SEMICONDUCTOR DEVICE AND METHOD OF FORMING VERTICAL INTERCONNECT STRUCTURE
USING STUD BUMPS Field of the Invention The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor device and method of forming a vertical
interconnect structure using stud bumps and integrated passive devices (IPD) for fan-out wafer level chip
scale packages (FO-WSCSP). 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 emittin§ diode (LED), small signal transistor, resistor czﬁgcitor, inductor, and
power metal oxide semi | . 81%'6 Fniconductor devices
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Field of the Invention

The present invention relates in general to
semiconductor devices and, more particularly, to a semiconductor
device and method of forming a vertical interconnect structure
using stud bumps and integrated passive devices (IPD) for fan-

out wafer level chip scale packages (FO-WSCSP).

Background of the Invention

Semiconductor devices are commonly found in modern
electronic products. Semiconductor devices vary in the number
and density of electrical components. Discrete semiconductor
devices generally contain one type of electrical component,
e.g., light emitting diode (LED), small signal transistor,
resistor, capacitor, inductor, and power metal oxide
semiconductor field effect transistor (MOSFET). Integrated
semiconductor devices typically contain hundreds to millions of

electrical components. Examples of integrated semiconductor



devices include microcontrollers, microprocessors, charged-coupled devices (CODs), solar cells, and
digital micro-mirror devices (DMDs). Semiconductor devices perform a wide range of functions
such as high-speed calculations, transmitting and receiving electromagnetic signals, controlling electronic
devices, transforming sunlight to electricity, and creating visual projections for television displays.
Semiconductor devices are found in the fields of entertainment, communications, power conversion,
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applicatiensygviadion cautesmotivecingyustriab cantreliers,sgndatfice eguipmenti cr o—mi Sepriconductor
devices exploit the electrical properties of semiconductor materials. The atomic structure of
semicondlicdrmaterfd3fidws its electrical conductivity to be manipulated by the application of an electric
field or through the progess ebdapingobopingiintedueasrivipuriies idte theseamieanductor material to
manipulate and control the conductjvity of thege(rpi;ondluctor device. A semiconductor device
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visual projections for television displays. Semiconductor

devices are found in the fields of entertainment,

communications, power conversion, networks, computers, and

consumer products. Semiconductor devices are also found in

military applications, aviation, automotive, industrial

controllers, and office equipment.

Semiconductor devices exploit the electrical
properties of semiconductor materials. The atomic structure of
semiconductor material allows its electrical conductivity to be
manipulated by the application of an electric field or 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 bipolar and
field effect transistors, control the flow of electrical
current. By varying levels of doping and application of an
electric field or base current, the transistor either promotes
or restricts the flow of electrical current. Passive
structures, including resistors, capacitors, and inductors,
create a relationship between voltage and current necessary to
perform a variety of electrical functions. The passive and
active structures are electrically connected to form circuits,

which enable the semiconductor device to perform high-speed



structures, including resistors, capacitors, and inductors, create a relationship between voltage and
current necessary to perform a variety of electrical functions. The passive and active structures are
electrically connected to form circuits, which enable the semiconductor device to perform high-speed
calculations and other useful functions. Semiconductor devices are generally manufactured using
two complex manufacturing processes, i.e., front-end manufacturing, and back-end manufacturing, each
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RF system requires multiple IPDs in one or more semiconductor packages to perform
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.

Another goal of semiconductor manufacturing is to
produce higher performance semiconductor devices. Increases in
device performance can be accomplished by forming active
components that are capable of operating at higher speeds. In
high frequency applications, such as radio frequency (RF)
wireless communications, IPDs are often contained within the
semiconductor device. Examples of IPDs include resistors,
capacitors, and inductors. A typical RF system requires

multiple IPDs in one or more semiconductor packages to perform



the necessary electrical functions. The electrical interconnection between semiconductor
packages can be accomplished with conductive through silicon vias (TSV) or through hole vias (THV). To
form ISVs or THVSs, the semiconductor die is singulated from the wafer and placed on a temporary carrier.
A via is cut through the semiconductor material or peripheral region around each semiconductor die while
the die are mounted to the carrier. The vias are then filled with an electrically conductive material, for

example,"Coppet Aepos&tidn tHivthh HrfeleftidRatng Process. The TSV and THV formation
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copper deposition through an electroplating process.

The TSV and THV formation involves considerable time
for the via filling due to its small area. The fully-filled TSV
can produce high stress between vias leading to cracking and
lower reliability. The equipment needed for electroplating,
e.g., plating bath, and sidewall passivation increases
manufacturing cost. In addition, voids may be formed within the
vias, which causes defects and reduces reliability of the
device. TSV and THV can be a slow and costly approach to make
vertical electrical interconnections in semiconductor packages.
These interconnect schemes also have problems with production

yield, large package size, and process cost management.
Summary of the Invention

A need exists to provide a vertical interconnect
structure for stacked semiconductor devices. Accordingly, in
one embodiment, the present invention is a method of making a
semiconductor device comprising the steps of providing a
semiconductor die, forming a conductive layer outside a
footprint of the semiconductor die, forming a first stud bump

over the conductive layer, depositing an encapsulant over the



semiconductor die and around the first stud bump, forming a first interconnect structure over a first
surface of the encapsulant, and forming a second interconnect structure over a second surface of
encapsulant opposite the first interconnect structure. The first interconnect structure includes a first IPD
electrically connected to the first stud bump. In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of providing a semiconductor die or
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component, depositing an encapsulant over the semiconductor die
or component and around the vertical interconnect structure,
forming a first interconnect structure over a first surface of
the encapsulant, and forming a second interconnect structure
over a second surface of encapsulant opposite the first
interconnect structure.

In another embodiment, the present invention is a
method of making a semiconductor device comprising the steps of
providing a semiconductor die or component, forming a vertical
interconnect structure around the semiconductor die or
component, depositing an encapsulant over the semiconductor die
or component and around the vertical interconnect structure, and
forming a first interconnect structure over a first surface of
the encapsulant. The first interconnect structure includes a
first IPD.

In another embodiment, the present invention is a
semiconductor device comprising a semiconductor die or component
and vertical interconnect structure formed around the
semiconductor die or component. An encapsulant is deposited
over the semiconductor die or component and around the vertical

interconnect structure. A first interconnect structure is



Brief Description of the Drawings FIG. 1 illustrates a PCB with different types of packages
mounted to its surface; FIGs. 2a-2c illustrate further detail of the representative semiconductor
packages mounted to the PCB; FIGs. 3a-3h illustrate a process of forming a vertical
interconnect structure using stud bumps; FIG. 4 illustrates the semiconductor device with vertical

interconnect structure havin% stud bumps; ,
formed over a first surface of the encapsulant. The first

interconnect structure includes a first IPD.
Brief Description of the Drawings

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

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

FIGs. 3a-3h illustrate a process of forming a vertical
interconnect structure using stud bumps;

FIG. 4 illustrates the semiconductor device with
vertical interconnect structure having stud bumps;

FIG. 5 illustrates stacked semiconductor devices
electrically interconnected with the stud bumps;

FIG. 6 illustrates the semiconductor device with stud
bumps and die having upward facing active surface;

FIG. 7 illustrates the semiconductor device with IPD
formed in a bottom-side interconnect structure;

FIG. 8 illustrates the semiconductor device with IPD
formed in a topside interconnect structure; and

FIG. 9 illustrates another embodiment of the
semiconductor device with IPD formed in the bottom-side

interconnect structure.

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



FIG. 5 illustrates stacked semiconductor devices electrically interconnected with the stud bumps; FIG. 6
illustrates the semiconductor device with stud bumps and die having upward facing active surface; FIG. 7
illustrates the semiconductor device with IPD formed in a bottom-side interconnect structure;

mode for achieving the invention’s objectives, it will be
appreciated by those skilled in the art that it is intended to
cover alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined
by the appended claims and their equivalents as supported by the
following disclosure and drawings.

Semiconductor devices are generally manufactured using
two complex manufacturing processes: front-end manufacturing and
back-end manufacturing. Front-end manufacturing involves the
formation of a plurality of die on the surface of a
semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected
to form functional electrical circuits. Active electrical
components, such as transistors and diodes, have the ability to
control the flow of electrical current. Passive electrical
components, such as capacitors, inductors, resistors, and
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 an insulator,
conductor, or dynamically changing the semiconductor material
conductivity in response to an electric field or base current.
Transistors contain regions of varying types and degrees of
doping arranged as necessary to enable the transistor to promote

or restrict the flow of electrical current upon the application



FIG. 8 illustrates the semiconductor device with IPD formed in a topside interconnect structure; and

FIG. 9 illustrates another embodiment of the semiconductor device with IPD formed in the bottom-side
interconnect structure. 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
achievingthetiGeftigif< bbjectivés, Gt Wil fetaspretiatéd by those skilled in the art that it is intended to
cover alternatives, modifieatioensa and eguivalents asgaay he included withisthespirityandsscope of the

invention as defined by the a%f),ended claims and their equivalents as supported by the following

dBCbsw@%ﬁﬁﬁk%wdeth ifferent electrical properties. The layers can
be formed by a variety of deposition techniques determined in
part by the type of material being deposited. For example, thin
film deposition may involve chemical vapor deposition (CVD),
physical vapor deposition (PVD), electrolytic plating, and
electroless plating processes. Each layer is generally
patterned to form portions of active components, passive
components, or electrical connections between components.

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

The portion of the photoresist pattern subjected to light is
removed using a solvent, exposing portions of the underlying
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



Semiconductor devices are generally manufactured using two complex manufacturing processes:
front-end manufacturing and back-end manufacturing. Front-end manufacturing involves the formation of
a plurality of die on the surface of a semiconductor wafer. Each die on the wafer contains active and
passive electrical components, which are electrically connected to form functional electrical circuits.
Active electrical components, such as transistors and diodes, have the ability to control the flow of
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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 50 having a chip
carrier substrate or PCB 52 with a plurality of semiconductor
packages mounted on its surface. Electronic device 50 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 50 may be a stand-alone system that
uses the semiconductor packages to perform one or more
electrical functions. Alternatively, electronic device 50 may

be a subcomponent of a larger system. For example, electronic



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 electrolytic plating. Depositing a thin film of material over an existing pattern can exaggerate
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remove material from the surface of the wafer and produce a uniformly flat surface. Planarization Involves
polishing tABRUHEEe of tHEwaRRF Wit 4 PolisHing Pl AR abt&sivé matefial and corrosive chemical are
added toithe sugdace of therwafetichiting $o)ishipg 1 The tcambined mechanical agtian efithe abrasive and
corrosive action of the chemical removes any Irregular topography, resulting in a uniformly flat surface.
Back-end fianttacturine’ |Ie§<§$s’to clitting or' iﬁaﬁlg%ﬁhg ?’ﬁ%‘ ﬁﬁ hg& Watétinto the iRdiidiat die and then
packagingihe dier for Structiral, suppostcand eseironmentatisolatiohe To singludatethe die, the wafer is
scored and broken %Iong non-functional regions of the wafer called saw streets or scribes. The wafer is
singulateaouné?r?gngrllasse'r cutting tool or saw blade. After singulation, the individual die are mounted to a
package substrate thatlimncluties pins 8Ceontactpadsifoe intercpmnectdn with othertsysfem components.
Contact p%drs f0£med pVver the s%micondgtitor gie. are.then connectrgeg Jo cgpt%cﬁ gads within the package.
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The electrlcaflconnectlons %}gn ]E)e made Wlt?'l soﬁcjlerabumps, stug%umps, conductive paste, or wirebonds.

An encapstiant ordtlegromolelirigmaterialdsdeposited dver tREPpackagentbiprovide physical support and
electricalsalation. sThe.finished pagkage.is then Inserted ipjo an glecirical system,and the dnctionality of
the semiconductor device is made available to the other system components. FIG. 1illustrates
electroni¢!dévige SOARRAIRG aThip €digier sabstrdte dv FCB 52 ,with a pluralissf sehsicamductor packages

mounted gn.its surface, Electronic deyice 50.may haye anedype gf semicondyctor package, or multiple

types of semiconductor packages, depending on the application. The different types of semiconductor
packages afE'SHowa At FIG ST fatirpesesiofillgsifdtiphl cal communication between

each of the semiconductor packages, mounted components, and
other external system components. Traces 54 also provide power
and ground connections to each of the semiconductor packages.

