 8, wherein the integrated passive device is configured to operate as
a capacitor, resistor or inductor. 10. The semiconductor device of claim 6, further including a second
conductive z-interconnect structure including an inner stress-relief core formed over the semiconductor
die or component. 11. The semiconductor device of claim 6, wherein the first conductive z-interconnect

structure includes a conductive pillar with inner stress-relief core or a metal-coated polymer ball. 12. The
semicondtictdrdevice 8- Bidin 6° fithit indiading Sehorf Wit 2Eqmdudtive Rasts $tud bump, micro bump,
or bump formed on thefirst er seeongrinteseenrRegb SHUGKK®.s 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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13. A semiconductor device, comprising: a conductive layer; a first conductive z-interconnect structure

including an inner stress-relief core formed over the conductive layer; a first semiconductor die or
component mounted over the conductive layer; an encapsulant deposited around the first conductive
z-interconnect structure; and
Claims
What is claimed:
1. A semiconductor device, comprising:

a conductive layer;

a first conductive pillar with inner stress-relief core
formed over the conductive layer;

a semiconductor die or component mounted over the
conductive layer;

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

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

a second interconnect structure formed over a second
surface of the encapsulant opposite the first interconnect
structure, the second interconnect structure being electrically

connected to the first conductive pillar.

2. The semiconductor device of claim 1, further including a
semiconductor device mounted over the first or second

interconnect structure.

3. The semiconductor device of claim 1, further including an
integrated passive device formed in the first or second

interconnect structure.
4. The semiconductor device of claim 3, wherein the integrated
passive device is configured to operate as a capacitor, resistor

or inductor.
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an interconnect structure formed over a surface of the encapsulant opposite the conductive layer, the
interconnect structure being electrically connected to the first conductive z-interconnect structure. 14.
The semiconductor device of claim 13, further including a semiconductor device mounted over the
interconnect structure. 15. The semiconductor device of claim 13, further including an integrated passive
device formed in the interconnect structure. 16. The semiconductor device of claim 15, wherein the
integrated passive device is configured to operate as a capacitor, resistor or inductor. 17. The

semicondyctor deydce; efnclain d3cfsthed dRcluding @ seicond condugtive, z-interconnechstrécture including
an inner stress-relief core formed over the first semiconductor die or companent.
second conductive pillar with inner stress-relief core formed

over the semiconductor die or component.

6. A semiconductor device, comprising:

a conductive layer;

a first conductive z-interconnect structure including an
inner stress-relief core formed over the conductive layer;

a semiconductor die or component mounted over the
conductive layer;

an encapsulant deposited around the first conductive z-
interconnect structure;

a first interconnect structure formed over a first surface
of the encapsulant, the first interconnect structure being
electrically connected to the first conductive z-interconnect
structure; and

a second interconnect structure formed over a second
surface of the encapsulant, the second interconnect structure
being electrically connected to the first conductive z-

interconnect structure.

7. The semiconductor device of claim 6, further including a
semiconductor device mounted over the first or second

interconnect structure.
8. The semiconductor device of claim 6, further including an

integrated passive device formed in the first or second

interconnect structure.
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18. The semiconductor device of claim 13, wherein the first conductive z-interconnect structure includes a
conductive pillar with inner stress-relief core or a metal-coated polymer ball. 19. The semiconductor
device of claim 13, further including a second semiconductor die or component mounted over the
conductive layer. 20. A semiconductor device, comprising: a conductive layer; a first conductive

z-interconnect structure including an inner stress-relief core mounted over the conductive layer;
9. he semiconductor device of claim 8, wherein the integrated

passive device is configured to operate as a capacitor, resistor

or inductor.

10. The semiconductor device of claim 6, further including a
second conductive z-interconnect structure including an inner
stress-relief core formed over the semiconductor die or

component.

11. The semiconductor device of claim 6, wherein the first
conductive z-interconnect structure includes a conductive pillar

with inner stress-relief core or a metal-coated polymer ball.

12. The semiconductor device of claim 6, further including a
bond wire, conductive paste, stud bump, micro bump, or bump

formed on the first or second interconnect structure.

13. A semiconductor device, comprising:

a conductive layer;

a first conductive z-interconnect structure including an
inner stress-relief core formed over the conductive layer;

a first semiconductor die or component mounted over the
conductive layer;

an encapsulant deposited around the first conductive z-
interconnect structure; and

an interconnect structure formed over a surface of the
encapsulant opposite the conductive layer, the interconnect
structure being electrically connected to the first conductive

z—interconnect structure.
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a first semiconductor die or component mounted over the conductive layer; and an encapsulant
disposed around the first conductive z-interconnect structure. 21. The semiconductor device of claim 20,

further including:

an interconnect structure formed over a surface of the encapsulant, the interconnect

structure being electrically connected to the first conductive z-interconnect structure; and a

semlconductor device mounted over the interconnect structure. , ,
14. The semiconductor device of claim 13, further including a

semiconductor device mounted over the interconnect structure.

15. The semiconductor device of claim 13, further including an

integrated passive device formed in the interconnect structure.

16. The semiconductor device of claim 15, wherein the
integrated passive device is configured to operate as a

capacitor, resistor or inductor.

17. The semiconductor device of claim 13, further including a
second conductive z-interconnect structure including an inner
stress-relief core formed over the first semiconductor die or

component.

18. The semiconductor device of claim 13, wherein the first

conductive z-interconnect structure includes a conductive pillar

with inner stress-relief core or a metal-coated polymer ball.

19. The semiconductor device of claim 13, further including a

second semiconductor die or component mounted over the

conductive layer.

20. A semiconductor device, comprising:

a conductive layer;

a first conductive z-interconnect structure including an

inner stress-relief core mounted over the conductive layer;

a first semiconductor die or component mounted over the

conductive layer; and

an encapsulant disposed around the first conductive z-

interconnect structure.
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22. The semiconductor device of claim 20, further including an interconnect structure having an integrated
passive device formed over a surface of the encapsulant, the interconnect structure being electrically
connected to the first conductive z-interconnect structure. 23. The semiconductor device of claim 20,
further including a second conductive z-interconnect structure including an inner stress-relief core formed
over the first semiconductor die or component. 24. The semiconductor device of claim 20, wherein the

first condtittive ZhifterSOMHeRPSiGitare Melites lorduttiVe pilrar WithtRREr dtréssiftliBPcore or a
metal-coated palymerball: -25nEe semicanduetor devicenfclaim 20, Jurtharincludinga second
semiconductor die or compaonent mounted over the conductive layer. ,
encapsulant, the interconnect structure béing electrically
connected to the first conductive z-interconnect structure; and
a semiconductor device mounted over the interconnect

structure.

22. The semiconductor device of claim 20, further including an
interconnect structure having an integrated passive device
formed over a surface of the encapsulant, the interconnect
structure being electrically connected to the first conductive

z—interconnect structure.

23. The semiconductor device of claim 20, further including a
second conductive z-interconnect structure including an inner
stress-relief core formed over the first semiconductor die or

component.

24. The semiconductor device of claim 20, wherein the first
conductive z-interconnect structure includes a conductive pillar

with inner stress-relief core or a metal-coated polymer ball.
25. The semiconductor device of claim 20, further including a

second semiconductor die or component mounted over the

conductive layer.
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