In some embodiments, a semiconductor device has two
packaging levels. First level packaging is a technique for
mechanically and electrically attaching the semiconductor die to
an intermediate carrier. Second level packaging involves
mechanically and electrically attaching the intermediate 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 56 and flip
chip 58, are shown on PCB 52. Additionally, several types of
second level packaging, including ball grid array (BGA) 60, bump
chip carrier (BCC) 62, dual in-line package (DIP) 64, land grid
array (LGA) 66, multi-chip module (MCM) 68, quad flat non-leaded

-10-



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

RF circuid ditdéte & Ates/ Br ofiét sehtordittorfie 6t €fectrical Ebmpdnetits. meunteqh ¢iG. 1, PCB
52 providese generabsisteate dorgiBictunat suppart and elactricaldnferconagst efdie seaticemrductor
packages mounted on the PCB. Conductive signal traces 54 are formed over a surface or within layers of
PCB 52 (¥ing 8VAFGrat8 " QEcREIGtE BRfing CalREtraiess Plating sereen 5titing2 b 8the? Suitable metal
depositioniprecessm Sigral diates Sddqaropidedar elegtricay cemmunication betweenreach of the
semiconductor packages, mounted components, and other external system components. Traces 54 also
provide p%%e?%]ﬁ%nd‘r urid %HHS&H’(S toBach of the ggﬁ%go%dtij%to%%%(%ges. TS99, some
embodimenits, &isemicondadtor device hasdwbackagingdevels sFisstdeve) packagiaghiea technigue for
mechanicsaelllx.angn%llegt{icjgll gtt%%hing th sei‘micgriggcto@[ rgjtkiﬁeo g) an rilr]cterme‘_ﬂi’iltef%arrier. 28co d level
packaging invoives mechan aﬁy and elec ﬁcaﬁly a acﬁing e ntermediate carrier to the “Tn other
embodiments; acsemieondudctor devige snay Brlydraveithe figstdevel packagiag venere dhel die isr

mechanic%!lé/ and ele t\;ié:gll)ér_nounteld dire%lggt](_) tlgg PCB For the%grgpose %f iIIustr%tion, several

types of first Ilfa?/gﬁgac aging, m%&t%né wire bon paéka%aéngggﬁaﬁpeéﬁip , are shown on PCB 52.

Add_itionaﬂy,ese\mial Wp@@@ﬁsecmdiltet/el ﬁd@@gmmlmng bal gitirddaruags@@A) 60, bump chip
carrier (BGC.).62,dug) In-ing packade-(IP) 4 langdarid;auay, (:GA) 86 pit-chig module (MCM) 68,

guad flat non-leaded
functionality, electronic devices can be manufactured using

cheaper components and a streamlined manufacturing process. The
resulting devices are less likely to fail and less expensive to
manufacture resulting in a lower cost for consumers.

FIGs. 2a-2c show exemplary semiconductor packages.
FIG. 2a illustrates further detail of DIP 64 mounted on PCB 52.
Semiconductor die 74 includes an active region containing analog
or digital circuits implemented as active devices, passive
devices, conductive layers, and dielectric layers formed within
the die and are electrically interconnected according to the
electrical design of the die. For example, the circuit may
include one or more transistors, diodes, inductors, capacitors,
resistors, and other circuit elements formed within the active
region of semiconductor die 74. Contact pads 76 are one or more
layers of conductive material, such as aluminum (Al), copper
(Cu), tin (Sn), nickel (Ni), gold (Au), or silver (Ag), and are
electrically connected to the circuit elements formed within
semiconductor die 74. During assembly of DIP 64, semiconductor
die 74 is mounted to an intermediate carrier 78 using a gold-

silicon eutectic layer or adhesive material such as thermal
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package (QFN) 70, and quad flat package 72, are shown mounted on PCB 52. Depending upon the
system requirements, any combination of semiconductor packages, configured with any combination of
first and second level packaging styles, as well as other electronic components, can be connected to PCB
52. In some embodiments, electronic device 50 includes a single attached semiconductor package, while
other embodiments call for multiple interconnected packages. By combining one or more semiconductor

package$B9&ra sinbie siFtte cmaAttactiters e intdrpdtate! pretmadB Tohisorents into electronic
devices angd-systems sBegause theisghaiconducier-packagesdaeiude sephisticated donctignality, electronic
devices can be manufactured using cheaper companents and a streamlined manufacturing process. The
resulting BeUteE APE oSk IO Al aRdTELT éxpensive- formaRlfacturBFE¥GEHg in a lower cost for
consumessmni condddGsr 2a42¢ show e¥empiarg semiconshictar packages. Gl @adbusieates further
detail of DIP 64 r‘?ﬁ%unted on PCE 52. Semiconductor die 74 includes arl?active region.containing analog

or digital QifEdits iipIBRehtsad 8Etive deviced Bhsdive devices: toRdbdivRIayErat aRd dielectric layers

formed withirstherdie @and are etdctiieallyfintencennectad gceordingstokhgelecirical design of the die. For

example,ctgg Céﬂ%&"rﬁ rr%aynincléjldg Qg ar more gagcsjig'([i)srs%(yodes, inductors, capacitors, resistors, and
other circuit eléments formed Within the active region of semiconductor die 74. Contact pads 76 are one

or more layers of condtiCtive @iaterial usucheasalumimtiine(A 1) .ccopper ¢Cul din (Sh)mickel<Ni), gold (Au),

or silver @Ig) %d elegtricallg cgnn%ctedaﬁo theB%ircuit elements formed within semi% ductor die 74.
: P ted. X : .
During assemgy o?%]P 64?rgércn|€onu uc?orr |e-l@74 IS mlosunr?gal?o Sn w?t‘érerﬁeglg%erégrﬂer% using a
gold-silicos eutectic layetcorfadhesive raatetiat sechias dodraml ve material 92. Wire

bonds 94 provide first level packing interconnect between
contact pads 96 and 98. Molding compound or encapsulant 100 is
deposited over semiconductor die 88 and wire bonds 94 to provide
physical support and electrical isolation for the device.
Contact pads 102 are formed over a surface of PCB 52 using a
suitable metal deposition such electrolytic plating or
electroless plating to prevent oxidation. Contact pads 102 are
electrically connected to one or more conductive signal traces
54 in PCB 52. Bumps 104 are formed between contact pads 98 of
BCC 62 and contact pads 102 of PCB 52.

In FIG. 2c, semiconductor die 58 is mounted face down
to intermediate carrier 106 with a flip chip style first level
packaging. Active region 108 of semiconductor die 58 contains
analog or digital circuits implemented as active devices,
passive devices, conductive layers, and dielectric layers formed
according to the electrical design of the die. For example, the
circuit may include one or more transistors, diodes, inductors,
capacitors, resistors, and other circuit elements within active
region 108. Semiconductor die 58 is electrically and
mechanically connected to carrier 106 through bumps 110.

BGA 60 is electrically and mechanically connected to
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epoxy. The package body Includes an insulative packaging material such as polymer or ceramic.
Conductor leads 80 and wire bonds 82 provide electrical Interconnect between semiconductor die 74 and
PCB 52. Encapsulant 84 is deposited over the package for environmental protection by preventing
moisture and particles from entering the package and contaminating die 74 or wire bonds 82.

FIG. 2b lllustrates further detail of BCC 62 mounted on PCB 52. Semiconductor die 88 is mounted over
carrier 90 (18ing an"uriderfill BFEpSy.IssirT SaRESIvE AYateria s Witd Bonds 94 frBTHae fitdtdevel packing

Interconnesh betyyean-eynagtiRads:96 and 88 Molding compauns-arencapsulant 100 is,deposited over
semiconductor die 88 and wire bonds 94 to provide physical support and electrical jsolation for the device.

Contact pad&f02 &reforimed bve? asdiface dFBCB %2 JeiE a stitdbleSheaRt depdSifion SGéh electrolytic

plating orzelectsoless plating toprevant axidation, Eontacs pads dd2are electrigallyiconnected to one or
more conductive signal traces 54 jn PCOI? 52. Burggs 194 are formed betwee 6contact Jélpad,s 98 of BCC 62
and contactipads SPEERES M CONAUGEPIGIZE sBmicBAATRDF die 58 18" mbanfd T4 Gown to
intermediaitey sakrier 106pwithra flimehip style firstdaevel packading. Activerregiare 08 of semiconductor die
58 contalp anal%qior c(lslg%al %rr%llts mg)le ented as actyg devices %%snéel g(e:\tng%(s:,a onductive layers,

I
and dielec r%@la?ers%ormeé %ccorud?ntgo t %Vejlecc(:etri@glogesm(fnsoffj1 thséh 1e. For example, the circuit may

Include oneratumorectnamsistors; iodes, enductorss capacitoes; resistors,ianchdiher circuit elem¥ents within
active re%ion 108. Sg@iicondtu]:ctor die 5§ iﬁ ecgré'callll;{ and mecg%nica%onnected o carrier 106 through

bumps 1 0, I§82\d6 IS eﬁgctrlcglfykgn mechanically cor?ﬁéjcetgd o PCB b2 with 2 BGA style second level

pagkagin:gnm’wg; btrmps 1dPs S@nﬂ@qnd@@ﬂ-’dieﬁ&is iet@ctﬂ@ally@c@né@t@d_@to@cond@nﬁ&d signal traces
54 in PCR 52 through. bumps 110, signallines 114, and bumps, 112, Amelding qompaund gt encapsulant

116 is deposited over semiconductor die 58 and carrier 106 to provide physical support and electrical
isolation fbrehé elevize. Phe Miprdhip semic¢onduttorcdeavice provides & shor eletrichl conddstion path

from the aglive-gdevices,an §sﬂ%qqyugﬁqrpdi% S81to copduetian. ragks an PR RE I, Or4RyIp reduce signal

propagation distance, lower capacitance, and improve overall circuit performance. In another
embodiment IhB@hAEShdirtterdie 58%%an be mechanically and electrically connected directly to PCB 52

using flip chip style first-leyel packaging withoutintermediatg carrierdO6r o rming a vertical
interconnect structure with stud bumps and IPD for a FO-WLCSP.
In FIG. 3a, a temporary substrate or carrier 120 contains a base
material such as silicon, polymer, polymer composite, metal,
ceramic, glass, glass epoxy, beryllium oxide, or other suitable
low-cost, rigid material for structural support. An optional
interface layer 121 can be formed over carrier 120 as an etch-
stop. An electrically conductive layer 122 is formed over
interface layer 121 and carrier 120 using patterning with PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 122 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
W, poly-silicon, or other suitable electrically conductive
material. Conductive layer 122 includes wettable contact pads
for later formation of stud bumps. In one embodiment, the
wettable contact pads of conductive layer 122 are pre-plated on

interface layer 121.
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FIGs. 3a-3h illustrate a process of forming a vertical interconnect structure with stud bumps and IPD for a
FO-WLCSP. In FIG. 3a, a temporary substrate or carrier 120 contains a base material such as silicon,
polymer, polymer composite, metal, ceramic, glass, glass epoxy, beryllium oxide, or other suitable
Low-cost, rigid material for structural support. An optional interface layer 121 can be formed over carrier
120 as an etch-stop. An electrically conductive layer 122 is formed over interface layer 121 and carrier

120 using patterning With®P\VAB 2 VDY sBhittefify, SleGrohRy pldfifg “eleCr8IBSS Bidtiiig 1ordeess, or other
suitable metat degosition precessc Condyetiverlayer 122 can beongompse lpyees ef Ak Gu, Sn, Ni, Au,
Ag, W, poly-silicon, or other suitable electrically conductive material. Conductive layer 122 includes
wettable SOREREpadS for Iatef feHMAdOh St LS BURDS. 6ie Efbotithentt’ the wettable contact pads of
conductivi:layephdz are pretplated andateace dayend 2dn activA plukafieef semgiconductor die or
components 124 is mounted to Interface layer 121 in a flipchip arrangement with contact pads 126
oriented GOWRRAT BYerEdtrief120. ér%ﬂc%%&u&b? %1%4 Ren TEIGGE an 3iidé sdrfice 128
containingeaniatag or digitalicircuits pdementeddascactive devicess passide dexitesteanductive layers,
and diele](_;tric Ia)f(ier'fs forrggd v%tg'qn the %ig %?d elect(glicali)(e Icnctlerconrfcicted acccordin%é% tchee O1electrical

. er O 1 in t e ana . ric lncterco .
design and function of the die: For example, e mrcufmay nclude ohe'or more trrlansnstors, diodes, and

other circuiteleménts formetdavithire activieesurfates128 tamplément basebdnd aralogeircuitsor digital
circuits, such a digit%l signal rocessor DSP%,lA%IC, memory, or otheCr si%nal rocessing circuit.
Semiconga((?trglpsgi%ﬂ %afllallpé.:cl)1 contair IP1I51, suc easoﬁﬁugtorgoc%%acﬁgrs,s ér% ?é:sslétors, for RF signal
processing. ddanotier@mifddiment, rzrdistrete seatidehductorccdmpdrient can bevmoantetaodnterface

layer 121y 55 o IR51G@m30a BluLality Of stud fumps. of pasts 130, arg,fgtrped over the; wettable contact

pads of conductive layer 122. In one embodiment, a wire-bonding machine can form stud bumps 130.
Stud bunips-I36 have alieightyaaging from Q2520 midriofittersAPhy), memormG, b s stud bumps

130 Implemented a5 siuduimps.dacluding bura otian132 end st parion 3% ingnother

embodiment, stud bumps 130 can be formed with stacked bumps 136, as shown in FIG. Sc. Stud bumps
130 can &138 belformhEd witlet cafductVed&yersr2 2 aRXhoWaT i FIENBdT fFamy ease, the¥ormation of

stud bumps 130.Use a;simples lowsgost manufagturing RIeEesSiment, a discrete
semiconductor component can be mounted to interface layer 121.

In FIG. 3b, a plurality of stud bumps or posts 130 are
formed over the wettable contact pads of conductive layer 122.
In one embodiment, a wire-bonding machine can form stud bumps
130. Stud bumps 130 have a height ranging from 2-120
micrometers (pum)

FIG. 3b shows stud bumps 130 implemented as stud
bumps, including bump portion 132 and stud portion 134. 1In
another embodiment, stud bumps 130 can be formed with stacked
bumps 136, as shown in FIG. 3c. Stud bumps 130 can also be
formed without conductive layer 122, as shown in FIG. 3d. 1In
any case, the formation of stud bumps 130 use a simple, low-cost
manufacturing process.

FIG. 3e shows an encapsulant or molding compound 138
deposited over semiconductor die 124 and stud bumps 130 using a

paste printing, compressive molding, transfer molding, liquid
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FIG. 3e shows an encapsulant or molding compound 138 deposited over semiconductor die 124 and stud
bumps 130 using a paste printing, compressive molding, transfer molding, liquid encapsulant molding,
vacuum lamination, or other suitable applicator. Encapsulant 138 can be polymer composite material,
such as epoxy resin with filler, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 138 is
non-conductive and environmentally protects the semiconductor device from external elements and

contamingREE B EApEHafP 188 B derfbe s YhintiTy- 6 bIaSHa StEhNG!E plakrizethe surface and
expose stpbbumps d:30. Altemativelya e heightafstyd bpspant30 eampedessthantdtbe thickness of

semiconductor die 124 (with die facing downward). After performing_encapsulation, both encapsulant and

the backsid& of SEmESHH IS i€ 194 Uhdbigo- §rindiRg OF laHarizafsi ulticekposingStud Bumps 130.
By doingise] stuskbumps 130 hewe narelretiabilityioanithsiand encapsidanidlows dhe materials cost of the

stud bum(gs an be reduced anthotaI package htﬁi%ht can.be reduced. . In EIG. 3f, a topside
build-up TAte CORNect SHIRRTE 14D BTSThist Sver X first Sarfas B &RCapEulari 138" THe build-up
interconnext structlires 146inciudesan inswtatingrorassivatian dayer Nd2tfotrped byRQoEVD, printing,

spin coating, spray coating, sintering, or thermal oxidation.. The passivatign layer 142 can be one or more
60 ti5kid6 (5103), STicon e STy, Sco oxyhiice (SION)

layers of Sflicon con ni oxynitride , fantaltnm ﬁesn?oxide
(1a205), atuminummexidé §A1203) lareothertmaterial haviagrsimgartinsdlating @ndwstrusturabproperties. A

portion of passivation layer. 142 is removed by an etching process o expo tud humps, 130. An
eIectri(:aI%/%csined?f:ti\?r(lkz'1 ?%/eF ?Mlalsg o%%%sgveﬁﬁssu S‘ﬁr?g’ aylércii a%é%sta%%ur?%l;{?éoddéng patterning
with PVDf @VD cspltteringr electroByfic platingy Electrotessplatimgpsprocessror dthéhsuitable metal

depositiop, progess Ganductive jayey, 144 cande,ene o morg layers of Al Cy,5n. MiqAp,69, or other

suitable electrically conductive material. One portion of conductive layer 144 is electrically connected to
stud bumpsi8dl @iherportions of cefductiveriaydr B4deabe efdctdcallyommmon or efectrically isolated

dependingan, thesdesign ardfungiiomafdhg semiconduciondevier s 1y o withstand
encapsulant flow, the materials cost of the stud bumps can be
reduced, and total package height can be reduced.

In FIG. 3f, a topside build-up interconnect structure
140 is formed over a first surface of encapsulant 138. The
build-up interconnect structure 140 includes an insulating or
passivation layer 142 formed by PVD, CVD, printing, spin
coating, spray coating, sintering, or thermal oxidation. The
passivation layer 142 can be one or more layers of silicon
dioxide (Si02), silicon nitride (Si3N4), silicon oxynitride
(SiON), tantalum pentoxide (Ta205), aluminum oxide (Al1203), or
other material having similar insulating and structural
properties. A portion of passivation layer 142 is removed by an
etching process to expose stud bumps 130.

An electrically conductive layer 144 is formed over
insulating layer 142 and stud bumps 130 using patterning with
PVD, CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive

layer 144 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
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An insulating or passivation layer 146 is formed over passivation layer 142 and conductive layer 144
using PVD, CVD, printing, spin coating, spray coating, sintering, or thermal oxidation. The passivation
layer 146 can be one or more layers of S102, SI3N4, SION, Ta205, Al203, or other material having similar
insulating and structural properties. A portion of passivation layer 146 is removed by an etching process
to expose conductive layer 144, In FIG. 3g, carrier 120 and Interface layer 121 are removed by

chemical¥tchihf ShetHarie e sedl-oHC EMIS arhs¥hanic N grinditg tREfhdIDake, faser BEAAMIRG, or wet
stripping.Jgordugtivedayer 122/and cantackpads 126 of semiconsiustos diey 124 ase exposedbiollowing
removal of carrier 120 and Interface layer 121. . InFIG. 3h, a bottom-side build-up Interconnect
structure 150is fOMST ob&rd 5880h P Surfads B drichpsufnt 138 2 dpsotite 16 pSide Bufldiip thierconnect
structure ddithm and afrentstirface 0f semicenductor died24dThe budpelntereanmectsiructure 150
Includes an electrically conductive la er§52 formed usin% patterning with PVD, CVD, sputtering,
electrolyticpIgkng el gtrglqqus S%Iﬁﬁgoprﬁ &8 br Bther Suitable metal deposition process. Conductive
layer 152 can be one axrmanedayersiofdAlpCupSashili;adui, &g, b ptherisuitable electricallyoenductive
material. One portion of c]c_)nductiv44I%/er %52cis %{S%%if?}'éy onnect%(l 50 stud burg% 138@5@ contact

pads 126°6F semiconductor die 1 ther por?l%ns of ‘conductive layer 153°¢an be electrically common or

electricaliyrisolatetbdepending oatthe gdesigprand funetiomof theisemiconductor devieema 1 An

insulating,or passiyation Iayer 134 formed over, gonducfive Jayer 152.81d agtive, surface 136, o
semiconducior die 124 using P% 5 prlnting,‘\épln coating, spray coating, sintering, of thermal

oxidationoThé passivation faye? 16X cahaidone bi Afbte layersof Si02)8i8N4aSiON vTIaz05, Al203, or
other mateyial haying, similar ingulatng and siructyrah propspiies, Aortion of nsulagingjayer 154 is
removed by an etching process fo expose conductive layer152.
passivation layer 146 is removed by an etching process to expose
conductive layer 144.

In FIG. 3g, carrier 120 and interface layer 121 are
removed by chemical etching, mechanical peel-off, CMP,
mechanical grinding, thermal bake, laser scanning, or wet
stripping. Conductive layer 122 and contact pads 126 of
semiconductor die 124 are exposed following removal of carrier
120 and interface layer 121.

In FIG. 3h, a bottom-side build-up interconnect
structure 150 is formed over a second surface of encapsulant
138, opposite topside build-up interconnect structure 140, and a
front surface of semiconductor die 124. The build-up
interconnect structure 150 includes an electrically conductive
layer 152 formed using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process. Conductive layer 152 can be
one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material. One portion of conductive
layer 152 is electrically connected to stud bumps 130 and

contact pads 126 of semiconductor die 124. Other portions of
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An electrically conductive bump material is deposited over conductive layer 152 using an evaporation,
electrolytic plating, electroless plating, ball drop, or screen printing process. The bump material can be Al,
Sn, Ni, Au, Ag, Pb, Bi, Cu, solder, and combinations thereof, with an optional flux solution. For example,
the bump material can be eutectic Sn/Pb, high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 152 using a suitable attachment or bonding process. In one embodiment, the
bump matefalis refitive By heatiry i materfat abbvé fte Meiting P8t t& Forf- §5tiericat bals or bumps
156. In same1appligationss hamps 136 arereflowegra seeondtime 1o improvenglectrical contact to
conductive layer 152. The bumps can also be compression bonded to conductive layer 152. Bumps 156
represent 6fie SRS S hErcSifect Structure that can be formed over conductive layer 152. The
interconnect structure gan alseulsecbent wirepacondustive pastey stdlBUmp smfesenin s other
electrical interconnect Semiconductor die 124 ar singu# ted with saw blade or Laser cutting tool
158 into AU SEmidGHETEror teVided £63, SUch sttt G . ARG STHELTATEN: (e Pelvidual
semicondurtordevicePI60 canbe stadked as shepinindd &t bnStuds burnps AIOtErowide vertical,
z-directiog.in eégronnect bgtvé%enr%)%fidoe bljjfild£up %nterwgectalgger 14Q gpld Pgttgm-ﬁigg build-up
Interconnect ayeﬂgo. Conductive ayerxf Fis'electrica y connected Fhlrough Stld bumps 130 to
conductiveslayer 152 andmoniact pads d260f@achSemid¢onducitr, dévie®160A1203, BKG. 6 illustrates
an embodiment of the vertical interconnect structure with_the semicanductor die having an upward facing
active suﬁglc]g.rsfrr}]a}ﬁlﬁol tah% %%%égg dgéénr%bie%rinlﬁ%%. %g-%}% S%Iﬁw%cgn%dru%%grugea{/}ce 170 uses a
temporanysuipstratecer -carfierwith aproptionahisiteréaceniayér yeich bperates agancetckrstaplayer. An

electricalg/t%qﬁ%gtiig% layer 172 is _@!Hbeé"eo"c%ﬁ@% catrier _ng%Bati%rQi.ng with PVD, CVD, sputtering,

electrolytic plating, €lectroless plating process, or other suitable metal deposition process. Conductive
layer 172 can be one drrmeredlayerssfAlyCACSAUNE Al Ay, pelysilicon, arothepsaitaisié electrically

conductive, material Gondugtive Jayer 17 Includes wettahle cantact pads forJatey farmafion of the stud

bumps. ~ A plurality of semiconductor die or components 174 is mounted to the carrier in a flipchip
arrangeniert witieorftaGtPads  EFs oRemted upward L Seffcohduetor Hié $72 IReliaés aetive surface 178

containing,analogor digjial ¢irgrifs Implemented.as activg deviges, passixg dexicespgonductive layers,
and dielectric layers formed within the die and electrically Interconnected according to the electrical
design afd funtfioADF thetifé. Forkxample e EREHEMaY iNdltBe VeVt MorPHtarisistdrs, diodes, and

other circuifelements formed withip astive- swfagend’ & ta knplement haseband analog cifguits, or digital

circuits, such as DSP, ASIC, memory, or other signal . .
high-lead solder, or  lead-free solder. The bump material 1is
bonded to conductive layer 152 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 156. In some applications, bumps 156
are reflowed a second time to improve electrical contact to
conductive layer 152. The bumps can also be compression bonded
to conductive layer 152. Bumps 156 represent one type of
interconnect structure that can be formed over conductive layer
152. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor die 124 are singulated with saw blade or

laser cutting tool 158 into individual semiconductor devices
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processing circuit. Semiconductor die 174 may also contain IPD, such as inductors, capacitors, and
resistors, for RF signal processing. In another embodiment, a discrete semiconductor component is
mounted to the carrier or Interface layer. A plurality of stud bumps 180 is formed over the
wettable contact pads of conductive layer 172. In addition, a plurality of stud bumps 182 is formed over
contact pads 176 of semiconductor die 174. Stud bumps 180-182 are formed by stud bumping process

using a Wits2horfdifg niachiie “Sud buis 180- 185 E&T be B8 W20 Ay, sbitfer i0Fdthér Sditable
electricallygoneustivie matetal;in-ere erhodinent: studkburaps 189-182are Implementet.as stud
bumps. Alternatively, stud bumps 180-182 can be formed with stacked bumps, similar to FIG. Sc. Bond
wires 186 at&eldaliically cOnReGEd Betwéert tohthct fads 176 ahdtohdbEihve Ryer172. An
encapsulast acmolding sompound LB8us deposited avercssemiggaduatan dient bamnd studshursps 180-182

using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum
laminatioR " 6r StheF stiftab! %%Iﬁ)ﬂg&gr.%%]cgalbs% Ant 18%%%% thﬁc‘)fl()e/m i %ﬁéo%fg hiaterial, such as

e
epoxy resinavith-filter ] egoxyoacrylate withifiler oit potyre witl prapar fitler. Encapstulang 188 is

non-conducive and rvirnmentally, protects the,semicondyctor device fom xternal elemegt and
contaminanf]s.%ncapsﬁlant 188 uh erg%es grinding or plasma eetcﬁingr%o p?anarizeethe surface and

expose stud bumps 1801182.6 illudXtopside buildeupdatercomnect stricturee1 30 issformed over a first
surface of egg%%sulant 88, Thecl%und-up llnttgrc&ggecszte srﬁriuccé%@ulcgcooIrn.c(ljyideesh%nvlfsulatlng or passivation

layer 192 forme %Iilnlg\? , E‘,%l pri%]'fiﬁgyspm coating, spray coating, sintering, or thérmal oxidation. A

portion ofipward facing active surface. Similar to the process described
in FIGs. 3a-3h, semiconductor device 170 uses a temporary
substrate or carrier with an optional interface layer, which
operates as an etch-stop layer. An electrically conductive
layer 172 is formed over the carrier using patterning with PVD,
CVD, sputtering, electrolytic plating, electroless plating
process, or other suitable metal deposition process. Conductive
layer 172 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
W, poly-silicon, or other suitable electrically conductive
material. Conductive layer 172 includes wettable contact pads
for later formation of the stud bumps.

A plurality of semiconductor die or components 174 is
mounted to the carrier in a flipchip arrangement with contact
pads 176 oriented upward. Semiconductor die 174 includes active
surface 178 containing analog or digital circuits implemented as
active devices, passive devices, conductive layers, and
dielectric layers formed within the die and electrically
interconnected according to the electrical design and function
of the die. For example, the circuit may include one or more
transistors, diodes, and other circuit elements formed within
active surface 178 to implement baseband analog circuits or

digital circuits, such as DSP, ASIC, memory, or other signal

-18-—



passivation layer 192 is removed by an etching process to expose stud bumps 180-182. An electrically
conductive layer 194 is formed over passivation layer 192 and stud bumps 180-182. Portions of
conductive layer 194 are electrically connected to stud bumps 180-182, respectively. Other portions of
conductive layer 194 can be electrically common or electrically Isolated depending on the design and
function of the semiconductor device. An insulating or passivation layer 196 is formed over passivation
layer 19P&RF ESTdudive tayat o4, ASFEHiGATE idubdtingiayer' fo6 R refiaiRd IR &R éfbh}%é) process to
expose conductive layer.1¥%rs, capdieiedrier anddntedace tayes arg semaved by .chemical etching,
mechanical peel-off, CMP, mechanical grinding, thermal bake, laser scanning, or wet stripping. A
bottom-si%]éoéiﬁlﬂg’dﬁlﬁ\terci[)ﬂn@&oé—tnfc]fur%“%ﬁiijs%ﬂﬁed dvErs SEEbfd SGRACE BREREATsulant 188,
opposite tepside buitd-up IRtetearuect struciare-390,iand abacksurfage ©f seguconductor die 174. An
electrically conductive layer 202 js formed over conductive layer 172 and tge back surface of
semiconductor die 174 Ghe poHion bf 8 n&ﬁ&ﬂgekig?grszdzgé e1&ctfidaMf Coraeted t5°stud bumps 180.
Other portionsadf conductiveclayern22 cdan berelectrically dammoniorelectricalhsisotatech depending on
the design.and function of the semiconductgr, device. An insulating or p ssivationJay r-204 is formed over
conductiE IS aT 563 b 16 Hack Siiod oF semceHGtr SS L8k DB ot SFIRadiaing tayer 204 i
removed dyrarcetohingtpnocess tol ¥posestcorttiuctive fayes 20282 are Anmlectritallyscortluctive bump
material is deposited over conductive layer 202 ysing, an evapaoration, electrolytic platin ctroless
plating, bl%ﬁm 56,90 src?ect-:'ens[S)rihlt“‘l:’nlgn[C)Iroécp:/e‘gé.r'?h_;:]!j BB?%“ a{%gri%%l(l:gr? be A%g(r%/ &P%US %lgg!g_b, B1, Cu,
solder, ad@ eomindtionSuherebf, with an optioadldflux solutior ¢or exanpie,¢he bapip materiat can be

eutectic Snyph, highslead splder, or lead:free solder, The bump materjals honded do cndugtive layer

202 using a suitable attachment or bonding process. In one embodiment, the bump material is reflowed
by heatingthe srnateriaFalsevesits:metitgsoint Blfoanspheriedlballstorbummiper206.9A-sbPie applications,

bumps 206 are reflowed. a seeend time toimprove electrical gantact forcondustive laysr, 202. The bumps

can also be compression bonded to conductive layer 202. Bumps 206 represent one type of interconnect
structureTR&CEANLEE fothfeEdwst cohdadtve RyBR20Z STheRiteiRBANECTStUctureadn disé use bond
wires, copductivepaste istud bump, migro bump, or other electrical interconnect Semiconductor
device 170 is stackable. Stud bumps 180-182 provide vertical, z-direction interconnect between topside

build-up interconnect 1&yerYeraTd bRomSEide Blfid-Up ifterestHEet fer 2009€BRGICR/ layer 194 is
electricallycannested-threkah studbumps 1808240 condustive layer 202, contaef pads:li& and bond

wires 186 of semiconductor device 170. FIG. 7 illustrates an embodiment of the vertical

interconrRet Birdtbire GRARINRSGHRIGrPBL fimelia i BOtBMNLSdE FitercbBneet structure before

encapsulatiendsihisrcaseo adotem-sige auldigmintereopnectstrustine 2448s fammed over the carrier.
An electrically conductive layer 242 is patterned and deposited using PVD, CVD, sputtering, electrolytic

plating, eTettrotéss Hlating PRSTEREVdAdther SitANE mstaPdepdsitor I BRH ifGividtaparidns or
sections 242a-242hePheyndividual partians ofl cenductive tayer 2421carebe; etactrically €ommsen or
decnma%gfgﬁg¥jwith proper filler. Encapsulant 188 is non-conductive
and environmentally protects the semiconductor device from
external elements and contaminants. Encapsulant 188 undergoes
grinding or plasma etching to planarize the surface and expose
stud bumps 180-182.
A topside build-up interconnect structure 190 is
formed over a first surface of encapsulant 188. The build-up
interconnect structure 190 includes an insulating or passivation

layer 192 formed by PVD, CVD, printing, spin coating, spray

coating, sintering, or thermal oxidation. A portion of

-19-—



depending on the connectivity of the individual semiconductor die. Conductive layer 242 can be one or
more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically conductive material. A resistive
layer 244 is patterned and deposited over conductive layer 242b and between conductive layer 242e and
242f using PVD or CVD. Resistive layer 244 is tantalum silicide (TaxSiy) or other metal silicides, TaN,
nickel chromium (NiCr), TiN, or doped poly-silicon having a resistivity between 5 and 100 ohm/sqg. An

insulating’ By 386 1 fridGvet 1ésistive RY8Y 244 REiny PYBCREVESY drntifg SSinteting*BP ftfermal
oxidations#he imstiating leayen 246 canhe-ane-ermesa layess atiSBN4; 502 2ION, 98208, ZnO, Zr02,
Al203, polyimide, benzocyclobutene (BCB), polybenzoxazoles (PBQ)), or other suitable dielectric
material. RESGVeTdyer 2545 8nd ﬁ%ﬁ%inﬁﬁgﬁér 746 cAT Be Tomfe PR The $8me’hask and etched at
the samertime 1 Aliernatively nresistive dayer244 andiinsutatingdayeri2461aan be patemed and etched with
a different m sl% gy_gr{?lélating or%%ssiva jon IaySE 48 is formed over esisti\(/je Ia¥er 244,
insulating’fayer 248 5nd Eonduictive 1a7dt Fa2 0Sing spind ?iﬁg?ﬁf/ﬁ%?&rirﬁ%@,%ﬁ’u éring, or
thermal axidationl The passivatien éayer 2481cCayn heoone or arore layers 0f 5i02; Si3N4 28N, Ta205,
Al203, or thgrngﬂaterial havmg sol[JitabIe insulgtiggrfi)r%qerties.fA ortion of passivation layer 248 is

removed 10 ]%xpos%é1 %or?élugtlve Iaf?’esrlﬁfb, Tesistive I%lyefD 544?, andq ﬁ]sﬁ%{}haﬁgfé%cz&%? An

electricalbyecoincleictivé tayen 2562 as patieme desrrbdepasited olvey eonddctivesayerra4?] resistive layer 244,
insulating iyt 648, and passlyationlaypr,248 ysina YR, CYP, Spugring L1galiolytic plating
electroless plating process, dr other suftable metal eposition 5rocess to form Individual portions or
sections whighleant bg elecdcally Tommon onelectridallydsolatedhdependimg-en the cormactivity of the
individuagg%rg'{gggg%to[ggeepolr@yptive layer 252 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or

other suitable electrically conductive material.
The carrier and interface layer are removed by

chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 200 is formed over a second
surface of encapsulant 188, opposite topside build-up
interconnect structure 190, and a back surface of semiconductor
die 174. An electrically conductive layer 202 is formed over
conductive layer 172 and the back surface of semiconductor die
174. One portion of conductive layer 202 is electrically
connected to stud bumps 180. Other portions of conductive layer
202 can be electrically common or electrically isolated
depending on the design and function of the semiconductor
device. An insulating or passivation layer 204 is formed over
conductive layer 202 and the back surface of semiconductor die
174. A portion of insulating layer 204 is removed by an etching
process to expose conductive layer 202.

An electrically conductive bump material is deposited
over conductive layer 202 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing

process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
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An insulating or passivation layer 254 is formed over conductive layer 252 and insulating layer 248 using
spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The passivation layer 254 can be one or
more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating properties. A
portion of passivation layer 254 is removed to expose conductive layer 252. The structures
described in build-up interconnect structure 240 constitute one or more passive circuit elements or IPDs.

In one erfibodiffeht Condtiitive et 2350 Creistive Taer 244 s utdtingRayereds, Bhdconductive layer
252 is a metalinsylator-metal MMy capacitos. Resistives layen 244 betwern eondudtive layeridle-242f is
a resistor element in the passive circuijt. The individual sections of conductive layer 252 can be wound or
coiled in PEANiERAG pFEdTE or EFhiBIE T dESifedPHrbPeHies ditin MAliBIGFEFRE tPD striicture provides
electricalishasacteristicsorergesifoe highyfeequeneyapplications, sueld as rasenaibrse highopass filters,
low-pass filters, band-pass filters, symmetric Hi-Q resonant transformers, matching networks, and tuning
capacitoraTHe 1D AR Be used As frafit-eRa Wirdlsds rF CompoHEAtE WiIER @an b positioned
between thef anteanaandhisansoeiver hEhenindercior icandasra hi-€bakibt tragsformetr, arcofl peperating up
to 100 Gigahertz. In.som plications, mulfiple baluns are formed over a same substrate, allowing
li-barE i G, Bt Sxeles G b1 Ate beldhes S VBt h  Gsad banc 1oF Wb bhones or
other globalesystem dercmobile {GSM) coimmunications; @achdlaturt dedicatedbior adtequency band of

operation.gf e quagkband, devies A tpigal R system.fequires muliple,|PDs and ather highfrequency
circuits in'one or more semiconductor packages t percform ‘the necessary electrical functions. A
plurality dfsepsicdrductorediéarconiibhent$214 §s Bdtntetbtostherbuildagp intareonrdect structure 240 in

2 flipchip grangement WitLGoniact pads 216 orented danmard oyeLihe caier. Somicpnguctor die 214

includes an active surface 218 containing analog or digital circuits implemented as active devices,
passive déVices, EbRductiveraperscand dielectric 18/ers formetbwitkia thedie and efoctrically

interconnegied accarding fo the elacyical design.and fungtion, of the djenEor example; the circuit may
include one or more transistors,
lnterconnect

Semiconductor device 170 is stackable. Stud bumps
180-182 provide vertical, z-direction interconnect between
topside build-up interconnect layer 190 and bottom-side build-up
interconnect layer 200. Conductive layer 194 is electrically
connected through stud bumps 180-182 to conductive layer 202,
contact pads 176, and bond wires 186 of semiconductor device
170.

FIG. 7 illustrates an embodiment of the vertical
interconnect structure with one or more IPDs formed in the
bottom-side interconnect structure before encapsulation. In
this case, a bottom-side build-up interconnect structure 240 is
formed over the carrier. An electrically conductive layer 242
is patterned and deposited using PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition to form individual portions or
sections 242a-242h. The individual portions of conductive layer

242 can be electrically common or electrically isolated
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diodes, and other circuit elements formed within active surface 218 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, or other signal processing circuit. Semiconductor
die 214 may also contain IPD, such as inductors, capacitors, and resistors, for RF signal processing. In
another embodiment, a discrete semiconductor component is mounted to the build-up interconnect
structure 240. A plurality of stud bumps 220 are formed over conductive layer 252. Stud bumps

220 are lEGREAN Cortfectéfto-Coitiictive tdyer 25253 ddltadtpitislo feBf-seiidonda&tor die 214.
An encapsidant ar speldingicampeynd-228 is depositedgver semiganductofie 244 and,stud pumps 220
using a paste printing, compressive molding, transfer molding, liquid encapsulant molding, vacuum
lamination or Other StitaBig ‘apPlicbF Encapstiit 228 Lan e FoIymer coRiPEsite Wiaterial, such as
epoxy resiawthifiller, epoxy acrylate with filler, or polymer with proper filler. Encapsulant 228 is
non-conductive and environm,entallé/ Spr tects the semiconductor device f%m external elements and

r

contaminants. Encaps(ilahf228 tih 2rinding o plR&MaStehing I8 PIatTEHZe the Suffdcs and
expose stuthburmps220layer 2AXopside budldwipeintercanneat streciure 23028 fermediovdr? £

encapsulant 228. The build-up interconnect structure 23Q includes an insulating .or passivation layer 232
SV HB. .ﬁe51st ve %a r if tant gfﬁf) ae

formed blylw, B]ﬁntlng, spin coatlngl, spray &]gating, sinjtés’ring,%r?hélrmma oxidation. A portion of

passivatidfi dayfer 2B2ds rembeed by taanletshihgqprdeess agkposestad bamps220u AfiNeléctrically
conductive, layer 234 is formed-qver passivation layer 232 and.stud bu 220. A portion %conductive
layer 234 is e’Iec?tﬁchﬁPceoc}}r%%tey fo stud %I&mpasv 20, thré?f)(l)rst'itjoh\élog]ygo%ﬁ Zﬁ(‘g]tleveepllaggle|F5l 534 can be
electricallSdomimon=or eledtricallysisolated depentding dAGhe sleSigrmatt funetion of thetdemiconductor

device. A7 ipsulating of passivaign layen23415 farmed over passivation layer A32,and conductive layer

234. A portion of insulating layer 236 is removed by an etching process to expose conductive layer 234.
The carriekisdemioved byléisenicaldizhingy mechanicat peelkoff GMP) tevhanivat ghindiag sthermal

bakeJaSSEsgﬁﬁﬁﬁgi%@@%ﬂgﬂﬂgﬁg-Tazo5, Zzn0O, Zr02, Al203, polyimide,
benzocyclobutene (BCB), polybenzoxazoles (PBO), or other
suitable dielectric material. Resistive layer 244 and
insulating layer 246 can be formed with the same mask and etched
at the same time. Alternatively, resistive layer 244 and
insulating layer 246 can be patterned and etched with a
different mask.

An insulating or passivation layer 248 is formed over
resistive layer 244, insulating layer 246, and conductive layer
242 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 248 can be one or more
layers of Si0O2, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. A portion of passivation
layer 248 is removed to expose conductive layer 242, resistive
layer 244, and insulating layer 246.

An electrically conductive layer 252 is patterned and
deposited over conductive layer 242, resistive layer 244,
insulating layer 246, and passivation layer 248 using PVD, CVD,

sputtering, electrolytic plating, electroless plating process,
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An insulating or passivation layer 258 is formed over conductive layers 242 and insulating layer 248 using
spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The passivation layer 258 can be one or
more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating properties. A
portion of passivation layer 258 is removed to expose conductive layer 242. An electrically
conductive layer 260 is formed over conductive layer 242 using patterning with PVD, CVD, sputtering,
electrolytRFplafifg Tel&ctrd1abs plating procEdo %f‘}éﬂ%? Softablesieta? depoEitidR ProcessEonductive
layer 260-canbe opedr neredayers aftiilcEuc-SA, Nk Al Ags ©f Othersuitahileseleetrically conductive
material. An electrically conductive bump material is deposited over conductive layer 260 using
an evaporafion. eté@rotic piatAg, e r8IESS piatinG bl GropC BF §EPebh grinting prBEess. The bump
material cambe AduSn, Niehlc &gt B, Eue soldesrang-eambinations theseof; svithcan eptional flux
solution. For exampbﬁe, the bump material can be eutectic Sn/Pb, high-lead solder, or |ead-free solder. The
bump matéridlis bo 85&?0308%& ive 1ayer2B0 Osing AkuitaBle Stachmé&dt o bonding process. In one
embodiment dhe buamp matenial is reflowetkhy heating the material above its melting point to form
spherical balls or bumps 26%.8Infé){ne applicatigg%,.b%r]gg% 26% ar%rrefécgly}ed a sgg]c_)n%l imoe té)rlmprove
electrical contact to con&uétlveﬁayerlélé;b.%epbumﬁg can aiso be compressllon ohded to’ ¢onductive
layer 260: Bumps:- 262 répresentdrie type of histetconinegt stayeture’thait cane fepmed over conductive
layer 260. Thg.lnterc%}}sact slrycture can also uselg%nd wires, condc%céiylﬁé)gste St dcki)%gpp, micro bump,

H r 4 14 t /A 4 . . .
or other electrical Ihtercorinect PE e miconductor devidé 210 is stac Ie(.jé%udabumps 220 provide

vertical, zT-U'weGI&ﬁBIhV@’t@nnedtMeéﬁ fopside baild_}up I|021;e_raitmﬂ@ci‘L fayer 230 andisttiom-side
build-up letergannedtdayer:248, &onduistive layer 2345 electicaly ponaesied tarpughysiud bumps 220 to

conductive layer 252 and contact pads 216 of semiconductor die 214. FIG. 8 illustrates an embodiment of
the verticalhiiterebanectBIRIRAITE With- oné oP fridré IRDIbrmed i thettopsideamrcaritect Structure.

Similar to.the progess,desgribed in KlGs 3a-3h, §g?¢qpr@g§t.or device 270 uses a temporary substrate or

carrier with an optional interface layer, which operates as an etch-stop layer. An electrically conductive
layer 272 is formed ovérithe<CafHECUSiRG paReMHing Aith PVDUC VD, Sputtefhsg, Eearsiftic plating,

electroless plating process, erather syitabls metal-deposition, process -Cendygtive layer 42 ean be one
or more layers of Al, Cu, Sn,
IPDs. In one embodiment, conductive layer 242b, resistive layer

244, insulating layer 246, and conductive layer 252 is a metal-
insulator-metal (MIM) capacitor. Resistive layer 244 between
conductive layer 242e-242f is a resistor element in the passive
circuit. The individual sections of conductive layer 252 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 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
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Ni, Au, Ag, W, poly-silicon, or other suitable electrically conductive material. Conductive layer 272
includes wettable contact pads for later formation of stud bumps. A plurality of semiconductor die
or components 274 is mounted to the carrier in a flipchip arrangement with contact pads 276 oriented
downward. Semiconductor die 274 includes an active surface 278 containing analog or digital circuits
implemented as active devices, passive devices, conductive Layers, and dielectric layers formed within

the die afd l&tically terCorfetfed®adcdrding 6 the efbctritat de8n &R finERdn BPthelde. For
example dhecireuis mayt insludgiengsar mpee thansistorsctiedes, @uhgther gireut elements formed within
active surface 278 to implement baseband analog circuits or digital circuits, such as DSP, ASIC, memory,

or other SIGTA ProceLsing SRt SentitondudtoFdie Y may As P LoB D, FhchastiRductors,

capacitorgnuand resistoss; facBE signal processing: Ik apother eshodimenty aldiserete semiconductor
component i mounte(yo e carrier or interface Layer. A plurality of stud bumps 280 are formed
over the AEHABIE EBntAc Bacs ot EERActVe fagli 572 Ah BREASSUIBREST o EoEbuAd 288 is
depositeg avernsemicondpetor dien2 A and stk bamnps 2BOA1siig a Jpasten printing; compressive molding,

transfer molding, I|qU|dAen%LEJl§g?nE molt%lng, vacuu LIlacr'(t]l(r313z_;t|8n, or other suitable %%plécla%or. Encapsulant

288 can be polymer comﬁ)osne méte¥ia?, suc nréllsce?ﬁloxy resin wii’ﬁfil(fé:r, 883&%}3 Qgrrf/ e wit fﬁﬁ’ar, or

polymer with prepertfilet.lfendapsutant 288 ns aonwonductiveand envieorimentatly pratéctsthép

semicondycloy device ropy external elements and sontaminaits, Eneapsylant 288 indergoes grinding or

plasma e?(]::hrlng o planarize the surface and expose stud bumps A topside build-up
interconneet stracture 280 is-fondhed tover @iffrstSutfacecdfmheapsnlant 288 Al nstdatingZaripassivation

layer 292 js formed guer encapsulant 285 and;stud bumps. 280, using.spin goating, BUD, CVD, printing,

sintering, or thermal oxidation. The passivation layer 292 can be one or more layers of Si02, Si3N4,
SiON, Ta20%. AX03, b dthier ateriacikaving soitatslé ivsuldtippropertivs. ALgdrtioh of passivation layer

292iSrem&yégéoPBE%%BS%@é%%HP%QQOdie and electrically interconnected

according to the electrical design and function of the die. For
example, the circuit may include one or more transistors,
diodes, and other circuit elements formed within active surface
218 to implement baseband analog circuits or digital circuits,
such as DSP, ASIC, memory, or other signal processing circuit.
Semiconductor die 214 may also contain IPD, such as inductors,
capacitors, and resistors, for RF signal processing. In another
embodiment, a discrete semiconductor component is mounted to the
build-up interconnect structure 240.

A plurality of stud bumps 220 are formed over
conductive layer 252. Stud bumps 220 are electrically connected
to conductive layer 252 and contact pads 216 of semiconductor
die 214.

An encapsulant or molding compound 228 is deposited
over semiconductor die 214 and stud bumps 220 using a paste
printing, compressive molding, transfer molding, liquid
encapsulant molding, vacuum lamination, or other suitable

applicator. Encapsulant 228 can be polymer composite material,
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An electrically conductive layer 294 is formed over insulating layer 292 using patterning with PVD, CVD,
sputtering, electrolytic plating, electroless plating process, or other suitable metal deposition process to
form individual portions or sections. The individual portions of conductive layer 294 can be electrically
common or electrically isolated depending on the connectivity of the individual semiconductor die.
Conductive layer 294 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically

conductivé*iatérial SBRE poFon8f corductive ffer 29498 Bletticals ‘contiettedtd sted bufip 280.

Other pogionsf conductiverlayer-2%4 caa be electisally,aemmony electrisally-isalated depending on
the design and function of the semiconductor device. A resistive layer 296 is patterned and deposited

over contfiidte iayer 282 AndlinguBhing fHye? 285 Ustig PYD GHEVDT RLSHKLTE 1dyei™96 is TaxSiy or
other metat siiciges, Fabnbli€s TiNJorcdepedhpolyrsilicon avirgavesistivitysetweeshyard 100 ohm/sg.
An insulating layer 298 is formed over resistive layer 296 using PVD, CVD, printing, sintering, or thermal
oxidationglfgg%%at?ﬁg Ry&r2ds Chf e She Sr Mord tHyefs of 8RN 162 SO T35 2n0, 2102,
Al203, palyimides 3OB, PBQ, or other suitable dielectric material. An insulating or passivation
layer 300 is formed over passivation layer 292, conductive layer 294, resistive | 296, and insulating
layer 298 using spin cc%atin%?ﬁ%e, (R‘?’!%(,alﬁﬁrlfﬁingl,%ﬁw?é:r?r?grfnogrCfﬁer%éfl%%&aﬁ%r? fée lpsassivation layer
300 can lf®onedr overe layersmof Si62,tSi3RIE, SiIONe ThR03,JAR03, ortethep material having suitable

insulating properties. rtion ssivation layer 300 is removed to. expose conductiv er 294,
res.istive%sa%re}r?%té8,r gn%?r?suf‘a?i(%@z%e%r 508, myda%lnnglegtrric%ﬁﬁ ?:cl)?{g%cltﬁ/% %ﬁé’r%oz% il'gsa%atterned and
deposited overepassivation, lagei30@; conductive lalyen294aanidiesistivedayer@gsiusing PVD, CVD,
sputtering.glecqlic platings et oless plating process. ot alfey sutable,ietd) depggition prcess to
form individual portions or sections for further interconneciivity. The individual portions of conductive layer
302 can Be électricatipeontmbi or elethidaly dsalateddependirfgon fite edmeeduivity of thelindividual

semicondyctar,die Condyative Jayer,302 gan be.one ormore;laygis afAl, Gl Sga N AAG,Pr other
suitable electrically conductive material.
layer 232 and stud bumps 220. A portion of conductive layer 234
is electrically connected to stud bumps 220. Other portions of
conductive layer 234 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device. An insulating or passivation layer 236 1is
formed over passivation layer 232 and conductive layer 234. A
portion of insulating layer 236 is removed by an etching process
to expose conductive layer 234.

The carrier is removed by chemical etching, mechanical
peel-off, CMP, mechanical grinding, thermal bake, laser
scanning, or wet stripping.

An insulating or passivation layer 258 is formed over
conductive layers 242 and insulating layer 248 using spin
coating, PVD, CVD, printing, sintering, or thermal oxidation.
The passivation layer 258 can be one or more layers of SiO2,
Si3N4, SiON, Ta205, Al1l203, or other material having suitable
insulating properties. A portion of passivation layer 258 is

removed to expose conductive layer 242.
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An insulating or passivation layer 304 is formed over conductive layers 302 and passivation layer 300
using spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The passivation layer 304 can be
one or more layers of Si02, Si3N4, SiON, Ta205, Al203, or other material having suitable insulating
properties. A portion of passivation layer 304 is removed to expose conductive layer 302. The
structures described in build-up interconnect structure 290 constitute one or more passive circuit

elements or IPDs. In ot eRisodiment thhdGemEIayer 204, 78sistive tayet 286T MetiatiigTayer 298, and
conductivelayer302-ds a Mibkcapacites.iResistie:layar 296 isi also mesistorglement tethergssive
circuit. Other individual sections of conductive Ia{er 302 can be wound or coiled in plan-view to produce
or exhibitthg desied propérias bidn ifdFior © 155 BhetcdiflePARE ritSradd 1ayEF GFe removed by
chemicaliching, wegbanitaegel-off. CMP pimeeharical griding; thermaldake, teser seanmiag, or wet
stripping. A bottom-side build-up interconnect structure 310 is formed over a second surface. of
encapsuldit288, 85posite 185dide Blild-tp intéreortedt Structite 290, &id the frontstitaca ot
semiconductaitdie 2741 Ancelectticallyreonductive dayer 312 is formed over conductive layer 272 and the
front surface of semico&duc?r die 274. ? orrlt(ij%ncg.con uctive layer 312 is lelsecéricall%( coggected to

ne !
stud bumps 280. Other Bor%oﬁg %Jf %Sraf&ué]tiveciayer 12'Can’be elec ﬁ(?éﬁl%/acl()mmon%?% elcttrlcally isolated

dependingvarr theodesign and fuaction ¢fdhe semicorductoragevice. Aminsalating or passivation layer 314

is formed \éecricondggtiveec@{gdﬁgm and the front %LAI‘I%CE of semiconguctor die 274. A ggrtion of

. . S5 ting, drop, Or SCree T 10
insulating layer 374 is remove by an%tghlng%rocess to expose con uctlvenla%/jer 312 An

electricallyrcoreitietive Bumpomateriah issdépositedroves cdaductive ldyer 312 usdiag drtevdporation,
electrolytic plaing, £lectralgss pIgHing,aall drop. Of SEIESP PIAEIDG 51 optional flux

solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 260 using a suitable attachment or
bonding process. In one embodiment, the bump material 1is
reflowed by heating the material above its melting point to form
spherical balls or bumps 262. In some applications, bumps 262
are reflowed a second time to improve electrical contact to
conductive layer 260. The bumps can also be compression bonded
to conductive layer 260. Bumps 262 represent one type of
interconnect structure that can be formed over conductive layer
260. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 210 is stackable. Stud bumps 220
provide vertical, z-direction interconnect between topside
build-up interconnect layer 230 and bottom-side build-up
interconnect layer 240. Conductive layer 234 is electrically
connected through stud bumps 220 to conductive layer 252 and
contact pads 216 of semiconductor die 214.

FIG. 8 illustrates an embodiment of the vertical
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process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, B1, Cu, solder, and combinations thereof, with
an optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or
lead-free solder. The bump material is bonded to conductive layer 312 using a suitable attachment or
bonding process. In one embodiment, the bump material is reflowed by heating the material above its
melting point to form spherical balls or bumps 316. In some applications, bumps 316 are reflowed a
second titfe- oFiRTPIOGE BletticHt toRtact td-Cortitictioe 1 3125 FhE BuTss ¢ah 5B be compression

bonded te sppductivenlayer-3ha Bumps Sl6tepwesentong type efdntercomiesct stycture that can be
formed over conductive layer 312. The interconnect structure can also use bond wires, conductive paste,

stud burfp AEro¥BTmplor dffigr elkBirital intEfRbRRBENCEOT SS&hicdndulioP d8dicd 270 is stackable.
Stud bumpsn28Q proyvida:vertical 2-ditectian iterconnest betwsenitopside hutldrumsntercapaedt layer 290
and bottom-side build-up interconnect Iagﬁr 310. Conductive layers 294 and 3 %a}re electrically

connected thfoligh$thd btipE 280" to"ESHIUEHTR layef 312 and cSntastpade™276 of semiconductor die
274. con@liG L kusiratesran alternater embedimenrtrofithe vedical intereonnectsituciure iwith one or

more IPD for gg\}' th ttom-side interconnect structure after encapsulation. Similar to the process
dosoribed it FIGS Ma i Bor MG Gevieg SoD S ot o) Sibou L8 OF SLiF et with an
optional nterfacedaper wdich operateshas anwettlxsiop layer Andelectsically copductivedayer 322 is

formed ogeryls Sarter using patisning uith YR, CYD. soutienng elecolvia lating elgctroless plating
process, or other suitable metal deposition process. Conductive layer 322 can be one or more layers of
Al, Cu, SNINi,2Au, Agy Wlpoly<silicon, orother saitalsleletectdcallyedoieluetive hiaterdd! L€onductive layer

322 includgs wettable. contact pads for dater formation of Styd BUumps,, 1 , g A PLYralltof semiconductor

die or components 324 is mounted to the carrier in a flipchip arrangement with contact pads 326 oriented
downwardoSeaticorriudtoridie 32atreludes an tattive sirface328wontaining analog or digital circuits

implemented as active deyices, passive devices. conductive Layers, and dielegiric layers formed within

the die and electrically interconnected according to the electrical design and function of the die. For
example pBEHedit hray- RRILCRIGHESr mdré trahsiBiors FliodEs ERINGtREr Eikédit Slefietts formed within

active sugfage 32840 jpplemernt basghand analog-circuils of digital gireuitsy such as,RJR, ARIC, memory,

or other signal processing circuit. Semiconductor die 324 may also contain IPD, such as inductors,
capacitordCand Pesistofs §6r RESIGival prodddsingt I aRBtHer embidiment et disérete semiconductor

componenjs mpunteditodhe £arrierordaterface Layghsive diypluality of stugeyrpps 330 are formed
over the wettable contact pads of conductive layer 322. An encapsulant or molding compound 338 is

deposited DVEF Semitiondtictor Aie-324 and ST baMPESB0"Usifiy & pdste Prifitifg' Compressive molding,

transfer raoldings ligitigncapsulant maelding dvacuisr damination or-otbee suitable applicatern Encapsulant
338 can be polymer composite material, such as epoxy resin with filler, epoxy acrylate with filler, or
pdymerﬁﬁﬁp(ﬁ&ﬁ%mgﬁ of the die. For example, the circuit may include

one or more transistors, diodes, and other circuit elements
formed within active surface 278 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 274 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. In another embodiment, a discrete
semiconductor component is mounted to the carrier or interface
layer.

A plurality of stud bumps 280 are formed over the
wettable contact pads of conductive layer 272. An encapsulant

or molding compound 288 is deposited over semiconductor die 274
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Encapsulant 338 is non-conductive and environmentally protects the semiconductor device from external
elements and contaminants. Encapsulant 338 undergoes grinding or plasma etching to planarize and
expose stud bumps 330. A topside build-up Interconnect structure 340 is formed over a first
surface of encapsulant 338. The build-up Interconnect structure 340 Includes an insulating or passivation
layer 342 formed by PVD, CVD, printing, spin coating, spray coating, sintering, or thermal oxidation. A
portion of passivat n%&?@rssﬁ?é%fg réfnovedhyPar? efchifg proteds t& eXpose Stidouirps' 336 An
electrically-congdustivenlayer 344 is formed everpassivation tayes 342, angkstudibunps 330.:1A portion of

conductive layer 344 is electrically connected to stud bumps 330. Other portions of conductive layer 344

can be elREtrichlly EoMmdin Bl Elethithly fdotited deperamy an the’4&sigR AndFuR&Gion Sthe
semicondugigiodaviee .niit sukaling ar gpassivatipn Jayer S46ris farmedovargpgssiation layer 342 and
conductive layer 344. A porti f insulating layer 346 is removed by an etching process to expose
conducti\?eclléégFI §24.Wl€h foﬂlﬁee tarriet a%r)waa%{f%?ﬁcgﬁy rpa]‘?gf?(?%ogé% y'chemical etching,
mechanical peekoff AaEMP, $8edhanical -grindihg; tHermal bake nlaserscannirg, oy wetstrpping. A
bottom-si eebuilg-up Inrtlgrcggg%ct dsé[ru.c(tztére f31,:500mis fortrg%d oyer 3 s%g(r)lnds sgrf%ce of encapsulant 338,
opposite tfopsitfe Irr)lﬁﬁé)-uplfnterconne‘(:% Structure 325, and the front surf%lce ot semiconductor die 324. An
electricallyccormuctive tayer 352ds patiémed arftBdepaBitedassing PVID] CMD osputterisiga electrolytic

plating, eleetcéﬁg)iess Igtln rocess, or. %ther sm%%bclg rréentgl %ﬁposmon Erﬁ)&e}%& The %j vidual portions of

) T n b e S 0SS S S . . .
conductive Iayer %5 ca e g\gét%lcaﬁy ComH"lron or electrica )?ISO?ate depeﬁglrpng on the connectivity of

the individual s_emiconductt_opéi'edeohdm_&,mrellayé_rlBEZ@&n@@@@rm@@@eﬁ@ _@f Ak Cu, Sn, Ni, Au,
Ag, or othey, shitable electically conductive matepial, Conductive layeg 352 is glectrically coppected to

stud bumps 330 and contact pads 326 of semiconductor die 324. An insulating layer 354 is
formed ov&r carfdtEtive layer B52sing PVDs GDsihtitigs Sintariay, Dt therinal DXidatidns The insulating

layer 354 can be ogg qr.mare layers of Sighi4,Si02,SI0NyFa205,:210Q,,2102; ARQ3, polyimide, BOB,
PBO, or other suitable dielectric' material.
thermal oxidation. The passivation layer 292 can be one or more
layers of Si02, Si3N4, SiON, Ta205, Al1203, or other material
having suitable insulating properties. A portion of passivation
layer 292 is removed to expose stud bumps 280.

An electrically conductive layer 294 is formed over
insulating layer 292 using patterning with PVD, CVD, sputtering,
electrolytic plating, electroless plating process, or other
suitable metal deposition process to form individual portions or
sections. The individual portions of conductive layer 294 can
be electrically common or electrically isolated depending on the
connectivity of the individual semiconductor die. Conductive
layer 294 can be one or more layers of Al, Cu, Sn, Ni, Au, Ag,
or other suitable electrically conductive material. One portion
of conductive layer 294 is electrically connected to stud bump
280. Other portions of conductive layer 294 can be electrically
common or electrically isolated depending on the design and

function of the semiconductor device.

A resistive layer 296 is patterned and deposited over
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A resistive layer 356 is patterned and deposited using PVD or CVD. Resistive layer 356 is TaxSiy or other
metal silicides, TaN, NiCr, TiN, or doped poly-silicon having a resistivity between 5 and 100 ohm/sq.

An insulating or passivation layer 358 is formed over insulating layer 354, resistive layer 356, and
conductive layer 352 using spin coating, PVD, CVD, printing, sintering, or thermal oxidation. The
passivation layer 358 can be one or more layers of Si02, Si3N4, SION, Ta205, Al203, or other material
having stfi fstltingPreperties. ATBdriorT B fassivationviayer358 sSahtbvetto ¥xpo¥® conductive
layer 352z insudatinglayer,354, 25wl resistive dayer 366ot her méb:lectrically: eenguctive Jayer 360 is
patterned and deposited over conductive layer 352, insulating layer 354, resistive layer 356, and
passivation tdyer %B%’us‘?ﬁg PRAES TV, $puttelihgC BIeTbIEie platiriy’ tidctrbidss plating Brocess, or
other suitahle metal dleposiiion pracessstoifetmriadivishialpardiens or seetiens which can be electrically
common or electrjcally jsolated %e6pending on the connectivitﬁ of the individual semiconductor die.

ConductiV& Tayer 360 caisé ofie or Mioradayers ‘of Al "cuPSR N A%, AG-BF Gther Suitdble electrically
conductivenmaterial ox i dat iAn insulatingi erspassivation layerr3620i8 faemed eveneondtctive dayers 360

o e 258 B U0 YL P, sl e e e
having suitdble Fs0lating propertiesuAtportien df passivation layper3t2is.removed to expose conductive
layer 360. An insulating or passivation layer 300 is formed over
passivation layer 292, conductive layer 294, resistive layer
296, and insulating layer 298 using spin coating, PVD, CVD,
printing, sintering, or thermal oxidation. The passivation
layer 300 can be one or more layers of Si0O2, Si3N4, SiON, Taz205,
Al1203, or other material having suitable insulating properties.
A portion of passivation layer 300 is removed to expose
conductive layer 294, resistive layer 296, and insulating layer
298.

An electrically conductive layer 302 is patterned and
deposited over passivation layer 300, conductive layer 294, and
resistive layer 296 using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process to form individual portions or sections for
further interconnectivity. The individual portions of
conductive layer 302 can be electrically common or electrically
isolated depending on the connectivity of the individual
semiconductor die. Conductive layer 302 can be one or more
layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable electrically
conductive material.

An insulating or passivation layer 304 is formed over
conductive layers 302 and passivation layer 300 using spin

coating, PVD, CVD, printing, sintering, or thermal oxidation.
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The structures described in build-up Interconnect structure 330 constitute one or more passive circuit
elements or IPDs. In one embodiment, conductive layer 352, insulating layer 354, and conductive layer
360 is a MIM capacitor. Resistive layer 356 is a resistor element in the passive circuit. The individual
sections of conductive layer 360 can be wound or coiled in plan-view to produce or exhibit the desired
properties of an Inductor. An electrically conductive bump material is deposited over conductive

layer 360L0Sing anEVapbrationt dlttrofftic (fathd> eléttfoléss pIatifg, Balfdrdp r Scréén printing

process. dhenump materialcamshe Al &y NicAuoAgePbrB Gl agolder; ang combinatiens thereof, with
an optional flux solution. For example, the bump material can be eutectic Sn/Pb, high-lead solder, or

lead-free 'SdfdEr2 FHE HURTP Ridtdridl fs boAd&d fd-¢sHuuttive et 380 W¥ind 8 5titabe atfathment or
bonding preeess.dnoneembedimeastidihediurap materalis zeflowed by heating the material above its
melting point to form sgrherical balls or bumgs 364, In some %gkgdl(iﬁgrtions, buméos 139 aretreﬂowed a
second time to Imprové fectrical CoRtact 16" ESTUvE 1dyer3bb- TheHhUrPS €4 AlsoBe compression
bonded te tonductive lager 360 Bumps 864 reprasenbore typesafilatercennedt structuse thatwan be

formed o¥%rb%onduﬂ[1iv% rIlaeyeé 38851_916 rllr%tercoonrpggg %t{lxjfcwﬁ_eacaenr a%) 4usert()eosnd i.rgg, q_onductive paste,
stud bump, micro bump, or other efectrical Intérconnect Semiconductor device 32018 stackable. Stud

bumps 330 grovidewertical gz-tirgetiorindercendect hedween tepside build-0p interconhigdt layer 340 and
bottom-side bU"d'(U?Dr',merﬁani% t.layer,350. Cc%jélcy\ée I@er 344 is e&e&r&c}gllgg&ggg ted through stud

bumps 3300 8391: uctive layers 52 anlda 360 and contact pgas 326 of semiconductor die 324. As

demonstiated by FE8e7-91 thrilRDs can berformedd inditleer orduoth of theotopsiledbuildiwe interconnect
SUUCUHefg§@%ﬁ§%@6g§%b%gﬁ%%HHSK%@ngggﬂg&ﬂw@.plan_view to produce or
exhibit the desired properties of an inductor.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 310 is formed over a second
surface of encapsulant 288, opposite topside build-up
interconnect structure 290, and the front surface of
semiconductor die 274. An electrically conductive layer 312 is
formed over conductive layer 272 and the front surface of
semiconductor die 274. One portion of conductive layer 312 is
electrically connected to stud bumps 280. Other portions of
conductive layer 312 can be electrically common or electrically
isolated depending on the design and function of the
semiconductor device. An insulating or passivation layer 314 is
formed over conductive layer 312 and the front surface of
semiconductor die 274. A portion of insulating layer 314 is
removed by an etching process to expose conductive layer 312.

An electrically conductive bump material is deposited
over conductive layer 312 using an evaporation, electrolytic

plating, electroless plating, ball drop, or screen printing
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While one or more embodiments of the present invention have been illustrated in detail, the skilled artisan
will appreciate that modifications and adaptations to those embodiments may be made without departing
from the scope of the present invention as set forth in the following claims. Claims What is claimed: 1. A
method of making a semiconductor device, comprising: providing a semiconductor die; forming a

conductive layer outside a footprint of the semiconductor die; , ,
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,

Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 312 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 316. In some applications, bumps 316
are reflowed a second time to improve electrical contact to
conductive layer 312. The bumps can also be compression bonded
to conductive layer 312. Bumps 316 represent one type of
interconnect structure that can be formed over conductive layer
312. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 270 is stackable. Stud bumps 280
provide vertical, z-direction interconnect between topside
build-up interconnect layer 290 and bottom-side build-up
interconnect layer 310. Conductive layers 294 and 302 are
electrically connected through stud bumps 280 to conductive
layer 312 and contact pads 276 of semiconductor die 274.

FIG. 9 illustrates an alternate embodiment of the
vertical interconnect structure with one or more IPD formed in
the bottom-side interconnect structure after encapsulation.
Similar to the process described in FIGs. 3a-3h, semiconductor
device 320 uses a temporary substrate or carrier with an
optional interface layer, which operates as an etch-stop layer.
An electrically conductive layer 322 is formed over the carrier
using patterning with PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal

deposition process. Conductive layer 322 can be one or more
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forming a first stud bump over the conductive layer; depositing an encapsulant over the semiconductor
die and around the first stud bump; forming a first interconnect structure over a first surface of the
encapsulant, the first interconnect structure including a first integrated passive device (IPD) electrically
connected to the first stud bump; and forming a second interconnect structure over a second surface
of encapsulant opposite the first interconnect structure. 2. The method of claim 1, wherein the second

interconneeY Strdcttfe ftludedra SEcof1PBiU3. Fe nfbthEQ bF cidim 1S Wheréih thE fifst stud bump
includes g\plwratity-ofstackedikumps. 4ohhe methed s elaimal, whereindthe firststad pumpingludes a

bump portion_and a stud portion. ,
includes wettable contact pads for later formation of stud
bumps.

A plurality of semiconductor die or components 324 is
mounted to the carrier in a flipchip arrangement with contact
pads 326 oriented downward. Semiconductor die 324 includes an
active surface 328 containing analog or digital circuits
implemented as active devices, passive devices, conductive
layers, and dielectric layers formed within the die and
electrically interconnected according to the electrical design
and function of the die. For example, the circuit may include
one or more transistors, diodes, and other circuit elements
formed within active surface 328 to implement baseband analog
circuits or digital circuits, such as DSP, ASIC, memory, oOr
other signal processing circuit. Semiconductor die 324 may also
contain IPD, such as inductors, capacitors, and resistors, for
RF signal processing. In another embodiment, a discrete
semiconductor component is mounted to the carrier or interface
layer.

A plurality of stud bumps 330 are formed over the
wettable contact pads of conductive layer 322. An encapsulant
or molding compound 338 is deposited over semiconductor die 324
and stud bumps 330 using a paste printing, compressive molding,
transfer molding, liguid encapsulant molding, vacuum lamination,
or other suitable applicator. Encapsulant 338 can be polymer
composite material, such as epoxy resin with filler, epoxy
acrylate with filler, or polymer with proper filler.
Encapsulant 338 1is non-conductive and environmentally protects
the semiconductor device from external elements and

contaminants. Encapsulant 338 undergoes grinding or plasma
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5. The method of claim 1, further including forming a second stud bump over the semiconductor die
electrically connected to the first interconnect structure. 6. The method of claim 1, further including
forming a bond wire between the semiconductor die and conductive layer. 7. A method of making a
semiconductor device, comprising: providing a semiconductor die or component; forming a vertical
interconnect structure around the semiconductor die or component; depositing an encapsulant over

the semi&drfdutist di€ of LaRTponéRt ardt afctitfbtheVerfical RBfoonmect structure;

A topside build-up interconnect structure 340 is
formed over a first surface of encapsulant 338. The build-up
interconnect structure 340 includes an insulating or passivation
layer 342 formed by PVD, CVD, printing, spin coating, spray
coating, sintering, or thermal oxidation. A portion of
passivation layer 342 is removed by an etching process to expose
stud bumps 330. An electrically conductive layer 344 is formed
over passivation layer 342 and stud bumps 330. A portion of
conductive layer 344 is electrically connected to stud bumps
330. Other portions of conductive layer 344 can be electrically
common or electrically isolated depending on the design and
function of the semiconductor device. An insulating or
passivation layer 346 is formed over passivation layer 342 and
conductive layer 344. A portion of insulating layer 346 1is
removed by an etching process to expose conductive layer 344.

The carrier and interface layer are removed by
chemical etching, mechanical peel-off, CMP, mechanical grinding,
thermal bake, laser scanning, or wet stripping. A bottom-side
build-up interconnect structure 350 is formed over a second
surface of encapsulant 338, opposite topside build-up
interconnect structure 340, and the front surface of
semiconductor die 324. An electrically conductive layer 352 is
patterned and deposited using PVD, CVD, sputtering, electrolytic
plating, electroless plating process, or other suitable metal
deposition process. The individual portions of conductive layer
352 can be electrically common or electrically isolated
depending on the connectivity of the individual semiconductor
die. Conductive layer 352 can be one or more layers of Al, Cu,
Sn, Ni, Au, Ag, or other suitable electrically conductive

material. Conductive layer 352 is electrically connected to
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forming a first interconnect structure over a first surface of the encapsulant; and forming a second
interconnect structure over a second surface of encapsulant opposite the first interconnect structure. 8.
The method of claim 7, wherein the first interconnect structure includes an integrated passive device. 9.
The method of claim 7, wherein the second interconnect structure includes an integrated passive device.
10. The method of claim 7, wherein the vertical interconnect structure includes a plurality of stacked

bumps. EEUFhéHEtfod afclaih! 7C/hersih the Yerticalintérc AT Sttt indddes’a bump portion

and a stud portion.  An insulating layer 354 is formed over conductive
layer 352 using PVD, CVD, printing, sintering, or thermal
oxidation. The insulating layer 354 can be one or more layers
of Si3N4, Si02, SiON, Ta205, ZnO, Zr02, Al203, polyimide, BCB,
PBO, or other suitable dielectric material.

A resistive layer 356 is patterned and deposited using
PVD or CVD. Resistive layer 356 is TaxSiy or other metal
silicides, TaN, NiCr, TiN, or doped poly-silicon having a
resistivity between 5 and 100 ohm/sg.

An insulating or passivation layer 358 is formed over
insulating layer 354, resistive layer 356, and conductive layer
352 using spin coating, PVD, CVD, printing, sintering, or
thermal oxidation. The passivation layer 358 can be one or more
layers of Si02, Si3N4, SiON, Ta205, Al203, or other material
having suitable insulating properties. A portion of passivation
layer 358 is removed to expose conductive layer 352, insulating
layer 354, and resistive layer 356.

An electrically conductive layer 360 is patterned and
deposited over conductive layer 352, insulating layer 354,
resistive layer 356, and passivation layer 358 using PVD, CVD,
sputtering, electrolytic plating, electroless plating process,
or other suitable metal deposition process to form individual
portions or sections which can be electrically common or
electrically isolated depending on the connectivity of the
individual semiconductor die. Conductive layer 360 can be one
or more layers of Al, Cu, Sn, Ni, Au, Ag, or other suitable
electrically conductive material.

An insulating or passivation layer 362 is formed over
conductive layers 360 and insulating layer 358 using spin

coating, PVD, CVD, printing, sintering, or thermal oxidation.
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12. The method of claim 7, further including: stacking a plurality of semiconductor devices; and
electrically connecting the stacked semiconductor devices through the first interconnect structure, second
interconnect structure, and vertical interconnect structure. 13. The semiconductor device of claim 7,
further including forming a third interconnect structure over the semiconductor die or component and
electrically connected to the first interconnect structure. 14. A method of making a semiconductor device,

comprising: prédiaing 2 séMicohdVigtor i oF 8mpBneAE ©r more layers of 5102,

Si3N4, SiON, Ta205, Al203, or other material having suitable
insulating properties. A portion of passivation layer 362 is
removed to expose conductive layer 360.

The structures described in build-up interconnect
structure 330 constitute one or more passive circuit elements or
IPDs. 1In one embodiment, conductive layer 352, insulating layer
354, and conductive layer 360 is a MIM capacitor. Resistive
layer 356 is a resistor element in the passive circuit. The
individual sections of conductive layer 360 can be wound or
coiled in plan-view to produce or exhibit the desired properties
of an inductor.

An electrically conductive bump material is deposited
over conductive layer 360 using an evaporation, electrolytic
plating, electroless plating, ball drop, or screen printing
process. The bump material can be Al, Sn, Ni, Au, Ag, Pb, Bi,
Cu, solder, and combinations thereof, with an optional flux
solution. For example, the bump material can be eutectic Sn/Pb,
high-lead solder, or lead-free solder. The bump material is
bonded to conductive layer 360 using a suitable attachment or
bonding process. In one embodiment, the bump material is
reflowed by heating the material above its melting point to form
spherical balls or bumps 364. In some applications, bumps 139
are reflowed a second time to improve electrical contact to
conductive layer 360. The bumps can also be compression bonded
to conductive layer 360. Bumps 364 represent one type of
interconnect structure that can be formed over conductive layer
360. The interconnect structure can also use bond wires,
conductive paste, stud bump, micro bump, or other electrical
interconnect

Semiconductor device 320 is stackable. Stud bumps 330
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forming a vertical interconnect structure around the semiconductor die or component; depositing an
encapsulant over the semiconductor die or component and around the vertical interconnect structure; and
forming a first interconnect structure over a first surface of the encapsulant, the first interconnect structure
including a first integrated passive device (IPD). 15. The method of claim 14, further including forming a
second interconnect structure over a second surface of encapsulant opposite the first interconnect

structureP 18V ¥H& ni&thbd Gt tlaif 15, Wittdréffthe¥eebRa tRte flonmR el SftcttiRPmERRles a second IPD.
17. The mmethod-ofslaimc 4, wherein theavestica Anterganngst structureivciudesa-bymp portion and stud

pomonOE%%&??Q%égggﬂ%ggé¥”2%%. Conductive layer 344 is electrically
connected through stud bumps 330 to conductive layers 352 and
360 and contact pads 326 of semiconductor die 324.

As demonstrated by FIGs. 7-9, the IPDs can be formed
in either or both of the topside build-up interconnect structure
and bottom-side build-up interconnect structure.

While one or more embodiments of the present invention
have been illustrated in detail, the skilled artisan will
appreciate that modifications and adaptations to those

embodiments may be made without departing from the scope of the

present invention as set forth in the following claims.
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18. The method of claim 14, further including forming a conductive layer outside a footprint of the
semiconductor die or component prior to forming the vertical interconnect structure. 19. The method of
claim 14, further including: stacking a plurality of semiconductor devices; and electrically connecting
the stacked semiconductor devices through the first interconnect structure and vertical interconnect
structure. 20. The method of claim 14, further including forming a third interconnect structure over the
semiconductor die or component and electrically CoAt®ed to the first interconnect structure. 21. A
semiconductor device, comprising:

What is claimed:

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

providing a semiconductor die;

forming a conductive layer outside a footprint of the
semiconductor die;

forming a first stud bump over the conductive layer;

depositing an encapsulant over the semiconductor die and
around the first stud bump;

forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure including a
first integrated passive device (IPD) electrically connected to
the first stud bump; and

forming a second interconnect structure over a second
surface of encapsulant opposite the first interconnect

structure.

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

structure includes a second IPD.

3. The method of claim 1, wherein the first stud bump includes

a plurality of stacked bumps.

4. The method of claim 1, wherein the first stud bump includes

a bump portion and a stud portion.
5. The method of claim 1, further including forming a second

stud bump over the semiconductor die electrically connected to

the first interconnect structure.
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a semiconductor die or component; a vertical interconnect structure formed around the semiconductor
die or component; an encapsulant deposited over the semiconductor die or component and around
the vertical interconnect structure; and a first interconnect structure formed over a first surface of the
encapsulant, the first interconnect structure including a first integrated passive device (IPD). 22. The
semiconductor device of claim 21, further including a second interconnect structure formed over a second

surface of encap\fafESpptsite thé fifstntbrednietbstuctlifel U935 the Sémicondactor device of claim
22, whergin:the ;seeqad nterconpestistiiciuedneludes a:secopdiBRet ive layer.

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

providing a semiconductor die or component;

forming a vertical interconnect structure around the
semiconductor die or component;

depositing an encapsulant over the semiconductor die or
component and around the vertical interconnect structure;

forming a first interconnect structure over a first surface
of the encapsulant; and

forming a second interconnect structure over a second
surface of encapsulant opposite the first interconnect
structure.
8. The method of

claim 7, wherein the first interconnect

structure includes

9. The method of

structure includes

10. The method of

structure includes

11. The method of

structure includes

an integrated passive device.
claim 7, wherein the second interconnect

an integrated passive device.

claim 7, wherein the vertical interconnect

a plurality of stacked bumps.

claim 7, wherein the vertical interconnect

a bump portion and a stud portion.
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24. The semiconductor device of claim 21, wherein the vertical interconnect structure includes a bump
portion and a stud portion or a plurality of stacked bumps. 25. The semiconductor device of claim 21,
further including a plurality of stacked semiconductor devices electrically connected through the vertical
interconnect structure.

12. The method of claim 7, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the stacked semiconductor devices
through the first interconnect structure, second interconnect

structure, and vertical interconnect structure.

13. The semiconductor device of claim 7, further including
forming a third interconnect structure over the semiconductor
die or component and electrically connected to the first

interconnect structure.

14. A method of making a semiconductor device, comprising:
providing a semiconductor die or component;
forming a vertical interconnect structure around the
semiconductor die or component;
depositing an encapsulant over the semiconductor die or
component and around the vertical interconnect structure; and
forming a first interconnect structure over a first surface
of the encapsulant, the first interconnect structure including a

first integrated passive device (IPD).

15. The method of claim 14, further including forming a second
interconnect structure over a second surface of encapsulant

opposite the first interconnect structure.

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

structure includes a second IPD.
17. The method of claim 14, wherein the vertical interconnect
structure includes a bump portion and stud portion or a

plurality of stacked bumps.
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18. The method of claim 14, further including forming a
conductive layer outside a footprint of the semiconductor die or

component prior to forming the vertical interconnect structure.

19. The method of claim 14, further including:
stacking a plurality of semiconductor devices; and
electrically connecting the stacked semiconductor devices
through the first interconnect structure and vertical

interconnect structure.

20. The method of claim 14, further including forming a third
interconnect structure over the semiconductor die or component

and electrically connected to the first interconnect structure.

21. A semiconductor device, comprising:

a semiconductor die or component;

a vertical interconnect structure formed around the
semiconductor die or component;

an encapsulant deposited over the semiconductor die or
component and around the vertical interconnect structure; and

a first interconnect structure formed over a first surface
of the encapsulant, the first interconnect structure including a

first integrated passive device (IPD).

22. The semiconductor device of claim 21, further including a
second interconnect structure formed over a second surface of

encapsulant opposite the first interconnect structure.

23. The semiconductor device of claim 22, wherein the second

interconnect structure includes a second IPD.
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24. The semiconductor
interconnect structure

portion or a plurality

25. The semiconductor

device of claim 21, wherein the vertical
includes a bump portion and a stud

of stacked bumps.

device of claim 21, further including a

plurality of stacked semiconductor devices electrically

connected through the vertical interconnect structure.
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